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FBHWTO-Fbo—F - 77 NBIL ENEFEEIR

WA =T 11 A X AINF DR SRR & B RRIEIC 5 2 50
BT OWNWT

WRT I AR A INTF- IR
b/ R (N N 7 SRR

ERERE— - WS - S

HAIZIE 7RO A ZANFDERDH LTV, SHERAE, ERESET GHEE) ICB\T, 2012
FICHARTIEARLER TH > T AXANFOME K 2HA - i L, TOBOLRIUICDOWTHAEL
fo. AR, 7ITIRS BRGZ LTWSD, EFEREE, 750X, KIVEHL, A1, X
b F LCAROMEPETED, RASREE LT, RHEHE P ERRAORBEDE L L > T
B, ST THE L e AOM EEONTEZILE LIz L 25, YT HAXAINT Vespa velutina
nigrithorax T % T &b o Tz. BNTRHRMOM O RER L & EITEBORAEZFH R, —Hz
FEE LTz, BEELUTZHOREICK D BNTEI - b L T a T EMHE M Ao T, £z, ARIEI
YNFZRBTHAHEE 2RO L5, BANOBRESZHOCATHRIUCDOWTHEL T 5, BN
B THMDER SN, THIKESFEE RS TWe, ERBAOEEICOWNTIE, FAHAZXZXANF
MWD L TNE T EANRKENT. 2 a2 R 7 DNA O G FENTA 51, HE - dE O L [F—
ThHs e bHEFEOIERNEERATRA LI EARB E N, & SICAREOBEEM: I X OHE
PEFHRHNCDONWT, FHEHEZZT GRS OMEWMO BN STk L HETHZ T Lhbh o7z,

. EC&IT

ARANFUE, BAH A X ANF A LA
JN F #fi B} (Hymenoptera: Vespidae: Vespinae)
gL, ¥ I XX RXANFJE (Provespa), A
R AINF (Vespa) J&, KA T HAZXANFJE
713 A X RXINF J& (Vespula)
DaEeAfENDRD, T LTI EEKICaA
DT BEAMAZMEAYINFTH S (K-
S 1984; H TR 1995; Carpenter and Kojima 1997;
Archer 2012).

ARANFI@IE, 77 O - AT
BB OHRLE RS> TWED, EYAXA
INF Vespa crabro & 4 V) LY h A X AINF V.
orientalis D 2 FilZ, I —F 7 KFEDOHIE

(Dolichovespula),

T2 KT TS (KR« R 1984; Fuif
1995; Archer 2012). £ XX A)NF1F, HIFH
ADSEAFY ZETI—TF 7 KD
JREIFAC BRI LT B, AFEIE 1840 4
5 1960 T THRMF R ZBAER T 572D
B E LT, AFV A EKENCHBIAE
N, BUERT AV A B XA F XITEEL
T3 (KA« 1UAR 1984; Archer 2012). 4V T
VR AXANFIE, 77V AR NET S
FRERZ DS IR A > RS EIEFY T E T
A LTV S (KT - 1LAR 1984; Archer 2012).

HARDZ X ANFHIE, 38 15 FAS It
MHMHBICHF T L, AXANFEIE, 7
D IGED SRV CHEREN TV S (1
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il 1UAR 1984; #iiili 1995). A X ANFJE T
&, BERTOMMHELFMICEDSNTS
b, ¥20km’ L EOETHNE, FRTES
T EDHLMNICIE DTV S (i - 1R 1984;
Fuili 1995). XEI&, mIAEIC 82 km, HIPHIC 18
km Ol EWZIRTH 2 A SO0 & &) 100
DNERNSED, FERIEK 708 km® TH 5.
HRITIE, AZXANFEIE, A RALXANTF
V. mandarinia, A 0 A X XINF V. simillima,
aAHZAXAXINF V analis, & X ZXARXAINF V.
ducalis D 4N ERLTWVWS. TD55, b
A AR AINF O TRl E Wi, A - U -
JUNDBEREE & RO RIR S T ERETENT
W2 (KATH « [1IAR 1984; Fidi 1995).

P ORIETFEROREICHE-> T, STk
YRR, B X CIEREKIANICE D 5 f
BIAEFN T EL TWa. —fDfE, RAM
TR L 2D, ERERORE, BR
HPE, RREEFETRELRMELZ>TN5.
ARXANFHTE, T—H /ST BAXAN
F Vespula germanica 94 ¥ 7 10 X X X INF
Vovulgaris ¥, Za—Y—F 2 KA =X T
U7 TEAL, RUGHEDREAMELE->T
VN % (Spradbery and Maywald 1992; Matthews et
al. 2000). JTHFE, AZXANFED 1 FTILLT
VTR LTWE YT HAXANTF V.
velutina 79, FiTc IR ASKRREE U CRIEICE >
TW5. AFEOHE M TH 5 V. velutina
nigrithorax 755, 2003 A= HEE D281 (Kim et al.
2006), 2005 EiC 7 T > AJLES (Villemant et al.
2006), 2010 H | A “X A  (Castro and Pagola-
Carte 2010), KU b 77U (Grosso-Silva and Maia
2012) ITRA LTS EMHEETNT VS, Aff
&, PEIEA R, RIEHE - 89, FEiEA R
FYTETHMLUTED, 3000m D
FRTE S HREIFSED &S, an=—Y
AR (B EEO) DRE L TBEL BN E VS

TEEEBNR D D B (KH 1993, 1995; Martin
1995; Archer 2012). I—nr1 v /3Cld, AFIIE
fill 100 km DL Bzt KL THO, RGH
ERREMOBHERDIZ,, IUNFEHETS
fehEGEHEDMIE & 72 > TV % (Chauzat and
Martin 2009; Rome et al. 2011). §[E TIXIEHR A
ZANFHDWAIC & & 755 ERERAN DD
G E IR EMVRE AR E 72 > T 5 (Choi
etal. 2012).

ARORAREKE, 7T, HENS
i A U7z = O (895) IS L THBA
EN, TORICTTVAND ALY, F)L b
IR A LTz EEZ 5N TV % (Chauzat and
Martin 2009; Rome et al. 2011; Choi et al. 2012).
FRIETIE, FE>SEALTCEREHAM & —
HicglBc R BiAE N, E5 LzalgEEN
EWEHENIE LTV S (Rome et al. 2011; Choi
et al. 2012). HART L HFINN 5 O AEMITAT
BiL CIFRENMICHBAEFND T &, A4
2 W INTF Apis dorsata( Fiiifi 2003) 77 )L ¥ > F
> 7 V) Linepithema humile( #2111 2000) DA &
5. TNETHATIK, AXANFHDOEALZ
EEE N TV 5 72h, 2012 4E 10 HICER
W O JEER K IC 38UV C, HACKGSRD Y <
7 3 AR RAINF DE) & O EADERELE Nz
(5%« 55 2014). F7R48 AIE, Affe
HAHNZHENFER, 9 HICRINEH, YT H
ARXANFDETH B T EDERE NI (EFE
E2015). TNHORRNS, FIEICIEFEL
PR 7S LD S E NG X &I TUA
WIZIRT H AR AINF DL LMD, 2012 4F
DanicrbirAEFnic b HEHEN TS (5 - &
16 2014). AFEIZEH DRV, HELE
M ERERZTEL L TV B RBICHBWT, RICA
FENEET D EMHERAZANFZIICHET S
FRERICH Z 28R ENS. LM LAD
5, RRITEBWT, 2012 4E 10 FICHIDTHA:.



WX NIV =T HAXANFDZDHDIRE
RIUCBE S BRI AEL TS, £ THHE
BLE, AZXANF O EEN I YT 28
MNCHI T 2R TH % 20144EH0 5 201541,
FHEARBICIBN TR 2 YNF OB
NS T 1 A AINF DKL - fil
L, FNZFhorhEic i 2 EREBHEE I &
UK ORE =17 - 72.

. MHEXUAE

1. WIBICBF B YT HAXANFOnIR
Bt

REICHITF B YT AL AINFO4RIRM
TR B 28I, 2014 405 2015 FITHIF T
B - R A R o T2, YT HAXANF
Oy EgIE, Y NFORICHEK L TH X%
ZBET 2 MHEEDH SN TV S (Shan and Shan
1991). Z C CiEE, WHEHNO=KY I
WIONF il LTV B BRI (WA ) 2 B
FUCERE UTe, B55E, K1IRL.
AR, B 2T ORI E Uiz, BISIRRIE
1 [ OFEHTT LIS SHEH S 17K (HE) &
TiioTe. FERMEEROBIZEREX, AXANF
ORFBRIUTA A (ZE, B, i)
ZRAE T &I HIH T OIS E T2 i3 i
KOMELTHBIUA A MR L.
2. JEIMHICBIT B YT I AXANF DY
Atk

2015 41 18 R W AE LN o O iy ke 2 >
A—TAMOENRINTVS (K2). £C
T20154E9 ANDB DN 1 HEICH T AFED
BISGHE R T Tz, G bty Z— (
X 3). AL, VTR VLRI, PRI,
LN B X O/ haTH O O FmARZ 2015
9 HIcHERE Lz,

3. ot

HOBREREZ, AXANTHYER (XY

o2
| X REER

L RHET

K2 Zkv3v
INTF D BRI TR
KT BYT A
AR AINF DF)
X

X3 JuNALT
oMo Tzdtu
I Tl D T B
=

U ZEMALTESEL, Ho FEICH B H
RNeEFLTA T THEE, ZTTAINF /07 (1
RACZEEL) 72 B U T2 T o 7o Rl o
IR Z21G 5 T2 DITHUAR LT S EO E L,
I  AFVEMHA LR EEERELR
(X3). BELZEE, ETFOE_—)LEICA



NT, FERRAIZEAG LT, HICKD5E
RIERBNEEI TS T2, ZO%, (AEBORE
EHOMER RS 72, SMEHIR LT
gzl oML, SHEB28ROHZYI0EEL
T, HMRKORETIE, B BE 90 s
I R (BIRR TN, B X0, MEWE, Bric %)
OB, [HEBOBERE O (RAM, wAE, F
B, RBRRER Uz, SEB oL
IKNiET26FE (SHEBTLICI0ETD)D
A= I () B2 RE U, SEEED S K
MO PERRHEE Ule. M & 2 i, (AR
FTH (1984) ICHE > C, filiffy T OEY (Hk - 13 i
I - 12 1) LRGSR OR (HE 7§, M6 Hi)
I X D FEE LTz, AR ANFBOAIRR L T,
BHAIICIREMNER L, YORZRU %5
MRHND (/NF1997) 728, Z OIEEUTHEN
LTz, B TR S FA (XY
B TEHNIL, ZOHELL B2 7R U T siE O
AL T Ule, SAIEY A XD, Bl
T XD & /NEWIRIE A Al U 721 20 {8 (&
B EGOHEEY A XL L, BEeHi g
AU, BEC 2012 RIS B THEE S Lz
PNORPED A X ANFIE, STIEREMN B 1& (Vespa
velutina) £ [AIE TN TW 5 (5« &G 2014).
SEEDbNZ, ZLOESBRAERET ST
EWTERTSD, RO ES KB
M HHifE L)V L TORE Zikdr Tz FERE
ICKBIAETIE, @B H 20 kD kt 7z
Archer(2012) DM RITHEL, FARBEAMEE = H
WCHifED[FEZTT > Tz,
BIETNTIC K B YT AL ANF D
FEE IS X B EER, B#HTHERINT
W5 DNAN—TO—F ¢ ¥ 7RIS TiT -
7z (Stahlhut et al. 2013). f#% U728 H 5 H D
fi & % 1 144 0> DNA % DNeasy blood & Tissue
kit(QIAGEN) I X O #hiHi U 7z $h /5313,
Fvw MO Ta Fa—)icit- . BE#E

D DNAN—I—F ¢ YT THHEINTVS I
k> F VU 7 DNA @ COl(cytochrome oxidase
subunit I) B 72 HiH 2 7514~ — =2l
A U 7z (Stahlhut et al. 2013; 5°-TGT AAA ACG
ACG GCC AGT GGT CAA CAA ATC ATA AAG
ATA TTG G-3 & 5’-CAG GAA ACA GCT ATG
ACT AAA CTT CAG GGT GAC CAA AAA ATC
A-3). PCR BX U —F YV ARIED M,
Stahlhut et al. (2013) ICfiéo7z. A IV —7
> A, BigDye Cycle sequencing kit ver 3.1(Life
technology) % f# Jil L, Genetic Analyzer 3130x
(Life technology) Tfiftfr L7z. 185N 7zll5IiE,
GENETYX Verl0( €7 14 v 7 A)IC K37
JA X R &{T\>, DDBIIC & % MAMEMRE%
f1o7z.
4. DURPE & RIS HEE i A

AXANNFITE, SRR AE IS DI
HEEY B 7edic, EERSXABEITEIZRT
N, IFBEMEOHMN G E D EBEDDH 5
RAM 7B A TENC KBS 2 2 e TES (M
iifi 1998). JEBCRTEOHMI R TENE, A
NDEFENEHEFIZ TN, SEEKDNIL,
VT I AR AINFAC BT B BURNED & % Fihin
72 BT TENC DT 2013 4E 9 H~ 10 HIch
TS TTNT 5SRO B O (BEER ) 28 C
75 o TR OBISHE R 2 W59 % . il (1998) 13,
A XA INT ORI B TE) (8 S R T
) 72 (1) ERATE), ) B TE), (3) Kk (K
51, mEk, w3 ) O &V o 7o 3 BRI 8
LT3, SHEEONDHE LB TIE, 173
BENRICEGE LT e ez ik S ¥ a T
LEAZXANT R DB T8I Co B FHF &
R T2G5IER (BEE) TR Z R L
Te KFE T DA D E PR DM iR & Nk
Mol BORMICZHOM S ENHEE5E
BATENE, TANRTORTBIEENIZ (K 4).
DT T EE 2 > TR HRITTE) (K2720)



4 ERRE L HokE

LT ERAMAL, 23 THERS Nz, 2L
TEXEBDEKICEHRATEIZ/RLIzDIE, 3~5
TEARD AR TH O D 2 X AINFI AR TEUE D
Thote. i, REHiET2 L&, @
W INEZERE DGR Z figlnl U C R T8 217 >
¥IE, EREEHIO 1 BEOATH-T. KD
D2HIE, FEALERITIIT S LRI RN
o, SIRIBRER U7z ol & i o¥ud, #9800 ~
2000 A CH >, TOBEBKEOBIZ, 1Ek
ARXANFOHRCIREAFRBDZNF AT AL
ANFDVLSELLETH 2 (K - (LR 1984;
AT 1995; Makino and Yamane 1990). —fi&%Mic
&, AZXANFORGHENKEITENE, B0
BUCHHIL TE B2 T EAHIENTVS (M
i 1988, 2000) A%, FDONDHIE L 72 5 DI,
TERAZANF THA L TH BN B K 5 I fiihi
7R TEI O RS T 2 KETOMA D E R
HIROWEFE IR T Eah o Iz

WVRT HAXANF DB DONTIE,
WTOMERNDS. BIZIE, AROBERMN
WOFEE, <L—7, AV RXTT7 T, @

SWEDNEMI T L W BITE 2R d C
EMIRE TN TV S (Van der Vecht 1957, 1959;
Martin 1995; Ho et al. 1999; Barthelemy 2008). [F]
CXOICHADRHOBRE T, A4 AXAN
F O X 5 I T U OB B 7B 2 R
Wns, BMMEGEITEINEEAEALNE
WIRFTZARHRE T, ZEDHZ T EDREENT
W3 (FaiH 1970; Matsuura, 1973; (LR « F 1996;
AR 1996). —/TT7 5 ¥ RITRA LTI2RIE,
JEFITIRAITH % T NITHT ZRGHEHIE C
NETIFEAEH SN TR (Villemant et al.
2006; Perrard et al. 2009; De Haro et al. 2010). %
DT T B TORISIE, 5HTHB720
BRI DTIRDND, BB ERILTXSICHRT EICK
BYICERDND B T LRI NTT2D, i
DEICIFERENRETH %.

. BREXUER

LIS T 27 A X ANF D534k
i
SEOMREIC KD, WEH (AE) NI



BOTHSREE Y =7 71 AR A INF OfF) & 147 Bl
,T\?“%n_é:b\’c%t BIGHE R, LiTmRL
. PAEHOICTHI TI, [ ZIE TN TOBEIEE
%ﬁfﬁﬂmw®7?/hxzxn%%ﬁm
BT ENTE. —7, METOMIBICHIET
5%&%%%%?@$@@ﬂ%ﬁ%%?%k
, ok & bhifig U TRISE Nz @R B>
&#ot TS Oz R T r i 3
WL, AFEZBIST BN TEhEho Tz
SRIOBIEGHE Tt 2 RN BIE E N7zl
MU, JEEO FRITTH -7 (K1), ThHso
s C X, DT 1 AL ANF OED R
INTVS (EREIED 2015). Th b OHIKT
BRI NIARBNE o Tz VS FERIE, E
BHIC K ODTEENSNT EILKDEDTH
5T EMTHRIENT.
SEBERENTZAZXANF DI A ME, X
f@%hf%ok A HAR IS 1, B
FIE R TIERAZ AN TH B A A AL A
A%%&U#%Uxxxn%wﬁﬁwéﬁm
Nz, TAHRAZXANRFBITE AZLAN
FrRTHT N TER >z, SRIOFHAET
&, =AY IYNNFORFEICRKT 5 Az
WLTWiD (K2, MBfrEhz Lxoi
BERPL TR BRI 2T M TE Aoz e
EZHND. RIS AL ANF ORI, M
REMVRICHER LT, BURTEIVERZ LD
Wi P OB ZBTRI EEZLNTNS
(KT < (LR 1984). TNETYS T HARXA
INFORED, BN THISES NIfld 0D, il
DAZXANFDIfEE AU K 5 ICBHERYI DOIEE
ZE UTHH L THZEEDZRICHA T
BLEZLND. WMEHBITIK, AFALXANFL
FABRAZXANTD 2 FOMIT T A2 AL AN
FEERARAZANFPERLTVSHN, Thb
DOE ST SRR S N>z, TO2fE,
SYNFORICHK L TH K2 HRdT 2 ME

R (KR - (AR 1984) 728
WTEEho e EHEHIE Nz,

SR OFHEIC K OB HALEROE R F OB
WS T YR T A AR AINTF OIf) W2 iR
BT ENTE. SHBIS L 2 MOMERA R
ANFD 5B, A+ ZZXANF IS HIE R OB
REABICHIREIE A S NI o T2y, FAa X
ZANF OBIEARBOEIRE, YT HAX
ANFDVEOETO M, HEFERICED
N R SNz, BEOZLHTIE, YSTH
AZXANF DR SEEED S Bic, BT
EREDFAMAZXANFZFE L UTHERAX
ANFHID U, KTV T AL AINF
WL TWa 2 EAHE TN TS (Choi et al.
2012). S EFEDONDBM T T EHIc BT 28
SERETE, YT HAZXANFHDELEEIRE
NV Btz o, EREF A m AL
ANF OBIEBERAD U T2 DR SN
Too IRTHAZXANFBEREE Nish > Trd
HHIE T, FAOZALXANFOEEENLE
B SNz, BUSTHSHILE TR, Biaicks
B2 TV A AR Tl E Nz,

2. JEEIC I B YT F1 AR ANF DAl
R

JETINTH TARRED AR DV TSGR &
%ﬁok IANRTOFREH DN SAFEDH Bk

UnMmEEREINEho T, SRR TER

@ok.%@%ﬁ%%@%ﬁ@khyﬁ~(ﬂ
DN, MAEEB K CNEENSIEVIEICDH .
AT EVBEITIIN THEIT 5 EDME S
NTW3 (Rome et al. 2011). S [EE 01 E & gk
WX ECEOHES D RN, #E & X EYIROE
Wk & 72> TV, DR ED 5 IE
A UTzrlReEDN S &l E Nz,
3. Bt

JREEM T, ARIHEZERITH S LA
HEINTWS. RAHIOT S5V A TEARZE

, Bid sk



X, 1{{&7210 TH % (Monceau et al. 2014).
SR L 72T L AR T & BN B ik
F1AAKRTH T e, RAHONET
EHALEHITH B RN @S EDNTRIE
Niz. WE TS VAT, BT km Of
PH T 7% L T4 (Kim et al. 2006; Chauzat
and Martin 2009). 5 THIME & 1172 2 i
&, ZEBENTIBEITE2HIANTHE L&
M5, 2012 I T TICHETHEIL TV
AREM L BETERWEREEo7z. ThET
MESNTVBHT, YT HAZANF O
ZERCREE, 2 A TERES NI Vv variana
DHD 1,456 f{AMN 2% T &b % (Nakamura and
Sonthichai 2004). 4 [AIEREE U 7 O T & 1%
BRHREE, FNzZ RN EELI L THS T
ERERENT. I—avIsTE, BHSM
IZMF T 6,000 {ERD AT 5 & #E
EEN TS (Monceau et al. 2014). 4 [ £R4E
LB TR, SHBOAa=y L85, Vi
< & & 10,000 &, 14,000( *F-¥5 12,000) 1§ {4
M TICTEL TV B eHEE SNz, WBICR
AUTeY T HAXAINFIE, BN DA AMD
—HDEFERM K O &R OEERNZ N LN
R ENDFERZETZ. IERAZAINFDH
HERE, —RAIC 9 AR AN S 11 A RO/
T, 10 HDREHTH % (Al - 1L, 1984;
Foif, 1993). SEIFRE LY T A AL AN
FOHRTIE, HikEBOFbIZ 9 A LA oh
I CEBS e TPHlENTZ. 25 DERED
5, AREORBICIIT 5 EHIE, 1ERA XA
NNFLHLIUTz 10 HIRBHIC RS T & T
WE iz, AXAINFHiF} (Vespinae) D—HRIC
&, TICAFLNTERAICRIEE 2> T
B3 % (Beggs et al. 2011). flZiE, —2—
V=V RIKRA LT 8 XX AINF (Vespula
germanica) Tl&, BUFEME, A EHl, ao=—
YA XDOEKRICEE, BRI EREMMZ AMDEREEIC

W L TET B ENFISENTUVS (Beggs
et al. 2011;Spradbery and Dvorak 2012). H 48 C
&, BRBRAEZRET, BEARE - 2L -
MDY X7 a XX A INF (Vespula shidai
amamiana) DHENFER TN, KUEDORE{LIC X
BTl E0nh E T E N TV S (Yamane
and Maeda 2008). CTNH5DFID K Sic, AXA
INFIE, BREHSH U TaWIELtEZRiD C &b
5, RAMTIIEERNZE(LZ RTENDH D
( MATH 1984; Monceau et al. 2013). Affil%, X155
TOIRIPEAREDN S, BRALTHEZWL
EEZBNED, S&AEOREIHEG LT
BIHAEEENZLT 2 REE L H B Tl N
2728, MHICHEZ L TOREND 5.

SRR LB, T 144 m (R 34 m)
DREFEICHE LT (K5). FHEERELHE
DFIIE FEHUEFRE 11,000 TH -7z, HREK
&, A FILESTREE NI V. v auraria DB
D 11,912 N % T&H % (Archer 2012). 5 [al§7
RUHEIE, BERZOBEEHTHS T LAY
biveZsote. SEELIZEOREO 1 DL
LT, B 1 BREO EEE, HvZEiEo/NEE
THRENTWE (X 4). TORZHETH
HED X 5 mEMIZ, MOZWVEVTHIE, EN
TIEMEERICER T2 AXANF ORI UL

"
B
% 357 £X(34.m)
B 30 1
'-:'Q' 25 FE1(14.7m)
3 20 -
15 A (10m)
E14(6.7m)
10 + ]=KR(2.2m)
5 J F(1.0m)
0 o
VES )] Fq0 ah4
(n=36) (n13) (n=12)

5 WBICAERTEZYRTHAZXANT, FATAZXAN
F, KR AR AINF O



LIFR BN ZHHET, WaEMRK T RSz
Rz eEZSNTVS (K 1984; 1988). H
HEME T B BEOMH ONHHT 7, BEEHIS
cm, 2~ 3 JHEDOHDZERD/NFEN S 75> TV
fe. TO/NTRREE, WERWIRZES5L, BN
DIRE 2 —EIROBENDHZ LEZLNT
% (/NEF 1997). fERAXANF T, FED
EN K {FREL TS, LML, AFTIES
FOREL TRV EDVEERI N B
TOKIBIE, HEDOT O KROMENE 5N
2 (X 4). TofEX, ThETEAEEED
TeAXANFJETIEHEDNEL, T ORRENE
BRIARHTH . —fRICH EBHRCZERE D
ARANFOHRINE, BOBEMTIICDL 51
% (il 1984). [AKEDHRIZ, BBEOYRT
HAZXANF THIERETNT V2D (Matsuura
1973). B FFICAiE T 2 BIE, WORA
ERBCHTEEADNDS. TORODKEEIC
DNTEFHERICCNE TG IFEL, ZORKAE
MERIAHTHS. SERELIY ST A
ZANFDOHEOREEIE, ERAZXAINT L g
LT, REGHENH ST ENERINIZ. L
ML, MHEIC 351 % AHE D ORGSO HA
Vx0T, RAMTREILERTHSMIEA
HTH%.

) Z Wepk RO tal, SETED S M8 - BEERES
3ENCMIT TEHES BREOTH > 7z (X 6). HHE
FEEER 1 ~ 3 HiDARO, REHEERA, o

K6 VT AAXANT (BIRLLCEEE, BEi, HE)

RO TH S T LM EI N (K6). C
MU 2012 SR E THIE NIy 7 AL
ANF O L —H LTz, INnb DRz
Feodfiffild, > R SHEICMT THRD R
L CW3 V. v. nigrithorax T& % v]REMEDEW &
THE N,
4. SFaAYRYTZDNADN—O—F 1 V5

SiE Lz OB g Rr 5 bary R
1 7 DNA @ CO1 D 668 MLz fifhd %
EMMTE . /BENTIREEEDOHFEHERZR D
RER, SEEE LY T AAXANF DO b
O R 7 DNA O COl &1z 1 Doy sk,
HE W74 (accession no. JQ 780454) 35 K Ur
(accession no. JQ 780452) IZ kb L7z =7
H AR R INF Vv, nigrithorax OFFONT O R A
TKEZBICHTEH LN E R T2,
5. DUt

LB, EARDK 1S m OFICEHEL TV
eI T HAXANFOROFIEZTT - T4
I, AMORZRAPICHFHRIE(B3HB) D
&3 fEAEZRE Nz gL 20 RO B M
Thb. TOHME, AXANFIfENzD
FRDTTH o7, B4E 20 [IFE Y ANFIC
FENTVS. FIETNZEZRORAE, I YN
FICHENT L TR D ERORHVFHATH - 72
M, KIETEXZRETH-Tz. ZD=dITHilR
DL AX I VAIZIRH Uz, Z0%, AP
HEARIE, R 3 R T o Te. BHICKRS &,
HEROMER - fAF 2 AENEL 7G>,
DOHIL, FETZIWICE, B0 TR TE)
FIFRHCHEER S N R o T2

2 pIHORlGE X, 60 UKt TH 5. H
ICHTHROFANEZIT> TVAB L XIC, BN
EMEoTWIFAl WLz T s, #HH
O WEMNFIICE SO TARED, II
FTH o T2h, HIEAZ 1 il Eniz. B
&, RIS NG 55 10 m BN TARARD &



TH 10 m ORFITEHI L Tz, AADRET
&, FNLEHCIERHIC 20T 5 K S &1TH)
&5 TWERY., AXANFICHIENIZDIEY)
BHTTHoTz. PIENTZEZRD S NRHD
TeIEBE T E, WG E NSRRI Z IR Uz,
TN LB TR AIIRE - 2. flShizE
#“h b EIHOMERIE, FEAEARALNETL S
fo. BHICEHEANZB NS XI1CE-T
W5, TOWERIUIY T AL RAINFD
B, A7 HICERBRE NI, BORMEDIER
wm L, EEEF I o Trst i 78T
B (ARH720) 2L TER

3FIEE, &5 m RO EICEIL T
W2 T HAXAINF DHEOERRZIT - 1214
12, AT D B 7 firfk e Je i b s i & iz,
flGE X 20 RBEMTHS. TOBEMIEZ, BE
30 [AIFE I VNFICHIENTNEH, ZAZXAN
FIFRENT=DREHIDTTH 5. flENzE
BOIEHE, IYNFICHENTEEEFRUE
ETHoTe. TR, FMPHPCHARIE, BRI
Tl otz BHICEZ L, BEONMEE - 7
HFel HoNnmLl ko, BERITESEIC
Tole. TOR, iDL JIHFEEDOXD
D ZEEd 2 B TEID R S NIz DA TH -
7z.

V. £&&

SEIOFEFEIC K OIS THET (RE)ICHB
VI BNFRER Y T T3 AL AINF- DA IR
M o Fe. 2012 RIS i B AL ER D1
ATARROME X DR - XN, MBE
WIIEEENHEZEIN TS, SRIONTHHE
&Dﬁ%ﬁk%mﬁ?ﬁ,ﬁfkhm#t%f
WBZENHSMCE -T2, SET RIS TE,
EADIIT S PR S e o Tz, RAMID T
Z VAT, B 100 km DL A= 5T % 5
“BhH 5. EETIE, BHE20km L Eicbiz

DOHHEIEZ LT TS, TS OREERNS
VT HAXANFORAG, RobfidEizc L
WREENT. SRELNOFAEICEL-T, &
BITRA LT RR Y <7 I A X AINF-0D 5 i
DHZHIET 2 & T ORI it TE) (B8
Py & 3FHIDBRPEICDONTE DB T EMNT
iz, WBIRA LY T AL RAINF DK
BIL, BERROKSICHETEICERND S
T ehbhol. #wECOWVWTIE, REEDIR
WD AHEAXANFRFA T AL ANTF &
FCHETHS LHlE Nz, ZDTDFF A
ZANFIC K B UCBEREDPHMIC K2 HE
TIERNER, AREICBWTZOFREIMD TH
ThsrEbLNS. Lhrl, 7T59ATH, 2
HIARIC K DU EENETFT 45
F—T 3 v I TILELTWVS (Monceau et al.
2012). HATEYRT HAZXANFIZE DA
FRDIEIRZ 5| E R I RIREMD D 5728, 5%
& ARED IR LRI DWW T T RAD E A
CEBICHERLTWREND B, £, BT
EDBERDMEIC DOV T, TREB X UEK
FRIEEE D MO D S & F R 77 1 O
ZRICRET 20805 % Lilbni.
E ERAMTH ZEEICIE, AEOHE (Vv
nigrithorax) DFE BRI N TV S (Kim et
al. 2006; Choi et al. 2011; Archer 2012). 4 [0l F
DNOIE LT OMERONIERE S K U#EIR
TEHNDSRBIRA LY T AL AINF
&, HEZEEE S S Vv nigrithorax TH %
AIREED B W T EDHE N E IR o Tz, G L
E & s X OHLEZ, 1993 42 5EH
B DS IE N TV S, WIEOEIXIC DV T,
ELICHEBOBETITDN TS, ko en
5, FEBAEYIEIC AR U CRER T
difE (Vv nigrithorax) HMz A U T=ATREMED &
WEHEIIE Nz, HOMHTHIAD 5, ﬂ%bizﬁ
FRICE > TH LR TH 5 L Tl N,



PR U7 B, BHaOIHERRE O an = —
THBHT LMD, 10 HIFED RERan=—
DROD B AR E V. ZDTDRIFICRA
LTz 7 AR ANFIE, JHFET O BRI
MENLLEICES T EDNTFHIENTz. BWHBEKR
L 2ERD—DE LT, O & g
U C, WBITIZRI & 75 2 KNP G &,
EHZRHBET 27V RENDTVEHENIENS
(Mollet and Torre 2006; Archer 2012; Monceau et
al. 2014). 7S Y ATIE, YT AHAXANT
EEELTEAITY IVINF (dpis mellifera)
OEZ R BZHE UTRHL (22KD 37 %),
FOMICINT T T (Syrphidae) A TINLIRE
DMIAH (Diptera) Z i A THIEL TV (Rome
etal. 2011). MEIZ=FK > I WINF (4. cerana
Jjaponica) 1Z X % EIENENTRE FIKHOKE
KT H B CRPF 1990; i H 1990). BHEH
LIRBIVUNFRIECH/NURINEETH S
CHEENZ D, TNSZTERET
AR, HEFOMND R TEM U ZIRE
ThaT eMTllENTz. iz, MIEEAFEN
HRIHOmAROBTMRENZ N E CRPE
1990), SHEIMZIRKEEZERND 1 DL 7%
ZA[REMED D 5. #EPCI—mwNIRA LT
VT AL ANF OHIE ML, an=—
YA DRI & W EGE ) 2R L, RARIC
BOCEEMWE, GRS, (BRERRNDE
B R4 GRIEZ G EE T LTV 2 (Cauthat
and Martin 2009; Villemamt et al. 2011; Choi et al.
2012; Monceau et al. 2013). HAR L FHLI Lz X
RANF 2R DHETIE, I CICAFEDRE
IZ KO ERINCHLIL TWDF A H AR ANF
WAL, TEREBRNZEZRITL TS
(Choi et al. 2012). FBITRALICARE, it
DRAME FROREZ E 7259 T DR
Ng. YT HAZANFIZ, WEIRALT
MERWEEZSNDTD, FREB XTI

-~

10

2TV, FRUCOIER OB IER R E T
HBHLEZALND.

HiEE

KW 72T THBICHI=0, HHEHTEA,
JENTE, ERBEE NN BB S8 13 A3
BEEDBICHIDEEZY SN EXL
7z
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Biodiversity impact and invasion route of the alien species Vespa

velutina

TAKAHASHI Jun-ichi, MIZOTA Koji, OGI Tsugio,
TAKEUCHI Tsuyoshi and NOMURA Tetsuro

The naturalization of the non-native hornet Vespa velutina has resulted in the general decline of
native hornets across Tsushima islands. The north of Tsushima islands is one of the most important
habitats for native hornets, since 4 of the 7 Japanese species. We investigated the abundance and
distribution of the 4 native species and V. velutina throughout the Tsushima islands during April
to December in during 2014-2015. We recorded over 1000 hornets on honeybee’s hives and
flowersduring the study, including all 4 native species and V. velutina. Although V. velutina has
just invaded almost all the Tsushima islands it is already established throughout the entire region
and is the dominant species in Tsushima islands. We also confirmedthat V. simillima remained
the rarest species with only three nests observed, all from north areas. The decline of hornets
in the Tsushima area is already affected by habitat degradation and fragmentation, but the rapid
naturalization of V. velutina across the entire Tsushima islands will hasten the decline of other
species especially the rare V. simillima. Therefore, urgent conservation measures are required to

protect the Japanese hornets of the Tsushima islands.

Research group of Vespa velutina
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FBHWTO-Fbo—F - 77 NBIL ENEFEEIR

IR £ COMELRI B I T HERE » PRI —
PR Y) D 0 5 BHEE TOEIMEEIONRIC OV T

AR R A T — T
WK - ERRIE— - )L - eRR R - ARRERL - 1Ry

AR E TOWMBEZASMNCT 5728, AU 100 58 5 & THTAEithn 16 & mic B0 2 FiE
PEEITo T, FREOTIEE, Tt & AR T 1997 0 5 18 4EMICH 72 0 4 1 ~ 2 [l
IS T 1997 4F + 2002 4F « 2007 4FICBE 3 MEEE N TS, SERE, #5595 TRFhn
12015 4E 6 F 7 [, ARERIE 2014 4E 6 A 8 ANS 11 HETD 4 AMTHEM LTz, KRELDOFE
FRO—{h2, M5 18 EMICERMI N T — 2 LIRS 2HT, HEEWIEDD 5 HREHM R AGE G %
TOAWIEIRIC 351 % KB EL & JE R BIYIRHE O Z LA MG LT, F7z, 825 3 [mOAIANEEIN 88 &
HORBHEOMBEZELHDH T LT, 2015 F£0OF—& L HAFEIC L.

FoU—Fk:

. 1 &C&IC
HEBTHEEIC K ZHABOHDYI O D
1I8EHZM A, AIEHEERTFARROES
Weilth, T DF F TIIFH RS ERBSICED
WTW5. L0blr, Nz NRE Ui
SRS TRAZIRIS BV 5N, RO
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Analyses of environmental and benthic faunal changes of Ariake Bay after the
construction of dike for the Isahaya Reclamation Project

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

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 7 June
2015 and (2) 100 fixed stations around Ariake Sea from 8 to 11 June 2015. 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 2015, 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.

Key words: Reclamation, Benthic macrofauna, Bottom environment, Gammaridean amphipods,

Polychaetes, Bivalves
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25th Pro Natura Fund Domestic Research

Estimate of front line of thaw and research of foods for chick of
Lagopus muta japonica in Taro-daira area of Northern Alpine of Japan

UENO Kaoru, OMURA Kensuke, HONDA Kiyoshi,
MARUTA Emiko and ISOJIMA Hirofumi

To preserve a regional population of Lagopus muta japonica, environment for breeding and
brooding are very important. In this study, a method for understanding a thaw front line was
developed by observing Sieversia pentapetala as a technique for specifying the vital environment
for making territory. And also, foods for chick of L. m. japonica were observed from July to
September in Taro-daira area of Northern Alpine of Japan. It was clarified that it is enough to
investigate the flowering front line of S. pentapetala in early July, when investigate the exposed
area where the birds have their own territory in early June. During all months, mother birds ate
leaves of Empetrum nigrum var. japonicum and Loiseleuria procumbens, which are evergreen
dwarf shrub, but the chick did not eat them and ate shoot and flesh leaves of deciduous broad-
leaved dwarf shrub such as Vaccinium and Geum pentapetalum in July, and in August and
September the young birds ate many kinds of woody plant and herbaceous plant as same as their
mother. From these results, if snow starts melting earlier than these days, young birds may not get
enough food to grow well.

Key words: territory, Sieversia pentapetala, effective accumulate temperature, deciduous broad-

leaved dwarf shrub

Research group for environmental conservation of Northern Alpine in Japan
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TWVBNE I NeRGE LTz, 1 4ER, AR
k7T —2vl— (A7 x2A4 74K
¥ | Onset, USA) Za%iE L, 7zl UK
7z Rik U7z,
3. SHERIEHE D BRGIE

7 V) — X T Uz lifgz VT, K
WA O EEZ MGE LTz, £ 3, Tanakia
BTH D ERHFNT DD, e (1995) Iht
W, OO OARE, EiERSEH O RO F itz
slEk U7z, KIC, TSEEITIIRSREL, g ISR
SR HEENSARERIR DI L7z, £z, %
RO N RSN S 5HICE, O
2—ilik Uz,
4. UL 17— 2 DfitbT

1) DNA OffiH & PCR HliE

DNeasy Blood & Tissue Kit (QIAGEN,
Germany) 2\ T, [EE LY TV b
27/ LNDNA ZHitth U7z, ki, #Eko 3
R KU 7 DNAF kZ7a—LbfHEK (LUK
cyt b HEEK ) 5 K UHERETHE (LU D-loop i )
, 1% DNA RAGI ff{l#(¥5 X U EGR3 D Ex
FWrh 72 PCRIEICKDIFIEL /2. TN HEODMHE
WAERWEEBE LT, ROK S EEHEET
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5N%. £9, TS50 2 HHEIGFENZROM
AR TX %, & <IC eyt bFEBIC DOV T
HEOMHCEGEHTHD, T—2NN7IC2
YOz dOMICEHN - g PED ks kE D il
FERN RSN TS, £z, RAGI FHIE
EGR3 HHisICBIL T &, fBOMENA - [ To
=CRINEZIN A N SN A 4 1 G SEIAYSY 7
K TH 5.

cyt b TEHIKIHEIR D 728 D PCR S5 IERD & B
DTH%5. (1)94°C(15)TTLb—1rE, ()
(94 °C(1453)-50CAm)-72CA%)] %
309 A7), 3)72°C A7) DT7AF VLY
ATvvavkEitolcDb, 4 CTHIEL .
D-loop FEIEKHENRE D 72 & D PCR S IE R D3E D
TH3. (1)9%4°CU)TTLb—rE, (2) %
CASF)-50 CASH)-T2CGBOR) ] =
304700, 2 COTH)DT ATV
ATy avkEitolDb, 4 CTHRIFELT.

KB AL TR IE 0 72 8 D PCR 25413 /61T
W2e %2 U (Chen et al. 2008). TN Fh
DFEIC BT B5&FIEROED TH %.

RAG! FEIEEIE D 723 D PCR S L C
&, (1)95°C (4%7) T L b— &, (2) 195 °C (40
)Y-53°CU@A0M)Y-72°C(15%)) #3591
I, QR CA7)DIT7AFTIVTI ATV
vauE{TolDb, 4 CTIRELT.

EGR3 fEI g D 72 D PCR 51413, (1) 94
C@7)TTLe—RE, (2 195°C @) -
55 °C @40 -72°C(15) 123581 7V, (3)72
CAMYDT7AFIVLI ATV g U 7ET>
feDb, 4 CTHELT.

2) FkE) & AER

PCR )&%, 12 % 7 Aa—RA7 )bz Vi
ERVKENEIC KD, fRATRE O 2 i T &
TWVWABNF v 7 7Z{iolz. NTEY—hI—I
X 100bp SX—=T 2 (FHTAT AT, HEB)
, ¥ X U H Hind I (Amersham Biosciences ,



Sweden) ZFIH L7z, WkEtg, 7 Ha—A7)V
ZLFITLTHAYA FIREREL, PCR
PEMINY RO EZF 2w 7 LTz, PCREY)
MR E N > TV DWW TIE, Microcon
Centrifugal Filter Devices (Millipore, USA),
ExoStar (GE Healthcare, UK) & W CHEBIL,
FE8I L7z DNA % — 20 ‘C TR L7z,
3) = VARG E TR —)Vik
DYEnamic ET Terminator Cycle Sequencing Kit
H % & BigDYE Terminater Cycle Sequencing
Kit (GE Healthcare, UK) ZF\W\T, ¥—7 V&
[G (PCR) 217 fe. BIIEF 2 —TISiEA
TEHRMT S L— MOV, R
Nano Vue (GE Healthcare) 7\ >C DNA 2%
MU 7z, ZOfERICED E, DNA BOKIG
ICHIEICR2 K5 T T L— FOREBXIUTT
YT L—baz#iLic. =7 Y ARISE,
i EL TP O BEIEIRE & RIS T o 72, RIS
g, TR/ —VitgziroTe. T2/ =)
W%, SR LB Z0—7 2 2 XA T

WL, TIVIRAINTIEELTZH%— 20 °CT
HHRTE LTz,

4) HEELRCA D figssi

ABI 3130 & % & 3130x1 Sequencer (Applied
Biosystems, USA) 7 F U C 8 B i 51 7 fild by L
7c.
5) BT —2DTFA A

FoNBST—2I&, V7 F7 =7 MEGA
ICX b7t 7Y L, CLUSTAL W (Thompson
etal. 1994) ZHWT7 F 4 A kL. &5
F— & 7% MEGA 5 (Tamura et al. 2011) 2\ C,
DDBJ 3 & G /KRG Z bR IE T — 2 N — R
(LR ICBRMEN TV AHAREEI YO
ZF TOFEH|T— % (Kubota and Watanabe 2003)
RUCHEERY Uz, 2D OHSHE, cytbfl
15 614 bp, D-loop FEE 500 bp % L&D figh 7 —
2E LUTHWE.
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5. 85T — 2 D5
1) ERERG SR (NT A3

V7 b 7 MEGA 72T, NJ i (Saitou
and Nei, 1987) IC XD I b FU 7 DNA D
cytb FHIBICHED < NI R Z/ER L 72 OTU Il
AWFSE T AT U T RIEE M J6 K Ol %) 1 5/
D 2 ¥ I %S 3 Tanakia tanago, HIKEGELH
ZERMET — ZN—Z (RS ICHFRENT
WBEHDO Y 3%+ 3 T tanago, DDBIJ 1%
BMENTWVBHAREDHEENEY 75 RT T
limbata & V) 2 F 3 T lanceolata, F 1=5ciTHF
%% (Okazaki et al., 2001) IcBWTCIVvazx+d
T tanago ICEFTHB T ENHIHLTWS T
himantegus complex 7z & & 7z. AV EIC & DDBJ
IR E N T W B 3 A Cyprinus carpio, ¥ X
U A A 7517 Zacco platypus 7= Tz, T 5%
FRENTVS eyt b KDALY &, AWFZE TS
SNT=RERI DS 614 bp ZFEF| LTz L T
% 584 bp MWEZ > TcTz®, T ORI T NI
2 E L 7z, SRk O (591X 1,000 [0
T—F ATy TREBICKDIEN DT, KD
L — R OEEEE NI EDMIC, MP i (Fitch
1971) I3 % 1000 B DT — Kk A b T TK
1B XA ZDOFRERIC K > ThHEN DTz, A
ADHE%IERIE, V7 T 27 PAUP 4.0 beta
(Swofford 2003) 5 & U MrModeltest 2.3 (Posada
and Crandall 1998) IZ & O L ET IV EHEE L
7z#%, V7 b =7 MrBayes 3.1.2 (Huelsenbeck
and Ronquist 2001) Z AW TEIHE L7z, Z D%
Y7+ 27 Tree View 1.6.6 (Page 1996) T/l
BiZ&oRL, HEMEROMZHEREL.
DNTBZAT « Xy FI—2

AWFFL TR Lo RIEE & S vax ) d
)R, BXOBKEBERNZ T —
BZN—R (HHERE) ICEEREN TV B8O
Yok JEMD DS RIHTEENT eyt b EE
(614 bp) DNTO XA TITODWVWT, VI b+ U



7 TCS1.21 (Clement et al., 2000) % FHWT/NT
OXAT « 2y b= KZEKLT.
3) BRI Z AR DR

Y7 k7 17 dnasp5.10 (Rozas et al. 2003) %
HWT, KL D cyt b I & D-loop HH I
DIEELZ K (1) (Nei and Tajima 1981) & & 4
BH LU £, KMEMOEEGNT O 21
TDNTTORA T LR (h) (Nei 1973) ZHH
L7z, ThHOBEIE, JEiThiZE (Kubota and
Watanabe 2003) 1C & 2 BEHIO X v a &+ JHEH]
DEDEHIRL, RYKEER OSBRI
P REE LTz,

. #xR
1. 7R A BRE

SYaxFdICHEML RN Z A
I HEM (KIMEN) WEET 2 XHICE
WTHER SN AEIE Y a7 Misgurnus
anguillicaudatus ( K a3 k), b7 RV 3
v Lefua echigonia ( K a U&lL), hu3av/
RV Rhinogobius sp. OR (YR THH, W
N A RN DBTH > T,

SRR DR HID 1 FITh Tz 5K,
4 CHhHHI23 COMZZET L. LML
FEDIF & AL DOEFAZ 10 CH 5 20 COMTHE
@L R DOFEPKIREH) 140 CTH - Tz

. AHBIERE DM

lﬁiiﬁf%l 6 fADEEZEIC, HHHEIRZERE D
Hpoaz2MEE LI T A, I XTOfEAIC
HUENED SN, e, —EBORIHBEE LA
ZERE, 0T HRTE . Thb DRz,
A (1995) OMBRICIRET 5 &, WIEFR
DR F A3 Tanakia J§TH B EHEETNS.

Kic, HiE - DTS2 I v az T
JDEDE IR LIz T A, WINEDEHEIE
HiZWdng v ax ) IO EOHFFN
WIKINEDEDTHoTz. LhL, HAMDMMD

|
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[F))E 2 f& (VY 2 O Tanakia lanceolata &7 7
< 3R T Tanakia limbata) & DPEMNTZHF T
HBUFROEIC OV TIE, BHED S IEMIH
WrdsdZ&idTcErholk.

BRICDOVTIE, 6 kDS B 5 {HADA X
I N, ARENE DO I YOk
F DR GRERDGRD b Tz, B V%
BHEEAICKEIRLN, ZORANCIE—Z0R G
MR NT. —EIvakFd04 XA
AT, IREELAERROISHGZET S L E
NBH CEHUED 1996), FKIEMICIZZ D X
oS IEEARIEEED S NiEh o Tz
3. EIA TN

YOS ILEZSNDRMER I
L, 2R3 RV 7 DNAcyt b ffilE (614 bp) ,
D-loop 81 (500 bp), 35 & U'#% DNA RAGI 7§
1§ (1,282 bp) 35 X U ERG3 fEitEf (753 bp) #
figehr U 7z

cyt b I D AT T, KWEEMMNS 4 N7
o2 A TR E N, SIREER & =) 11 5R5%
TEINTazAs THAL T R)IIR
b RBENZ2 N7 ax A g, Bokfod
EIERET — 2 RX—Z (GUERR2E ) I8 iR
T2 o) R pE O 5 M & /L
INfz2nTazA S icENTR KL #
ZINRPED 2 a2 &% F IR HE it
(B RNIKFR ) ZBREBICHE L 72H, HERito
& DDA KRR > 2 — KRR
ICTHRFREES N TS (B 1998). Lizhi-
T, T—ZN—ZADOME]ERGR T ORERM & AR
WFZE it U 7o o3 | RS A — DO F M1 T
bBEEZLN, NTORATO—HEETNEZ
LTV,

D-loop fE I D fRAT TIE, IIKEF DS 2N
T4 THRBENTz. RIER], #5115
Bz inNTaxs T2 E LTV,

WENT TR AT (cyt b fEIE + D-loop iz



1114 bp) 1, FKWHEMND 4 N\Tax A7,
BINRHED S 2N\Ta x4 THhRHE Nz,
/e, REETFO2HEBICEL T, AN
KBI2ZHOBRHBEHOINTHD, £
GenBank ~\OEFEERE 72O T 75 LRI
FHETE o700, FNTNOEICEH

WT IV aRF IOME) R & AR 2
KUz, E iz, e N Tt L7z 7ol Me—,
MBEFEEO T — 2 MRS N TS E)15%R
FRICLEN B &, SRFERE NI RBERED /7 H
RO DR Z <FRH BN Tz (X 2,3).

BuEs| 1 2 3

+| 135 | - 975 | -+ | 1173

#R1| G G C || T

w2 - | - | - || -

w3 - | - | - || -

w4l - | - | - || -

a6l -

mzns| - | - [ - [] -

~laGL| -

Rl | - - R U

w2 | - | - | -

w3 | - | - | - || C

mwa | - | - | -

w@s | - | - | - || -

whme | - | - | - || -

ik 7 - - - - C

zws | - | - | -

%o | - - -] -

~[aG|-[Tc]-[aG] 6T

wE0| - | - | - || -

2
L

SvaxFd CHRFERORIKEEM,

BRUMRNIE AR D% DNA RAGI bk (1,282 bp) IZ B 5 LY 1 hD

&S 1

)1 A

= 2

#= 3 - -

s 4 - -

#=) 5 - -

#5l 6 - -

i 1 - -

i 2 - -

i 3 - -

xWa | - -

i 5 - -

KW 6 - -

R 7 - -

xiw 8 - -

i 9 - -

i 10 - -

i 11 - -

T 12 - -

i 13 - -

i 14 - -

3
%

SvYazxdd CHBERORWEN, LTI

BHHM) D% DNA EGR3 fHlE (758 bp) ICHBF 22 MY« DLt



4. 5y RARAT

BERD I > R 77 DNA % DNA Ofif
MR B, 2, HrlrE R E NI RIREE R
YIRS IATHE L IFRNENEDD, T
OFRFBRENE FT2T 7 5 5RT Tanakia |&
PHEZNGRIC, TR 2 I LTz,

100/99/99

57/72[7]0_

NJ/MP/ML ;
KoK ool
627017 oraled [

—NC 008GER =94 Achelipanathus typuy
APO0S04T 2 Cyprvis cae VIR

cyt b sk 584 bp 3D IEEAS AT B
T, XV 2a&Jd Tanakia tanago, 7 7 7 KT
T. limbata, V) X 3 T lanceolata, XA >/
&3 T himantegus complex &, £%&Z N7 D7
L—REERLEZ (K4, £7L—FEan
T—bh A M Ty THB XA XD HZHERIC

7ISKF
T. imbata

T. somjinensis

T. koreensis

YusFd
T. lanceolata

T. signifer

T. h chii

T h himantegus

=va4533
------ T. tanakia

K4 775 RT Tanakia |EEFE GG E Uiy TRNTRSE . 2 3> KU 7 DNA cyt b 8L (581 bp) 1< K B0k G

BtE e



XOZFEN, TWERMLHEENZE4NT
Ox4 7 NI e IvakFdos L—RiC
BENE. 5, KIEHAD I NTaxLT
&, AW TR L2 Y a k) duE)R
M & BIKFGRIBZRRIE T — 2 X— X (3 ERK
) OME)REGRTED 2 v a2 dfE%
MotoE—HLz (X5).
5. nNTaxAT 2w bT—TH

AL THREMT U 7o KO D cyt b D 4
NIRRT EMBNRMD 2 NT a2 AT,
ZIUCHIKFGEIBINZ R T — 2N — 2 (588
KE)ICHHINTOEEMOIYa%xFdD

i

HptB ( k&R )

“ HptD ( RHEHE )
Hpt4 )

'HptC ( ZIER )

| Hpt2)

'L Hpt3

r Hpt6
NJ/MP/Bayes Hpt1
100/99/L$ﬁHME
Hpt7
Hpt8
Hpt11
| Hap10
IHpto

—— DQ178370| Tanakia himantegus chii
L pat 78375|Tanakia himantegus chii
— DQ178349|T:

UN7azxA7ico20nC, Y7 727 TCS
ZRHWTRY T =72 E LTz (K 6). &
WS TR LTSN/ & T — 2N — A D
)RR PEOMBEEMNIE, FUENTHS
EEZ BN, v bT— TR L TIEIXH]
FIRREHICH— Uiz, TRIER DK N T 1%
A7, HWIC EEBEBROBFRICH D, H»
IGERTH o Tz, TIEMD S E Nz 4N
TazALTDHE3INTORAL T, Jokfud
BIEZRMET — 2= (FERR ) IS8T
NTWB3MDOIYvazFdoNTazATon
TNELEEZFLLNTORA T TH- 1.

Hpt5 ( #5112 4&Em )
HptA ( RIS | #EIRHE )

=yva4733
T. tanago

T. h. chii

100/99/1.00 L DQ178355|T: :
—h consl T. h himantegus
| DQ178358|Tan
100/99/1.00 | AB108851|Tanakia lanceolata

T. lanceolata
T. limbata

| AB108861| Tanakia lanceolata
—— AB108944| Tanakia limbata
100/99/1.00 - AB108946|Tanakia limbata
‘ AB198972|Zacco platypus
‘ AY347276|Cyprinus carpio

Ayid

5 XMV RVU7 DNAcyt bl (581 bp) DT —% -ty MTED gk CAB &) WICHI 2 3 v a &) a5k
HIDALE D

38



ABH OB RIBREEERDIZHIC
BREORFENTER TR

B6 I bR DNAcytb fHEK (614bp) DF—X &y MCHEDIINTRRALT + 2w b T—I K

6. ZERRIEREL
D NT Tz A TEREE (h)

IRIREE D eyt b FHI DN T T & A T LR
(h) &, cytb fElEE D-loop FEIKDE A/ NT T4
A TONT R A TZREE (h) 1 0.758 + 0.060
(EHERE) TH-o T
2) IR ARIE (n)

KIWEF D cyt b I DO H LK (n) &
0.00165 £ 0.00024 (fR¥E(FZ) TH > 7. F
Tz, IR D D-loop BIMD I KRS () 1%
0.00106 + 0.00009 ( fEHE(R % ) T > 7=

V. ZER

L. RYKEE I DI

SRR D4 FEREE X, B (2002) I X%
2V a &S IV R A BB ORI & <
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—H U7z, TN L RIFHCEEERE S Nk
N RYa vidEEkzeKIRE 35 KD RHiRic
HRTBREEINBET DS (HR 1984), K
ESSiDENSAENIIESEVIND)-Z - ¥l R S A AT
EHEMI T E T, KT — 2B — Tl L
7RI 1 EICH T2 KIBEDT—% (K 4) b,
COX I BB SR E N, 9, —4F
DRERFDEEHZ 10 - 20 CTHbH, £<I220
CHRMAZHME 1FEDS BOTL —ET, &
HRIIOKIRIFES I BTz, 2o e
5, W 4 BHIXIFE/KOREIC X 0 ki
WEELTWS EEZLN, TNHOEIERHE
BIvazxFdKkREZIF &I 2
(B - K 1984; JiH 1992) Ic k< —F LTz,

FEINRZR S “AEICBE LTI, Fansyy
FIHA, AHA, RTHA R EDBIEEI NI



T — ZIHEED TR OINEBIE RE DR 72
BEINCEHMET 2 &, FIWEMIZIYakF-d
ThHIHUEEENRVEEZBNS. TIEFD
FAEHEETNAMEKIE, IYvak)rd - 4R
DUSHAE DK T dd 2 NEEE DR R 5 ik
Mmofe., THNEEHEREN TN Lk,
R BISSHR AN G/ It kB
DREEHENETNS.

BETRATTlE, mtDNA O cyt b FElEK 584 bp
IHED ERBERS S (X14) 5, TERIIE
ECIVaAXSFIOI L— RFHICHEDT S
n, BT —hrA LTy THEBIUTRA ZDH
MERMEIC & O BERIED S < SR E N e,

OFERE, ERIRBEORHESL K UHNTERRIC X
LZHERRELRTHEDOTHD, HERHE,
EEEE, EREROREN S, ShkRE
U7 EE 2 F NI v ax - dTchHs T
LIITHFTHS.

R FICiE 6 FD 2 F TN ER LT
WBEENTHBD (FEED 199%6), N5 6
ISR FE AL U Tz A4 & % F O Acheilognathus
macropterus ( #KJ5 2007) 20 & 725t 7 FRAIIK
FoaFIHE LTET NS, AWK,
TR FRdD 7RIS A TR vy a x> dn
ERLTWB T EDNHOMNIIES .

2. AR

cyt b fHIE (614 bp) DT T &% A FITHS <
NTBaRAT e 32y NT—=URTIE, Iva
ZF ARWMERM S WO olcanT oz A
T, HW0IC UERERTEEE-> TV (K
6). —Ji T, KHETOEHLIMNE, FEHOMH
I BNTaxA TN 2 IR EOBEN R
5, EHNICBT 2K NT T2 A TOFE
AR ENT. £, oM —pEHEROEM
&, FERMNCHERTIRE ST 2T a X 1 T4
WYz, 1~2n7axs 7 ULMEE LT,
otz (X6)., Lich->T, TNSEHIOHR

—

(@

40

—PEMAROEM & i LT, REHIE &V
BIEMNEZEREZREELTWA T EARENT.
Xz, TNSOBEBNEREDN S, KIRENIZ
M & thlig U TA BB OE(LFIC X SR
MLy 7RO PR <, BH OB
TR MENEW T EAVRBE N,

SRERREIC X B LTI, NTaaaT%
FREE (h) IC B THRINEENE 0.739 &40 5 £UfE
ZaRl, TSRO B —EERDO ED
YaxFdEMIDEHNEETH - 72
73, WHZEE ) IcB 0T, #ENTm X
A T 2EDBHOWT IO I Y a2 dEMK
D BANNMEZ R Uz, SAUE 2V a2 W
EHDHENT T XA TR OEEEE O DI E
ZRMLUTHED, BHIOMERM & 1385 55
Tholz. BHIOBAEMICOWVTIE, Kubota
et al. (2008) 1T & D AFLP ¥ — A4 — & H\\ 72 8%
DNA D Z KD M TN T W57, K
WEEMITE RN 21T 21, KOMEOE
UWIERAI 2 BRI DR & BEI O AER R & o L
MREEDAIHEL 25725 9.

Y aRF ATIENNZ, S TS (Kubota
and Watanabe 2003) CHfTEN/zIvax+d
EHOM & FEENT 2 A TOREIEED S
Nizhpo fzhy, HIERIIC HIKFRIC &K E < B
NTVBRMURNRKEF 1 EENTaxA T7%
HELTWE., 2O &IZDWVTIE 3 DDAfHE
HHEZENS.

9121, WHENL>TWeNnTaxAT
DEZBUINE 2 DN T > X LT EE LTz Al hHE
M T&H%. Kubotaand Watanabe (2003) (&, D
TIVaxFdFEEHAN - BICH D O-IRH
BEMMEZ LS TOIREEBRLTVS. ThH
DERIZNT TR A TINEDHBDORHRICAE T T
A RIL3oy 7 RBIENZEENC K D T 2 X LI
EL, HBHAICEENTZERRIDF L, F7zidhk
ENTaR2A TR L TS AREMEDN D 5.



REICNTa R AT« Zy TR (X 6)
T, INTBZATHFERNT HTTOE
(ZOMDKR), W EEFHRT O (511K
R), WiARE (RIS IcE STk,
N5 D 3 EMIFHIPEIC & KRNI B BN T
0, Hpto WD TILHIPIC ML TWiT
ERIRBLTWVAS.

RICEZBENBZDN, MelLlc&Ivaxs)
TEARED R el LB IRFIREIVKRZ
M CILHEPICKS >zt TtH 5. Iva
2 AR T K AN S EICHFEEL
RERICIE, AR TOME RN b %1%
ERECTWEEEZLNS., SVvaxt+dik
A RERBE OB VE OO, BHFEICIE
LfiR7x £ OMIFRR IR BERED R 2, Ja BN
TAEME LT & ik & 75 2 82 7258 U7z
LT ORI D > Tz n[EEMEA B % . Kubota and
Watanabe (2003) &, HRE()117KR D & & 5 H
SRIEEINIZ 2 DONTaRA SICHBF BT
T A XELH I D EHR DR E N L
5, CTOHEMMAEEITITN D EWVBEHZER
Mt ->TVEERLTVS. LML, L&
DX EnfezEE T3 L, nkLizno
2A Tl o TAMADN RN E) LT & 2]
EtEEZON5.

RICEZBNZDIE, TINER - =] 1HRM
DELL—F, HBVIEM I X SHE
MTHZAREMTHD. b 2 EHHFE UE
M, &2WIEHEEMSEWVENICHKT 25D
THNE, NTSaxATEHEFELTVS T LI
AERRE RV, B, VYo ddEE (X
(LI R « FEDOLRIFEE ) IC K D BREECRIE D
HRUSNTWVED, BHEBHEELDIYan
FIMMEHICFEEIN TS EEZLENTY
. TOXIBBIRZEZ B L, KIWEMHE
BREIZTICKXDEECBIHI NI DTHS
AREMEAY D B, L L S s 1 O b5 R
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MORIMERDOHERZHET 2 LITHEET
Hole. TONREMZRGEEY 5 7zoicid, B
NDOHEEIARIC K ZBEN SBHEICE 24N
WOWEB KT, HiFdstoeIvazxrd
EHDNT T2 A THKRORHNAETH S .
3. IV azFdRWERORE L 5%k oME

AWK D, FWEMIIY a2 FITH
LT EMEFEED, TOEMIZEMOEMIC
EARTEWVEENZHEEZRE LTS L L
S EEotz. Fiz, YOz IR
MERWEZEENT eyt b fHIED 4 NT R AT
DS B3 NT TR A T EBOKFGEIZNZ B
T—EN—R (HERY) OFHDOIvaxF
JEMD S ROD > TWERWHINTTa R A
Tholz. TNbHDT ehb, IvYaxF IR
WEMMNRE DO -T2 &3S HDOIYaxF I
DFRITBWVT, URISBENS X 5 H—E D
EindsdEEZENS.

B, HREREDEK R ENS.
Y axFIAWWEAOERMTIX, 11 HDY
> VTR S & b B/ Nl
MR ZHEEREE N, @ERAEEEMTDbNT
WABRERFN 2 DA Tz, —77, AR (38
HJI/K%R ) OBAEEM TR, EEIvYaxrd
DEEDEREEINTE S5 (B 2005), T4
EROE LRI DONWT E EREFRDOZE(ICK S
fERMNE L > TS (FH 2009). L7zh->T
VxS IMEEICER L TVAEREN 1D
TEEZLHDOh oz kid, S VvaxFdomE
L)L Ofife it 2 IR X & % SR BRI
B5EEZBND. Tz, iRETITOI T
% &K 9 BEERM O ENDIEADPRICI,
AR U 7B DIEIR L UL TR DEA S,
UL, IRICHRIERDBEIHER ThUL, 7
DHETH> TEENISRREE WS T &Ik b e
O, ERMEZDIAREIIEMEND 5.

T 5N % 50F, FLOWEERKOBEM

~



THs. BIE, N7V FMEMZRLEESR
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Genetic diversity in the newly discovered population of the bitterling
fish, Tanakia tanago (Cyprinidae, Acheilognathidae), a “Natural
Monument” of Japan

TOJO Koji, KOBAYASHI Kensuke and TOZAKI Takahiro

The bitterling fish, Tanakia tanago has been designated as a “Natural Monument of Japan”, a
“Specified National Endangered Species of Wild Fauna and Flora”, and an “Endangered Species
(category IA) on the Red List” of the Ministry of the Environment (MOE). As such, one of the
few most important species in terms of conservation of freshwater fish. This is an endemic species
in Kanto district. Their habitats are scattered and very limited. Their few remaining natural
populations are in crisis and in an extremely vulnerable situation. Although conservation efforts
have been made, a reduction in genetic diversity caused by inbreeding is occurring even within
their natural populations along with those in breeding programs. As it happens, a new population
of this bitterling fish was observed coincidentally during our field research. We conducted survey
research of this newly observed population, after obtaining permission from the MOE and other
relevant organizations (e.g., local government). We performed non-lethal genetic analyses on
the bitterling fish of this newly observed population. As a result, a comparatively high degree of
genetic diversity compared to any other known populations was observed. With respect to the
conservation of this bitterling fish Tanakia tanago, it is considered that an extremely important

natural population has herein been observed.

Key words: Specified national endangered species of wild fauna and flora, conservation, genetic

structure, nuclear DNA, mitochondrial DNA, non-lethal genetic analyses

Tojo Laboratory, Department of Biology, Faculty of Science, Shinshu University
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25th Pro Natura Fund Domestic Research

Acoustic monitoring of Swinhoe's Storm-Petrels (Oceanodroma
monorhis) on Koyashima Island

OKABE Hiroto, HALPIN Luke, TAKEISHI Masayoshi
and OTSUKI Kuniko

We led an expedition to study the timing of breeding and the activity patterns of two nocturnal
seabird species in Koyashima Island, Swinhoe's Storm-Petrel (Oceanodroma monorhis) and
Japanese Murrelet (Synthliboramphus wumizusume), which were extirpated by Norway Rats
(Rattus norvegicus) in 1987 and 2009. The focus of our study on Koyashima was to: 1) study the
phenology and nocturnal activity patterns of Swinhoe's Storm-Petrels using acoustic recorders
to detect the species’ vocalizations; 2) study the timing of arrival and departure of Japanese
Murrelets on Koyashima; and 3) estimate the breeding population size of Swinhoe's Storm-
Petrels at Koyashima. In order to understand the breeding activity of Swinhoe's Storm-Petrel, we
set the recorder in their colony from 8 March 2015, and repeated 10 minute-recording in every
20 minutes between 9 pm and 4 am every night until 5 September, 184 nights in total. As a result
of observation, the first day of flying in to Koyashima was 26 March, and they had been active
almost every night since they came into the island. Bird-banding survey was conducted in June,
July and early September in order to estimate the number of the habitation. In each month, 6, 4,
and 12 birds (one of them was recaptured) were captured and released. The number of habitation
was estimated as 120 from the June, July and September data, using Petersen method. The number
might be overestimated, so the reconsideration of research method is necessary. Incubation spots
were observed from all of the captured birds in September, which means the breeding season
continues until October. As overlap of the last comfermation period of Japanese Murrelet and the
first comfiemation period of Swinhoe's Storm-Petrel is recognised, there might be a competitive
relationship in the nesting habitat.

Key words:  Breeding population size, timing of breeding, Japanese Murrelet, limited availability

of nesting habitat

Marine Bird Restoration Group
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Establishing a method to estimate sika-deer density by 3-D modeling
of male antler captured by camera-trap

NAKASHIMA Yoshihiro, SAMEJIMA Hiromitsu, IKEGAWA Rintaro
and TAKAYANAGI Atsushi

Population of sika deer has been rapidly growing and is severely damaging forest ecosystems
in Japan. To practice an proper management of sika-deer population to mitigate the damages,
it is necessary to establish reliable and cost-efficient method to estimate the population density.
However, such an ideal method has not been available. In this study, we established a novel
technique to discriminate individuals of male sika-deer by 3-D modelling of the antler captured
by camera-traps, and made it possible to apply capture-recapture model to male sika deer. We first
measured the size of antler (distances of antler points) stored in the university of museum, the
university of Tokyo. We then estimate the size by 3-D modelling of the antlers captured by camera
in three directions. The comparison of the two measures showed that 3-D modelling can provide
a reliable estimate of relative distances between antler points, as far as the antler has four points.
We also confirmed the presence of large variations in the relative distances between antler points
among individuals, indicating that it is possible to discriminate male individuals by using camera-
traps and 3-D modellings. This technique can open up a possibility to obtain a reliable estimate of
sika-deer density by camera-traps.

Key words: Animal population management, individual discrimination, antler, male deer

Specialist team for establishing techniques to estimate sika-deer density
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FBHWTO-Fbo—F - 77 NBIL ENEFEEIR

HADTRICAERT 2T hANFZUREB XU Y 2 = F BHEpa R
RO BRSO TOERREHE B X ORI AT

HADFED S R ERT 5
INEERAE Y o HIRNZE ¢ HE R e BRI e AR T
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FHIE TV, ABIZECIE, Ml > A AEEFOBIRE, & OERIREIC T T O
Wit E R HI L LT, AAD 12 OTHTS R BROEREENMAZT7E, JUNGEITH S HRER
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Filitkk D I F 3> RU Y COLBIE T OEES] 649 Bl ETEL, ChETA Y KPR S
135 NERRGIF— 2 BMA 7 — 2ty MCHDE, BMEER v M T— 2 HEERL, 7 hAF 2
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S0 DNA DHEREMA ERT 5 &, AADT FAF 2 U RS RIS BRI P RHSGE
ENBTEAWE M ST
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(B ORI
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(TN F2URTHE, vI=FFR4H8) MW
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LENTV3 (FEEIA HRRE R AR
2010). 5 AT IR FAD fEBERIRILIE EL T FF UL A

H L T2 Ly RU X bEY 2RO H
W7E 2@ L ThE D O NICEEENDDH
5500, TOMHRBIOWTIHITHLANILTE
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5T ENEENS. AW TIEY I = FHE
T D HUs AL [ D EF SV G A (0 D EREE D B
W, AR, SR OF kIS 5 M O KA
BHEE 75 ) I K DR T NS (R RN 72 5
Ed BTk, FIzDNAGHICHD EHN -
MBI OB ZAEEORE RV, ThHo
M e R 2 Ml DS LT L5 I6T
AR E > TV A EELEMZEET ST L
EHINE LTz, E5ic, SBOEMELT, &
W TORREZIRL, HARDOY I = FHHOE
B EM 2 RS IR 9 % K 5 Ee T BB
RIIRET B ZDI L.

Il. BAAELZOR-ER

B 1, AFFEARNIC 2 BN B 2
W ERE IS & DNA otk 2 AT L
e ROMIE, AZEDBHERLATIC 2 BB
Fi7 U DNA 7 Hrad el 2 AR U 72 FiE D i s,
BXUSEUNDY I ZFHEEIEEL, AW
O DNA WIS L T 72 W e FR O Hls,
MWRENTWVS.

1. g s o kA

2014 £ 10 A 5 12 H O KO TR, &
HIRTEFEORRICK D, 245 - =3B 2
T EHIREETD S HETIC AT % =50

o FAEXETE

B (RBIAEIC K D)

o DEBAFTR

(BhF RS FEMAD)
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145° 150°
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FEH/INF E TR OBIMENE GEe sy > 7
V) BTV, S RICHEBER OB &
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WIFEOS B OFRE Tl 2002 4~ 2004 4F
FCOMETHER SN TG 18
RYIZF LfER UREA T 7 A D4R (8
Koo FF b - /N 20060) DL R TE RN
Te. Tz, DOTHRICIELL @EETHML
TNt 2 Y & TR TORAEMNE L <
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e VR INCTT MY 75 ) TRT 138 (AR
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BB EICEOERL TV, ElenF 2k
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R lio T RFED AT v TEH, N 1 KEER0

RRDAYN—. L, ARREOEHRAER. N4 :
JEECTE EOFRAIIRR. ey, 350 m S T
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=T WiRb 6 EMIZEETH % L HIrE 1
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KISIEM B A THETIEIME 350 m F TOHIFR
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T, EEEEEANESE RS XU
RS TR 5 AR BEMO BN &
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HITTA, NFZY, £RT I =70 DNA
Mkl e, HABHRETEAT T A, NF 2
@ DNA S Hrad Rl OsRE 21T - 72

SRS T (%H12008) TR
INNDY T —THROMIK, i « BHRICHT
HLIEY REFUIZFOLEREE, i
DOWE#E, DNA Dk OREZTT - T2,

4 H 20 HA S 4 H 21 HICHHRER PR B0
BHE (K2 BB oWKIcAERT S v
YINTZY «“ (HATIRERS & GHEBICE
BLINETAF X2V L TIRDODNTERET
¥ifd (22 TRRICY YA+ 2Y ofif %
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AR 2 T EF Ny S = FREH OB
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OB TRICITIFEETEL D VIV
FZY CHERLTOEDS UMNERAE, %A
2009), 4 EOHE TIETIE EZ2EOKED
JLK > THO, AREOMEAREDEIR L Tz,
FRTFITES 75 B TN @ ARD PG 77 /N L D] 15
I CARD IR Z EREE U7z, AR ERS
mRE, MPRITOHE, XeaEBstET
BICBZET S (£H12009). —J5, fvlio~
27— MRDF N 2 = F R LT O
I HEANEEEED K 0 & < G HE D 5 ZRAEA
ECTOERIIN—THEEHEETEMTH S
MR TE .
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HHARERD =P L ALBEhREO TR L
AN 5 A To e A (K 2012) 2175
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AARFICTR D NI E IR Al RS KU
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BTE (K1) O T 7 A% 3 ikERNZED
DNA 79#alfl & UTHREE L T ez,

lll. DNA Dt & ZDIER
1. HERAIGE

1) Oy =« BAT7 7 7 A0 DNA filitHs v
k72 ffi> T4 DNA ZHiti U74%, 2) Extaq R
VXS5 —E¥%2ET PCR F v kb (TAKARA
A FED) OHBHITHE 25 pl A —)LD PCR
ERBClkol. HHEDNA & LTIEmLE
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649 A IIRT 21 NN—Y )L TS5 1< — -
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software) Z{li-> THiA L, COlEILT DI
Bicy1| 649 sz RE Lz,
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K, =ANFZU 3k, X REFVIZT3
ffk, 37 =7 3k, F5F161 5 COI
BT OS] (649 H3x) ZIRE LTz,
2. COlE{R T DMEIERIHINCIED < 5 AR
DOFEM 7 5 TIARN - BRI OB M RHE
DHHIHREI & HAE 5 BT TE B 5B AHTA
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AW THRONTNFTZY, hTT A, /1
ANF 21 D COLBARTHBITHF (649 HikExS)
T—2IC, TNXRTREE Uh#), 28 (Gt
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JUE LTc e NENOROEY T —2ZhnA, &
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spanning network tree) Z{ERK I 5V 7 b x
77 — Network 4.613(Fluxus Technology Ltd 1999-
2015) (Bandelt, H., Forster, P., and R6hl, A. 1999)
A Y R— b URADHEER Y b T — 7 ZFk
L, )@Y 7 b Network Publisher T &z /)N fff
oy b= Kz I LTz,

BNy FT— 7R ENT a1 T (4
FEFHOERE (A, G, C, T) OEHOMDT &)
D7 e/ NDZERA TR L THK DB R
HXTH 2. [Fl—OEERNEFETCNT T XA
7 RienNTa iz AT A) Zixb, TORFNC
ZEIRZE LI U RS DY 1 DL L 72 &
BHIONTa 2 AT B EED, NTakxATs
BIC—DDRMREHRMEC S eNnTuX AT C

-

(%

68

L%, TOXDRIGRERDRIE 2R AT
B E N 2% /BRI G/ NERER Y T — 27 X))
&, AR, EEIN - SRR ORI - R
MBAFRZR D ISR Z AR 25 5 A THE
BXTH5.

K 8iciEZuant 2D 3EMENMS/ENT
19 A R EPE | R (B, AN
AR EE 10 itk G, AR R
T 8 ik Okfr) HHBE 5N COLEIR
TOEIAECH (649 I O i/ N+ >
FU— 7 KARENTVS.

MORE T3 EAEREZ L LU/ OMD 1 1#E
7K, IICKZEOHD 2 ik, KICKZVHD3
AR TR DM 8 Atk CHBIEE 6 fafk,
FCHERE LB, BEHERE 1 EAT 8 Ak 42 <
[{—DWEES], TabBRINTaXA ST
H3) 7T, NTaRA T TE U222
AOBIIROES TEHEIN TS, 2kosy
HHEAEDY DI T2 DIHFEICIZ S Z 50, A
v bI—=UMERT, HATHRRZMA S L
A TN T T 2 A T MK K HER I
P AL OBEMI SR U T2 B, @S
M AGHBTUNANZRE Lz 7 ot 2D O
D> TWEF DO HEMENE <, T D DNA
HRRCH 2 FEIC 12 [BIOZRRE R Z /T L TR
RIS & B AHIK DA R D FED DNA H LR
FIDAE CTz LRI T E 5.

COBNIHEIC, A & AR O MRS
BIZTIRE) (gene flow) WH2 (H-o7) T
ZRLTED, 7unt2YOReEDizHlicid
M AIEORMAZ IR T 5 LN
HBHETHZLERLTNS.

B 9 IEARMZE CTIRE LIz HADANF 21 10
HiEER A 77 {li A 515 72 COL AL 649 Mk
WDOF—Ztw M, ThETICREZLD
AV RENDHEMT VT, HREZZLHET Y
7 DT &) (Cerithideopsilla cingulata) [
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M HEUST L 7z 90 EAD RS 7 — 2 Z A 1=
a1 167 ERDIERAS T — 2 v M TIEK LTz
NF 2 O/ NFEER Y P — IR THB.
DINCIE, TNFETNFZ Y (Cerithideopsilla
cingulata) 1 FiLE L THOFbNTEZA VR
T — FERFEDON T Z VR VO T
PR GRZZIEREE AN ABIY) © RN TR
HOENZWEZRFD 4 EE (F Y RS v
HAR=INCHTT 258, 74 v EVRED
HBM, XML —HEET — G — /\HEL
ICE2 7 V7 RBER OB, JiHRLIED SUM,
ST, RN, PUE, AN BRI
FRIZIEHM) OB MMFEET ST RSN
TWV5.

—

(@

Cerithideopsilla cingulata DRI FEHIE 1 > R
THBHDT, 1 FHEOEHIZINETDOES
S T EMHBRZ D, o 3 EFIEHI D2
MRE LR, ~NF 2 (Fi%) EriiLdeo
HAALOEHICEZ SN, TOERICHLE
Z BN %G TNE T cingulata LIAVEN D
THH L x5, ARk, NEILFEEOENZ S
X7 T KBERFEDONF 2 ) L ENTEE
MIC 52 b N2 DN O C/\ELEEEFED
NFRZVEHRLERD, AN E L% 5.
ARMEHTEMIT "YY< FZY” LI
FRLTHL (X 10).
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DTF—2ty M, TNETITAKRESHHE
TIT, TITRRERR, #EEREGS, HAY
D577 A (Cerithideopsilla djajariensis ) %
A 5 HfS U 7z 49 R DS 7 — 2 2 hn Z 7z
At 102 EADIEERS T — 2 v TR L
7ehO7 A DmMifER Yy T =7 KTH 5.
INXTIHEEZSNTERHADSHER
B, W77 DATT A E FNDITEERE
CEIZAIERRAE) MR DR L i T Z 5
2 4R (AN D HASE 2 L By e R oD
(M, B8, MhE NXhFL, ToVUvEY,
A YRR T DOEN) MMFEET 5. AREH
5 (Reid and Ozawa HIflH) D#FFEIC LU,
CNITHA, EEPEOPITENMEHIL TE
72T 7 A D4 Cerithideopsilla djajariensis 13
g 77 Y 73 B Cerithideopsilla alata F&
FrofEFit oA SN 2R THD, B
AR T Z RV, HARY S & W [E RS,
N F LT 2 HT 7 A digjariensis

W Honsyu

I Northern Kyusyu

[ Other Kyusyu areas
[ okinawa

Iriomote

[ China

M Philippine

[ Vietnam

M SriLanka

W unsampled haplotypes

DINOFES DL Wikl 725 T VI L2

B 11 OfNF#EER Y BT — 7 TR X
X lix, HADNT 7 A EMIZILRD IR
MEFEROSM, HEOLER F TO AR O
KEE—DNTa 2 AT THO, BLEANSH
WD TZ LN EWVh 5. HEHOBLEF
ZARIEDZ U E IR D BREFIT N LT Db
VIR NT EZER LTV, BN
DENANTF 2 ) BRI KO A OV UKEREE
I, KELWENSREECHESLTERLT
WBDIEHL, AT T AR OKE D BT
TRECHEEED S Ui LIl v ER LT
V3.

1970 AEAR LUK 0 H AR O & FE = 1 0 N T
KO BDAT TRKE - [REGRR L DREES,
fEIZHRL, NF2UIGE 2R L DG S
FTOEMMHERF S NI TV BDISHL, HT
T A LRGN, RRZERE, AN, PUE,
PN T2 < OEMDHK, HE0EEb

5 steps

(unless otherwise indicated in red)

B ATT AT NN—TORNEEER Y b T =K. U7 A WA &, FEREOEMEZOTE, ALEDEEALD
FEHERTNT TR A T XD > TWB T LICHEH. BEOIMINE, 7 27 D717 7 A L
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HTREBIREBICHZ (K12). ToT e, @&
BINZREEME L, ERTEZREDNIRSNT
WAHZEICERLTWSEEDbNS. HTUT7A
ZRET BT DITIIFAFEN LR T E B HREN
Ehw b CERH ZHASICRE T2 TH
5.

V. KHAEDEL LD
1. HADT bNF 2 YR ORFANSE
AWFFEDONREF IZBE 10 £ Eicbe,
R B RS Y BE B P A P R D 7 —
Ewy R U—FELZY —X—L 350587
N—TeMROT v I 2 FRBITY I =S
BRI ZIT> TE TS, TN
S5OME TR TREBICE TS 7L — FH
D57k & A2 Re A Bl Hob Bl & 5
TE RIS DWW TIIFEDOFER (species diagnosis)
ELTIEREEICMAII Ay YT - F

kv L C bR 7 2=y k1 (COD) Eix
TR 25 & Ul DNA /N—J— R 2R
LEOERZFB /2> T35 (Ozawa, et al., ,
2009; Reid, et al., 2013; Ozawa, et al., 2015; fth ).

NS DWIFEDFER & 5 B OWZERE RN 5,
HAICIWE T FNF 2 U REL (Potamididae) 9 fi
MNROHLN, TNETTOEY LFbNTE
1RO B 6DV TIEINETD¥ES
(scientific name) [ ZBUE T B HENDH % T LA
SMMTRICIE - Tz,

CTTE, TNETT INFRURTHERE
NTEIAAICHT BZHICBLTE, "&L
Team X CUUE ENTEd G CRAROFED
Wk, @&+ n.sp. LWLHIET) ZRITRT.
HARE 7 b A\FZ R} (Potamididae)
7T N FZVJE (Cerithidae)

7 b \F %2V Cerithidea moerchii (A. Adams,

1855) (TN E TD%A4, & C. rhizophorarum A.

o f#
o f#&
*

-3 04

gmiban
N -

1 ()

1 ()R

I - HESTH - R SER

I [Fam!
"R o

e
Us

140° 145 150°

Equidistant conic projection

X 10 BT 7 A D54 & ZDBUR.

72



(Adams,1855))
¥ N\F X V) Cerithidea tonkiniana (Mabille,
1887, C. ornata Sowerby 11 1855)
JUunt2Ug
7\ N\ JF X VY Cerithideopsis largillierti
(Philippi, 1848) (Cerithidea largillierti (Philippi,
1848))
NS 2V JE (Cerithideopsilla)
A
(Cerithideopsilla cingulata (Gmelin, 1791))
YLV} RV Cerithideopsilla n. sp. B (C.
cingulata (Gmelin, 1791))
719 7 A Cerithideopsilla n. sp. C
(Cerithideopsilla djadjariensis (K.Martin,1899))
X REF T I=F)8 (Terebralia)
X REF U 2 = Terebralia n. sp. (Terebralia
sulcata (Born,1778))

(Cerithideopsis)

U Cerithideopsilla n. sp. A

F )N X = F Terebralia palustris (Linnaeus,

1767))

2. RO R Y A O

A5 5 TIC TN F TOARZADOBI
7« RHOBIE ARG D 75 © TS A
e, BRY, X TITERENTSkaRE
MH, D HTHEHOEEMREDORER[Y A b
EUT, HeAREREBKITI 5, JUREER
BPIAE, REARUREN CRENE) F/4
BT, MR E RS TR, PRI \E
AT T (RS MlE TR, SRR
EMBEFENS.

JURIRISIRAS KR, RO
&, W77 - HADEIRM ORI B
ZITIRIE, EKHE, WAL EDORETERDZL
WIS LTFEL TWe b EZ 5N5 S AITIES
OFHEDEE GHIR) DHDMREFEEN TV S.
TSRO B S, NEAE, &
SINTFTRZY +TunF2Y R (AT R
FIVFREROITDEEEZFDORITIC, ITOR

73

e IAVIROBEADOPREE FIC 7 aNF 2 Y
B RN FRZYU+T EANFRZY+ 70N
YRR T INTF R AT 2 VUEE (T k
ANFZVFIT D% - B oM, T
2V I VEORELAOWIRIKICAER s hI 7 A
BHE GIIERORIKICH T T AWER s w3 =
FHRY T IZFEHE G S AHIIED
T MASN, Mgl T HO <A\ 2 1,
sunt 2. Mg IO AT 7 A, U
WD T AT RV, ~NFZYEMOEMHY A
ZERKED

RETEMETRIEBIFZERERE FCT k
NFRY, NFRY, ATUTA, UIZF, A
RN I =T OMETAREMDED 5N, &%
DEAEE BRSO RO TRZIRWTK
XN LMD, SRCHEHORE LEDOOTHE
BRIV TEEAS.

MR RS RO FEF Y I =)
L AR TS ORI ER T 2 AROE
o THRANTH D, ERGO< Y Tu—"7
BRESDMI DN LENZIE L T 5 O TR
DX V7 a—T RO e oI AR D4 E
zfRE LT RELRH L. MRRIEOEERS
O\EILERTENT) OB TR, HRTEC
WFHARTHEREBXCHEBICORNMT 5+
NTIZF, BRUO“vYZVv~~F2Y il
KT 2REETETHD, TNHDOTHD
REEmEORSE FEETH 5.

V. SBGEINET L

HADS AICHEET7 PANFT 2 U R
(Potamididae) FEEHAY, APl I, DHk
LUICHEEIHETH 5. £, vI=FR
Tl 4 FHOD 2 RO H T8, AEREARE & &
nNTWVs.

AR EEEN T & x> THED TE /el
DR TREAINTIC K > T, HARDT bAF



Z V) BES A 8 FRIC DWW TR A A
K@% - % (2055 3FEMHE) DRk
RIDRENTWVS. SHBOD D RIERIADIREIC
BILTIE, Hiltuwapfodeicly FF—X
T 7 OFERR, ERMIREOREENREND
RNETH%.

K7z, HARDS DL TR DR E
RYA REUT, BEARES BRI+,
B EERES I, RRAIRRELH (RE
TR MBI, R AL T OB A,
IPREUE\E (LRSI (PERE) S T8,
HEFEZENEFENS. b OIS
IR 5 CIcHs Bigtkd Eik L x b, R
MoOMREHE, RO HESTERITEINS
NEZ LS L.

Eif2

R ZITHICHETD, HHERAR AR
Bk BRETRERTAD 51, [MERAEEY
% DNA SZERZEOEHEFA], FHREARIC DV T
DTHPE, Ny ST — 7 ROMERE E
ZMICHlD TxEEVZEVWE., WAEER
K (EME—=E1) 1I21d DNA F28 7% 5 TN
DNA 57— Z i D& & L T2 < DIz
HNTWREW .

FALRC AR AR AR [ 5 1
HAREKBEOIEEIRR O RO ELEE YD
BUTHE CRE LI ER N T 7 A KA 2w
720 DNA 7p#radkl & LTIt L Tz i2 iz
KEARMRROEH HEK, BRI —K, 5%
HPEFIG, A PEERICIZEABOTIRRE T
ZRIETEHEREOIE O, FEOHRERL
RICE FROERFHE THRES N HBE O
R T2z, REAR (URE -
JFAEA) IR O TRMAEICH /I LT\
72tz LLEDFLIOD S OMfLZH L BT
5.
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7n 1992, WS NMEREMEAE, VUKEREL =
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gastropods (Gastropoda: Naticidae) depends on DNA
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26.

BUEE R R A 2R > & — 2007, T 557 Ml
AZRBIR R R R AR R R E (THRH
) il c 344

BT I RBRE R B A AR R 2010, TRELw FU A B
IR R 3 ¢ 64,

AN — « AFIHT 1999, =5 T K GO I
LB 57 VIEN O R, HANY F R
25k 54 1 44-56.

HANY b RS2 2012, T 15 0 # i & 1 Bl 1) 1 8 -

RNV R AD Ly RF—27y 7 | JlERFH

231285,
#2008, FRERFIBOTHEEEH (1) EEHS.

[P s LIS No. 5 @ 42.

FR 2009, FRERYIS O TREEHR Q) s XU
e N LR, ToE e FERAM 2SS, No. 5,
81.

VHJ I - ARFHDF 2007, 553 8 T L O &
FIROBR 525 & DL, W44 QO DR .
[ERBTE AR R A 2t > 2 — B 7 HH
SRERBE AR R A OB A AR (THRED
WS L 57-60.

PAIES 19952, 7 0aANF 2 U 7oA. THADR DL
EEYNCBT B SERERLRL (D). 79-82, [XfR— 15.
HAAKEEER R i 2.

FIAIES 1995b. & <AF XV HA. THAROFDZE
BRSBTS 2 BEERCRE (D). 83-87, Xlfif— 16.
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Society 110:564-580.

TS HARERS O AR A 199, Rk OAICE
2R & T IERT B IERA Y O BLR.
WWW Japan ¥4 T A LKR—k 3 1182

AT - BT - /NEREE 2006, YEATE - =TS
2B % 1960 LR DO BREEH (L & ik iAE)
YItHDZE L. FOKIRAER 22 ¢ 31-64.

FIARFE 2012, HHARESL D =R LAIGEIRFED
T &R G 2 T, THRHARESRICK
SIRNEIBHIANDFZE ). 3-18, (LIGEBOKEZTS
2.

AR « P22 - M RS - B9 s 8 - s RO -

75

PO I - TOSEE - B 55 - ik B A B -

R 721996, HAICI 2 TR e 2 ik

,m@“%r“ii%@ﬁﬂ: WWEF Japan ¥ T2 X L
S— 31182,

Williams, S.T. and Ozawa, T. 2006. Molecular phulogeny
suggests polyphyly of both the turban shells (family
Turbinidae) and the superfamily Trochoidea
(Molluaca: Vetigastropoda). Moleecular Phylogenetics
and Evolution, 39:33-51.

IR ER 2004, AHIAGEO HFERH & APt 2R Re v
fbfa, 761 107-121.

TIAIZE « (LR 2005, THEAIRKEL « M50 H
& BEE BN OWT B 80. Iﬁﬁ
RPTE AT,

1B52

AR TR AN RIS, RT3 R—
DICRRLIENF XV BDRBHLB L UHEDOY
£ s DL RO & 5 ICHEE LIz THRNAT %
(1 AEAE 73 R—IDidh).

N+ 2V JgE (Pirenella) (=Cerithideopsilla)
N} Z 1) Pirenella nipponica Ozawa and Reid,
2016 (=Cerithideopsilla n. sp. A)
Y IV} %V Pirenella asiatica Ozawa and
Reid, 2016 (=Cerithideopsilla n. sp. B)
1T
Reid, 2016 (=Cerithideopsilla n. sp. C)

A Pirenella pupiformis Ozawa and

BEHR

Reid, D.G. and Ozawa, T. 2016. The genus Pirenella
Gray, 1847(=Cerithideopsilla Thiele,1929)
(Gastropoda:Potamididae) in the Indo-West Pacific
region and Mediterranean Sea. Zootaxa 4076: 001-091,
Magnolia Press

ANEREE 2017, AT ia b e T AT 2 URE G
REE i - A= /Y S HA ERE) OGBPESGE
-FHE AASE G EORKEOSEICBE LT . H
AHBARUIHEAZEE B DI/ A Chiribotan
47(1) Hlkilr.
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25th Pro Natura Fund Domestic Research

Ecological investigation and conservation genetic study of threatened
Potamidae and Batillariidae snails in Japanese tidal flats: proposal for
habitat conservation areas

OZAWA Tomowo, YOSHIZAKI Kazumi, INOUE Keisuke,
SUZUKI Takahito and SHAMOTO Manabu

The rapid economic growth in Japan since 1960's has led to degradation of its natural environment
, specifically in the estuaries and bays. The extensive pressure on these habitats have affected the
deterioration in water and sediment quality. In addition, there has been extensive habitat loss due
to development and foreshore reclamation where many were used as industrial, farmland, and
river reconstruction areas. All eight species of the Potamididae and two Batillariid species also
appear to have declined in the intertidal flats of the estuaries and bays. In this study, ecological
investigation is implemented at twelve intertidal flats in Japan in order to know the present
condition of the populations of these native species and to propose areas for habitat conservation
for the threatened Potamidid and Batillariid species.

A number of mitochondrial COI gene sequences were determined from the specimens of the
Potamidid species to elucidate intra- and inter populational genetic diversity of the species. The
minimum spanning network analyses based on 649 base-paired COI sequences obtained in this
and previous studies revealed that most of scientific names of the Potamididae in Japan are to
be revised. As candidates for areas of habitat conservation of Japanese potamidid and batillariid
species, we made a careful choice of the following six areas, namely, tidal flats in Yokaku Bay,
Amakusa City, Kumamoto Prefecture; estuaries of Hikawa and Ohno rivers, Yatsushiro-gun,
Kumamoto Prefecture; mangrove areas in the estuary of Ohura-gawa, Nago City, Okinawa Island

and Funaura-wan and Komi tidal flats, Iriomote Island, Okinawa Prefecture.

Key words: estuary, conservation of natural environments, mitochondrial COI gene sequence,

minimum spanning network, taxonomic revision of the Potamididae

Research group for conservation of threatened Potamidae and Batillariidae snails of Japanese tidal flats

76



ETIRERAE D I i R 15 2 voll. 25 (2017)

BHBETO - F b= - TV FBIR BRI

Mg ERE N, VVDORICHFETSF gy, HREIYI VI
DOEFFET VK EEOEE

F5% - 7V T IS Y L — T
EFSE - RAVEI Y - ek

OV Y IF/OF 3 TIEYHIZET U ORN TR T & WS Rk B2 fb, MEiEmD 75y
Ty T UTIHRNICHEEZED TWS. AFY R 2 AT Y I OO TERIZ RSN S
FEOFE7 VNI LT L THB LENTHED, REORETIIFET VR EIEOMEEDN R E
TV, INEXTHAEISRVYIDHFEET VST I 7Y EENTERD, HA I DNA Z Vit
T s, A7 VRN THIRIARATRE: 4 DORERWEZZE T EZHLMIC Le, AWFETE, HA
ARV Y IOFETVRENZHIIL, IS YID0FETUNCLDDI T T UERRVEE ONT
7Y 7)) THBHI MM LTz, RIFFEOMRIE, HAEIY Y INE—FOT VICREL
TWVR LBl RET2LDTHD, FRHNZYT VHORENIY Y VIBOEIGICDENE LW

5 BAMGRERZIERT 5.

FoU— RUFEIER, 7S 7 VR, 372 Y IR, MR, 5 FRHMT, DNA S—1—5 ¢

7

. FEERRITRI VIR

VAZVHEES b = A N5 ¥ i ISR g
2@ Phengaris 1%, I XTOMENT Y LR
b b ZzFDRd (igrtRER) TH5 (Hul
& 2013). XYY IBO LY HUIRE D
FEMY CVE, NIRELIRY Y FUR
DREER) DIETFOHZBNDN, 4 #yHIC
BBEBEREEDT, HETHEZIVITT7VE
Myrmica D& 7 V) 2L AHRETHR L, HAAN
LHiB G583 (Thomas et al. 1989, Akino et al.
1999, Als et al. 2004). 77V DHENIZZ DHIT(E
7 VI &> TEEICTHENTED, & LD
BT VICHEBENS Z LI HEAIIRAT
5T EMTENR, FOEMIKBAEDLE

BRNFK E %% (Kistner 1979).

FETVOHNRALIT Y IYh
i, HET7VOIn_—0BEEEFERL, KE
LTWLIRED (K1), 2o EKICE2

]
]

1 U027 VPR EHET 544 vV ISR

W MRED.

L BB YRR
5t ABINRZALERI DI
2015.12.1 Z2{+t 2017.6.20 23

20 KBURALRZER AR ar BRI AR IR

30 BIIRZRRZAIZETT 4 FIRWKZREA



DO /N3 % (Thomas and Elmes 1998). Z 11
WBEHETVORNTY VAR zEXS [
B LHFFETVRERNTY—A—ICHZES
5 [Hw il 72 (Thomas and Wardlaw 1992,
Thomas et al. 1998). HAIC /AT 2 AT Y2
P teleius & [HiBH] TH5—77, I—mu N
WK 27 VA YAV P oalcon R LA
V=YV Prebelild Thyauil) T
5. \WIno M) T8, Favydhix, N1
FAD 98 % DL 2T ) OBENIC BV THER
LTHL, 7VOENNFELZFNIEET
% T ENTERVHNZELH TH % (Elmes et
al. 2001).

. ARVIVZIB - 777 VRBOFEREM
OV VIBOFEMY) - FETVICHT 2
FREE e <, EB56h—FOHFIENRIT
T TREFIRARE LS. DX D RRK%
BREFFMRFEZFOMOMICHNS, I
VIBR A THEBGERE S X > T D
(Wynhoff 1998). ELLZDEREEA L w K1 A R
BT, HAEDS Y Y M &I UM
a2 SR IA FHICREET N TWVWS (R
BS54 2012).
HENMEHE NS <32 Y I EOMREHNG %
PET 2 LT, HE7VEOREIIHHEE K
5. 5EEL, HRLFEUEETHZAFY R
WCBWTHE L7277V A > T~ oY 2 OMRE
RV TRERERANRZF 7 VD, Sty
ViICK>ThERHIZERESIRENEZ LICKST
WLz holREEZLNTVENLTHD
(Thomas et al. 1989, Thomas et al. 2009). 1980 4
KRG, I Y I@OYHRIE, 7277 VE
THNRXEDHETLHE - EEDHHETH S &
EZ BN TE (Cottrell 1984). LA L, b—
AL, T—av oIy Y I I
BWC, 77 )Es eIy YIE s

78

OHEFRRMEZMRAICHTHEL, I3 Y38
e TV RS 1RO FERE R R B
FatE ST 25 R U (Thomas et al. 1989).
Bz, 7UVDORNCEFEZTVA IR Y
SR OAEFERIE M. sabuleti & M. scabrinodis
DMTHERZD, i TIEFEI 15 %, %BETIE
P2 % THo . DL, TUAvITY
VIOTELETIE M. sabuleti THY, UTiziE
D M. scabrinodis DENTIZEBNHEL - 7=
DTH5.
WERDIERED A W IRIC BV T, HA
FEASRYYIBOFEET VRIS
M. kotokui & X NCE Tz (1] 1988, S 2003,
F7K 2006, ALILIEA 2013). LA L, VTEDH
FICKH-T, AXVVIOHFEETVIE, LA
JV1213 Tl { DNA L)V TOEMGEDHET
HBHTENHBHLE. HERS, TNETH—
eEINTERII 227 VIiE, DNAZH
W BIC KD, &7 OEENRWZE
B 4 DOBERIBERGRM (L1 ~ L4) 12k
TEHZENHENMTIEST=h 5 THSB (Ueda
etal. 2012). X7z, TNHOT7 U RMITERE
B & MY IR S T EAHLNICE S TE
D (Ueda et al. 2013), HFEMOIY VI
FREDT ) RMEF L LT ML H 5. &K
Wi2EClE, BEOHFETVZINLD 4 RFEND
FrEd 57200, IRV Y I OERMICEBNT,
TIZ VT DaAUZ—DREEITV, Fh
FNOAEHICIBIT 27 ) RFEOHE Z DNA
N—Od—T 4 JICXOHEMTL, K
Fa RN FELTOET U RRKERE L
7z.

. BREIRYIIGHRODIT o277 1)IC
WY BHEFER

IV IDORETE, FNFNH 100 km
DI E#NTz 4 D0EEH (A~D) 2BV,



BEK 100 m DFIPHI T T 7 7V Oan
R U, REOBRD S BRI ERE
HUEENZOD, NS O TR ZEE
L7eF a VIREBEDHER SN T 5. FnEh
OIS T B> r 7 VBEy I o
TVDHTHY, RTINS % ATREND B
BEBOTY 77V, YRIITrT7T)RE
BASNEhotz, IV I0LRM (A~
D) IZBWTC, YU 77 VKEEREEO 1
DOHICERL Tz, BODM D 5% 1 m F2E
DHFEFADJH © I SHU I > TR D A, B
WICIR I IYPRBNFEL TV B EN 2
WEL. 7Vaa—WEETE3 X1,
DNA fERTFIOY > T IV LIS F DIFICFR LTz,
A Mgl 29 i, B I TR 14 o ao=—
FHEL, TAEN3ME, 1fioan=——»5
dxoyIoyhzRlUz (&R1D. CHiUR
Tl 18 {F, DH T 11 oo =——%FH#&
Liehy, vV I3 ATERho
GE D). Iy Y0y I 770NN T %
FERESS5% THH, I—ayNcBlFsd
XYV IDTVTTVIEICHT B ER 149
% (R— > K& 75 >R ) (Thomas et al. 1989)
&£ 7.6~ 14 % (R—F > F) (Witek et al. 2010)
XD L. TOFELRDKE X, HARICBT
XYY IOMED 2D DK ODEE
EERITGEENDS. L L, AWIZETIE, £

2OBSEANS, I —FERKIES LS 5H
HEIBTh-o Tk, KR cENE
FARIE N E LN,

V. ZUDODNAN—O—F1>%

YUY TVOIn—FHEDR, DNA
fEATRY > Ve LT, an=—&7b 10 ~
20 fEARD@IE 7 1) % 99.5 % =X/ — )L TIR{T
L7z, S5 ORI KB KRY: - BREEH)
PERHE T IV —TIRMFEN TS, DNeasy®
blood tissue kit (777 > #) ZHAWT, 1k
DO7VUMNEDNAHHZB I K->, ZTLT,
Takara Ex Taq® (XA 5%) ZHNT, 2 ha
YFUZ7DNADF Fra—LAFTE—E1
{51 (COD O—h7% PCR LIS & O HiE L 7z.
7 5 A4 < — %, MyrCOI-F1 (5’-TA GGR TCR
CCT GAT ATA GC-3°) # & U MyrCOI-RI (5°-CC
AGG TAY YAT TAA AAT ATA AAC TTC-3") %1
I U7z (Ueda et al. 2013). 15 5 117z DNA Wi v
& ExoStar® (GE NJVAT 7Y A LV At) %
FAWTHERELL 7z1%, BigDye® Terminator version
1.1 Cycle Sequencing Kit (7775 A K)NA F ¥
AT L) 2 WTC, YAy —o 1Y
ARIBZB IR, ¥ — 7 TV ARG
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Host-ant specificity of endangered large blue butterflies in Japan

UEDA Shouhei, SAKAMOTO Hironori and ITINO Takao

Large blue Phengaris (Maculinea) butterflies are known as the flagship of endangered-species
conservation in Eurasia. Later-instar Phengaris caterpillars live in Myrmica ant nests and exploit
the ant colony's resources, and they are specialized to specific host-ant species. For example, local
extinction of P. arion was triggered by the replacement of its host-ant species with a congener
in its habitat area. In Japan, Myrmica kotokui hosts P. teleius caterpillars. We recently showed,
however, that the morphological species M. kotokui actually comprises four genetic clades.
Therefore, to determine the true host ant of Japanese Phengaris species, we used mitochondrial
COl-barcoding of M. kotokui specimens from colonies in the habitats of P. teleius to identify the
ant clade actually parasitized by the caterpillars. We found that P. feleius parasitize an ant clade L2
within M. kotokui. To save Japanese Phengaris butterflies from extinction, Phengaris populations
and their habitats should be surveyed, interactions between the butterflies and ants should be
investigated, and the anthropogenic impact on their habitats and hosts should be evaluated.

Key words: Myrmecophily, Myrmica, Phengaris, species interaction, phylogenetic analysis, DNA

barcoding
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BRERKEOW B HIL 97.4 %, WERTLAH 2.6
m B U TV 2 2K E OB S 1 100 %
Thole. & LICAKEOHEFETIIIHHRTE
RIKT BT EMNE0izd (K13), &S0V &R
BRI TE TV S, BREFHCEOTH kMR
EROMGEE @HERICEE L TEY, BRL
TWIRWHETHE O SR D 67.3 % (kg
Wt U, K O @i 61 84.7 % G,
WERKBEOW ERERIZ 93.1 % Gk, &
Ll EoTWV3.



%3 AKBOF A /NIRRT BiEEY > 3

Acropora aspera Dipsastraea pallida Montipora turgescens
Acropora digitifera Dipsastraea speciosa Pachyseris rugosa
Acropora gemmifera Echinopora sp. Pavona divaricata
Acropora hyacinthus Favites abdita Pavona venosa
Acropora monticulosa Galaxea fascicularis Platygyra daedalea
Acropora muricata Goniastrea aspera Platygyra lamellina
Acropora nana Goniastrea retiformis Platygyra pini
Acropora nasuta Heliopora coerulea Platygyra ryukyuensis
Acropora palmerae Herpolitha limax Platygyra sinensis
Acropora papillare Hydnophora sp. Pocillopora damicornis
Acropora pulchra Isopora palifera Pocillopora eydouxi
Acropora robusta Leptastrea sp. Pocillopora verrucosa
Acropora tenuis Lobophyllia hemprichii Porites cylindrica
Acropora sp. Montastraea sp. Porites sp.
Astreopora myriophthalma Montipora aequituberculata Symphyllia recta
Cyphastrea serailia Montipora digitata Turbinaria sp.
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KBRS O~

2. BEROMERZT 5k > O

— RPN IEREY > T3 FHIRFIC 351 5 R
DTHARLARMA ST ENTER. M
ORI ED K EWVIE & TR O TR E
{Ixbl8, EifEY I >TETHANY
AW 7aD, FRIOREEE 5D, FEBIC
Fe LT 2 /K & B IE KIS O REREIR Dk
Y ADOWEIZNE VD, EEOFENZE A
ERNFEHERAE IR & OREREER O
YrdowEREy (K14). 207k, K
B X UCRFREOMERICBNTY >V dOH
EWNVDIR O, BEICKZTFHARLAD

X 14 B U oW AIE R EBOMER AR OEHEY > I
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SCENRE VAR S, — ), M ETE
(MBI LRI R R AV N 2 8, ey > T
WICESTFHARLAMWNEL, 2L DiEIED
Y OAMERRREL IR > TV,

2RI FNCHHERE Cld 7 < it 2 BRD L T TR
RENTWBTY, HEREARICEET 2iEmEY >
IANDEFNZBINE OATREMED E.
BRICOOKIS 2R < OffEREES & 22k S EEN T2
EREAIC T 2 G HE Y > T ORI TV
o Bz, I2EI RV Ay, ZINEIR
VAY, AFEVFIALY, VavFay/
vy g, yF oYy d, NFYvg gy
). iz, Wi & ICHERETICAERT %8
fEH > T FRERVIEIC B0 THERED S 48RS
NI COMERIAEICAE R T S TH D (Sugihara
et al. 2003 ; Nakamura and Nakamori 2006; Hongo
2012), JOK S22 i A M s R S 7 R A BT
o 7z,

3. FEROSUBAINTNTS 2 Bk tneo 7

BAEDY v N2 LaniEa (F
> MWD FITRRAMEL), 2100 FERHC A
Im FRUEET S L, BRIRFOHERERD
7-10 % X N BT ENHALMNEEH Tz (R D.
ORGSR 1m EFLUTEA
KETLHEERGTEOEIETHLESEZ 0.1 m
LFTH2Z7D, HEHERRIZIEELLE,
GED. UL, BEFFOWR&EEREREAEILZLR
55T 93.1 % (BIEDTHIERD) 5 86.0 % (2100
OGN ITKT, ZKRBTE 847 % (B
DGR A 5 76.0 % (2100 4F 0D {i il 1K)
I RY 5.

—J5, o BRI TR OE 25 &
g7z, Wiy dice > TIERTE
SEEOINCDAEN 5. FEEKIT|E DT
EREY OO EAERIC & > TREARA]
RizolzT EMNHISENTUVS (Montaggioni and
Braithwaite 2009). BI{£DHEFED MARIC (33E g
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YrdWERLTWA Y, TNE0OY Y IN
EREZHERL, WEEZIERT 2 RN D 5.
I b5 O3 & HERE D P BOE 1 R D,
HERADIEHGEED PR /NE N T EAHISEN T
% (Montaggioni and Braithwaite 2009). D7z,
1 m O FAMNET T, 2100 4 F TITidkhE
YD IS I m )y OMEREZIEKT 5 T LA
TENE, BUEOR SR 2R CE 2 nEE
PED .

VI. £EBHESEDRE

AU D 2SR EERICAE S Y > THED I
DAL THY > THER IR RERRIC B2 I LT
WB EREZENL TR, JOREZEE & A JEzeih
JEAHE S HEREDN R L TV B 2 2K o> TR
W RS EEZHERF L T B T SN E
olz. O, Y IHEOFF O FEEEE
DWWV, ZEHEER OB X D L DORE
MREWVWTEAHS M EIE ST,

2100 AERFICHEI A 1 m ERL TV BA,
RO SRR IT BT L FRETH 50,
BIEFHICIE 7-10 % X T 5 EWNHLME
olz. LML, THUdisEsEy > JOERME
IELTWEEAETHD, 5%, BIEAEELTWY
ZiEMEY > IR Z R ICTE RS 5 2 &
T, BT EIE & IR OB R
FFCE5.

AWFZE TR DN DOV TIZH S MY
5T EWHRIEM o Th, % (2006) KB
& AR IS O 7 A iU 3 T UEH 6400 4R A
59 5300 4FEFTIC T T & 4800 “ERTH 5K
2800 RIS T THIRTYICHEKEAME T L7z
AMREMEZ BRI L TV 5. C ORI CIRHEIC X
ZIEOATREMEZIER L T2, FELLIED
Mo TWIRW. [FAERICOCKE OFR A tsE 21
B & 2000 FEFHICHFATNC K > TR L 7z
ATREMEAS W (Koba et al. 1982). A7l & &



AR DRI Z BT AR RTIC FEA: U 7o ATRETEAD
ml. 2100 fE X CicifEm M ER L, &YV
IR Z EICTERR T 5 2 T E NI,
M Serkhe 3R S B nfRetEvE <, T 561
2100 X TICHUREENE TR, I mE
RFETHICE L HBATREMED E .

SR AT X o TEMEY > IRz
B L T GBEZIHS M LT BEDD
3. ZTOROHIIFHEREPICERT 5iEHEY > 3
DIZREHRDHIER, FHRZHS ML TS
WEND S, EHIC, SREBBENECTHS
HiIC F50) % yEREY » TSN O D516 L FE
HRZHS M LTV T W, Bhgotio
WHEZ TN d 2 72D ETH B, —7,
TFRIEHEREERICIEEETH DD, Wk LA

BIRR L I3EREY Y TOWE O N ik
T3 728 (Hariietal 2014), T 5DHEEICD
WTHFEFCHSE NI LTV TEHRRETH
5.

FERYIEIC BV TR Y > diEEER
Rtz T U T2 H SR SRS 2 D T
LEELIRD.
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WL Zk

Sk

Church, J.A., Clark, P.U., Cazenave, A., Gregory, J.M.,
Jevrejeva, S., Levermann, A., Merrifield, M.A., Milne,
G.A., Nerem, R.S., Nunn, P.D., Payne, A.J., Pfeffer,
W.T., Stammer, D. and Unnikrishnan, A.S. 2013. Sea
level change. In: Stocker, E.F., Qin, D., Plattner, G.K.,
Tignor, M., Allen, S.K., Boschung, A., Nauels, A., Xia,
Y., Bex, V. and Midgley, P.M. (eds.), Climate Change
2013: The Physical Science Basis. Contribution of
Working Group I to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge
University Press, Cambridge: 1137-1216.

TREEBAFERAIITZE 2 > & — 2001, BUHEFEBI/KEROMFFE -
FH¥E (CADMAS-SURF). iMERIFERATZ A1 75 1) —
12, R RFERARI > 2 —.

Harii, S., Hongo, C., Ishihara, M., Ide, Y. and Kayanne,

91

H. 2014. Impacts of multiple disturbance on coral
communities at Ishigaki Island, Okinawa, Japan during
a 15 year survey. Marine Ecology Progress Series 509:
171-180.

Hongo, C. 2012. Holocene key coral species in the Northwest
Pacific: indicators of reef formation and reef ecosystem
responses to global climate change and anthropogenic
stresses in the near future, Quaternary Science Reviews
35: 82-99.

Hongo, C., Kayanne, H. 2010. Relation between species
diversity and reef growth in the Holocene at Ishigaki
Island, Pacific Ocean. Sedimentary Geology 223: 86-99.

JUIEE = - fE6e - B9 i - R 22015, 4[]
ST IGRBIN AR (NOWPHAS2013). #EiA2E
ERARTZEAT R 1305: 1-124

45 2006, P & BIRSKEE @ BIEREGH]E
BICB 285 KN Hehmekof e
5 - B - ML FEMA D 5 - 2 1 29-40.

ST 2015, AT #2483 — B4 ) http/
www.data.jma.go.jp/gmd/kaiyou/db/tide/suisan/station.
php

Koba, M., Nakata, T. and Takahashi, T. 1982.Late
Holocene eustatic sea-level changes deduced from
geomorphological features and their 14C dates
in the Ryukyu Islands, Japan. Palacogeography,
Palaeoclimatology, Palacoecology 39: 231-260.

Montaggioni, L.F. and Braithwaite, C.J.R. 2009. Quaternary
coral reef systems. Elsevier.

Nakamura, T. and Nakamori, T. 2006. Population dynamics
of hermatypic coral communities on reef slope
vs. reef flat at Shiraho, Ishigaki Island, southwest
Japan. Proceedings of 10th International Coral Reef
Symposium. 1: 460-477.

Sugihara, K., Nakamori, T., Iryu, Y., Sasaki, K., and
Blanchon, P. 2003. Holocene sea-level change and
tectonic uplift deduced from raised reef terraces, Kikai-
jima, Ryukyu Islands, Japan. Sedimentary Geology 159:
5-25.

Tsuboki, K., Yoshioka, M.K., Shinoda, T., Kato, M., Kanada,
S. and Kitoh, A. 2015. Future increase of super-typhoon
intensity associated with climate change.Geophysical

Research Letters 42: 646-652.



Annual Report of Pro Natura Foundation Japan vol. 25 (2017)

25th Pro Natura Fund Domestic Research

A risk evaluation of reef organisms and coral reefs as a role in natural
break water at Ryukyu Islands under the coastal developments

HONGO Chuki and IGUCHI Akira

Coral reefs have a role in natural break water. The role is probably negatively affected by coastal
developments. To understand the impact of reclamation for the construction of airport in the
Ryukyu Islands (Kumejima airport and Amami airport) to the natural break water, we evaluated
the role of natural break water based on wave attenuation and projected it at the end of this
century. The rates of wave attenuation at study sites at Kume and Amami Islands are higher than
that of the Ikei reef at the Ikei Island where there is no airport. A maximum elevation of reef crest
at the study site of Kume Island and Amami Island are +2.6 m and +0.7 m higher than that of Ikei
Island. It was affected by coastal uplifts after the upward reef formation; therefore, we assumed
that the construction of airports didn’t affect the role in natural break water. Moreover, the reef-
building coral cover on the reef crest in the study sites is less than 1 %, but corals such as tabular
Acropora are distributed in depressions on the reef crests. The corals probably contribute to
maintain the role in natural break water affected by sea-level rise in the near future.

Key words:  wave, attenuation, inundation height, airport, uplift, sea level rise

The coral reef joint research group of University of the Ryukyus and Okinawa National College of Technology
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FBHWTO-Fbo—F - 77 NBIL ENEFEEIR

i E RO FTIGR 5 R T T A )V ADENMG &2 OHRICBId
A

JRAT R it AR D e

BRGYERFL 7 IV — 7

THRAZE - HlREX

FFUAIWAIE, RNV TERERRREOBE & 7522 BRI EHOREARTH 5. ANERYEE
N T 2008 FICHFA N Y ¥ ATI)VHIEDOKRBIERHIMNDHIDH THRA SNz, £ TAUZETIE, TER
WAESERED 2D DEMIE T F I ANV AR LT L2 HNE LT, £TENDGZMRE UL
OREE R U, #ENE, XA Tb 441 PE (17 fFUL 28 AT, bR ATV 30 P (EEE 1 AR, %

DAt 6 FEEH 74 T GIREIER) T 545 IETH B,

INSZ FEMFINTHR L. MR UIIANTOM

ST FIAIVAPKRILEN. IXHIILTL % (4.8 ~100 %), LFHIIL 533 %, phiedtEs 28.4
% (5% 21 PERRME) &la-o7z. FAE 2009 K 0 ENOWAE FliZE O T 0 A )V AREREZTT> T
WBH, TAINVADRE I NAHIEAIAS M Z, MRS ER LTS, FHCHESTD 2009 £0 0
% M5 2015 4ED 53.3 % & D FFIE, WTEDT T AV AENBIREDZE LIS % H TR DRI

BHEDEEZEND.
F—T— R YR, AT, KR (ERE,

. FC&IC

FFIAINWVAFEAY RUAIVARHCET %
AIWATHS. AU FTAIVAD Tirido] FF
1)y FBOD iris, iridos (HT {7, LA R ) I
HoR U, BASHIaOHRICERE LTz A )V AR T
Mtz RETs2ehompuIni. 1JRY
AWARHEA Y R A )V A Iridovirus J& (1535
EBd), 7ajbAV B A )L A Chloriridovirus
Jm (83, BH), )4 )V X Ranavirus J§ (15
T miER, edE, fED, VYRV AFA
Lymphocystivirus J§ (f&3F ; ), AA0d o
F- Megalocytivirus J& (16 & ; ) O 5)E &K
DD, WHEFDY AV ABGE L U TEEXR
TAIWADIFELED, TDAY RIA VAR
FFIANA|/ LTINS,

FF AR, KREOIEZ+mEkor A
VAT, EHIRD 2 A DNA (Y1 X 140 ~
303 kbp) ZFFD. 1E FHIFIFRICIAL, WA
B8R, Dxd b 103 IcHEBRE G2, &
5, DAY RYAINVAROT AV A & Bix
D, WAEHORRST, ffH, eI RR
T 5. TFTAIAIC KBl EFHDEGE &
L Cl&, 1965 H1C Frog virus 3 JEYYE, 1968 4
WA AT Y T TRERNRE EN TV,
1990 4% 5 S TIHRIT AR ET T NS
Kok

FFIAIVAE, R CIAEIC L
THED, ZLOKEDTXTDOREL ITXTD
WIRCTHREEINTWS. £z, IFUAIVAI
KAMAEFORKBIEE B THEENTED,

2015.12.1 %21} 2017.6.20 2B
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AL DI ANCHIEHZ DT TS, Z D53z
fle LT, AFUATIE, 198575 1991 i
WU T I =1 w87 54 )V Rana temporaria

DEH A DO DR E N, 1992 £ K
DIRKIEH OB EN B E N, Z DRER,

1997 4 F T DRI £ R BOT TE D BAL THRd L
TWVWABZ EMHEMNCEN, TFTAIVANR
ReUTRES Nz, R E LTI, KE
IC 2 PRI DB E N 2 B8 TR E I 7 2
A7, REMICHImA A SN 2 HIMEREEE X A
7 (LELEHRREmZMES) &, TD2D0H5
AR TIRAMO I DI IFbN5. EHIC,
2014 I, ARA VLo EaX - 7 - T
T 0 SEN NN THRERR E N7z i RO AR R
DGR I T T T AV ADEAIC K > THE
U, [lcollapse of amphibian communities( fifj 2= %
D) LU Tl SNk,
MEDESIC, FFVAVAR, ATIVYR
A EFIRRC, WAFHOML, A ORANC
BIG-9 % & ENZHIEGYET, FRERMRED
BBICE% L LT, [HREYIRIERE] (OIE)
BEEH T ARNEHEARICEE L. FEH
2008 FEHFAE R U TOVEAE D K mIEEH
5759 A4)VAZENTHIO THE L TLIE
(Une et al. 2009), &t 8 HHID Y > A )VEHED
FF T AV ABRYEIC KB KREEZ R L.
iz, REPNCHINAIV T avTuten
IINY T a oA TOWRNER S oA VA
BHYEDTRI T2 R LIz, EHic, ENYIDS
T AV AREGE D HHIH 5778 U 7z RCV-IP
MDD 2, R A7z
TeRERFERTHGEE LTz & T A, TNHOEYD
G & ERIE 2R U7, RRCHEBT
DIETHIZ 100 % THo 7z, BIEIEX, HRRA
TOWATIEIN R TH ST AHTIVICBRENT
WBH, ENOEEiIC BV THEHTHIT
LTWwaZl, £, WETOF 2w d7H
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2 avUFICBIBEITIE, EVMBRIEOIRE
IS 7200 Tldie <, #EhfiRic B 5K
EAEIE RN A REIC & 75> TV % (Geng et
al. 2011).

HAOWEFHTE - & RN AR C &I
ROV a v UAOEOZHIENE L, HA
DHAERAD 32.8 % %2 18, MmO I Ll
FHEVDNEA AV a vt ERICDHE
L, SHMTEAEDENE LY. D, T
FIAINWAN—H, gy iR
FEMRRICHAEL - RAT B &, BEHlicT NSO
PIOMBICHE D S AIREMED &Y. Ko T, H
MICHBIT 2T AV ADRIR GEND SFRFBIAK
NI ONED), HARFTOMHEROIREE) &
HEPIORIE, YY1 ZI)VOMRI ), KEIE
OF (ED&K S HERMNRKEEZG[E T
D) ERIAT R LICE>T, IFIAILA
DEANHLEES & O D84 B\ D=
AZBHIES 255K 2 /N LT, HARRER Oli4:
FZ RS 208N H 5.

Z TR T, HRDTF A1)V Ak
Ji, ERFET ORI OIREE, KEFEOWTRE
DfRIAZDE L, TERMEIRFED 7D DA 75
WERMEIT A ERENE L.

. R ERE
1. xfge Lzt

XX H L)V Fejervarya kawamurai 443 JE (2015
EMRECERINL 722 L2 3 8), VA FH
)V Bufo japonicus formosus 30 JC, b X7/
I )V Microhyla okinavensis 9 J&, 1) 2.9 F 277
713 71 7 )V Buergeria japonica 24 JE, # &5
77 & F§ L)V Rhacophorus viridis16 [T, I\F
FH 1)U Odorrana narina 7V, VJ 2731
7 73 7 L)V Rana ulmal6 JE, 72 Pt. Ft 7 FEAH,
545 Pz RN L 72,



2. x5 e LTz Hibg

Ko RRIR S, fEkdRdE i, SREd, b
NI, ATkET, RIS, B, AEAURRT
fRAER, LR E, G, bR EET,
alch, KBRILET, i, BREHE
i, SCREERREET, AT, SCERRFAHSEHS, A
WOl AT, ZFHRANET, B RE S
B, EHbURIAR T, R REER T, SRR R
o, EEIREET, P, EEE R
IS, PERRLEGERT O 19 FFER 30 4 T SERELL
7z. 2014 4F 10-11 HICERIL 7 X AT )V D
RO (17 IR 28 7 ) LM U 72 (AR D
FERIICDOWT, ELIDRLUE.
3. Bk

AMFEEEERE, EfAEkE, s - BB
JFRIE R FAT00 72 F W C RIS, B BRI

TRIIELT.

LR AL i, EE, fEhn OO IEAE,
ZOMOWRE 2B L, BEEREOR, 1k
5, tkEZHE L.

PNERRAE © NiksEa B 2RISR L0 B,
DTEYZEN, AV AN X UEEHE
kP AR MR Z EREL L 72
DTEYIANRE BN, PR, Iz v
HORFL, BMIERO®mOWEROME 2B
L. #fkdk 0 DNA ZHIHI L%, SF
7 A )L A0 MCP (Major capsid protein) ji&
GrO—HzHET 53D TT 1< —
v FZHWT PCRERITH T,

FEI1SRE SS9/ ~—y N1 T, H2, 5
3EINICTS IS4/ —ty b2, 3BHWE C

D55 2 DL ETNRY P26 D2 L

£ 1 AHIDIVCET 2GRS K CTHESER T 57 OV AR HHRI

o ’ - 20112E10-11H 2014%E10-11H
N XIHIIL
iG] REHE [X¥AHATIL
Eil#1 |fEEhmE |RIXATIIL 26
BEX BT ESSEI
A 2EMHE |XIAIIL
fiE Ly HEME |XXAIIL 30
= LETE |XRIHIIL
BiR HEH  [XHIIL
ERE |BIWd  |XIAIIL 5
2450 EHHE |RIATIL
BIEE |[FFEHE [XXAIIL 73
EE FETE [XTATIL
=AD CES N EESS = 15
MFL  |HDm |XIATIL
0 EZEME |XXATIL 33
s B FER  |XRIATIL
FEded CEMT [XRTHAIIL
#MZE)l|  |@ER™T XA TIL
HE#2 JIFINR XIATIL 3
BE ERHE |XYATIL
WAE [AT  [XXATIL 30 0 0%
215 34 16% 441 313 71.0%
0%
0.1-49% #1 20124 A
s [ #2 Z-H0%. #100%
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& LTz, F 7z, PCR FEEV)OLEFES 2 fifthit L C,
7 A VAR 2 Rz
AFETIHS & 75> 72 2014-2015 I IB1F
BRGNS IVD T F T A ) ARHFRICONT
&, BADMTE - ToEEOIRERR & OLikz
11750, T U A VAR ROHRIC DOV TH
L7z

. #&5%

XA IV 441 JE (17 fFIL 28 ), 7 AR
CF ATV 30U (HES 1 #7T), Z O 6 FEkE
74 PC (REIEER ), 545 PLE S T AEYIFIC
MLz (K1), SEER L 729 N T O
BT, IFUAIIVADKHEN (K 2).
2014 4£ 10-11 AR L7z X~ A )Uic Bl %
ZF A )V ARHRIZ I T 71 %5 ~ 100 %)
ThHolz. JHIIORHHEITL IRz
2011 FEDRRHRIE, 2D T 16% THO,
2014 4ED 71 % LIRS B &, HISEMICT T

71

RVS-4474

K1 FHAERGRE LTV, at XXHAIIL, b 7 AL F
AL, c b XT7ATIV, &dVavFayT7hHIIL, e
FFFITAHIIV, £ ) avFadhIdhHTIV, g )
YF ATV

Bk
[/

B2 XATVOEBHIRE 5T A VAHEE. 2 DOOAFMKOS B, #®IEX <A T)VOERM, 3Rt
HRET T DAV AR Z R U TV 5. FHERIIIE 2014 4210 A5 11 H. a BRI SR, b f5R
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ANVADRIERD EF LTz, AT TR
BT o RSSO R EES S 7 TR L
7z (K3). 2014 4 10-11 HIcHEZITHE-> 2
ETOHIKD X L)V ST A VAR E
nrz.

X7, 2015F 2 HICHERE3I hih b7
AR EFHI)V 30 LWL TREZIT- 72
ETA, 3HITXNTODTF T A VAN

100%

HEh, FEMmEEIE 533 % Thot (£2).
— )5, LIETOFHAE T 2010 42 HOHPEKE
TE, 4 7B T A FHIT)V 59 LR
LU THREZIT>TWED, T+ T4 IVZADOMK
HRFZ0% THhoTz. FEKEDOT Ak F
HIIITHEWT, 2010 4F2 AICEHHEER0 %
THo1TFIAIVAN 2014 42 1213 53.3
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D

- {/5\

0

)é(»

& A

%"R@

% & KR ER7ZRRDTe.
D &

eQ&IQ F &

3 FHIER X < H IV B B0 A )V ARHERSL. MR #S 2R g

X2 PR F D) B0 2 g K CRREAERI S 70 A )L 2RI

i n 2010528118 2015528268
Sex N T N Sex N T
oL 4 O oL 5 3
op ° 2 1 0 10 & 5 8
i 11 0
oSs 18 2 6 0
? 1 0
i 6 0 i 5 1
KK 15 @ 8 0 10 2 5 4
? 1 0
L 10 0 oL 5 O
KM 21 & 11 0 e g 5 S
B 59 59 0 30 30 16
0% 53.3%
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RIS, SRR HBE RN D,
BREAREPZ ML T0ED, TFI1)
ADREIKIUEIRIATH 5. ARMETIE, 2015
RIS PRRIRAEERICALE 9 5 EEIR T X < )b
OMCFFSFEH (X7 ATI, UavFa
THIHHII, FFFTTEAHIV, NFY
FHIIV, VauFay T AAIIV) DALV
AF 74 TEIC DWW THREZITRY, FF7UAILA
DOHIERIZ 28.4 % (5 FE 21 PLfzME), NFH
ATV 1 FBHEZRLS ITRTOHTIVHE T F
AIVADHE Nz (3). FAD, 2009 4
2010 AEIT D UF TIPARIZ TERE U 72 5 Ffi % 52
VEDA TIVIC DN THAEZ LIRS, S50 o
WV ADRRHHIZ 0% Tho M, 2015 FIiciF
RN 28.4% 2R L, KiEx ERZRDT.
Fi Y & N 72 & i oD MCP BB T I DWW TS,
FREDZL OV TIIVENEE -T2, B
TEL 5| S SRR DT 21775 > TV 5.

V., E8

FF T ANV AL, HATIE 2008 FEICH] DT
REINLZEEHD, TNET, HAEND
WG L Ul KBRS F D A )V A D
HEITSTBE 7R, EOHKD E DX S Al
FHDITZIVINT T I AW AIIERLTVBD

AREEFICEK D, U HTIVDSNCE, 1EkFE
THHAHIIVREFHI)V, fifEoH )V
MoETFIAIVADNKBENS T ENHS M
kixzolz.

A ATIVE, HARENICIHT 24 EBEHA
<, R 2D, HIRINAZICHETE
BHINTHB. HLOTRAEICKD, X
HIIVICEBT 5T T 7 A )V ADLRE RN E <
FRcRIC Z DR N ERTZ T ENHE N E
TOoTETCVWED, ARHIIVEAKIIEICES
F—AWEL, SHEOTF I ANV ARE=R
V279 5b0e LT, Ltz
1172 > TE 7z, 2012 FELLHT DA ARG R & A
AT 5 N7z 2014 FEO K5 572 ks FIc e 3
L, b, MR T E S (B
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The origin of ranavirus as an emerging amphibian pathogen and its
distribution in Japan

UNE Yumi and TOKIWA Toshihiro

Ranaviruses are important amphibian pathogens that threaten ecosystems at a global level.
Amphibian ranaviruses were first discovered in 2008 after the mass deaths of free-living Bullfrog
tadpoles in Japan. In the present study, we attempted to establish valid ranavirus measures to
protect native amphibians. We investigated the ranavirus distribution in Japan and compared
the results with previously reported findings. Of the 536 frogs studied, 441 were Fejervarya
limnocharis (17 prefectures and 28 points), 30 were Bufo japonicus formosus (one island toad),
and 74 were frogs (six species from Northern Okinawa). The frogs were examined using molecular
biological methods. Ranaviruses were detected in frogs from all areas that were investigated: 71
% of the Fejervarya limnocharis (range 4.8 ~ 100 %), 53.3 % of the Bufo japonicus formosus, and
28.4 % of the frogs from Northern Okinawa (five species and 21 individual frogs were positive). In
2009, we performed a ranavirus survey of wild amphibians in Japan. A comparison of the results
from this study versus those from 2009 indicated that the virus is increasingly being detected in
a larger area and the detection rate is rising. The dramatic increase was especially evident on the
island, where the ranavirus prevalence was 0 % in 2009 and 53.3 % in 2015. We believe that the
mass deaths of Bullfrogs in 2008 may be associated with the change of ranavirus dynamics in
recent years in Japan.

Key words: infectious disease, frog, mass death, native species, measures

Research group of amphibian’s emerging infectious disease, Azabu University
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Fundamental research on the conservation of the coconut crab
resources in the Nansei Islands

FUIJITA Yoshihisa, IGUCHI Akira and IMAMIYA Noriko

In order to establish effective management strategies for coconut crab, we performed the studies
on coconut crab along the Ryukyu Archipelago based on field survey, morphological analysis,
and population genetic analysis. As the results of field survey and morphological analysis, we
found that average sizes of coconut crab populations tended to be small, suggesting that they have
been exposed to high frequencies of captures by local people. On the other hand, genetic analysis
indicated that all populations have maintained high genetic diversity and gene flow along the
Ryukyu Archipelago at this stage. Based on these scientific data, we are planning to urge each

local government to make efforts to conserve coconut crab populations properly.

Key words: Nansei Islands, coconut crab, population, genetic diversity, gene flow, conservation
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The study on desirable nesting habitat of the endangered raptor Eastern
Marsh Harrier for improving its reproductive performance

TAKAHASHI Yusuke and AZUMA Atsuki

We have studied whether nest predation and high temperature of the nest affect reproductive
performance of Eastern Marsh Harrier Circus spilonotus. In the nest of the Harrier which was
monitored by video camera, Raccoon Dog Nyctereutes procyonoides preyed a nestling. We
have set infrared cameras and baits to old nests of the Harrier, and have monitored invasion of
predators. In this experiment, carnivores which could be predator such as Raccoon Dog and
Japanese Weasel Mustela itatsi appeared in more than half of the nests. These results suggest
that nest predation affects reproductive performance of the Harrier and threat of nest predation
is considerably larger. On the other hand, there was no correlation of temperature of the nest
and reproductive performance of the Harrier. Reproductive success rate in the nests on wetland
was significantly better than the nests on dryland. Appearance rate of carnivores in the nests on
wetland was larger than the nests on dryland, and carnivores did not appear in the nests on wetland
of 14 cm or more water depth. Therefore, we suggest that wetlands are desirable nesting habitats
because predation risk is smaller, and reproductive performance of the Harrier can be improved by
providing flooded grasslands.

Key words: wetland, dryland, predation, temperature, water depth, Hachiro-gata polder
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25th Pro Natura Fund Domestic Research

Discrimination between endangered cicada Platypleura albivannata
and the closely related species P. yayeyamana
with the aid of calling song characteristics

TATSUTA Haruki, SASAKI Takeshi and YOKOKURA Ryo

Platypleura albivannata is an endemic cicada on Ishigaki Island, southern Japan, and it is
distributed allopatrically with the closely related species Platypleura yayeyamana. Although firm
reasons are unknown, the distribution of P. albivannata began to show a marked reduction in the
early 1990s. The male calling songs and morphology of these species are very similar, except for a
milky-white area on hindwing cells of P. albivannata. In this study, we compared time-domain and
frequency-domain characteristics of calling songs and then tested whether these characteristics
could be used to discriminate between species and localities. In the characteristics of time-domain,
we could not find any reasonable traits that can be useful for species identification. However, we
also found that peak frequency in the first half of a phrase was distinctively different between two
species, while that in the latter half was not significantly different between the two. These results
suggest that these two species can be discriminated based on characteristics of calling songs, but a
careful comparison of homologous segments in a phrase is necessary for establishing an accurate
identification system. A second peak was also detected in the area of ultrasound frequency, but
the variability was relatively larger among individuals in comparison with that in the first peak

frequency.

Key words: conservation, spectral analysis,frequency, insect, calling song

Research Team of Cicadas in Yacyama Islands
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25th Pro Natura Fund Domestic Research

A “sandwich distribution” of two endemic satyrine butterflies in
Yaeyama islands, Okinawa

SUZUKI Noriyuki, KOBAYASHI Takuya, INUKAI Hironobu,
TANAKA Ryoya, KOWASE Emi, HANBUSA Hikari and MORII Yuta

Ypthima masakii (Lepidoptera: Satyridae) is an endemic butterfly species in Yaeyama islands,
southern Japan, and utilizes open grassland as the main habitat. Interestingly, it is also distributed
around the top of Mt. Omoto, Ishigaki island, where bamboo species Pleioblastus linearis is
dominated in a wind-swept site. Importantly, the wind-swept site and the grassland habitat at the
bottom of the mountain are separated by sub-tropical evergreen broadleaf forest. Moreover, its
congeneric species Ypthima yayeyamana is said to prefer to forest habitat, suggesting that negative
interaction with the congeneric species maintains the separated distribution in Y. masakii. Thus
in this study we examined the habitat preference in Y. masakii to clarify the isolated mechanisms
in Mt. Omoto. We found that both in top and bottom populations, Y. masakii utilizes open habitat
in terms of light intensity and canopy openness. On the other hand, Y. yaeyamana mainly utilizes
darker habitat. However, the sampling places and altitude were largely overlapped between Y.
masakii and Y. yaeyamana, particularly in the bottom of Mt. Omoto. In addition, Y. yaeyamana as
well as Y. masakii was hardly recorded on the mountainside. These results indicate that top and
bottom populations in Y. masakii were separated by the habitat preference of the own species,
rather than the negative interaction with Y. yaeyamana.

Key words: Ypthima, wind-swept site, Ishigaki island, montane ecology

Evolutionary and Conservation Ecology Group
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Annual Report of Pro Natura Foundation Japan vol. 25 (2017)

25th Pro Natura Fund Domestic Research

The research of consensus-building method for local people on
the agricultural field improvement projects from the viewpoints of
biodiversity and landscape conservation

MACHIDA Reiko, ABE Mika, KOJIMA Shusaku, MATSUNO Aiko,
NAKAZAWA Rina, MASUYAMA Nobuaki,
CHIBA Asami and DOHI Kentaro

The large-scale grasslands in Aso-Kuju National Park in Kumamoto Prefecture have been
managed by local agricultural cycle including controlled burning, mowing and pasturage.
However, the management of grasslands stagnates due to the shortage of manpower and confronts
a crisis situation of disappearance of the grasslands. In the situation where local children have quite
little opportunity to experience grasslands, the environmental education using grasslands becomes
increasingly important to educate potentially future participants of grassland management. In
South Aso Region, the traditional combination of grasslands and paddy fields retains significant
wildlife habitat and picturesque agricultural landscapes. However, today’s ongoing productivity-
oriented rural development poses an issue of the environmental impact on rural landscape and
biodiversity. This study is composed of two research objectives. The first research objective in
terms of planning theory aims at proposing appropriate policies for rural landscape conservation
in consideration of the characteristics of South Aso Region from the viewpoint of landscape and
biodiversity. The second research in terms of practical activity intends to develop comprehensive
conservation activities in cooperation with the locals and various bodies in relation to local
activities. As a result, the first research proposes the framework for the appropriate landscape
conservation of South Aso Region through the analysis of existing landscape and natural
protection policies. The second research conducted the educational programs using grasslands for
the purpose of rediscovering the values of biodiversity and landscape through regional lifestyles in
cooperation between Elementary schools, Parents and Universities in the South Aso Region.

Key words: Aso, landscape policy, glassland plants, environmental education

Nature Conservation Studies, Department of Landscape Architecture, TOKYO UNIVERSITY OF AGRICULTURE
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FBHWTO-Fbo—F - 77 NBIL ENEFEEIR

FPCE RS BREE A1 9 2 M BT T 7 X 37\ DRI
B9 % o

BRSSPI 7 L — 7
PRI ' TR R

AIRARTIE, Rk %5 HHEREEIC )G U Ic A ROEHIAVER L TO0 3D, AREORIE Eic k-
T, AERYO/NEFIE-PHEIE ) 27 ORMEZEN TV, ARF5EE, WL IO A pCE
12 b9 B M e T 7 7" X 308N ORI B RE L ERL Y X7 2R L, AREREORE

ICERN SRR 2T 5 T L2 HINE Uiz, BRI ISV THizic 9 2R L,

INGDEE

KN ZPE LIe e T2, REDHRIMNE & A LHERETETEHRMTbNTWERNT LS MTE > T
Fio, MIEY—A—2Z2MFEL, BRNSHMEZRHE U 72R, SEEIGTEME RS LTI L
CTEMNRBENT. E5IC, BEBEIERHOHIFERINTIC X D YIRS OB R 72 3El U 725 R, 8145
IR NERI TIRIBEN IR H LV A7 DEE > T0B T EDHISNCE > Tz. TF7 I3 3 Off
I, RO DIRNERICDOWT, BIEMNC K 3 REPEHRIC X 22T RENDH B LE

Zbhiz.
F—U—F 1 BHRWSERN, RYSREE, CPCSty, A X
. BREEH

HASBETIX, %< OHEIXALEETH
D, BERREKICEK > THEE - HEEBNED
e, —RINCIEEE BEtkE) ThHs.
—5, APREIC KT % LS JAHEIPHICBAE L,
FRHNCHEEE (RS IV I L) I8, 20
128, FAREDNRES Eixo T0A T, +
e pH D& <, KPRIREYIREE D EGL L T
W3 WBIZE, BEARIED 2008). DX SR
BUCHES Uz KA 02 &, AR
ESNTED, WM T2EMHSENTY
% (Bz1F, Zhang et al. 2015). ZDies, A
PEEREY DR EAL D D75 <, MDA
WMEESNTED, BEENEZREMINE T
MEN%. £, ERHEMECKD, WFEICHT

HEGMELI/HNREICH B LEZENS.
ZOHT, EBEICDIZAKEDORIEE
HIsDFAFED T8, 2 < OAPEREYDOEE B
WEHNEELTHD, &E5&5/NMEFLPRER
FIC K> THEI) A7 D EE S LRI EN TV
% (Clements et al. 2006, Sutherland et al. 2012).
AaRERWMOLEEERRE, OZFORHRMEICKD
I END LETTHNEETH O, @— I/
HOOEEEREOBNZIRITHETL, @F
N7 7 AR H > TRFENAFENN
HTHB LD 3 DOIGEL T ffE: L ORED
#AE9 5. TUCN & sttty OV 2RO
ez FEBRINC B0 &0 EE L fiE DU,
PEFEFRDHLD #lF72 KD TS (IUCN 2014).
BRI TIE, IR EHNC A PCE D &

I EURY 20 EREERMARANI T
2015.12.2 32} 2017.6.20 23Fd
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LTWa7®d, 2L OAaIRERYDmHL, i
HORBZEKL TV, ZD—J5T, £Z<D
AIRETRDH 5 D, BIHEEZ < DK
THARGEDHERIED DMTONTED, fAEHE
MOMAFRER O A 25 | R TER LR > TV
BLERENS. T, PRI TR, Bl
R FLAINT VIR EDNLBHELIC K > TEBFR
FENEILTED, M) A 7DmE->T05
ATREMEMN D 5. BURRA I, AIEREY) DB
REMRBOREREMNZHRITHIETHETIVICE
5LEZBNS.

BRI BN TREMN A AR TH
% FF T 2 2N (Betula chichibuensis) % 71

N FROEFENEARTHD (K1), AKE
DB U T2 BRSSO R EE T Bk G
PCEREYITH % (K12). oAb TR 51,
JE EIHICHERE E N TV BN Gk - B
F£2007) ZBRIE, K-l B - BES
ICE 723 % B ILHE T DE MR E N
TW5. EOHEFE 10 ~ 100 AFREO/NME]
ThsrLEZIOLN, FB4RLy FUXMIBWY
THEBEIHRE IB FUICHREE N TWVWa (BREA
2012). %7, IUCN Ly FU R T, #Hik
SPRTFRICIR E TN T 5 (critically endangered,;
Shaw et al. 2014). LA L, TNTOHEMMNHE
FRR LD R D 7 27 2 AN EE I B % T

K1 FF7 I3 DR () &
ey Cefatn) (i)

2 FFTIXNVEANEET S0
peE DR (livEE)

156



EMG, INXTTFF7 N DEFRER
BEEHZHEEICOWTEE2IIREIN TV
V. DTS, SEMNOETREN 25 i
LT, REICET ZH D HAZHED 50BN D
5.

Z T T, AWFETIE, BRIt D AP E
WICWRBE T 2T F 7 I 2N ZRGE L
T, EMMEZFTNT 27Dl kb <A
7Y 554k (simple sequence repeat; SSR)
S—A—2F L, SHOBIRNZHME S
MBI 2R 5. £z, WY
LTV B EHHOMBNI DI DT, &
TEMRINEFREY R 7 ZHEE T 5. RAIVICIE,
BRI Z AR E A BEREO RN D, F7F73I%
NUEMHORBICHEZNA 2Rt 52 & 2
Hiv LT 5.

Il MR &FH=E
L Bphbikies

2014 £ 6 A~ 2015 4£ 7 Aic, BT
HbNTWaAaRkamEzEEL, 777 3Ix
N DDHREETo Tz, BEICK-> T, WE
B2 EFFIRICH 721 9 DOIRESER (FrEas,
AR, b, s, edieR, i
HA, SHER, REARMGE, Bl ZEGEL
fo. BEMIEZWI NG APCEDEH LIZEHD
THLEE U IFHERCHKOI L THD, EffEa ik
BREIIRETH > 78, "eEEHIFTHM
PHEZIT, BHY A X2 73U —1 (10 fi
RLAR), A3V —1 0L, BT
Y —11 (100 fEALLT), A7 TV —1vV (100
AL, ) WL, 2L T, &GRS
At 183 fHIRICDWNT, LEMINEIE AT & BRIk R
HroEtkle UT, &k 532 5 K3 DERIL
Ule. X7z, FRIRRCHEERE « Bl « A7 - 5%
FRA RN Z G 8% LTz,

2. SSR~—h—pi%E
P LTI EMEARBIR D, bR

P U7z1%, DNeasy Plant Mini Kit (Qiagen #.)
ZHWTT / LDNA Zfiti L7z, &7z, 11H
ROLIEN S LiefE D X WT/ L DNA
ZWIRIELT, SA4T7 5 Zi LK. %
LT 475 Y % MiSeq (Illumina #1) I fit
L, 7F7 33U D%/ 1. DNA 7% fF#HIC
fiid % Lic k5T, 300 bp DIFELEFZH]
2,000 ;7 VU — REUF L7z, SN b ORISR E
51|% Velvet assembler (Zerbino and Birney 2008)
ZFWWT de novo 72 TIVERKT CHEIFEL, B
BHoOavT o RS RERK L. K LIzO
VT« TEHH S, QDD (Meglécz et al. 2014)
ZEHLT, FFT7IxNVDT/ LDNA |
ICHTES % SSRY—h—Z 8RR L, FKFICE
i7s% SSRY—A—DT I A< —=RitL
Te. REILIERTOT I 4 —ZHWTPCR
HEZ1T, ZOEMME L 2R Z R L 7.
BARINIC, SEMRLE T ICH 9 % SSR ¥ —
11— D 16 85T & [6] € LU 7z (Igarashi et al.
2017).
3. ARG

BIFE L7z SSR Y —H—ZHW\WT, 7L
T B [ 23 fli {4 & BLRK AQ A B [ 24 il 14 72 xf
$IC, 8-plex PCRIC K BT TV AV M ihi %
17> 7z. 8-plex PCR I, Tail fid41] % f hin U 7z
Forward primer (10 uM; 0.05 ul), Reverse primer
(10 uM; 0.2 ), WIET 54 <— (10 uM; 0.2
W), Nw 77— (2ul), dNTP (12ul), dH20
(1.7 ul), PrimeSTAR GXL DNA Polymerase (0.5
p) ZiREG Liziamic, #% DNA (10 ng/ul; 1
u) HRAGL T o, KIB%MtE, 2vF&
TYPCRY AT I KD, HIZENE (98
C,57), ZM 98C,30%), 7=—U 7
(63°C /2 cy = 62°C /2 cy = 61°C /2 cy = 60 C
Rcy =59 CRcy =58 ClRcy =57 CR2
cy => 56 C/15¢cy =53 CRcy =52 CR2
cy = 51°C /2 cy = 50°C /15 ¢y, 90 £), £ (68

157



C,40H), mi&ME (68°C,15%) & L.
10 57 L 72 PCR EEY) (1 u) Z RV LT 2
R (8.5 ul), Gene Scan 600 LIZ Size Standard (0.5
) CIEE - %L, 3130 xI Genetic Analyzer
(Applied Biosystems 1) IC X5 F ¥ EF VU —yk
Bzfiof. BNz 7ux b 7—2IcDNT
l&, Peak Scanner Software 2 (Applied Biosystems
) ZHWCT7 S AV MEZPE L. #E
RN ZRRIED /ST A — %2 & LT, GenAlEx 6.5
(Peakall and Smouse 2012) ZHW\T, BElnTFE
H1c O DOXVBEIZTFE (A), NTHESED
Bi%HE (Ho), ~T oA EOMRHA (He),
EEfREH F) ZEMICELICEIHEL, 5o
B (AR DR B Sl b A5i [P {RINEZ S JE DL ]
e Ui, iz, BiarEdHic b ORHIMOE
Lot (Fst) ZEHHR L, BT
B2 S M OB RN ML DFERE L L.
4. AFHIfRT

HED DS 8 ik (H4ILERIO A 4 il {4k)
T YA LSED, b0 8IS AT T A
L7/ LDNA 2§ e LT, ARt (7
FEEMEHTFEM) OVUARY—<IVRNAELE
TITS2 2 W5 & LTz A=\ —Y )L T 5 A
< — (Ihrmark et al. 2012) 7% f V>, #4400 bp
7 PCR ¥4 L7z, PCR (&, Forward primer (10
uM; 1.25 pl), Reverse primer (10 pM; 1.25 ul),
dH20 (9 pl), 2X KAPA2G Robust Hot Start
Ready Mix (12.5 ul) ZRA UARIC, $54
DNA (10 ng/ul; 1 pl) ZREL TITo 7. KIS
Sethld, WIEAZME (95°C, 550, &M (95°C,
20/, 7=—V 7 (56°C,308), HE (72
C,90M) Z37947)b, REME (72°C,7
) kLT, 13507 PCREICY > 7 )Lk
B2 T ZMUT, SA4T5) ZiR%L
jz. P LTz5 475 7% MiSeq (Illumina £1)
L, SVFT Ly s Ak Ty T ay
= VAN ZATS T & T, RS L DR
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ORI Z T U7z, @t TR 5 NI
FRINCDOWTE, 7V T T4 )vrY VT
ZiTo Tt PR ORT T RibE
1TV, WEERYZER Lz, 2 LT, TS
A 754 > Qiime (Caporaso et al. 2010) 7 >
T, MUl 2 EEEEH T — 2 N— &
UNITE (Kdljalg et al. 2013) & IR &
reference /72U X O fHIEIE 97 % FHUETHEHD
SERERE L. 2 LT, BEET—2N—
Z FUNGuild (Nguyen et al. 2016) (ZE:DWT,
R OBRER ZU0E LTz, M S nizwigrho
JRIRFE ORI G ZF ML, SEMOBTEN N E
FEVRAIOEEE L, EHIMOREFREY X
2 D72 ANOVA B KU Tukey BRIEICE T
st Lie.

, closed

. EREER

BlzchERR LTz 9 ERIIC DWW, EHY A X
ZZ HEERE U7, BB A7 3 —
I (10 fEARLLTR), FRIR » IR « Lk
e BiEED T U — 1 (50 fERLLT),
A - ZldaEs 730 — 11 (100 {E{ALL
), BBER - BEAMGED A 7 TV — 1V (100
AL L) T E iz, BN ERAEDE
RENFEFEI B, UL, 2L OEH
TIEEE - B OIFED IR TE T, K/l
ICKREBRGDH 2 A Z SR E Nz, C
NEEFEDOREFA TR EARE L 72> TV
% =R H (Cervus nippon) 1 & % FEADOHE
BOBRE, MARDHENFF7 I 3N EHD
T AR BRI C B I E 2 RIE LTV 5
CLZRETS.
1. B2 R

RSN 217> 7z 1L (FG) 4
[ & BRACHGE (0C) BEHIDBIRMZRIE CF
fE £ AHERRGE) 1, MBI TR A B 2250
+0.214 (FG) & 2313 +0.218 (OC), N7 H



45 1 O B Ho A% 0.285 + 0.055 (FG) &
0.367 + 0.058 (0C), T LD He
7% 0.289 £ 0.056 (FG) & 0.359 +0.056 (OC),
BEEFSEF A —0.009 + 0.038 (FG) & —0.033 +
0.036 (OC) TH-o. Fiz, LHHDOEIET
bR Fst 1 0.060 £0.010 TH - 7z.
MY A XN ATV — 11 (100 @A)
O FEEER K D, A7V —1V (100 A
RLLE) OBBRRMEEF DT, ~NTaEs
iz & OBEMEZHEEEWEANS D, EiE
IZERIEICIZEAY A DR LT0D EEZ
5N%. £, BEEBED NSV END, &
MINTRAICOT D IaBIREMNEATVS LW
STtk EZILONS. o ki, %M
MOBIE MR EBDVNE N &5 & LFFE
n, EMREE T, Piaded 1 X T
&, BHEOBEINASRMTbN T e E X
5N%. FILPEREEN & BARAOMGE R I
FREEEE TR 15 km BERL TV B DY, AN FRO
Btk (De Jong 1993) Z# 2 % &, HEEMN
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40% |
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AS AY FG FH Ky

X 3

Ms

FAER OB TON TV A AREEIEH S, L
MU, AlRetEE LT, BERARILMICEIEL D &
HHIC A LT W eTFF7 2 308U SE£HIW,
1960 AR DL K IEMR - FHFRICF 5 KBIERR
PMEERIC K > T LS N, fAEtzED
HFEEEBEGIMCOREFELTNEEEER
5N%. TORZMEEY 2I1CiE, RELTWS
AIHEED B HEMOEIR B R L, WEDNH
258\ B9 2 RE 22 R 1 75 R T JRE OD figifr 72 HEE &
BRENDB.
2. WHEIREV RS

FRUHAENT ORI, 9 B DV HITDNT
b, BT NIZEEEOD 80 % LU I T H#EM T
Hotz. FFITIXNYDEBTELELTVS
HEERE, £ WEIC Dothideomycetes (7 H A
KREZ A Hi), Taphrinomycetes (X 7V FH#i),
Leotiomycetes (X2 Z 7 #{il), Eurotiomycetes
(—vF Y LEM) THO, 7oFERHEIESE
M TRELGLENH -T2 (K3). £z, W
HENTZEFDHR 50 % IEEREDPARHTH -

w Other
Unidentified 18

w Tremellomycetes E

i Pucciniomycetes Fﬁ

w Other

1 Mixiomycetes

® Microbotryomycetes

W Exobasidiomycetes

m Cystobasidiomycetes

m Agaricostilbomycetes

W Agaricomycetes

® Unidentified F

W Taphrinomycetes

m Sordariomycetes Fq

W Saccharomycetes

W Pezizomycetes

m Other

W Leotiomycetes

H Lecanoromycetes
M Incertae_sedis

W Eurotiomycetes
W Dothideomycetes

MY oc Sl

BT TR S N BEREE O DR (W L)V ORDECSIED . AS @ #EEA, AY @ RRIL, FG @ 5 LihiE,

FH @ ZplsifE, KY @ @R, MS @ iiEssE, MY @ EBER, OC @ BRRAMGE, SI: Fifil

159



100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

AS AY FG FH KY MS
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0.6
0.5
a .
@043’ ° La
SR

00 - :
I

T
11 \%

I
EEHY X

5 BERNC I B REYDIAIE R O RERER L AR A X DB
a L bITIHEREDD

2Ry, B LTV 2 ERERER, 2 VIR,
YRR, AR TH O, FEREREHRE R
MTREREVDD -7 (K4). &, BIE
7R EFEE Y X 7 OFEE & 75 2 KaYis IR e
DEEE, T IV—T1 Q0 EAEKLLT) - hT
JYV—1v (100 iR ) &A7dV—11 (50
EALLT) « 173V — 11 (100 fAALLTR) D
LM THERICEZ> Tz (K5).
FF7 2 3N O FERE FHBIC DOV T,
CNETIRAN FRTHEEN TV S ENE
BN ERE (Osono and Masuya 2012) W2 < ¥
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B AMEEE

= THE

L REE

HRAER
uEMRERE - AR LR
EMRERE - EEE
uEERE

BEFEEE

wUA—EER

R E

u TYIARERE
P2 — A S

w S ERRE - AMEER
B ERRE - EER
uAVERIRE

m B — LR

= HYBRE
MY oc sl

HEn, BRENGFEEMHIIRSh -7k L
ML, ThSONAEREICIE, KA MIADE
FREBFREOE(IC X > T, HHRMIHEE
TZ2RBT 502 EENTED, Huxt
MZREYIRIERE & Ab¥ T, WEMZ S DEHE
BOBEGIREREV AL LTEETH .
REIR I ORI RN F ORI T, TR
Rt DFEANC K > TR kA C % Al He
MWD S. LY A X ERYIREEORERD
BIfR T, 10 EALL FOBAGILEMICIBWLT,
EVEIG TREFE RSN TE D, IMEFL
M ER R ERT L, Hxs/MEFLEE
< HEIE O (Gilpin and Soulé 1986) M4 UDD
HBERBENG. COEAILENIZTOWVTIE,
EHOKRNRZSBRETFRESEZXY VT T 5
RENDH B LEZBNS. 100 KL EOGHE
JREER « BRRAOMGESERI T E, EWEIE TR
EORHE NN, b ORI ERELZ
Wi, APREHIOBRIHETIEIENE T AICEE
BLTWABEGNZV. ZDo, HILEL
T RWVEBRANCEWT, JREFEICERL



TV REANZ o TerlREEL H 5. THER
M - WBARMIESRI TR, EHO D ERHH
AHAILEH L IERELRED D (X 3),
EBICHYIRIEFDZ < T, TORMIZRL
BT ENRREINS.

V. RelcmlrT

AL T, BHRILOFF T I 3N D
ABERDUCDWT, W16 TEFERRHEZTTV,
Wirzic 9 rnOEMZHR Lz, iz, Bk
TEREAT & RBRERRAT OFER, OFDHEEIDN Z
ERCHRTETEHMIbNTOARY, @F%
F LT3 9 B HITROTFEM RS LI
LTCATREMED D 5, AL D THRNEE
M CIRIBHENR HREY A7 EE > T3
EWV S 3DDRE LDFEIHADH 5 T EHHS D
Kotz BT, ZRYYVHOMBEICKSHE
HHESR, INMEMICBY BAsEFER, R
IR MO YESTIC IR B ATREMED B O, B fEERIHC
KB IREREHICKBETHDREICED EEX
5N, FERIC O 5 kG BN D ETH 5.
ZTHUCK LT, PRBEENIT BB ERIEN D
HREMRINTVD T END, FERNRENY
A ZDEEIARFTE S, FBFENOME &
TUTC, @YsllEz{rs 2 kickd, 757
ANV DOREZEHED D T ENIRETH 5.
AWIZETIE, AREFIEMT b TWAIL
BTOMREIX T TRV, BEMICIEAIK
BORMPI TOFF 7 2 3N EHADE L
FHTHBHEEAD. AXREIEFEAY Mk E
LTl THHARERTH . ZDke, HA
TIAPAELEMERNIC R TBIERICTTDN
THED K- A 2000), JRBEIC RE DGR
EHVRD A U T2 BT, 1
Wiz > THIETRMTRbNTE . EF
TE, HHARKERD S OEEFEELH A
VEw I OREFEEICK ST, EAY MOF

MENWeEZ 5N, BHQLMTIEIBETER
B GHREDED SN TS, LrL, Aalis
P, WEEREZRALUEIIEDICKD
TN TED, RETEAZFEET S EAHEE
BEFOICERE T NS 1280, KEIS BRSNS
MrbNs. TUCN Ly FU R TR, RS
FPFHT QM F-F 7 X 3N L DFLES
BT EDEERENTVB A (Shaw et al. 2014),
LUK A OSBRI & THEZEDY K
ELRDNTED, FFITIXINVDREELD
WAZASRO 5NS. SR ARG O+
BIW7IVAVETHD, AV ILHZL,
3K -V VOREDIEFITEWZD ek - |k
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Conservation of an endangered limestone birch Betula chichibuensis in
the Okuchichibu Mountainous Region

HIRAO Toshihide, IGARASHI Yuji and FUJII Masanori

Limestone plants adapt to specialized climate and soil environments in limestone areas. However,
there are concerns about declining population size and increasing extinction risk by mining and
other environmental deterioration. This study aimed to evaluate genetic diversity and potential
disease risk of isolated populations of an endangered limestone birch Betula chichibuensis in
the Okuchichibu Mountainous Region and to propose effective approaches for their habitat
conservation. Through the comprehensive survey, nine isolated populations were newly found.
However, few seedlings and saplings of B. chichibuensis were observed in those populations.
Then, developing new microsatellite markers and calculating genetic diversity, relatively low
genetic differentiation was found between populations, which imply each population may
rapidly decline and be isolated in the recent past. Finally, based on high-throughput analyses of
phyllosphere fungi to detect plant-pathogenic groups, the smallest population had a significantly
higher risk of potential disease emergence. These results suggest that conducting restoration
practices in their habitats, especially for smaller populations are effective to facilitate the
conservation of B. chichibuensis in the Okuchichibu.

Key words: genetic diversity, plant pathogen, limestone plant, extinction risk

Research group for limestone plants in the Okuchichibu Mountainous Region
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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, TAMURA
Naohisa, SUZUKI Masako and TASHIRO Yutaka
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Group for the promotion of local economy by planting native plants in Iriomote
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Conservation measures to protect the native Japanese pond turtle

Mauremys japonica population in southern Boso Peninsula threatened

by the introduced North American raccoon and the introduced Chinese
pond turtle
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Conservation activity council of the native freshwater turtles in Chiba Prefecture
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Annual Report of Pro Natura Foundation Japan vol. 25 (2017)

25th Pro Natura Fund Domestic Activity

Disseminate the knowledge of neonicotinoid pesticides to the regions
where the ecosystem is in danger: creating a booklet (2) on the
movement of neonicotinoids reduction of various regions of Japan

MIZUNO Reiko, MORIWAKI Yasuko, TASAKA Koua,
NAKASHITA Yuko and MISONO Takashi

Key words: Protect ecosystem, pesticide reduction, inform knowledge, suppport regional effort

Japan Endocrine-Disruptor Preventive Action (JEPA)
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Annual Report of Pro Natura Foundation Japan vol. 25 (2017)

25th Pro Natura Fund Domestic Activity

Conservation work to reduce feral cats to save the world-largest
population of the Streaked Shearwater in Mikura Island

OKA Nariko', HABATA Keiko>, KANAYAMA Satoru’,
KOGI Kazunobu* and TAKAHASHI Toshiyuki'

Key words: streaked shearwaters, the world-largest breeding island, biological conservation,

invasive carnivorous mammals, adoption, coproduction

1: Yamashina Institute for Ornithology 2: Japan Women Veterinarians Association 3: Mikurashima Village Office 4: Mikura Island

Tourism Center
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Building cooperative system to enhance wisdom of university and
locals toward Ashiu natural forest conservation
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25th Pro Natura Fund Domestic Activity

Compilation of vegetation and symposium on Aoga-shima and
Toshima, the Izu Islands

KAMIJO Takashi, HOSHINO Yoshonobu. MASANORI Yagi,
KAWAGOE Minami and ISHIBASHI Masayuki

Key words: nature observation meeting, outreach, endangered species, conservation,

volcanic island, islander

Research group of vegetation on Izu Islands
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Rhinoceros in Kalimantan

. 1
Yuyun Kurniawan

The discovery of the signs of Sumatran Rhino (Dicerorhinus sumatrensis) in Kutai Barat, East Kalimantan in early
2013 becomes an important moment for rhino conservation in Indonesia. This finding indirectly respond the rumor
of rhino status in kalimantan that has believed been extinct since decades ago.

The presence of Sumatran rhinoceros (Dicerorhinus sumatrensis harrisonii) in East Kalimantan has been compiled
as secondary information from mid to late 1990’s in the work of Meijaard (1996). Since then, the presence of this
species was no longer recorded and there is no valid proof of presence of the Sumatran rhino in this area. Therefore,
Sumatran rhino in East Kalimantan is considered to be extinct. This paradigm is shifted with the finding of rhino
footprint in 2013 by WWF and partners. This finding is further strengthened by video footage from automatic
video camera (camera trap) installed in the area where the footprints are found. Based on this finding, WWF team
estimated a number of rhinoceros still thrive in East Kalimantan, but the distribution, population size and threats to
this population are not yet known.

Rhino Study Group at Mulawarman University is intend to enrich the knowledge on Sumatran rhino population by
studying the distribution, habitat suitability and population viability. The study is taken in some area at the border of
Central and East Kalimantan Provinces. Twenty nine grid samples were chosen from the location where rhinos were
predicted to be present in 2013. Results of this study proved that the area surveyed is inhabited by rhino and have
high suitability of rhino habitat. Based on the anecdotal information of the survey team and also local people, rhinos
were most likely live in similar environment condition with the human like as near river bank, in flat to sloping
terrain and in the low land areas. From this study, the decline of Sumatran rhino in Kalimantan also well understood
where massive hunting has the main reason of its decline. It recognized by information from local community and

also proved by rhino’s parts that is still kept by local people in several villages.

INTRODUCTION
Having almost no signs of the rhino’s existence,
most people assume that the Sumatran rhinos in
Kalimantan are extinct. This premature assumption
was perceived since there was lack of scientific
historical record of Sumatran rhinos in this region
unless some limited records from Harisson which

was published at the Time Magazine (1946).

The latest record was from Meijaard (1996)
that stated Sumatran rhino inhabits the areas of
Long Bangun, the mountainside of Batuajau
mountain and around the hill of Buringayo,
That premature assumption of Sumatran rhino
in Kalimantan have automatically encountered
since the World Wildlife Fund (WWF) study

of 2013 confirmed the existence of Sumatran

1: Rhino Study Group, Mulawarman University
Received 2015 12.31, Published 2017.6.20
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rhino in East Kalimantan. The data used in the
WWF 2013 study are the rhinos' footprints
and several automatic video camera recordings
(WWF Indonesia — West Kutai, 2013).
Responding to the findings, a young scientist
group at Mulawarman University follows up this
through a study to learn the habitat and population
of Sumatran rhinos. The aim of study understands
the habitat and population of Sumatran rhino.
The areas of the forest in this study are located in
the border of two provinces are East and Central
Kalimantan, but the core study area is in two
districts at East Kalimantan; they are West Kutai
and Mahakam Ulu. These two areas are located
in the upper reaches of Mahakam River in East
Kalimantan province. Mahakam River has a vital
role for the inhabitants that live in the upper and
middle reaches, as well as those who live in the
mouth of the river. People who live in the upper
reaches area utilize the watershades as the means
of transportation and also as the source of protein
(fish), meanwhile those who live in middle reaches
area use the water from the river for draining their
rice fields and agriculture. Those that reside along
the tributary area of Mahakam River, utilise the river
as their source of drinking water, other daily needs
(bathing and washing), protein and transportation.
Consequently, the holistic condition of forest in
upper reacher area will influence the quality of the
river and people who depend on the watersheds

(DAS) of Mahakam River.

SCOPE OF THE STUDY
The scope of the study includes three parts, they
are;
1) To understand historical distribution of Sumatran

rhino by in-depth interview with local community;

2)To analyze the status and condition of the
Sumatran rhinos habitat with the use of a habitat
survey that are based on certain grid cells to
determine the habitat of the rhinos; and

3) To analyze the population of Sumatran rhinos
based on the primary data from the determined grid
cells and also information about the presence of the

rhinos from local inhabitants (secondary data).

METHODOLOGY

The method applied in this study was an analysis
of habitat of Sumatran rhinos. This method
was developed by several practitioners of rhino
conservation as mentioned in the survey and
monitoring guidelines for Sumatran rhinos. This
method covers grid and sub-grid method, survey,
data recording, and ad hoc record (PHKA, 2014).
Based on these guidelines, the survey location
was divided into grid areas where each area has
sized 4 x 4 km’. The grids have become the survey
unit of the sample in the rhino’s habitat survey.
While to understand the historical distribution of
Sumatran rhino, an in-depth interview to local
community will be conducted. Respondents from
local community will be selected purposively and
continues to other respondent through a snow ball
method. Interview will be terminated upon the
common information is relatively gathered from

different respondents in an certain area.

1. HABITAT

Refers to WWF Indonesia — West Kutai (2013), the
areas that inhabited Sumatran rhino population is
divided into three zones based on the fragmentation
analysis of forest-cover and anecdotal information
from the local people who know the existence of the

rhinos (WWF Indonesia — West Kutai, 2013). These
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Fig. 2. Measuring the

foot prints

areas in located along near the border of Central and
East Kalimantan (Fig. 1).

The habitat is defined based on the existence of
rhino’s signs within the last one or two years (Fig.
2).

Rhinos' habitat

The current phase of rhinos’ habitat survey
is focused on the border of Central and East
Kalimantan (Fig. 3). This action is a follow up of
the study of Rhinos’ existence which was conducted
by WWF Indonesia-Kutai Barat Project in 2013.
The sample grid survey was done by purposive
sampling. There are several indicators which
confirmed that rhinos in the survey location were
mostly found in the river bank (riparian), they are;
data gathered in 2013 related to the presence of
rhinos, information from previous survey team and

information from the local people. Based on this
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Fig. 3. Map of survey area

indication, therefore survey was done by taking
grid sample along the river bank in order to see the
probability of finding the existence of rhinos.

Twenty nine grid samples were chosen from the
location where rhinos were predicted to be present
in 2013. The grids were rhinos found in 2013
located in different positions. Grids were located
around the estimated area where rhinos were found
in order to get pattern of rhinos’ distribution in
2013.

Four teams were responsible to conduct survey
on each grid sample (three primary grid samples
for each team). The habitat survey covered data
collection of the physical characteristics (soil,
topography and water availability), vegetation,
disturbance risk, and natural disaster risk (flood,
landslide and forest fire). Subjective quantification

was conducted by using Likert scale (0-4) in order



to see the occurrence of the risks based on the
observation which was done by the teams in the
location.

The 29 grid samples cover an area of 40.600 Ha.
Table 3-1 below presents the location, team, survey

method and the width of the survey area (Table 1).

Table. 1. Survey Areas of the rhinos’ habitat in East Kalimantan

Area/River Survey Survey Size of the
Team Method Survey are
(Ha)
Batu Ayau A Six grid cells 9.600
Dason B Six grid cells 9.600
Pariq C Seven gridcells 11.200
Selang D Twenty gridcells 16.000

2. VIABILITY ANALYSIS
Habitat Suitability
The habitat suitability analysis was performed
following Reza, Abdullah Bin Md Nor, and Ismail
(2013) with necessary modification based on
relevant criteria for Sumatran rhinos. According
to Strien (1985), the relevant criteria for Sumatran
Rhinos are as follows:
1) Topography/contour of the land based on the
map analysis and data from the field (flat = very
suitable);
2) Condition of the vegetation and/or succession
(lowland vegetation/first succession = very suitable);
3) Water availability (water available year-round =
very suitable);
4) Soil condition, availability and potential of mud
puddle, and saltlick (litosol soil = very suitable);
5) Food availability (quantity and types of the food);
6) Human disturbances; and
7) Natural disaster (flood, landslide and forest fire).
Each criterion was evaluated semi-subjectively
based on the perspectives of survey team that
consists of the combination and agreement of

the views from rhinos’ expert/practitioner. Every

criterion has a score in order to show the level of
suitability from each criterion to help supporting
the rhinos’ life. The scoring uses five Likert scale,
ranging from Zero (0) for unsuitable to Four (4) for
very suitable. The score/level is the average of all

score of the parameters mentioned above.

3. HISTORICAL DISTRIBUTION

By tapping experience from previous social survey
of Sumatran rhino distribution and refers to rhino
discovery in the West Kutai of East Kalimantan,
this study trying to expand investigation of rhino
distribution in certain suspicious areas, especially in
Central Kalimantan side. An in-depth interview with
snow ball method was used during this survey. To
help surveyor systematically interview the selected
respondents, a list of open questions were prepared

and tested before the survey conducted.

RESULT AND DISCUSSION
The number of grid cells which were walked
through by the survey teams was variable as a result
of the terrain conditions of the surveyed area. Each
team surveyed three primary grid-cell, however in
flat and relatively easy to be walked through area,

each team could survey 6 to 20 segments as shown

in Fig. 4.
Ihpufl-::wnuk I .—‘!\_\. E".‘Ej,.?f

e By ey s
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Fig. 4. Survey effort completed by each survey team



1. HABITAT

Based on the anecdotal information of the survey
team and also local people, rhinos were most likely
live in similar environment condition with the
human like as near river bank, in flat to sloping
terrain and in the low land areas.

Fig.5 is figuring out of the rhino’s signs that are
found based on terrain condition. Based on the
findings, most sign is found in the flat to sloping
areas and very few sign are found in step area.

Rhinos are commonly known that theyhave high
dependency to water to make their body keep
humid. This need make rhino always keep close to
water. From the number of signs that were found
during the study, most of them are found close to
the water, especially river. The following graph is
sign location and its distance to the rivers (Fig. 6).
From this graph, it shown that the area is farer from
the river have less signs compared to the area that
closer to the river.

Based on the elevation, rhinos seem preferred to
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Fig. 6. Finding vs Distance to River
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be inhabited in lowland area below 200 m a.s.l.
It proved by its findings as shown in the graph
below(Fig. 7). However, an exemption some time
occurred where rhino climb up to higher elevation,
especially to hide from human or predator as a
reason to maintain their body humidity, rhinos
preferred to inhabit in certain forest cover from dry
lowland forest with medium to rather close canopy
areas (Fig. 8). This type of forest may protect rhino
from direct sun light. Furthermore such forest also
provides more food plants for rhino. As a browser
herbivore, rhino not only eat young leaves, but they
also use young branches as a food. More 80 species
of plants are found eaten by rhino, most of these
species are pioneers and only found in such forest
type.

Based on those graphs, in general, all areas
surveyed have high suitability as rhino habitat. The
following table is a resume of that environment

condition and score for its suitability (Table 2).

100

80
60
40 H Total

20
. B - 0 - _

100 200 300 400 500 600 800

Fig. 7. Findings vs Elevation
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Fig. 8. Findings vs Forest Cover



Table 2 Environment Condition of Surveyed Area

Surveved Habitat
Y Preferences Remarks
Locations
Score
Batu Ayau 2 Small habitat, narrow shape, mobility limited
Dason 3 Rich foodplant, less human activity (disturbance), LOA
Pariq 2 Small habitat, narrow shape, mobility limited
Selan 4 Rich foodplant, water available all year, less human activity
s (disturbance), LOA

Fig. 9. Environment Condition of Surveyed Area

2. TERRITORIAL STATUS AND FUNCTION
OF RHINOS' HABITAT

The study of rhinos distribution based on sign
survey indicates that rhinos are found in the forest
typology, status and production forest. The result
of the survey reveals that rhinos are discovered
in the protected and production forest areas. In
the conservational context of flora and fauna, the
territorial status of production forest does not have
the authority to urge government’s commitment to
allocate its natural resources with the intention to
protect and manage this area (Fig. 9). Conservation
effort will depend on the commitment of HPH
(Forest Concessions) owners in this area to assign
its resources for rhino conservation. Thus, the
commitment of the company/private is able to
support all the scenarios such as; HCVF, Forest
Certification (for example FSC), and Biodiversity
Offset Program (BBOP).

Fig. 10. rhino’s bone from ancient

hunting

Ideally, the status of territorial area with foremost
protectioon is National Park, however the decreasing
population of rhinos in Kerinci National Park and
Cat Tien National Park (Vietnam) demonstrates
that the successful of conservation opportunities
does not depend on the legal status of that area. In
the meantime, the area which is governed by the
private sector in Kenya (Laikipia reserve) does
not have the potential as a National Park but has
excellent records in rhinos’ conservation. From the
aforementioned examples, it is indicated that the
successful opportunity of conserving does not rely

on the legal status of the area.

3. HISTORICAL DISTRIBUTION

Results of social survey strongly proved that rhinos
have ever inhabited along the border of Central and
East Kalimantan. It proved by number of rhino’s

parts that are still kept by local people (Fig. 10).
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Those parts being inherited by their ancestor from
hunting era of rhino. From the number of rhino
parts left in the community, it indicates that rhino
hunting have ever massively occurred. According
to respondents interview, rhino’s parts are believed
have various purposes, so that it has high economic
value. But according to the respondent interviewed,
there is no more rhino were seen since decades ago.
So that most respondent believe if the rhinos are
still survived, they may be hidden in an area where

difficult to be accessed by human.

CONCLUSION
The result of the survey conducted confirms the
existence of rhinos in East Kalimantan and probably
also exist in Central Kalimantan side. This finding
is consistent with rhinos’ distribution in early
1990s as noted by Meijaard (1996) that showed the
indication of rhinos’ existence in the same region.
Further studies showed that rhinos’ habitat in have
distinct characteristics, yet the best characteristics
are shown in Dason and Pariq.
a) Rhino have been known by local people and its
parts are economically values and being believed as
medicine purpose.
b) Sumatran rhino population are still remain in
Kalimantan, but the population is believed very rare.
It may be at the brink of extinctinction.
¢) Secondary forest is preferred habitat for rhino
d) Intermediate disturbance may create better habitat
for rhino.
e) Intermediate disturbance to forest is proved
beneficial to rhino. It creates secondary forest which

is provide food for rhino.

f) Beside food, rhino have also high dependency to
water. As common big mammals, rhino needs water
to maintain his body temperature.

g) Wallow protects rhino of blood sucker flies.
Elevation is not a constraint for sumatran rhino as
long as water, food and mud available. Rhino could
survive up to 1000 m a.s.l.

h) As most an elusive animals, rhino is very
sensitive to human or even any environmental

changing.

CLOSING
We believe that the abovementioned information
will be able to be reference for further rhino study.
By consider that information of Sumatran rhino is
poorly available, we highly recommend an advance
study of this species in Kalimantan is needed and a
proper conservation action is required to save this

species from extinct.
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Assessing impact of climate change on high altitude small mammal
in alpine Himalaya, India: An interdisciplinary approach

Sabuj Bhattacharyya', Farah Ishtiaq', Takeo Kawamichi’,
Chris Ray’ and Mary, M. Peacock®

Climate change found to have significant negative impact on species, which lives in fragmented and isolated
habitats such as in high altitude mountains. This present study aims to understand gene flow and possible impact of
climate change on distribution limit of a high altitude climate sensitive small mammal “Royle’s pika” (Ochotona
roylei), a relative of rabbit in western Himalaya. Genetic samples were collected through habitat surveys using non-
invasive methods. As there were no information available on DNA extraction methods and microsat primers for
the species, hence a significant amount of project duration has been spent for standardization of DNA extraction
process from fecal sample of the species and identification of microsat primers. A total of 62 microsat primers from
different lagomorph species were tested for Royle’s pika and finally eight microsat primers (three from American
pika, one from plateau pika, four from European rabbit) were identified. At present we are working on amplification
of pika DNA samples using selected primers and furthermore genotyping them to identify alleles to understand
population structure and gene flow. We have used species presence location (n=205, collected through either habitat
surveys or from secondary database) as well as various bio climatic (Bioclim) and topographical variables to create
species distribution map across entire Himalayan arc using Maxent software. Precipitation was found to be the
most important variables, which governs the species distribution limit. Future (2050 and 2070) pika distribution
maps were created in Maxent using 4 different greenhouse gas concentration scenarios (RCP 26,45,60,85) in three
climate models (CCSM4, HadGEN2-ES, MRICGSM3) and significant decrease in habitat were observed in eastern
Himalaya (including eastern Tibet and China), central Nepal and high altitudes of western Himalaya. Our result

indicated that Royle’s pika could be used as a indicator species for climate change monitoring research in Himalaya.

INTRODUCTION
Climate change is now considered the single
greatest threat to global ecosystems and biodiversity
(Glick and VanPutten 2002). It particularly threatens
the survival of those organisms whose distributions
are restricted to fragmented habitats (Peters and
Darling 1985). Additionally, the magnitude of
climate change is higher in alpine regions than in

lower altitudes (Naftz et al. 2000). Alpine species

such as pikas (Ochotonidae), a relative of rabbits
(lagomorph), which play important ecological role
in alpine ecosystem (e.g. prey base for carnivores),
are adapted to cold climates, lives in highly
fragmented and isolated mountain habitat with poor
dispersal abilities may be particularly vulnerable
to global warming as they may not be able to adapt
fast enough to track shifts in suitable microclimate,

as well as habitat, due to the unprecedented rapidity
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of projected climatic change (Moritz et al. 2008;
Schloss et al.2012). The American pika (Ochotona
princeps) has recently disappeared from several
high-altitude habitats in western North America
locations due to climate change (Beever et al.
2003). The possibilities of contemporary migration
to find suitable environment for mountain “sky-
island” species, such as pikas, across the lowland
valleys separating mountain ranges are also
minimal. Habitat structure and patch connectivity
are important factors that govern gene flow and
population dynamics in pikas (Peacock and
Smith 1997; Peacock and Ray 2001). Although
dispersal may allow pikas to persist over changing
environmental conditions, habitat fragmentation
can impair their ability to move to favourable
environments. Being also highly sensitive to
climatic fluctuations, pikas are a model mammalian
system to study (sky) island biogeography and
metapopulation dynamics in relation to climate
change scenarios.

Himalayan region, home to seven pika species, is
extremely sensitive to global warming; several key
habitats, microhabitats, and dependent endemic
flora and fauna are likely to be significantly affected
(Singh and Bengtsson 2004). However, except for
some short-term behavioural studies (Kawamichi
1968,1969,1971), no detailed studies have been
conducted on the dispersal patterns and population
genetics of any of these species. Therefore,
detailed interdisciplinary (population genetics and
distribution modeling) research is required to assess
the risk to ecologically important small mammal
communities in the Himalaya. We have selected
one of the most widely distributed pika species
in Himalaya, Royle’s pika (Ochotona roylei) as

our model species to understand 1) the levels and

distribution of genetic variation within and among
populations, 2) how various degrees of patch
connectivity (geographical structure) influence
gene flow along altitudinal and thermal gradients in
Royle’s pika, and 3) create niche suitability models
to compare habitat availability for the species under
various climate changes forecast scenarios. But this
report mainly discuss about amplification of genetic
samples and distribution modeling aspect of the

project.

METHODOLOGY FOR RESEARCH
OBJECTIVE 1 AND 2

Collection of habitat and genetic data for Royle’s
pika

During late October to mid November 2014
and late May to June 2015, several pika talus
habitats in Kedarnath Wildlife Sanctuary (Chopta-
Tungnath,Rudranath, Madmaheshwar, 30°30" to
31°29’ N and 78°12" to 79°13’" E), Govind Wildlife
Sanctuary (Har ki Doon, 31°06" to 31°09" N and
78°19' to 78°26' E), Nandadevi Biospere Reserve
(Bedni- Roopund, 30°11" to 30°15' N and 79°31' to
79°44" E) were surveyed to collect data on habitat
ecology and non-invasive genetic samples. After
reaching a prospective pika habitat at a field survey
site, first 30 min was spent for scan sampling using
a Nikon binocular from a vantage point to collect
direct evidence of pika presence. Subsequently,
two observers conducted a through search to locate
indirect evidence of pika presence i.e., fecal pellets.
Fecal pellets, which are fresh (moist, dark brown/
black in color), were collected in an airtight plastic
container filled with silica gel. Unique sample id,
plot id and GPS location of pellets were noted
down. As single talus can be used by multiple

individual pikas, hence multiple fecal samples from
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different location within same talus were collected.
A total of 220 fecal samples collected and stored
in -200c. During each talus survey, information
on several habitat variable such as topography
(aspect, slope, GPS coordinates), percentange
of area covered by rock talus talus size in 50 m
x 50 m survey plot, percentage cover of various
size of rocks (e.g. 1-2 m, 2-5 m, > 5 m,) following
Bhattacharyya et al. (2015), vegetation cover (tree,
shrub, herb) following Van Hees and Mead (2000),

presence of water stream, weather conditions (e.g.

L A L] ¥
Fig. 1. Typical pika pellet group at Nadadevi Biosphere reserve
taken in June 2015
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sunny, cloudy) were also recorded. As there was
no other lagomorph or other pika species inhibited
in the study sites, the there was minimum chance
of miss identification or error in identifying pika

pellets (Fig. 1, 2).

Extraction of DNA from Royle's pika pellets
DNA was extracted from Royle’s pika fecal pellets
using QiaAmp DNA stool kit (Qiagen inc.). Pikas
are herbivore and their forage plants often have high
plant secondary metabolites (Bhattacharyya et al.
2013b). These plant secondary metabolites hampers
several downstream process in genetic analysis such
as PCR. QiaAmp DNA stool kit contain inhibitorEx
tablets which remove PCR inhibitory plant
secondary metabolites and resulted successful DNA
extraction from fecal samples. Since there is high
possibility of environmental DNA other that Pika
DNA in the extracted materials, therefore, Kocher’s
Universal mt DNA Primer (Kocher et al. 1989) was
used to screen mammalian DNA in the extraction

with white rat DNA as positive control. The PCR

CoWol MR

Fig. 2. Locations of Royle’s pika presence across its entire geographical distribution range (A) in the Himalayan arc as well as in various

protected areas in (B,C) the state of Uttarakhand, India.
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Fig. 3. Electrophoresis gel image showing successful amplification of Kocher’s universal mammalian primer for Royle’s pika DNA extracted

from fecal pellets.

product from Kocher’s primer was further ran in
1.5 % agarose gel to confirm successful replication
of primer sequence (Fig. 3). Furthermore, some
selected sample was genotyped and sequence was
found to match 99 % with Royle’s Pika sequence

stored in Genebank.

Standardization of microsatellite primers

There was no species-specific microsatellite primer
available for Royle’s pika or any other pika spices
from Himalayan region. Hence, microsatellite
primers from American pika (O. princeps, Peacock
et al. 2002), Plateau pika (O. curzoniae, Li et al.
2009) as well as other lagomorph species such as
European rabbit (Oryctolagus cuniculus, Mougel
et al.1997) were selected for standardization.
American pika or New Zealand rabbit DNA has
been used as positive control and only PCR master
mix with no sample was used as negative control for
each PCR reaction. We used Qiagen multiplex PCR
kit and followed published PCR cycle description

for amplification of each microsat primer.

RESULTS FOR RESEARCH OBJECTIVE
1AND 2

Habitat types of Royle’s pika in western
Himalaya

During surveys in various protected areas Royle’s
pikas found utilizing two types of habitats viz.,
natural rock talus and human made structures. All
habitats were in open environments. Natural rock
taluses were mainly located in alpine and subalpine
meadows. Being a non burrowing pika species,
Royle’s pikas found to be effectively utilized the
crevices inside each talus rocks as their nests.
Similarly, they also utilized rock crevices inside
various human made structures such as temples,

roadside walls etc (Fig. 4).

Fig. 4. Different Type of habitat used by Royle’s pika in Tungnath
and Rudranath area of Kedarnath Wildlife Sanctuary (A= natural
rock talus, B=human made structures) and Har ki doon area of

Govind Wildlife Sanctuary (C=natural rock talus).
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Table 1. Description of microsat primers from different lagomorph species and showed successful amplification for Royle’s pika (* primer

need more testing for polymorphism)

Primer Allele
Code Developed Primer Type size
Ocpl6 Polymorphic 122-221
Ocp2 American pika Polymorphic 398-406
Ocp6 Polymorphic 202-212
P7
Plateau Polymorphic 147-166
SAT4 Polymorphic 78-303
SAT3 . Polymorphic 83-315
R259 European rabbit | Monomorphic 180
R106 Polymorphic 120-248
|I
il
1794 i
f II | I| |I
YL W A W4 | W

Fig. 5. Successful amplification of different microsat primers, AP3 (yellow),AP1 (blue) and PP1 (green) showing fluorescent peaks based on

allele locations in the software Genious.

Identification of microsatelite primers

Total 62 microsatelite primers from American
pika, Collared pika, Plateau pika as well as other
lagomorph species such as European rabbit were
tested for Royle’s pika. Total 8 primers were
successfully amplified and later genotyped to
understand allele number and size range (Table 1,

Fig. 5).

DISCUSSION FOR RESEARCH OBJECTIVE
1AND 2

Challenges for Genetic analysis: current state of
work

Due to high climatic fluctuation and UV radiation
in alpine environment, often DNA in fecal sample
gets degraded very quickly. Hence, samples were
collected during two sampling session in 2014

and 2015. Additionally, there was no information



available for microsat primers for Royle’s pika.
Therefore, through a highly laborious and time
consuming process of testing larger number (n=62)
published mircosat primers from similar pika or
other lagomorph species were opted to identify
best polymorphic mircosat primers for Royle’s
pika. Each sample was replicated 4 times for
each selected primers. As any statistical analysis
related to population genetics requires genotype
information for all primers from minimum 40 to 50
unique individuals, hence we are still in the process
of genotyping to achieve minimum information to
conduct accurate analysis. Therefore, this report
contains no geneflow related information. We
strongly believe that all genotyping work will be
finished very soon and we will successfully able
to provide information regarding impact habitat
connectivity on gene flow of Royle’s pika. We will
send another extended report to pronatura with

updated results.

METHODOLOGY FOR RESEARCH
OBJECTIVE 3

Royle’s pika presence location collection for
distribution modelling

Royle’s pika is distributed from northwest
Pakistan to India, Nepal, and adjacent Tibet (China;
Chakraborty et al., 2005). Their occurrence data
across Himalayan arc (n=60, georeferenced data
with latitude/longitude coordinates) on pika were
collected from the Global Biodiversity Information
Facility (GBIF, http://www.gbif.org) and the
Mammal Networked Information System (MaNIS,
http://www.manisnet.org/). The locations of Royle’s
pika presence location (n=145) in western Himalaya
were collected through surveys of various habitats

within various protected areas such as Kedarnath

Wildlife Sanctuary and its adjacent areas, the
Nanda Devi Biosphere Reserve (Valley of Flowers
National Park (NP), Nada Devi National Park,
and its adjacent areas, Gangotri National, Govind
wildlife sanctuary in Northern India in the state
of Uttarakhand. Because a large area of Nanda
Devi National Park was closed to human activity,
the geographical coordinates of a few pika habitat
locations (e.g. Dharansi Pass, Ramni) within Nanda
Devi National Park were identified in published
literature from an earlier expedition (Uniyal 2002).
At each survey location, transects with variable
lengths were laid down and talus habitats were
searched for evidence of pika presence. The
presence of pika was confirmed by either a direct
sighting or indirect evidence (pellets), and the
geographical coordinates of each confirmed location
were recorded using a Global Positioning System

device (Garmin).

Selection of environmental layers

Species distribution is often determined by both
climatic and ecological parameters (Calkin et al.
2012). Hence, climatic (bioclim), topographic
(e.g. aspect, elevation), and habitat (e.g.
Normalized Difference Vegetation Index (NDVI),
ruggedness) variables were used to develop the
species distribution model. The NDVI in the
peak alpine vegetation growth period (summer,
from May through June, and monsoon, from July
to September) was used to indicate available
vegetation cover. Topographical variables
(elevation, slope, aspect, and ruggedness) were
obtained from a digital elevation model using
SAGA version 2.0.7 for the study area. WorldClim
environmental datasets (Hijmans et al. 2005,

available at http://www.worldclim.org) were used
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to create environmental layers or variables. For
the present study, a set of 12 bioclimatic variables
(Busby 1991) was developed based on information
available in the literature, which discusses pika
species with similar ecological requirements (Table
2). The global distribution range of Royle’s pika
was selected based on a distribution map mentioned
in the Royle’s pika species account from the
International Union for Conservation of Nature
(IUCN) (Smith and Boyer 2008). Chakraborty et
al. (2005) suggested that Royle’s pika is distributed
along the elevation gradient of 2500 m to 5000
m. But some georeference points of Royle’s pika
specimen collection locations in the GBIF database
indicated a lower distribution limit as low as 2100
m. Therefore, response variables were clipped and
the potential species distribution model was made
only for an elevation range between 2000 m and
5000 m. Climatic information regarding change in
various climatic parameter across entire Himalayan
arc between 1980 and 2010 was obtained from

Shreshtha et al. (2012). To understand future

climatic scenarios we used four Representative
Concentration Pathways (RCPs; RCP 2.6, RCP 4.5,
RCP 6, and RCP 8.5) which are four greenhouse
gas concentration trajectories adopted by the IPCC
for its fifth Assessment Report (ARS) in 2014. RCP
2.6 represents global annual GHG emissions with
a peak between year 2010-2020, where as RCP 4.5
represents GHG emissions peak around 2040, RCP
6 represents GHG emissions peak around 2080 and
RCP 8.5 represent emissions which continue to rise
throughout the 21st century. Each of these scenarios

were tested in three different modelling pocesses.

Modeling process

Maximum Entropy algorithm, a presence only
species distribution model(Phillips et al. 2006),
was used for develpoing past, current and future
distribution models for Royle’s pikas. A stepwise
method was followed to use MaxEnt version 3.3.3
(linear, quadratic, hinge, threshold) with 75 % of
the surveyed location’s distribution as the input

for the training sample. Variables that contributed

Table 2. Description of selected bioclimatic and topographic variables which were used to make distribution model for Royle’s pika across

Himalayan arc.

Variables Descriptio Source Resolution
Bioclimatic
BIO1 Annual mean temperature BioClim | 1 km

Mean diurnal range (max temp L

BIO2 - min temp) BioClim | 1km
BIO5 Max temperature of warmest month | BioClim | 1 km
BIO6 Min temperature of coldest month | BioClim | 1 km
BIOS8 Mean temperature of wettest BioClim |1 km
BIO10 Mean temperature of warmest BioClim | 1 km
BIO11 Mean temperature of coldest quarter| BioClim | 1 km
BIO12 Annual precipitation BioClim |1 km
BIO18 Precipitation of warmest quarter BioClim |1 km
BIO19 Precipitation of coldest quarter BioClim | 1 km
Topographic
DEM Elevation, Ruggedness SRTM 30 m
NDVI Vegetation MODIS 250 m
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little to the model were dropped before running
the final model with maximum iterations (10) and
background points (10,000). Jackknife variable
importance features were used to assess the
relative importance of environmental predictors.
Furthermore, the MaxEnt model was used as
a potential species distribution map for the study
area. Future (2050 and 2070) pika distribution maps
were created in Maxent using 4 different greenhouse
gas concentration scenarios (RCP 26,45,60,85) in
three climate models (CCSM4, HadGEN2-ES,
MRICGSM3).

RESULTS FOR RESEARCH OBJECTIVE 3
Factors affecting pika distribution
The distribution of pika was positively influenced
by annual precipitation (42 %); positively influenced

by the precipitation of coldest quarter (snowfall in

50
40

30

% of Contribution

Annual PPT. of
PPT. Coldest ~ Warmest of Coldest of Warmest
Quarter Quarter Month Month
Variables

20
10 .
o H m =

PPT of Min TEMP.Max TEMP. Elevation Ruggedness

case of present study area) (21 %) and negatively
influenced by minimum temperature of winters (19
%) (Fig. 6). The total area that could potentially
have pika presence was 47,872 sq.km. Keeping
the species to environment relation constant we
projected it to the historical covariates (Shrestha
et al. 2012) for estimating the distribution of 1980
which was 59,011 sq.km (Fig. 7).

Future distribution of Royle’s pika across
Himalayan Arc

The majority loss in the species range was observed
in Northeast India, eastern Tibet (China) and higher
altitudes of central Nepal. The current species-
environment relation was also projected to different
future scenarios (IPCC) for different emission
scenarios of 2050 and 2070 (Fig. 8, 9). For the

emission of 25, the average distribution was 24,023

Fig. 6. Major contributing environmental

factors (bioclimatic and topographic) that

index
influence distribution of Royle’s pika in
Himalaya.
|- * Pl presence bocanon.  Flabuiad santals

Hogh
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Fig. 7. Present distribution
map of Royle’s pika across

entire Himalayan arc.
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Fig. 8. Distribution of Royle’s pika under different RCP scenarios and climate models in 2050.
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+ 8,302 sq.km. For emission 45 RCP, the distribution
was 23,238 + 3,143 sq.km. For emission of 60 RCP,
the distribution was 24,279 + 6,450 sq.km. and for
emission 85 RCP, the distribution was least of all
estimated to 17,123 + 10,643 sq.km. On an average
the future distribution of the species was 22,166 +
7,634 sq.km. Major reduction in species range could
be witnessed in eastern Himalaya (including eastern
Tibet and China), central Nepal and high altitudes of
western Himalaya. No new colonization, in scenario
of 85 RCP was observed in any of its distribution

range.

DISCUSSION OF RESEARCH OBJECTIVE 3
Pika distribution pattern

Various climatic factors such as precipitation,
temperature, and other topographical factors such
as latitude, elevation, and aspect play significant
roles, which govern distribution of montane species
(Grinnell 1917; Smith 1974; Kérner 2007; Ray
et al. 2012). Our resulted suggested that annual
precipitation, precipitation in coldest and warmest
quarter were most important variables governing
pika distribution in Himalayan arc. Furthermore, the
importance of precipitation in the MaxEnt results
suggest that Royle’s pikas distribution might be
more influenced by the vegetation of a habitat than
by the direct effects of thermal stress, which was
considered to be primary driver that shapes the
distribution of other talus-dwelling pikas such as the
American pika (MacArthur and Wang 1973, 1974;
Smith 1974; Smith and Weston 1990).

The mountainous regions receives high amount of
precipitation and most of pika food plants prefer
moist environments and follows C3 photosynthetic
pathways, thus depend more on nitrogen and water

than plants that follow the C4 photosynthetic

pathway (Billings and Mooney 1968; Ge et al.
2012). Therefore, water availability through
precipitation greatly influences availability of alpine
plants. Ge et al. (2012) revealed that the expansion
of C4 plants might have caused significant range
constrictions and extinctions of pikas during the late
Miocene. Furthermore, unlike other talus dwelling
pikas, Royle’s pika showed very weak hoarding
behavior for winter survival (Kawamichi 1968;
Bhattacharyya et al. 2013a). Hence, high availability
of food plants is plays an important role in fulfilling
its nutritional demands for successful survival and
reproduction. This suggests that precipitation shapes
the distribution of alpine herbivores such as Royle’s
pika.

Very low temperatures are often found to cause
stress in cold-adapted species (Ray et al. 2012).
Therefore, snow acts as insulation for both pikas
and their food plants during winter. Pikas remain
active throughout the winter, so thick snow cover
provides a protective layer, allowing pikas to
survive large diel temperature fluctuations during
the winter and early spring (Morrison and Hik
2007). Bhattacharyya et al. (2014a) also found
that inter annual variation in population of Royle’s
pika is significantly influenced by snow meting
pattern. Hence, winter precipitation has important
role governing distribution of Royle’s pika.
Distribution limits of a species are often determined
by physiological constraints (Gaston and Spicer
1998; Chown and Gaston 2000). Thermoregulatory
mechanisms in pikas are considered to be a more
behavioural than physiological adaptation (Smith
1974; MacArthur and Wang 1973). Similar to other
pika species, Royle’s pikas were also found to be
sensitive to high temperature (Bhattacharyya et al.
2014b), hence its distribution is also influenced by
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maximum temperature of warmest month.

Royle’s pikas are sensitive to climatic oscillation
(Bhattacharyya et al. 2014a), hence they are
sensitive to long term change in climatic pattern in
Himalaya. Our predictive model indicates significant
(50 to 60 %) shrinkage in distribution of the species
in various parts of Himalaya. One of the principle
reason of for this shrinkage might be climate
mediated shift in precipitation regime. Our result
also suggested that due to high sensitivity towards
climate Royle’s pikas could be used as indicator
species for climate change monitoring programme

in Himalaya.
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Elaboration of an insect handbook as a material for environmental

education in Guatemala

YOSHIMOTO Jiichiro', CANO Enio"? and ORELLANA Samanta’

It is necessary to conduct environmental education for the general public as a measure against
environmental problems occurring in Guatemala. However, there had been few educational
materials for such activities in the country; there had been little or no illustrated biological books
despite the demands of some teachers and volunteers to utilize them in their classrooms. This
situation motivated us to elaborate an insect handbook that all Guatemalans can use and consult,
in order to add to their knowledge and interests about insects and to raise public awareness of
the natural environment. The handbook covers the great majority of insect groups occurring in
Guatemala, and has many photographs taken in the field. We also provide an introduction to basic
entomology and to the nature of Guatemala. The book is a size (11x16.5 cm) easily transported
in a pocket to the field, a true field guide. We published 1000 copies of the book, and are now
distributing them to various educational or environmental organizations, promoting them to utilize
the handbook in many activities, such as classes and lab exercises in universities and schools,

guided-tours in nature reserves, events and workshops at museums, etc.

Keywords: Illustrated book, biodiversity, enlightenment, identification

1: Universidad del Valle de Guatemala 2: Universidad de San Carlos de Guatemala
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Status, Habitat Preference and Distribution of Red Panda Ailurus
fulgens in Phawa Khola and Phurumbu VDC of Taplejung District,
Nepal

Roshani Manandhar and Prava Pandey

Red Panda, Ailurusfulgens, is an endangered species as cited on IUCN Red List of Threatened Species, 2015 and
CITES Appendix I. It can be found at an elevation of 2,200 - 4,800 m, in Nepal, India, China, Bhutan and Myanmar.
This project study focuses on the status, habitat preference and distribution of Red Panda in Phawa Khola and
Phurumbu village development committees (VDCs) of Taplejung district of Nepal. Less than 10,000 are found
worldwide and only 134 Red Panda have been reported to be found in Taplejung district. Study area was focused
on three community forests called Mayam Patal, Phurumbu Kharka and Pathibhara Simbu. It was found that Red
Panda prefer areas of deciduous forest with cane (dwarf) bamboo-thickets and their preferred choice of food is
leaves and young shoot of cane bamboo, (Yushania maling and Drepanostachyum falcatum) young shoot buds of
Banty (Lithocarpus pachyphylla) and fruits. Four transects were laid in each of the three community forests. In
Mayam Patal community forest, signs like scat, scratch marks and paw prints of Red Panda were concentrated in
transact 1, in Phurumbu Kharka, they were concentrated in transacts 2 and 4 and in Pathibhara Simbu, they were in
1 and 4. About 111 different species of plants were found in the three forests. Average coverage of trees is 26-50 %,
cane bamboo is 6-15 %, shrubs is 6-15 % and herbs 1-15 %. During the project, local awareness programs focused
on school children, community forest users group and local people were also conducted and posters with awareness

message about Red Panda were distributed in the VDCs.

INTRODUCTION biodiversity because it is a monotypic and indicator

The Red Panda, Ailurus fulgens commonly known
as ‘Habre’ in Nepali and as Lesser Panda in Japan,
is a small arboreal/terrestrial mammal, endemic
to the temperate forests of the Himalayas, ranging
from northern Myanmar, India, Bhutan and Nepal
to China in the east. It is classified as endangered
on the IUCN Red List (IUCN 2015) and included in
CITES Appendix 1.

Protecting Red Panda is important to both the

preservation of Nepal's natural heritage and global

species with specialized food habits. It is unique
in the animal world because it has no close living
relatives and its family, Ailuridae (Glaston 1994),
has only one genus, 4ilurus (Roberts and Gittlemen
1984). There are very few carnivorous species that
are specialized for herbivorous diet, especially cane
(dwarf) bamboos. Other than the Red Panda, there
are four other bamboo eating mammals, the giant
panda, and two bamboo rats (one in China and

another in Brazil), and a small lemur in Madagascar

Received 2016. 1.06, Published 2017.6.20
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(Roberts 1992) . In Nepal, the exact status of
distribution and population of the species are not
well documented.

The research area lies in Kanchanjunga

Conservation Area of Taplejung district. It is the
northeastern-most part of the country, bordered
by Sikkim (India) in the east and Tibet (China)
in the north. The area represents high mountain
physiographic regions with 65 % of its area covered
by rocks and ice. The remaining 35 % of the area
is covered by forests (14.1 %), shrubland (10.1 %),
grassland (9.2 %), and agricultural land (1.6 %).

Taplejung district exhibits all the vegetation and
forest types of Nepal. The research area Phawa
Khola and Phurumbu VDC (Village Development
Committee) lies in an elevation ranging from 2,200
m - 3,000 m. The main vegetation type is eastern
Himalayan broad leaf mixed deciduous forest with
dominant plants of Castanopsis (Castanopsis spp.),
and Oak (Quercus spp.). Rhododendron forests are
common in the middle hills and dense coniferous
forests of Abies, Tsuga, and Juniperus in the higher
hills to bushes of Rhododendron spp. in the upper
subalpine to alpine grasslands.

There is no reliable population data of Red Panda
in the wild. It is very threatened due to habitat loss
and fragmentation. [UCN has mandated Red Panda
as endangered species since 1996. Easternmost part
of Nepal offers most potential habitat for Red Panda
which is believed to have supported countries 25
% population of Red Panda. Less than 10,000 are
found worldwide and only 134 Red Panda have
been reported to be found in Taplejung district
and 15-16 are believed to be present in Phawa
Khola and Phurumbu VDC (Rai 2015). Besides,
Taplejung other parts of the country such as Rasuwa

(Langtang), Dhading, Kaski, Lamjung, Manang,

Mustang, Magdi, Gorkha, Ilamare also known for
presence of Red Panda.

Recent field observation shows disturbance to
the animal and rapid habitat degradation due to
construction of road (Yonzon et al. 1991), fire
wood collection from the forest and influx of large
number of pilgrims and vehicles to the holy place,
Pathibhara temple. Also the habitat destruction
caused by extensive livestock pressure on its habitat
range of 4,030 ha forest. On the other hand natural
death of cane bamboo above 2,800 m altitude
constricts its habitat forcing downward movement
of Red Panda in the impacted zone. Therefore the
project aims to monitor Red Panda population,
sensitize the forest users group to minimize the
disturbances and harmful activities. The research

project and Phurumbu VDC of Taplejung district.

OBJECTIVES

* To assess the distribution and relative abundance
of Red Panda in Phawa Khola and Phurumbu
VDC of Taplejung district.

» To analyse the vegetation of the habitat.

* To identify the possible threats to the species.

» To address possible threats to the species by
raising awareness among the local people

through participatory monitoring.

STUDY AREA

Taplejung district has total area of 362,834 ha. Out
of the total land, forest covers 24.28 % and bush/
shrub covers 14.68 % land area (Ministry of Culture,
Tourism and Civil Aviation, UNDP and TRPAP
2005, Tourism Resource mapping Profile, Taplejung
district). The present project research area, Phawa
Khola and Phurumbu VDC of Taplejung district
has total area of 207.75 ha. Phawa Khola VDC has
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total area of 55 ha (102 households) and Phurumbu
VDC has total area of 152.75 ha (166 households)
(CBS 2004) (Fig. 1, 2). The research area has been
also identified for Red Panda abundance.(Red Panda
PHVA2010 and Wikramanyake, et al 2001)

METHODOLOGY
1,000 m altitudinal line intercept has been used
to record Red Panda distribution by using GPS

following contour lines corresponding to elevations

s,

area from higher elevation

2>
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Fig. 2. Location of research area (Taplejung district)
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from 2,200 m — 2,900 m. Along the line transect,
four sampling quadrates were used for Red Panda
and vegetation survey. Each quadrate is 100 m
x 100 m in size and 250 m apart. Red Panda
and vegetation survey was carried out in three
community forests (CFs). These community forests
are within two VDCs. Pathibhara Simbu lies in
Phawa Khola VDC and Phurumbu Kharka and
Mayam Patal lie in Phurumbu VDC.

Camera trapping

Five digital cameras were installed in prior tracks of
Red Panda in the area for 3 successive nights before
being moved to the next block to find the species
population. Camera traps were installed where Red
Panda scats were found. The cameras had been
installed 3 to 5 ft above the ground level in the trees
with the help of rope for three successive nights.
The traps were placed for a total of 9 successive

nights in the study area (Fig. 3, 4).

Fig. 4. Installed camera trap at the site of Red Panda scats



Sign survey

Sign survey had been done along line transect of
quadrates within the community forests of sampling
areas. Camera and GPS were used to take some
photographs and GPS reading of locations. The
signs provide reliable data for the presence of Red
Panda and other wild animal species in the area.
Vegetation survey

Vegetation had been surveyed for habitat of Red
Panda (Fig. 5). Line transect as well as quadrate
sampling methods were used to measure trees, cane
(dwarf) bamboo, shrubs and herbs. In every random
sampling, 100 m x 100 m quadrate for trees, 5 m x
5 m for shrubs and 1 m x 1 m for herb species had

been used. The type of species, number, frequency

o S
Fig. 5. Vegetation survey at site

and density were analysed.

RESULTS AND DISCUSSION
We surveyed two VDCs of Taplejung district for
Red Panda abundance and distribution. During our
research period no Red Panda individuals were
encountered nor captured during camera trapping
but the base line survey by (2011) encountered 5
Red Panda in Phurumbu, Phawa Khola and other
three VDC. So the observation is mainly based on
various signs like scat, scratch, browsing (feeding
sites) and paw prints. The distribution of Red Panda
was found mostly within an elevation of 2,450 m
- 2,717 m of the studied area. A total of 53 various
signs were recorded. A detail of sign abundance in
different quadrates is given in Table 1. Among the
12 sampling sites the highest rate of sign abundance
was 22 in Pathibhara Simbu CF followed by 16 in
Mayam Patal CF and 15 in Phurumbu Kharka CF.
In Pathibhara Simbu CF scats were found in all
transects but were more concentrated in transects
1 and 4. Scats were found on various old trees at

different altitudes such as 2,636 m, 2,682 m, 2,709

Table. 1. Signs observed month wise in different quadrates

Pathibhara Simbu Phurumbu Kharka Mayam Patal

1 2 3 4 2 3 4 1 2 3 4
Nov * * * * * * *
Dec * * * * * *
Jan * * * * * * *
Feb * * * * * * *
Mar * * * * * * *
May * * * * * *
Jun * * * * *
Jul * * * * * * *
Sept
Total 6 4 5 7 5 7 5 5 5 4 2
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Fig. 6. Fresh scat found in PhurambhuKharka Community Forest

m (on Lithocarpus pachyphylla tree), had grazed at
2,671 m and a paw print at an altitude of 2,450 m.

In Phurumbu Kharka CF scats were found in all
transects and scratch mark was found on the ground
(Fig. 6). The scats were found in an altitude of 2,460
m and scratch was foundon at 2,778 m. The signs
were more concentrated in transects 2 and 4.

In Mayam Patal CF scats were found in all
transects and paw mark was found on the ground.
The scats were found in an altitude of 2,460 m
and scratch was found on at 2,778 m. The signs
were more concentrated in transects 1 and 2.

Other wild animals such as deer, wild boar, fox,
bear, squirrel, phesants and wild chickens also
inhabit in CFs.

Vegetation Analysis

The vegetation survey was carried within an
elevation of 2,200 m - 2,900 m. The forest was
classified as mixed broad leaved forest. Quadrate
samplings were done along the line transect for trees
and cane (dwarf) bamboos while shrubs and herbs
species are noted for their occurrences only. All
together 150 plant specimens had been collected.
All specimens were not identified scientifically so
51 tree species and 60 shrubs and herbs species had
been identified. Tree species were identified within

the sampled plots are analysed and calculated. The

CFs are compared for similarity index, diversity
index and evenness which are tabulated in table 2.
The common species of three CFs are also compared
as shown in Graph. 1,2 and 3.

Due to high humidity and cool climate, tree trunks
and branches are covered with diverse species of
orchids, mosses, lichens and ferns, which often
provide suitable camouflage for Red Panda.
Underneath the tree canopy, the ground is mostly
covered by species of shrubs, herbs and bamboos.
Bamboos Yushania maling grows above 2,600 m
and Drepanostachyum falcatumgrows below 2,600
m. These species comprise approximately 75 %
(Pradhan et al. 2001) of the diet of Red Panda.

In the CF of Pathibhara Simbu 40 plant species
including trees, shrubs, cane (dwarf) bamboos
and herbs had been collected. The canopy
cover of trees is 16-75 %, shrubs 6-50 %, cane
(dwarf) bambo0026-50 % and herbs 6-50 %.The
forest is dominated by Castanopsis indica with
relative density of 1.50 followed by Lithocarpus
pachyphylla with relative density of 1.25. The
understory bamboos Yushania maling has relative
density of 41.9.

In CF of Phurumbu Kharka 45 plant specimens
have been collected including trees, shrubs, cane
(dwarf) bamboos and herbs. The canopy cover
of trees is 26-25 %, shrubs 6-15 %, cane (dwarf)
bamboo 26-50 % and herbs 16-25 %. The forest is
dominated by species of Quercucs lamellosa with
relative density of 4.59, followed by Symplocos
ramosissima with relative density of 1.5. The
understory bamboos Yushania maling has relative
density of 33.60 and Drepanostachyum falcatum
has relative density of 14.36. Two species had been
found in this CF.

In the CF of Mayam Patal, 33 plant specimens
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Graph. 1. Total number of species

Total number of species

70
60
50
40
30
20
10
0 s mmn III (1] II- e mEN oen Eml .- -Il (1 -Il III Hum Emm lll
L & N N RS RS D LS P & e F O
& &£ & L &L PSP S R I SV NN
O o o & *é‘ & & KR & %@@‘ & @ ®t§\
& A
S A
&

M Pathibhara Simbu W Mayam Patal ® Phurumbu Kharka

Graph. 2. Relative frequencies

Relative frequencies

0.08
0.06

0.04
oo il Il M b 08 ol o v W v, ol K |
0 | m s [T
g N\ Q 3 X

| |
& N D &

Q R 2 X o NN o
2 LN R O N AN Y > 2 NSRS e NG
RS Y R Y PO S S Y S R & & & &
2
N
M Pathibhara Simbu B Mayam Patal  ® Phurumbu Kharka
Graph. 3. Relative densities
Relative densities
50
40
30
20
10
0 ~H= man mlle me= sl e mmw eew mem - An mm. R III Ham Eme =AN
S £ NS RS R S & S &S E S
W € @ o e O
& N

&

M Pathibhara Simbu B Mayam Patal  ® Phurumbu Kharka

Table. 2. Comparison of three CFs

Parameter PathibharaSimbu | PhurumbuKharka | MayamPatal
Similarity Path-Phr=0.82 Phu-Maya=0.87 May-Path=0.8
index

Diversity index | 0.95 0.99 1.02
Evenness index | 0.73 0.79 0.84
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have been collected including trees, shrubs, cane
bamboo and herbs. The canopy cover of trees is
26-20 %, shrubs 6-15 %, cane bamboo 6-25 % and
herbs 6-15 %. The forestis dominated by Symplocos
ramosissima with relative density of 9.62 followed
by Lithocarpus pachyphylla with relative density
of 6.95. The Yushania maling are dominant as
understory shrubs with relative density of 28.34
(Graph 1).

The comparison of three CFs for Sorrenson
similarity index, diversity index and evenness shows
very similar values indicating the CFs to be similar.
(Table 2).

The plant analysis of all three CFs showed that
the main food item of Red Panda Yushania maling
and Drepanostachyum falcatumhas highest relative
density value indicating that the population of Red
Panda can survive in the forest area (Fig. 7, 8, 9).
Questionnaire survey

A total of 200 respondents have been interviewed to

Fig. 8. Canopy cover of the study site of Phurumbu VDC
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generate information about Red Panda and its threats
on its survival. Generally active farmers, herders
and members of community forest users group are
chosen for interview. The age of respondents ranged
from 35-60 years.

A questionnaire survey had been done to
understand the awareness among the local people
on conservation of Red Panda. 85 % of respondent
have seen Red Panda and 15 % of them have not
seen at all (Graph. 4).

Among the respondent 58 % of them had seen Red
Panda for 1-5 times and 36 % had seen for 5-10
times and 6 % had seen for 10-15 times (Graph. 5).
Regarding the food habit, 60 % of the respondent
said that leaves of malingo and nigalo were the
most favorite food of Red Panda. However 24 %
of respondent said that it also feed on young shoot
buds of cane (dwarf) bamboo and Bhaluchinde and

16 % of respondent said that it sometimes feed on

berries and fruits (Graph. 6).

TR PR SR

Fig. 9. Dbh measurement during vegetation survey



Regarding Population, 49 % of the respondent
answered that the population of Red Panda has
been increased, 31 % said that population has been
decreased and 20 % answered that the population is
constant (Graph. 7).

On local knowledge towards the Red Panda
potential threats, 54 % of respondent answered that
the Red panda population are threatened by feral
dogs, 21 % by human disturbance 7 % by hunting
and poaching, 18 % by habitat fragmentation and

Graph. 4. Percentage of people who have seen Red Panda

degradation (Graph. 8).

Regarding conservation status on local perception,
34 % of respondent said that Red Panda has been
increased due to conservation awareness programs,
29 % of them told that conservation has been
increased due to anti-poaching activities, 37 %
answered that it is dueto plantation and habitat
protection (Graph. 9).

Conservation awareness program

An effective interaction program was conducted

Graph. 7. Percentage of people answered regarding population
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with locals for the conservation awareness on
Red Panda by informing and involving the locals
in education and various awareness programs
in and around the project site. The conservation
knowledge about the species identification, habitat,
food role in ecosystem and potential threats and
further conservation actions from the locals have
been promoted and motivated from this project.
Furthermore, training of nursery making and
vermin-composting were conducted to community
members. For the program a banner and poster have
been prepared (Fig. 10, 11).

For the conservation awareness we have divided
the participants and activities into two groups.

Stakeholders and community forest users groups

and school students. For the community forest

Fig. 11. Nursery preparation by the participants after nursery

training
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users group we have conducted training on nursery
preparation of Taxus baccata (Loth Salla) and
some medicinal plants. Fifteen representatives of
community forest of Phawa Khola and Phurumbu
VDC have participated in the program. This
program will help to enhance the livelihood
condition of the people in the project site as well as
it will act as the alternative source of income which
indeed help anti-poaching activities of Red Panda in
the area.

A training program was also conducted for vermin
composting. 5,000 earthworms were distributed to
the community forest users group for that purpose.
Fifteen participants were actively involved in
the vermin-composting training. Trainer have
demonstrated to make bedding of composting
and importance of vermin-composting of the
biodegradable kitchen waste. This training will help
local people to recycle the biodegradable materials
into valuable compost for agriculture (Fig. 12).
School level awareness program

Red Panda conservation awareness program was
initiated to the school children in few schools.
We disseminated the importance of Red Panda
conservation .We have conducted in the schools
nearby Phawa Khola, Sikhecha and Phurumbu
VDC. All together around 200 school students were

benefited from the awareness program on Red Panda

Fig. 12. Participants of community orientation



conservation. The list of the schools participated in
the program are as follows:

1. Pathibhara Primary School, Skhichecah, Ward
no-4 (Fig. 13. 14).

2. Saraswoti Secondary School —Schecha ward no-7
3. Shiwa Higher Secondary School, Linkhim ward

no-5

4. Phurumbu Higher Secondary School ward no-3

5. Mahendra Lower Secondary School Phawakhola
Poster about the importance of Red Panda in

simple Nepali language was prepared to conduct

Fig. 14. Students with poster at local school

the conservation awareness program for this
project (Fig. 15). 200 copies of Red Panda poster
were published in Nepali Language in which all
the ecological character, reasons for the species
conservation, and challenging factor for the Red
Panda conservation so far in Nepal were included.
The poster was widely distributed throughout the
potential Red Panda VDC of Taplejung districts
(Fig. 16).
CONCLUSION

In our study we have found decisive evidence of

Fig. 16. Local community with Poster after community awareness
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Red Panda in both Phawa Khola and Phurumbu
VDC. The hotspot of Red Panda lies in the border
of two VDCs along the trail of Pathibhara temple.
The area is disturbed during the pilgrimage season
which is temporary threat to the species. The
natural forest is maintained by local users group
with its tree species providing a good habitat for
the Red Panda. The presence of Yushania maling
with relative density of 49.4 in Pathibhara Simbu
CF, 33.6 in Phurumbu Kharka CF and 28.34 in
Mayam Patal CF provide food for Red Panda. The
species Drepanostachyumn falcatum was found in
Phurumbu Kharka CF only with relative density
14.36. The high density of bamboos and occurrence
of scat and paw prints indicate that the area is
suitable habitat for Red Panda. An injured Red
Panda had been rescued by local people showing
public awareness towards conservation of Red

Panda.
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Natural forests of three tertiary relict tree species and potential effects

of climate change on their geographic distribution
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We investigated natural habitats and forests of three paleoendemic and Tertiary relict tree species in China: Ginkgo
biloba, Metasequoia glyptostroboides and Davidia involucrata. Fragmented natural Ginkgo forest communities are
mainly found in habitats containing limestone outcrops near creeks at 840-1,300 m a.s.l in the Dalou Mountains (on
the boundary between Chongqing Municipality and Guizhou Province), in the Yangtze River valley. The forests are
dominated by Ginkgo along with Liquidambar, Cupressus, Cyclobalanopsis, Cunninghamia, and Taxus. Mosaic
Metasequoia forest patches exist at 800-1500 m asl in Lichuan (Hubei Province), also in the Yangtze River valley.
The patchy forests are dominated by Metasequoia along with Liquidambar, Cornus, Machilus and Phoebe in the
valley bottoms and by streams. Davidia is mainly found at 900-2,700 m on mountain slopes, scree slopes or valleys,
or by streams in south-central and southwestern China, with a geographic distribution range wider than those of
Ginkgo and Metasequoia. These forests, dominated by Davidia, often include other Tertiary relict trees such as
Cercidiphyllum and Tetracentron.

We predict the possible formation of new habitats for future populations of Ginkgo, Metasequoia and Davidia
under two climate change scenarios: CCCMACGCM31 (2070~2099) and CSIRO-MK30 (2070~2099). Under the
CCCMA scenario, most existing Ginkgo would be outside of potential habitats. Under the CSIRO scenario, the
existing Ginkgo would remain unchanged. Under both climate scenarios, the existing Metasequoia would expand
throughout the potential habitats in southeastern China, and Metasequoia would not decline due to climate change.
However, because of the present narrow distribution ranges of Ginkgo and Metasequoia, the limited number of
geographic points underlying the available data may reduce the reliability of the climate modeling on the two taxa.
Under both climate scenarios, existing Davidia in southwestern China would be outside potential habitats or at their
margins. Thus Davidia would appear to be more vulnerable than Ginkgo and Metasequoia under future climate
change. The information provided here will be relevant in planning conservation of the Tertiary relict species in the

fragile ecosystem.
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INTRODUCTION

Ginkgo biloba L. (Fig. 1A) is a deciduous
gymnosperm also known as maidenhair tree,
yin xing (silver apricot), baiguo (white nut) or
gongsunshu (grandfather/grandson tree) in Chinese,
and ichou (duck foot) in Japanese. It is the sole
surviving representative of Ginkgoales, one of the
most ancient relict species on earth. The oldest
probable ginkgophyte dates to the Permian, some
270 million years ago. The genus Ginkgo was
widely distributed in the Northern Hemisphere
in the Middle Jurassic (Tralau 1968). Ginkgo
biloba survived in East Asia into the Pliocene and
Pleistocene epochs, as attested by fossils found
in southwestern Japan (Uemura 1997). Today,
natural Ginkgo populations are found in the Dalou
Mountains, located between Guizhou Province
and Chongqing Municipality (Tang et al. 2012).
A possible natural or semi-natural population of
Ginkgo is reported in small areas of Tianmushan
Reserve, Zhejiang Province in eastern China (Del
Tredici 1992).

Metasequoia glyptostroboides Hu and Cheng
(Fig. 1B) (formerly Taxodiaceae, and now merged
with Cupressaceae) known in English as the dawn
redwood (shuisha in Chinese, literally water fir),
endemic to the Yangtze River valley, is a conifer
that sheds its leaves yearly. The earliest fossils
date back to the late Cretaceous, while the latest,
from Japan, date from the early Pleistocene (2
million years ago) (Itihara et al. 1975). The genus
Metasequoia was described by Shigeru Miki
(1941) based on fossils collected from the Japanese
Neogene prior to the discovery of the living plant. In
light of its resemblance to the North American coast
redwood (Sequoia sempervirens), he established a

new genus Metasequoia, derived from the Greek

meta, meaning alike or akin, and Sequoia, the
generic name of the coast redwood, which the tree
resembles. A living specimen was found in China in
1944. As World War II was in progress, the species
was not studied further until 1946 (Hu 1946). It was
recognized as belonging to the already described
fossil genus Metasequoia and only finally recorded
as a new living species in 1948 (Hu and Cheng
1948), and named Metasequoia glyptostroboides Hu
and Cheng. The specific epithet, glyptostroboides, is
a reference to the genus Glyptostrobus, the Chinese
swamp cypress with which the tree was initially
confused. The popular common name “dawn
redwood” was a suggestion of the well-known
paleobotanist Ralph W. Chaney. The use of “dawn”
in the name was meant to emphasize the tree's early
fossil record (HDOSU 2014). At that time, the tree
was only known as a fossil tree species, extinct for
millions of years.

Davidia Baill. is a monotypic genus constituting
the Davidiaceae (in the past included in the family
Nyssaceae). Davidia involucrata Baill. (Fig. 1C)
is known as the dove tree or handkerchief tree in
English, Gongtong in Chinese. It is a deciduous
broad-leaved tree, found in central and southwestern
China. Inflorescences consist of globose terminal
heads with a pair of showy white bracts positioned
some distance below on the long peduncle. The
bracts are similar in size to the leaves, but thinner
and less uniformly serrate. The bracts hang in long
rows beneath the level branches. The flowers are at
their best in late May. On a breezy day, the bracts
flutter in the wind like a white dove or a gathered
handkerchief, hence the English names. Fossils are
widely found dating from the Upper Cretaceous to
the Pleistocene in the Northern Hemisphere (e.g.

Tsukagoshi et al. 1997; Manchester 2002; Serbet et
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Fig. 1 Foliage of Ginkgo biloba (A); Foliage and seed corns of Metasequoia gliptostroboides (B); Flowers and foliage of Davidia

involucrata (C).

al. 2004).

The three Tertiary relict species, known as living
fossil plants, are paleoendemic to China. The
distribution of each is exclusively restricted to
narrow ranges and very specific habitats. Knowledge
of the characteristics of natural forest communities
and the habitats of the three species in their entire
distribution range is essential for predicting the
effect of climate change on their future geographic
distribution.

On a large geographic scale, plant species
distribution is mainly controlled by climatic factors
including temperature and precipitation. Global
mean temperatures increased by 0.6 °C during
the 20th century (IPCC 2001). In the next few
centuries climate may change rapidly because of
human influences. Increases of 1.8-4.0 °C in the
mean temperature are predicted to occur over the
21th century (IPCC 2007). Over the last 30 years,
the effects have become particularly obvious in
the natural environment (Kerr 2007). Along with
disturbance, habitat loss and fragmentation, climate
change is one of the main drivers of terrestrial biotic
change and has multifarious effects (Walther et al.
2002). Species distribution models (SDMs) have

produced spatially explicit and comprehensive maps
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that are particularly useful for identifying areas
where conservation efforts are most needed.

We aim to summarize the characteristics of the
natural forest communities for each target species,
and predict the influence of global climate change

on their geographic distribution ranges.

METHODS
Study areas

Our study sites are located in central and
southwestern China (Fig. 2).

Lichuan in Hubei, Wanxian in Chongqing and
Longshan in Hunnan are for Metasequoia.

The Dalou Mountains in Chongqing Municipality
and Guizhou are for Ginkgo.

Mt. Emei in Sichuan, Mt. Shenlongjia in Hubei,
Yaoshan in northeastern Yunnan and Weixi in
northwestern Yunnan are for Davidia.

The study areas are dominated by the Asian
monsoon system, including the East Asian summer
monsoon, the Indian summer monsoon, and the
East Asian winter monsoon, with dry continental
winds in winter and moist oceanic winds in summer.
All the study sites are located in the subtropics. In
general a mean annual precipitation is 1,000-2,100

mm, of which 80-85 % occurs in May—September.
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Fig. 2. The study areas. Surveyed geographic location is indicated by a dot.

Mean annual temperature is 9.4—15.3 °C, with a
mean monthly minimum temperature of -2.5-4.5 °C
in January or February and a maximum of 17-25.1
°C in July. The mean annual relative humidity is

around 80 %.

Data

Based on our fieldwork during previous years, we
additionally established sampling plots (from 20 x
20 m to 50 x 60 m) containing any one of the three
species. We identified all the species, and recorded
diameter at breast height (DBH) and height for
woody species > 1.3 m high in each plot.

In addition, we did extensive surveys to record
latitudes and longitudes of the presences of Ginkgo
and Metasequoia in their distribution ranges.
For Davidia, we recorded the coordinates of the

locations in its major distribution areas, and added

coordinates of its locations from the literature.

We used Multivariate Adaptive Regression
Splines (The package “ecarth” in R ver. 2.12)
to build climate statistical models. We selected
four variables in the current climate from
Worldclim (http://www.worldclim.org/bioclim):
Bio6=Minimum Temperature of the Coldest Month;
Biol0=Mean Temperature of the Warmest Quarter;
Biol8=Precipitation of the Warmest Quarter;
Bio19=Precipitation of the Coldest Quarter. We
consider these variables to be essential factors for
plant growth and survival. We matched the climate
data with presence/absence data for each species to
develop the species distribution model. We used two
scenarios, i.e. CCCMACGCM31 (2070~2099) and
CSIRO-MK30 (2070~2099), to predict potential
shifts of the three species’ geographic distributions

as caused by global climate change.
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Altitudinal distribution ranges of Davidia on representative mountains. EL means east longitude. NL means north longitude. On the X axis,
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RESULTS
Altitudinal distribution ranges
The natural altitudinal distribution of Ginkgo
populations is restricted to 840-1300 m a.s.l in
the Dalou Mountains (Daloushan) located on the
boundary between Chongqing Municipality and
Guizhou Province, in the Yangtze River valley (Fig.
3A). In addition, a possible natural or semi-natural
Ginkgo population is to be found at 300-1100 m in
Tianmushan, Zhejing Province (Del Tredici 1992).
Metasequoia populations are confined to 800-

1,500 m in Lichuan, Hubei Province, and a few
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trees in Shizhu, Chongqing Municipality, as well as
in Longshan, Hunan Province in the Yangtze River
valley (Fig. 3B).

The altitudinal distribution of Davidia populations
ranges from 900 m to 2,700 m in elevations
decreasing from southwestern to south-central
China (Fig. 3C).

The main altitudinal distributions of the three
paleoendemic species belong to the evergreen
broad-leaved forest zone and the mixed evergreen
and deciduous broad-leaved zone, with some

admixture of coniferous species.



Natural forests
Ginkgo biloba forest

Fragmented Ginkgo forests are found in habitats
containing limestone outcrops in the Dalou
Mountains. The forests are dominated by Ginkgo
along with Liquidambar, Aphananthe, Cupressus,
Cyclobalanopsis, Cunninghamia, and Taxus (Table
1). The habitats are limestone outcrops near creeks
and are subject to frequent natural disturbances.
Ginkgo’s root system is well-developed, allowing
for survival in thin soils among outcrops of
limestone. The tree can grow sprouts, suckers, and
air roots after being injured. The oldest Ginkgo tree
is found to be 882 years old. They reach 38 m height
in the canopy layer. Numerous seedlings and many
established saplings grow in rock crevices in sun-
exposed sites.
Metasequoia glyptostroboides forest

Natural Metasequoia forest patches are found by
streams in valley bottoms where they are subjected
to natural disturbance in Shuishaba, Lichuan, Hubei.
The forests are dominated by Metasequoia along
with Liquidambar, Cornus, Machilus and Phoebe in
the canopy (Table 2), while the shrub and understory
are composed of Camellia, Hydrangea, Eurya and
Spiraea. Metasequoia reaches a height of 38 m. The
oldest Metasequoia is c. 270 years old, outside the
plots of the study area. Many Mestasequoia trees
are in the habitats by rice paddies or near roadsides,
or by the yards of village houses. There are no trees
with a DBH less than 35 cm and none less than 55
years old. In Shizhu, Chongqing Municipality and in
Longshan, Hunan, there are only a few Metasequoia
trees by corn fields and rice paddies. No seedlings

are found in the study sites.

Davidia involucrata forest

Davidia, with a wider geographic distribution
range than those of Ginkgo and Metasequoia, is
mainly found on mountain slopes, or in valleys
where the soil often contains much gravel, or by
streams. The habitats are usually unstable, on
landslide-prone slopes or scree slopes. Davidia
is able to sprout vigorously after been injured
by natural disturbances. It dominates the forest,
which includes other Tertiary relict species such as
Cercidiphyllum japonicum and Tetracentron sinense
(Table 3). The forest canopy reaches 22-25 m in
height. Many seedlings and saplings of this species
are found on the screen slopes.

Potential effects of climate change on geographic
distribution of species

We projected potential distribution of habitat as
expressed by occurrence probability for Ginkgo,
Metasequoia and Davidia under two climate-
change scenarios: CCCMA-CGCM31 (2070~2099)
and CSIROMK30 (2070~2099). The two models
show moderate and high temperature increase,
respectively. The effects of global warming on each
of the three species are predicted as follows:

Ginkgo biloba

For the current climate, the potential distribution
area where the species does not occur is called
“empty habitat.” Empty habitats exist for many plant
species because their distribution is determined not
only by climatic conditions. The current presence
and empty habitats for Ginkgo are shown in Fig.
4A. The minimum temperature of the coldest
month (Bio6) would be the most important variable
determining Ginkgo’s distribution, followed by
precipitation variables (Biol8 and Biol9), then
by the mean temperature of the warmest quarter
(Bio10).

Under a CCCMA scenario, most of today’s



Table. 1. Floristic composition of woody species (RBA > 0.2%) in natural plant communities containing Ginkgo biloba in the Dalou

Mountains.
Mean Max.
RBA Density DBH DBH Max. H Density
(number
(%) (m?/ha) (cm) (cm) (m) of
Species stems/ha)
Ginkgo biloba 54 25.1 26.9 173 38 232.6
Liquidambar formosana 6.7 3.1 24.8 138 38 28.5
Cupressus funebris 53 2.5 56.8 116 30 8.3
Aphananthe aspera 4 1.9 21.8 157 38 19.4
Cyclobalanopsis glauca 3.8 1.8 8.8 76 24 145
Cunninghamia lanceolata 3.1 1.4 222 55 30 273
Taxus wallichiana var. chinensis 2.1 1 21.4 80 25 16.5
Castanopsis tibetana 1.8 0.8 24.4 110 30 9.5
Emmenopterys henryi 1.5 0.7 17.5 110 28 7.4
Choerospondias axillaris var. pubinervis 1.5 0.7 273 46 28 10.3
Celtis biondii 1.4 0.6 25.4 113 35 5.4
Sloanea sinensis 1.2 0.6 14.2 119 26 9.9
Lindera megaphylla 1.1 0.5 8.7 51.5 24 38.8
Hovenia acerba 0.8 0.4 14.8 110 28 33
Juglans regia 0.8 0.4 38 105 19 1.7
Castanopsis carlesii var. spinusa 0.8 0.4 34.4 54 24 3.7
Ilex micrococca 0.8 0.4 58.3 80 36 1.2
Cornus controversa 0.6 0.3 10.3 38 27 18.2
Corylus chinensis 0.6 0.3 13 36 23 13.2
Padus wilsonii 0.5 0.2 15.7 43 23 7.4
Acer laevigatum 0.5 0.2 6.8 50 18 293
Michelia maudiae 0.4 0.2 453 78.5 28 0.8
Turpinia pomifera 0.4 0.2 11.8 32 24 11.2
Camellia pitardii 0.4 0.2 4.1 11 7 106.2
Juglans cathayensis 0.3 0.2 10 37 24 8.7
Machilus nanmu 0.3 0.1 8.3 46 22 11.6
Osmanthus fragrans 0.3 0.1 34.4 67 16 0.8
Diospyros kaki 0.3 0.1 33.5 65 30 0.8
Acer maximowiczii 0.3 0.1 37 42 19 1.2
Diospyros cathayensis 0.2 0.1 30.8 59 22 0.8
Pterocarya stenoptera 0.2 0.1 13.4 41 21 4.1
Viburnum brachybotryum 0.2 0.1 3.4 12 7 80.2
Albizia kalkora 0.2 0.1 10.8 41 21 4.1
Castanea mollissima 0.2 0.1 8.4 25 16 6.2
Platycarya strobilacea 0.2 0.1 10.4 26 14 5.4

Ginkgo would be outside of the potential habitats,  that Ginkgo would not decline due to future climate
indicating that Ginkgo would be vulnerable under = warming (Fig. 4C).
future climate warming (Fig. 4B) Metasequoia glyptostroboides

Under a CSIRO scenario, the present Ginkgo At the present, Metasequoia grows in very

would remain in the potential habitats, indicating  limited geographic locations. Under the current
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Table. 2. Floristic composition of woody species (RBA > 0.2%) in natural plant communities containing Metasequoia glyptostroboides in

Lichuan, Hubei Province.

Max. Max.
RBA Density Mean DBH DBH Height Density
(number

(%) (m?*/ha) (cm) (cm) (m) of
Species stems/ha)
Metasequoia glyptostroboides 77.9 43.20 62.2 102 38 115.80
Liquidambar formosana 4.9 3.30 13.2 30 23 25.70
Cornus controversa 4.3 2.10 12.3 23 16 39.60
Machilus pingii 2.3 1.20 19.5 31 20 12.80
Phoebe hunanensis 2.1 1.10 16.4 60 18 12.00
Cryptomeria japonica var. sinensis 1.7 0.90 12.0 26 25 21.50
Cunninghamia lanceolata 1.3 0.70 14.0 23 25 18.60
Ficus heteromorpha 0.9 0.50 14.1 21 16 10.10
Cyclobalanopsis multinervis 0.7 0.40 32.0 32 23 3.20
Euscaphis japonica 0.7 0.40 9.8 18 15 10.70
Castanea seguinii 0.6 0.35 7.1 26 18 9.60
Diospyros sp. 0.5 0.30 28.0 28 17 4.20
Lindera pulcherrima 0.4 0.20 10.2 32 14 5.70
Betula sp. 0.3 0.10 16.5 19 20 6.40
Acer sinense 0.3 0.10 10.9 16 17 6.20
Prunus padus 0.2 0.09 4.9 31 20 8.60

Table. 3. Floristic composition of woody species (RBA > 0.2 %) in natural plant communities containing Davidia involucrata on Mt. Emei,

Sichuan Province.

Max. Max.
RBA Density Mean DBH DBH Height Density
(number
(%) (m*ha) (cm) (cm) (m) of
Species stems/ha)
Davidia involucrata 23.8 8.1 11.2 58.0 22.0 3222
Styrax hemsleyana 17.4 5.9 46.0 107.0 25.0 25.9
Cercidiphyllum japonicum 9.5 3.3 15.1 97.0 18.0 61.1
Pterocarya hupehensis 9.5 3.2 16.6 58.0 25.0 74.1
Prunus brachypoda 8.5 2.9 19.6 70.0 20.0 50.0
Prunus padus 6.2 2.1 17.5 55.0 24.0 44 .4
Tetracentron sinense 4.4 1.5 20.3 49.0 16.0 333
Staphylea holocarpa 4.3 1.5 11.5 47.0 10.0 74.1
Acer oliverianum 3.0 1.0 12.8 58.0 22.0 29.6
Tapiscia sinensis 3.0 1.0 322 83.0 22.0 5.6
Rhododendron argyrophyllum 0.8 0.3 14.1 41.0 10.5 7.4
Aesculus wilsonii 1.2 0.4 9.4 49.0 16.0 18.5
Acer flabellatum 1.1 0.4 10.6 29.0 14.0 22.2
Macrocarpium chinense 1.1 0.4 9.4 26.0 8.0 35.0
Lithocarpus cleistocarpus 0.9 0.3 9.5 24.0 10.0 25.9
Rehderodendron macrocarpum 0.8 0.3 14.1 41.0 18.0 7.4
Quercus oxyodon 0.6 0.2 11.3 23.0 6.5 14.8
Decaisnea fargesii 0.6 0.2 6.1 19.5 8.0 35.2
Camellia oleifera 0.5 0.2 8.7 23.0 7.0 20.4
Carpinus turczanionowii 0.3 0.1 28.0 28.0 12.0 1.9
Acer maximowiczii 0.2 0.1 11.5 20.0 12.0 5.6
Stranvaesia davidiana 0.2 0.1 10.5 20.0 13.0 5.6
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Fig. 5. Potential habitats of Metasequoia under current climate (A), and future climate as scenarios CCCMA-CGCM31 (2070~2099) (B) and
CSIROMK30 (2070~2099) (C). The blue dots indicate the current presence of Metasequoia. In (A), the red area without blue dots represents

empty habitats.

climate, empty habitats are found in southern and
southeastern China because their distribution is
determined not only by climatic conditions (Fig.
5A). The precipitation during the coldest quarter
(Bio19) seems mainly to determine the distribution
of Metasequoia.

Under either future climate scenario, Metasequoia
would mostly remain in the potential habitats, and
these would expand in southeastern China. Thus
Metasequoia would not decline as a result of the
predicted climate warming (Fig. 5B and C).

Davidia involucrata

Under the current climate, Davidia is distributed in

central and southwestern China. Empty habitats are

found in southeastern China, results of conditions

other than the climate (Fig. 6A). The minimum
temperature of the coldest month (Bio6) would
be the most important variable determining the
distribution of Davidia, followed by precipitation
variables (Bio19 and Biol8), and then by the mean
temperature of the warmest quarter (Bio10).

Under both future climate scenarios, potential
habitats of Davidia would diminish in the southeast
and in most of south-central China, and would
expand westward. The current presence of Davidia
in south-central China would be limited to the
margins or outside potential habitats, indicating that
Davidia would be vulnerable under future climate
warming (Fig. 6B and C).

From the results above, it is clear that Davidia
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Fig. 6.

Potential habitats of Davidia under current climate (A), and future climate as scenarios CCCMA-CGCM31 (2070~2099) (B) and

CSIROMK30 (2070~2099) (C). The blue dots indicate the current presence of Metasequoia. In (A), the red area without blue dots represents

empty habitats.

will be more vulnerable than Ginkgo and

Metasequoia to future climate warming.

DISCUSSION

Ginkgo, Metasequoia and Davidia are
paleoendemic to China and are important
constituents of plant diversity (Tang 2015). Though
the three do not grow in the same geographic sites,
they each occur exclusively in a few restricted
mountain areas, glacial refugia in central and
southwestern China, mainly including Sichuan,
Chongqing Municipality, Hubei, Hunan, Guizhou,
Yunnan. Their habitats, ecological performance, and
regeneration characteristics are very specific.

Climate model predictions suppose a severe
loss of biodiversity owing to changing climatic
patterns (Thomas et al. 2004; Thuiller et al. 2005).
Climate change will force some species to shift their
geographic ranges, or face extinction (Parmesan
2006; Massot et al. 2008). Species sensitive to
temperature may respond to a warmer climate by
moving to cooler locations at higher latitudes or
altitudes. Because of climate changes, species may
no longer be adapted to the set of environmental
conditions of a given region and could therefore

fall outside its climatic niche (Bellard et al. 2012).

The strong association between distributions of
plant species and climate makes it appear likely
that rapid global climatic changes may alter plant
distributions, resulting in extensive reorganization
of natural communities (Graham and Grimm 1990).
The minimum temperature of the coldest month
would be the most effective factor regarding Davidia
distribution. With climate warming, the potential
habitats of Davidia would shift further west in
China; however, this species depends on a specific
habitat (e.g. topography, soil) and community
characteristics, as does the assemblage of several
Tertiary relict species, including Cercidiphyllum
and Tetracentron along with Davidia. 1t would thus
potentially have trouble migrating to new sites.
Moreover, the species cannot evolve significantly
new tolerances or disperse to new localities in the
time projected (as a short time scale) for climate
change, nor can it compete with modern plant
species. Clearly, Davidia could be threatened by
future climate warming.

The limited number of geographic points
underlying the available data on Ginkgo and
Metasequoia, due to their current extremely narrow
distribution ranges, may reduce the reliability of the

climate modeling on the two taxa.



In view of the effects of global climate change
on Davidia distribution and survival, conservation
strategies such as propagation of the species outside
of its natural range to provide conditions for
reintroduction are important to the survival of the

Tertiary relict tree species.
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JEMNRD NI TIE, IBITFHRXI
DEDOYREITo T2, 58,8 HIHICDW T,
BRI UTEMLE (X3).
2-3. WIEKET F 4% X 3BIEMZ R
AFENCZ, BREHEEHEEYIREL 2
— X DHRHTEN 2, 2008 EH S 2014 FEDRZHE
HE, <> U —ZAERIC K ML,
O VT =R K BFBHEKR E 5 R
INFBEREDT F 73 X2 66 fEHEDHA
D 5 WD I HFIRA R 2 VW 7z, SRR K D
DNA Z i} L7z. mtDNA @ D-loop fEl DL E
B %] 72 BElig 9 % 7= Hic, Forward 754 < —IC

2 TFHRAXIOER.
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L15933 (5-GGTCTTGTAAACCGGAAACG-3’
(F1)), Reverse 7 < A < — IC H637 (5-
AGGACCAAACCTTTGTGTTTATG -3 (R1))
ZHWe, HERSORER, #HELUY v
7" JU 7 ABI PRISM 3130xl sequencer (Applied
Biosystems #-#) ZHWTHX AL Fo—F
Atiole.

O NTHERYNIEHEIC K D HIE /A X
— Y DR LB IEZ1TV, BLAST BRI X
D D-loop I TH S &R L. 7T
7 3% A 2 mtDNA  D-loop 35 K i o T 5 1T
i, "BENERERYE T FHRAIDN
BIEEEALNTVS 7YX AIE (Suzuki
et al. 2000) 4 ff (Rattus rattus . FI355927.1,
Rattus norvegicus . JX105355.1, Rattus exulans .
EU273710.1, Rattus tanezumi : KF011916.1)
@ D-loop fHIK D 2R %2 B Y| 2 ik L
fe. LALU, 77 7% X3 D D-loop f# Ik D

ROIE751
X7 HFL

~BRENET I /) O - +XS e BifiE~

[RaiBf  MZBELIRE

[ty e

[R%] 2km LLESIT5 750/ SELI T HREEEEHE

[ B X9 L RECRE CRAORY), 48T SBEHHE.
BAN. BH. BETRTIU | HLBTHUD

BLAHTE !
PHEOTARLER?

ERHTT RS / HOIHXDT U AEE TS
SEPBY ET, WHTYT U EFIER, T
FOEATVN ST BB FHDY £ F
T BAE R TOYT IR T

TUFET, TFHARZI b
BAHDEDIR) FTETSADES IR
AB1=tD. HDTE IS EFFATLET
EOFDIET S EHAETIEIRLE

ROMEISE—RICHBNSUS !
B AREY (T LRI (B Tl

B\ Eis S2esIns TEL 86-3575
IMEREY BEAREEERTT TEL 85-2019

THAL 172
LB
KR BRR

SR

17
TRURSAIETHESEES I | T
7 Toc ke |5 IrUE

3 BRBNHEDRNTF .



W R UGE D DIRE T E R Tefedh, RIE
L 7Bl & O, LRAFTE O W s i S 5
jzic 2 DD 75 4 < — (Diplothrix-D-loop-1 :
5’-TCAGTCAACATAGCCGTCAAGGCATG
AAG-3> (F2), D-loop-R 21040602 :
5’-CTGAAGTAAGAACCAGATG CCTG-3’
(R2)) Z&EtL, AFt4DDT I A< —%H
T D-loop RO R E7Z T E LTz,

INT A RA T AR OFERICIE, Arc GIS
(ESRI ¥ v /S HRAAHED ZHVWTH 7
OB Z IR EOMN Fic 7 awy b L,
INT T RA TR ER LTz, s E AT
S, VTR SR L kRt E L, 5O
DHUSAEAREE GRABHT, KRR, [HARET, 5
WS, R NI ZR0E Uiz, I E AR,
DAY B4 BN M E N TV 5729,
FEARHT DA AR Z sREAREE L, 1> 4 DO
AR Z DR THMEAARE L. ZTLT
S, v—r Xk H1E 5 N7z D-loop
O LR Z T, BEZREDORE
BeixzNnTurA7LrkE (h) LEREZ
JE (m), RHIOILRS HRERO G2 /R
Tajima’s D (D) (Tajima 1989) & Fu’s FS (FS)
(Fu 1997) 7% Arlequin ver.3.5.1.3 (Exoffier and
Lischer. 2010) (c K O B U/z. EARMIMIER
ricid, NTaxA7xy bT—7 K% TCS
ver.1.21 (Clement et al. 2000) % FIWTHERL L 7.

fiptirid, il RRE, PalEiRERER, EIRK
BRI TiTo Te.

. #E55
3-1. M7= bR R IR
WA OFIAE LR K CAGRER R 2 £ 1 1R
L7z, 20154 1 A 14-18 HIC i L 7=3#A T,
EAEEC 21 {8, FEERic 180 i, A&t 201 o
Fow T ERELEDN, NIRRT ERAI
BHIETE R o7 201544 H30H -5 H
9 HICHESE L7zl e Tl&, BALEBIC 238 1,
S 170 fl, AEF408{HD F Ty TRFEL,
JEEBIC BT 2 R L7 (KD, X7k,
2011 45 B IR T, SI6EsIc 1708 i,
FEERIC 2111 i, AEF 3819 HD 5 v T RiE
L, BItEBicswT 10 itk (i 6 fefk, M4
k) Orr7 /o< W PR X IEHE L.
3-2. P2 4 R X IR A
TFAHARRIOLERIRMFE L UTEMLUTZ
BIEHAORE, SNOME 15 #iicB N T
TFAFAIOERES CICHZHER L. &
B, WRLEHISICOWTIE, AEHEEDOD
M X BT B, TNETERLT
WERWEEZ BN TR T & IRY 2 Y
BTENTE.
3-3. WIEKET 7% X 38152 RN
1) D-loop FEIEHCH1 D2

#£1 2011ENS 2015FED LT/ < b7 3R OGRS R

oA A R iR A 11 ] B R R
2011/12/18-27 2013/11/21-27

it 331 7 2.1 it 737 0 0

3] 384 0 0 2] 618 0 0

/Nt 715 7 1 /NEtE 1355 0 0
2012/12/22-30 2015/1/14-18

it 331 0 0 It 21 0 0

53] 569 0 0 2] 180 0 0

JNEF 900 0 0 /N 201 0 0
2013/4/26-5/4 2015/4/30-5/9

it 50 1 2.1 ik 238 2 0

7] 190 0 0 2] 170 0 0

/NG 240 1 1 /Net 408 2 0
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BRERKEETFTH X 66 MIKICHEWNT
mtDNA O D-loop B 4 £ Fid 51] 894 bp % TR iE
Ufe. ELTZERERSNZT A4 A2k UTHS
B, 26 r FTOBEEEWDED EN, 16 DNT
0247 (Dal-16) M E Nz,

Dal (& FE{EATEO [HAEFHNT T 3 {i{k, WA
Irc2{@kTdho, £2ETSHAKTHo /. T
TAARED Da2 I3 KFIF T 3 fEfk, [HEMRTT 4
fEfk, WHAITT3MEEKTHD, RETI0MH
KTH - 2. PAAEED Da3 IZ KRN T 3 M@k,
[HEMAITT Lk THD, £2ETA4ATH->
7z, PE{E{ARED Dad (XIHEHIET T 1K, 5
Wk ¢ 1 fk, ENETT 2@ ETHD, 25
T4 fEATH > 7z, FEMEAREED Das & [HA:H
MTC 5 fER, SR 1 EA, SEPARTT 1 E
KThHo, 2ETTHEKRTH> . HEKTED
Da6 (X FEHINT T 9 flfAk, FEMEARED KFIF T 1
ik, [HEMTT2METHD, 25T 12
AT > 2. DaT IFPGEAREED KFIFT 2 A,

sy L 23

KF (14) =

TR (8)

P RHT (11)

FRHNT 1R THY, BET3IFEATHS .
Da8 (& PEEARRED KAIN T 1 EA, [H{3HETT
2tk TH O, RET3IMHEATH-z. Da9lk
PEATEOIHERAT T Lk TH O, £ETI1
A TdH > 7z. Dal0 (ZFEEARED KFIF T 1
flElfk, [H4EFETC LAk, FHR T 1R TH D,
RET3IEATH >z, Dall IZFEMEAEED K
FIRC UEER, IFHEFETC 1 RK, W5 AR T
1k THO, 2ET3MATH-> . Dal2
PG EHAREO ARIN T 1 EK, [HAEMAETT 1A
KTH0, 2ET2M{ATH>7. Dal3 &4
EAREOIHEHIT T 1k TH O, RET 1
RTH > 7z. Dald ZTE{EAREOHF NI T 1
itk TcHv, 2ETIHKTH>/. Dalsid
PEIEARRED KR T 1 ik TH O, 25T 1HE
ATH > 7. Dal6 FVE{EAKFEDHAFETT 1
flElfk, AT 4 (itk, BAARTT 1R TSD
D, 2ETIATH->Tz (K4).

RERE

BESBET (9)

B £ FRMT (24)

m Dal ® Da2
A Da3 o Dad
O Da5 o Da6
® Da7 @ Da8
A Da9 o Dal0

* Dall e Dal2
@ Dal3 e Dald
A Dal5 o Dalé

4 WEREHET T ARZAIONTOZATHAER. O W E AR RS
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2) ERNZRMEE N T T XA T
BEMICB T B HEEE, ~NTazxA4 T,
BN Z RO 5% h, n, EFEIOL
KPP EAREIROGEMZ/RT D, FSZHEL
fe. EIERE 21K T3 h=09152+0.0148,
n = 0.006094+0.003295, D = -0.00866 (p =
0.57000), FS =-0.57676 (p = 0.45200) TdH >
To. SAAKBERNC A2 &, BERREED FEHTHT
MHAERECIX 9k, 1NTakA47, h=0, =
=0, D=0 (p=1.00000), NFTXA TEMNI
D= FSIFREITE Ao —J, Pk
BEO RFIRHMEARETIX 14 1k, 8 NT XA
7, h=0.9103+0.0559, == 0.006109+0.003535,
D = -0.46015 (p = 0.36600), FS = -0.47501
(p = 0.40300), [H & FH KT fi 14 £ T 1% 24 {4

K, 137 7 1 &% A 7, h=09239+0.0323,
m = 0.006031+0.003357, D = -0.72411 (p =
0.25200), FS =-2.337708 (p = 0.14800), *
R EAARTE Tl 8 K, 5T X A7, h
7 =0.007510+0.004515,

= 0.7857+0.1508,

Q)
Da7 ™

(3) D38

(3)

) Dalé
(6)

D = -0.16989 (p = 0.45200), FS = 1.44171
(p = 0.76200), ¥ = N HT {If & #F < & 11 @
R, 7N 7 1 % A4 7, h=09091+£0.0656, n
= 0.004596+0.002796, D = -0.32476 (p =
0.41100), FS =-0.83720 (p = 0.28300), P4 1}
TRBERAK T ST MK, 16Tk A7, h
= 0.9254+0.0146, © = 0.006500+0.003499, D
=0.09864 (p = 0.60400), FS =-0.69695 (p =
0.448000) & 7x- 7z,

INT TR AT HRTIE, Dab i ® A
(18 %) THBNIA, 12 ik 9 fE ki bRk
SNTV B FEMSAT(EARE TRl S N7z, Da2,
S5ELEHE (15%, 11%) THHN, PEEARE
ICERIC A LTz, Dal6 13 2014 4F O Y
VTINDOIHSRHEN, FREGEEERE
PEICR SN T Wz (K4).

INEDONTa XA TORKEMGREHET 2
feblcnTu ATy b= KZER LTz
(X¥'5). Dall B LN T X AT T
Ho, REFLTWEINTOR2ALTHEL, 435

X5 wEREETTH
FRXIONTarAT
Ty FT—Z /K. e
fgnNTarAs, KE
T O NOBFMEA
B, B X A E R
B, NEOERUERIEL
VTAVA=T- & dv i3
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KT T XX I OMEREZ, A Bbxw s
ROBIEIREZRL TS EEZ BN,

V., ZER
4-1. b7 7= bR X IR

AFFICE B b7 o< B2 A IERIR
FEX D, AFOERIGIEHICRRNTSHD,
Z OERABEE IS RN T R EN
fo. I, MEZEOHRMNE, FEATRERKSS
FHEHIC X > TEOmME L AFICHME N TH
D, WEAARER TOBENRRIE TN TV
WD L#tRENS (KD, 20k, B2k
IS B HMEREEIEFITNE N E, MY
MR A IOERICHET BT E Hicdin
WIRDIC B % EHEZR S Tz, 2011 FLUF O Hf
TERET DR, BLEBIC 1708 1, FEERIC 2111 [,
BEF38I9HD T TaRE L, BILTCH
W10 fEfk (B 6 R fA, M4 @A) o7/
VRN AAIESE LT, T OfSREE RN
I LEBEATRE AR IR DY, 7R 2 RS R RS
RFFFT MR X I ORI & LT
&, DEDIRWIERTH - 7.

FFFT 8T OMABER A OFER & L
TETONCERT % / 2 I0OMAEIC X % HE
MERENTWS ks JiE ) 2003). 2014 4
JEICEREEA DM LTz 2 DI OFEE,
6 flfkD /2 aDFDS B, 2MHkED N/
BT RAIDRBEN TS, D 2 filfk
D/ xa0hic, K6 EAD N7 /< b
TR AXINEEN TV, i SIE AR
INE L, MR EFERE (B2 ET) & Ok
mio. e, AREHERICE R U< b
TR XIOERMIIC BT R aAziERT S C
EWH ot BUE, REEZPLE L/ 33
MM RENTED, M/ MrxA3
DOHBIERMRLICZDODH S, SKkE, 5
N 3 BT % 207 & IS ERBEE A A L T
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B K975/ R RGN I L T
EDNRETHS.
4-2. P2 4 R X I AR DLGR A

MRS 75 D ICRERED T F R XI D4
BERICOVWTIE, U7 —ABiREER LI
KO MM EERNERSINTE TV, —7,
W2 EDT FH XA DERBRICOVTIE,
HE75 5 CICEGEF I & - T Wi 7e E#ic
RN Tz, ZOFRICOVWTE, JEFICD
L, EEMESEN TV SRIOEYHE
DOFER, BIEE D CICHEN BN OME 15 i
CBWTHERE N, CTORE, chxzTcoH
BIEIRG ED I Z VY, B K
25 I EREOHZ)IEECmAZ, ThE
THEEDPHERIN TR > R Z LT
WCHZNHERRFIC B ER U TW S ATHEEAVRE
nrz.

RIFE S, <Y OWAEIKTFT 5720,
W LETFHIAIOERZERINTRLT
WABDITTIREWD, FFHrXcB#T 54
RIERDBIE SN TV 22BN T, LR
FAIC BT B MENHRINE L L TR TH D L
eI iz, SRk, BIRRSTIKEICTDOWNT
DNA 73 #HTIC X 2 EEHMEZIT> TV TET
H%.

¥z, SN, #AEICmA, —HEicBR
SIRGHE S R Lz, AT, F530
EFBR 81T o 72 hY, RAEIIC 100 Z550
ZINENSD > Te. MEHFEDORIFCDONTED
20, HEEDTOZMES 30 B EDH D
BERADEDORIC OV TOMERIEM & Vo ok
FRENICE > T—EDOMEND oIz EZ BN
5.

4-3. WRKET 70 A I BB R
1) EENZENEENT T XA T HROBUR

B ZRRIEICBI T 4580, ki L 72)A

WHIPHIC T LTV B 7 R A (Apodemus



speciosus) Cl&, h=0.77-0.86, m = 0.016-0.024
THY, mVERMNZHIEZ7R9 (Hirota et
al. 2004). —J, MRS ERE R 2 R
U, AR W LN U727 NN A
& — (Cricetus cricetus) TlZ, h = 0.100-0.189,
n =0.0003-0.003 TH O KV EIEMZHRIE %
RI DG EN TS (Neumann et al. 2004).
BBENTH 27 I b7 2 X3 (Tokudaia
osimensis ; h = 0.77922, m = 0.003218) &, T
TEHY T 7<% A3 (Rattus fuscipes greyii ;
h=0.280, ©=0.002) l&hH@E <, oldEw
TEPMETN TS (KT 2013, Hinten et
al. 2003). WERRKEGHET T HXAITE, hid
0.9152 L &<, mld 0.006094 LKA >z, K
n DfEI, BEEMTHE ZABHEMRE 2
ANV I DRETHHEEZOND (T
> 7 NINE D 2007, Neietal. 1975). D78,
WIEREGFET T 3 X AR ARE R
TR MLy 7 DR 872 3 T- T EWVREE
N7z, D, FSIZETOMKE CHEAMETIX
BTy, RAOA,  [H{EAIHT, 0 AT (A
FECIRAARES IOt 2R L, TR EARE
TIEABGIA > O 2R Ule. Padikhe & 4
SCRIEABIEMOMZ 7R Uz, h AV
ENB L, EARBDOBEBDNRE B >Th,
R BV DRI U RIRE ] TR EIE
L7zDTiEH0wWheEZ N 8BNS
FPEE, BEARTEY A XOMINZERAFIC K >
TEIET S (752 7N\LIEH 2007).
WERKBET T HHFXIOWEEETE, <
YT =ABBRERIC KD, RERORNB LT
IO RKDNHS M E > THED, D, FS
IS X O AFBE ORI REN TS T &
NS, EAREY A ZOMIMEZ NS, D
18, S, FEEREED T F 7% XX O#URH
ZRRMED IR S 5 AfREMEAVRIZ E Nz,
REABHT E{ARE ClE N7 B X A 7 Da6 L

HEng, AEMEFEHEh Vb Enb,
FEABT R AL PaE AR & LU, BRI ZERTE
ML KL, HIRD ) 2T DENT & hV R
SNz (K4). Dal6 2014 DY > )LD
A SR EN, BRES T E AERKBIEIRICIR
ENTWeB, NTazxA Ty b T—7 K (K
5 A THBE, REOHKODal0 EE 5D
DOEFRBERDEEZ TV B T20, 2014 FIAI
HE U TR IRIER IR e EZ BN, &
Te, NTRZATHHER (K4) K0, FHR
EHARE COHBHEN SN EDHSENTH S
D, FRAEERRZTLE LioTa X
AT THBLEZLNS.

EEs
AWFE2ITOICHID, 2L DFFRICTHI
WV, NPOTEANEZBILORDERH
DFRICIE, BIHERE TORAL T IEREE Mt Z O
el £z, ARRESE Y 2 —DOfEA
KL, BREEAAEREE BT O) 1 1Hhsk
(R ENTIIBEDEIT DOV T ORI E N2
Wiz, RSB L ETRT

SR
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Annual Report of Pro Natura Foundation Japan vol. 25 (2017)

Fund for nature conservation in the Nansei Islands of Japan, FY2013-15

Research for conservation of the endemic endangered small rodent
Tokudaia and Diplothrix

JOGAHARA Takamichi, KOSHIMOTO Chihiro,
SAKAMOTO Shinsuke, NAKAYA Masataka, YAMADA Fumio,
MURATA Chie, NAKATA Katsushi, KUROIWA Asato,
KIMURA Ken-ichi, and NAKAMURA Masahiro

Tokudaia and Diplothrix legata distribute Okinawa island, Amami-oshima island and Tokunoshima
island. These genera are endemic and endangered species. However, conservation measure do not
implement for these genera. In this study, we carried out surveying habitat situation and genetic
diversity.

Habitat situation of Tokunoshima spiny rat was dividing into north and south parts. Moreover,
population size is very low. Habitat situation of Ryukyu long-furred rat in Tokunoshima island
revealed that new habitat from vestige. Genetic diversity of Ryukyu long-furred rat in Amami-
oshima island cleared that it population had bottle-neck effect.

Key words: spiny rat, Ryukyu long-furred rat, habitation, genetic diversity
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FEFEFE S0 BAREICET 2% - EENNDBR

TERRA S DLV ZRMEDIE A TED AR &
T DOREICET B AN

HRBKRE S RIS 7V — T
NCREIFERR |+ T2« ERRTIRED * - RHASRERER

RERGES QLMD ZRENE EEATEHE, B4 GELER AN T O ADEMTH 5. AWETE, A
BRI — )b LRI AT — VDI T —F ZHAERNCHN T, BiEGEEOEMZ RO T 1
YR HL, LUFD 3 G5, ZOREEIEZHE Uiz, 1) IR 7 BB 2 5EkESOEM 2
ORIz, T DIERMERERICIE DD THEAEZI ST L. 2) BEREROEYZ AR 20
BLURZRHI L, (REXREODNEEZIHS MM Uz, 3) BRSO Z MRy ARy b TH2E
LR (BAR - ®EKE - 25 - RS - KR DEMZHRIERERZ, EMZ RIS R
AMEREREIE =2V /T =R OO THRE L. BUE, FiEK#BO MR SE P e

G THEfICN LT, AR,

i) FRERRE S DEMZ AR DA PEDZMIIRIZ SR U, i) BIROEES

s D BRI R 2R 2 B2 ATV TR U Tz,
F—U— R AR Y ARy b, ERZNHHKER, A7 LMUREEE, (REEYihrs

. AARDOER

FRERGE RSBV LT OB T L,
SR RERGIE R B L2 4% CBIEIC R > TV
%. BRERGEESOLEYIFNICEIR T N5 2R & [
AP, YRR ORI s & Wnic X %
LYo X, Ta =ik B
BRI MO HAFE L Vo T BRI T a v X
W, HEIERHLUIERTH S, FiEkEEIE2
P2 =i, MRSy B ARy b
DO—DL LTHEHTN, ZOEREREHFREAR
BPEICER T 2 ENERICEZ > TS, —J
T, HiEkERORE LAEREREHMEFRIR EDA
BAINT MCESENTED, HEREYH
BRIRINCAR ST B T2 D BRI 7 A RERE B
FEDEZRD, FRRZEHIGRE b NRADOHR
HMEEoOTNS.

. B8
ARWFFETIE, HRERFE S OEMEZ RO T
Ot AR 2728, JREAT—)V & R A
r—IVOBIET Ta—F ZHEMCHWT,
AR SR — 2 L, Z OIREHIG Z 18
L7z (KD, BRMNCIX, LUF 4 DO
ZiTolz. 1) W7 V7 BIRIC T 2 HERGE S
DEVIZRRIEORIR & iRz, SRR
D JEESEITE BRI LD W CIEA TR B B i
Uiz, 2) BiBREEOEMERIER Y B XKy
FTHBFEEE (BAE SRR -H2E-
TR - PHRE) OB R E, AR
LREREME =2 V7 F—2D0HHc N T
RELE. 3) HEGEEDEMZ AR OB
WL, (REXGREOREEZHS ML
Too 4) HGEPEGGIMIE (BEAE - 25 -

I BiERAE 2 bR
2016.12.2 %2 2017.6.20 23
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[Iﬁﬂzaa%aaym %ﬁﬁﬂﬁ?ﬁﬁ/ﬁiﬁ%ﬂﬂi]

EREREESEARIT

[ BEXS S EREOMEL AL TORSEEE ]

FTA B DA

X1 AFFEORSAR. ARFFE T, FEEROEMZAMER 22 < 7 0 A7 —)b A7 — )V O/, SIS M L

TS - TURE) OREVIZ RN Z ER L,
R4 IR 2 RE U e,

. HEREDOHR

1. BiBKEH S O W2 BRI DELIR & HEFF

S AE AR S 2 — RIS B B R RE
2 Tav LT AERGES BT TV
VAT LTHB. BEGEEZ ST D7 Ei
DX S I KREROHEZ, Hish kxR
HRIREENC K E B2 TV05. KES
DEYHDO IO A 7 = X LK, FEREIE
FRIC & B LR BT T A, sk (BR
B Ik BT Ac k> T, BTN
%. LT, KEEEOLEYIIHZRKS %8
DOFRMEGRZHIE L, ThEHIC U THELAN
IVORFREERRGET % T &%, BUHERAEDE
LTV BEMZRIED 2 — VBRI R
DD Rz LT AR B 2 BEfR T 2 E o h
JE5%2%. £T T, AFEO—DHOHMET
&, FiEKGERIC 1T B HEE AR O R
HeE L, {7 Y7 BB B OSSR
kI 72 iR U 7z

REYIFE DO BHERMMGE OB CRIEIN 7 5 A
2 2 TRMECIIIRA ) 2 ISEAR, KURER
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Fund for nature conservation in the Nansei Islands of Japan, FY2013-15

Evaluating evolutionary distinctiveness of biodiversity
in the Ryukyu Archipelago and its conservation
based on long-term ecological research

KUBOTA Yasuhiro, SHIONO Takayuki, FUJII Shin-jiro and
KUSUMOTO Buntarou

The aim of this study is to examine maintenance mechanisms of biodiversity in the Ryukyu
Archipelago, and develop conservation strategies in this region. Specifically, we performed
macro-scale analysis of conservation status and systematic conservation planning and local-scale
studies on the management of subtropical forests. First, we examined environmental predictors
of phylogenetic structure (evolutionary derivedness and clustering) of vascular plant assemblages
in the East Asian continental islands. We found that the highly endemic flora of the East Asian
islands, including the Ryukyu Archipelago, resulted from the interplay of idiosyncratic regional
factors, and ecological and evolutionary processes. Second, we examined the pattern of functional
and phylogenetic properties that were choronosequenced from clear-logged secondary to oldgrowth
subtropical forests (170 plots) in the Ryukyu Archipelago. Our findings of functional
and phylogenetic properties illuminated the importance of dispersal (stochastic) processes from
regional species pool in community reassembly after anthropogenic disturbances. Third, we
examined how well existing protected areas conserve the variables driving plant diversity patterns
in the Ryukyu Archipelago. Japan’s existing protected areas did not effectively conserve the plant
diversity in this region. We also found a latitudinal/longitudinal bias in the locations of existing
protected areas, demonstrating differences in the conservation strategies underpinning protected
area designation across the prefectures. Moreover, in order to develop local scale conservation
strategies regarding of UNESCO World Heritage, we created fine-resolution maps of plant species
diversity in Amami-oshima, Tokuno-shima, Okinawa and Iriomote Islands. Finally, we identified

important areas of biodiversity conservation in the Ryukyu Archipelago.

Key words: biodiversity hotspot, ecological forestry, systematic conservation planning,

conservation biogeography

Research group of biodiversity conservation in the Ryukyu Archipelago
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RS DORIC H 2 BN BOIRNZMRRS &
N OPELEDR D OREDRINCAETH % .

HEREDILNE ERHABD S BT, 7
> dIEIE T 46 LT 2 A
b5 Bz, FUey, VUV, Mo, #
IR, BRERE). TOMEE LT, M AHOR]
REMED D 5 E DD, W 7ETCIEFHLIC W
Bl CREIRIE OWE0RERE) £330, B0 EA
AN DOBEPENAEIAEIC & 2 iEEE T S BRE T X
ENE LT, HRTERE X ORHAN SHEREL
LTINS, MO R Rne®
AbNns.

RSN 7 AL 721d 8 HDHHA B 5\ d %
DIRICIRZ T EWARMATHE N EEo T, B
BTRRELET I X THEDKIENHAD 5
HEHZYE—Z L L TitbNs (Liuetal 2005),
HB2VIFAEBOARTIERY THTOHRED
MBE-> T4 HRICHEMEDHEZE SN TV S
(Harii and Kayanne 2003) C &5, ZfEIEIE
EHHDOEE WS AIREMEN D 5. 5% A D
B H OEICY > TIVEREUZZATY, RS 72 ffERE
U7z T, HEDEEI NS H O H LRIk
> THIE 2R 0 IR K O IEMER R R 2 FF
ETBHIENTES. MAT, I7OiRgHED
B 2 il T11 5 T & AT T UIHE H IR
DHEER X URE > — > 2w 3 % T & DIRE
TE5.

RO > dld, KURZH) 0 - 72
eI TED 1B MERICHEL, 74T
FHWEEEELTURA RNy TENTWS
(Carpenter et al. 2008). 7 A Y > Jld—MmIc
FERE D ICIRNE S DN TE A, 2009 F
DEICKIE DT A Y > T UL RIS EE
T O (ZEEA 2010), TOREELIZEDOD
LZHE L TEWHNEWIRIICH S T EICED
DIF7RW.
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RIFFAERN S, MRS ELD T A4 > di
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KEEED E D X 5 I 2 TERE iz Db
D X IZHNZ L, SBOT AT 2 IOMRE
WA TR N EFEE 20,

SR

LR - REFIEA « WPFERR 2010, KifiBF U €
DOTAY Y AFEDO BB OV T (P
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pdf/100212report_update.pdf
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Fund for nature conservation in the Nansei Islands of Japan, FY2013-15

Studies on the reproduction of the blue coral Heliopora coerulea in
Oura bay, Okinawa

YAMASHIRO Hideyuki, WATANABE Kenta, NISHIHARA Chihiro
and YASUDA Naoko

To estimate the reproductive cycle for blue coral Heliopora coerulea in Oura bay (Nago,
Okinawa Japan), near the northern limit distribution of the species, coral nubbins were collected
periodically and fixed for further examinations. Sample collection (n = 8 colonies) was done
randomly for Chiribishi (because they are clonemates), and tagged colonies for Okinose corals.
The results showed that the blue coral of three sites of the bay (Chiribishi, Okinose and Jinza, one
time collection for Jinza) were male. Sperm sac was white and of like a grape bunches. Spawning
time of sperm was suggested during the period after new moon in July or August. In addition to
Oura, the samples were collected from Ukibaru, Sakimotobu and Oku of Okinawa Island. Only
one colony was female of 5 colonies of Oku, others were male. Thus, the sex ratio of the species
around Okinawa Island must be biased to male. Annual growth rate was 7.6 mm for reared corals.
In Oura bay, attached diatoms mainly Lichmophora have been observed on the colonies of H.
coerulea through years. Mucus sheet secreted by the coral can function to avoid settle by fouling
organisms.

Key words: distribution pattern, estimation of the reproductive period, deviation of the sex ratio,

attached organisms

Research team for blue coral of Oura bay



H R AL B R i 3 vol. 25 (2017)

FEFEFE S0 BAREICET 2% - EENNDBR

B BICAE R T AiEHEY > JOZEAr—)VIcBIT %
REBERFAIE
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FABIC &> THEUTRHAL Zh o e, AFINICAR L TVWB EEZLNT W2 XA TDT7FIY Y
I, ML K > TRERZTINRENTOT, E5RBERPNEIIFDRETH S T AR ENT.
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HEMERBZHE LTV, INSDOREIE
s A R/KERTRRO A BT, RE
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FEFRE AR E A (IUCN) 72 EIC K - THEE
I BRI DIR R T > THED T D01 LAY
WEETN TS,

FPERGE Tl 1998 EDEREY > T (DUF,
Y d) ORBEEELE, BlitEE Y > O
FEREIE U T Wi WHIBEET 5. AR
W7t (WRD (ZHSROY > THEA 2050 £ F

TICRWT B REMED D 2 & OWEZIT> T
20, FHCmibsEEOY > oA LRE O
KEETHHMENZ <, /IMIEOREL T Y > T
HEMHRT B T EAEIRENS.

NREEROMRED=DICIE, WERBICER
T 5O LB IEEREEICE D
ERETHIZITH BN D S, KRIFFETIE, A
ANEHED BN EZ RFT LR ENT
W3 HARDEEEENFEICERT 50> dD
BRI BB ZRRMED 5, EHAREOHER?
W ZIHOMNICT BT R HNE LTz, FRCY
YAFFEREETH O, HENICZRET AT
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WA BT 558 e R Z 3 B B R S0 AR )21
ERNMITH B0 Z2HUET 2 LICDEND,
FERINCHBEIRFEIX DR E I E IR T %
EYIEOHELRG IR Z#H T2 L THETH 5.
IBEEICAERT 29 e ORI 2 #Y)
ICVIET B 70IiE, RNz B O AL
TEDIRNTHS. E£ie, T IMEMIOR
D, TR EE DO RTREME 2 EARE L)L TR
THILEMNARETH 5.

VY IOREMBEEREITIEA—AFF VT T
EEOWZHMNH 5 H (Underwood et al. 2007;
van Oppen et al. 2008), HATIIWZLHIA 7%
{, TNETWHMEINIZEHEIBESNTELAE
R ENBEEITIZIE LA EEATHIZD
DWEETHB. iz, HEHEDOBEDWIE
T, MAFEEEETY > IOEME LT
AT > Te S, FTGAE T O RN T T M A 7]
KOV dATHZ ALY I R A (Aeropora
digitifera) 1 fEfHTH D, HEWICT—T X
r =)V TOfRMT (51,000 km) DR TH - 7z
(Nakajima et al. 2010) T &h 5, ffEY > TE
BOILZERAT—IVTORMAEEN T
fe. JEFEORELOFZEDY » dOEY AR
&Y, LTORREENEZ BN S.

() AFEAN T & EEIMEDR R E W EICE,

B RgREE Uled . () 79I > d. BIRGEA R O TR T .

it

g, MR TOYEMADRIRE N T
WA ENTREIN, HEZORIEICHESD
TEWVRRN NN B ATRENDN D 5 .

Q) Bz ORI E T 5T > TICBNT,
AL BRI SO EARRE B R Z R
RWATREMED D % .

(3) FEE DU DY > TEARRHE A A TETZ T
T L, WR7EZS T U e A5 T
BEZHMERF L T2 ATHEEN D 5.

AWRTE, AR TERICE YA 70

V7T 4 b EEEEDNAR—H—L LT, 7

Y IV I (Galaxea fascicularis, FLUFHUREEY,

I e AR, la) & N7 Y >3 (Seriatopora

hystrix, $ERER, MERERR, X 1b) 255

KT =V R —)b (Fl#EERE) TO%MNE

et (LU, S—Y A7 —)UiiEk) Zit-o7z.

EHITYIH T TICBOTEEHAD A EE R

EFLER LT RAE—IVA—)L (igiN) To%

Mt (LUF, AE'—I)VAT—) Uit %

1192 & T, HERNTOMAEREOMERHE 2T

fidacezHNE L.

. A&
1. ML~ ruy 754 r—h—
MEME, 7HIVIBXC NI

(b) NI R E R T O S T
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L%, 7YY d0DNA v —H—FIFIC
BT, AV FHORML —F7 P —
MiSeq ZHWTY / Lidy zfizi LT, V7 b
v7 = 7 PAL FINDER (Castoe et al. 2011) 7 FH
WTRA 7Y T4 MEENE NS DNA
Bl % 72 1 72 351 L C, DNA HIE £l T b %
PCR C, fRINU 7c&Y v dEHAD Y A 7 0t
TIA M WIETE 5K L. KRIFFET
E7HYIY IO rudy 754 b
<~ —H—72FH L7 (Gfas3 011, Gfas3 020,
Gfas3 045, Gfas3 060, Gfas4 079, Gfas4 081,
Gfas4 090, Gfas4 091; Nakajima et al. 2015).
MY dTIRTTICA—RA NS Y T OWES
=T LA 707514 h—A—
MNHY,ZNED 5B 7 EEZFMH L7z (Sh2-002,
Sh3-003, Sh3-004, Sh2-005, Sh2-006, Sh3-
007, Sh3-009; Underwood et al. 2006).
2. =V RF—)IVC BT B ML
FEREE D S B, APRICHEVTIEAS
(B XD, FEek, HE), nd GRik, KE,
OKED, Bl G, 55, B¥9), \#H L CF
R, Kk, gk, e, B, Y,
B, B D 0 4 HlsIC 530 7231 17 #i(C,
FERTIC RO T IV D2 RIS 5 T &
MCEk. ALY rydoRgzs 2/ —7r
VT EREAF a—/NTERL, =2 /—)V
HISRFEL T2,

7Y Y dOfRFT G, i ORI,
S, B, B, BRI GEREE, 5D,
=S, NEL (BEE, TER, HXE) O
Bl 4 M 10 MG e Uiz, b0 dalkRHE L
RICHRER R EZD TN —T R Elc k> Ty a /—
TVYITRAFa—NC K> THRIRENTZE D
TH5. £iz, N7y TITERE SR TKE
MWREERD, R, 5, =58, e S,
PERESIIKER 10 m LUK, Sh=, AEEE 13
~27m, KHE, B, HEEE 30 mEET
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H5.

DNA flitti v s EHWTY > IR H 5 DNA
i & 47> 72, XIC, NanoDrop IZ & D DNA
JEEZRIE LT, MNTICAE R DNA MR 5N
TW3 T xR L.

YrdTRAMEEZ SN TV TEEBMIC
RO IV—TNEEN, DnEDEATHERD
HMEtdHo, AWETHRE LIV dL
Yy dE, ZNENERORRREOTEED
RBENTER 7HIHY U IJIHEOIERE
T2DODRA S ICHITENBT ML NTY
5. ThlccofifazA S EIbaryryy
DNA OJEa— R DB %17 (L 2 A7,
SEAT) LEBHEL TV T EWEITHIZRIC K
Do TS (Watanabe et al. 2005). ~A7
YIIEBNVTE, TNETOREICK B 0HS
Z—VMMNI a2 RV 7 DNA OEE R E—
BLUENWC EWHALMNEZ>TWS (Flot et al.
2008).

AT, TYIVIE NS d0
MiFICBVNT, TRV RY 7 DNAX—H—
R TN 217> 72, DNA BIEHHNTH %
PCRICK D MRDI h > K7 DNA fE %
BElE U 721%, 7O — A7)V ESvKE) CREE
8L, 58D D PCR EYZFEH L TFr T
) —DNA ¥ —7 VY —T¥—7 > Ak 217
5 T L THRD DNA iz Mz Lz, 793
Yo I L TiE, 155N7E%% Watanabe
etal. (2005) DNT TR A TRy hT—VICE
REbE, BEHORS & Otigzit- 7. —7,
F7Y B TRBHFOMATHRLN, K
Eld 47— & X — A GenBank [ B E N TV
AEcHE L dIC, V7 M7 MEGA (Tamura
etal. 2013) ZHWTIRELHEEICK 2D TR
MIENT 21T, 1§D NTzBS 2R DBHAN E D
KL TN—T R T ENZ N EFMG L.

XA 7OY T T4 MK B EETRIRED -



WIZ, PCR Z11- 7. WHE L 7= PCR T+
YESYU—DNA Y= Y —TTFTAV
fRNT 2 TS5 T & T, A 7aY T T4 MEED
EE oW RaAE>EARTRIBL, Fh
FNREZEEOLDZMIERT (TVUILE
EHEND) & LTz, HuS S Bl EE DB
THIEHRR A SR 6D TZ NZ N OF THE R DAz
Wb OREEHAGMC L. VI o7
GenAlEx (Peakall and Smouse 2006) 7 FHU Y CiE
L B I AR HOR ORHARZ BN L T,
[FRFIC 70—V ZhRE (k) BFEHI L7z, il
MNTEETRINER U BRI 54 L
T, IHICERTHE Z0HEED HEEINE
R TH B Fst zHH LTz, TORUEDKZ T
NUTKEWVIZE, 2 M OBEIZZE DK
X\, Y7 b7 STRUCTURE (Pritchard et
al. 2000) T, FRENEEHIEDOFIZH %>
. TOVIT NI LTREIANARET T ARV
K0, REHEAROBIZNES S2 B LT
FoRL, HUSECEIENREVIREWVIGEIC
ISV DEOENTIAREOBLIE N DN 5.
Kz, BHAEOENZERE L TEME L U EE
MZAEEE%Y) 7 N7 =7 FSTAT (Goudet 1995)
TEAT, Wi IicEH Lz, 79Iy >d
BT ISR OBHAD Z < (1),
fERTICHFI T & 2 BV E L Go Tk
B, Fst DR & BRI 2R EE OO R 1 3t £
T <, A, P, =, \ELO 4 i
Bcfrofz. MY dicksntix, I hay
R U7 DNA & A 7Tl BRI AT BER S
VIEIEo T HAI, RIS T IR BHA R O
FMOPHT Fst DR &R Z R ORI 217
> 7z,
3. AE—)VAT—)VIEBISZT7YIV D
RS LT
THIYIANL 0L TV A HIEICENY
T, GPSIC KB NiEGmE Lbicy > dzy

2/ =V I KO I Tz it 5id A s (E
B), P R, =i (RE) OFF3 i3
ST, 55— A7 — Uik L RIRED /51T
NS EHN 21T, 2 RaY RY 7 DNA A
TexA a7 A4 MEETRICE DL
O—2xw IS % T & TEla 7R S
2— STl Ue. Fiz, B R
& RIRNTRHAR R & LIy a— 2R R
Lz, 7u—2ZRENEWE EZNETNORE
DL ZBEFRZRE L THD, G405
THARZHFF L TR T EREKT S, —)
T a— 2V ZREMMENE E 08U Bl K
O PRSI RO BHAD 2N T L Z AT 5.

. &R
1. S—=IRr—)Ught (TH¥I¥ D)

PP REIS 17 HupS 510 BEAD 7 29> D
55, 295 HAMN L 214, 204 BEAD S 2 A
TThote KD, AKEEEHHETRINE
Nz N EHAIZEHEOL XA T3 ix3 24
T A+ EZAT) Thol. LEATELSEA
TOHIGHISM TR E S B> TWED, A5
DEAT UM ERIE Nizh - e i3 aIED 1
WEDORTH- (FD. £, LEATS, S
2ATEBLLD 7 O—VERE D SR TR
L BT THEY (KD, EEEOHBIZR
bNhixhotz. EHIKEBLDEATDEE
MEREREBE L LBICRPIT B Eidil,
ERETHHRINh TS e RENz L
AT, SEATS, Lt A THZENF I
MNCMEL T3 T Lid, Fstfi& XA X7ED
FAZY) T EELFFERN, R L+ 24T
ML RZA TS 24T LB RMCKEL M
LTV (K2). L+ ZA I havy kY7
DNA A5, Watanabe et al. (2005) I & D 3 PG
WICHRINE Nz & DIGEIZINSEV E TREE N
o (M3, "NTuXATLE). X1 THNOEIE
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Principal Coordinates (PCoA)

MiyakotL
: kinawa-L
¢ Yagyama-L
Amami-L

Coord. 2

¢ L+

Amami:S

# Okinawa-S
Miyako-S
¢ Yaeyama-S

Coord. 1

K2 THIYrdoxA M, M Fsticd & O FEENH. Fstidv A 70y 754 MEETREZE LY T YT
GenAlIEx 5 B HY

LY A7
ft-T G=A | 08, 01,06,10
04 390 SA

mt-L+

L+% 14 7 Xy

K3 7YIYVrIOI I RY 7 DNAJEI— REEOBE RN BB 6NN T R XA T 3y U —7%. Watanabe et al.
(2005) DELY LA 5 LE, SA M5 SC D 8 DIT, ARBIFEDIKE 10 BHAL S S NS ZNA TR R L. B Lotfie
BUEIE Z N FNEHARI TRV DB - Tttt L figgi E N a— RIS EofiEzxRd. £ EORO = MBI O v v
TERT

EIE 2 A TEOMMECEERTED o 728, 2. =Y AT —) Uil (79> )

i cE R M TH -7z (K1, LEAT rY Y T I82 BHAICHBWT, S AV RY
: Fst = 0.009-0.024, all Ps < 0.005, S XA 7 :Fst 7 DNAIX6 DD/ 7% A7 (SH-A, SH-B,
=0.009-0.032, all Ps <0.01). SC-A, SC-B, SC-C, SC-D) %L (%£2).
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%2 MY YIICBIZHEBRITI IV FU 7 DNA 21 7T & OFHTIHAE

SH-A SH-B SC-A SC-B SC-C SC-D

Kis 32 5
A= 7
eS8 1 1 5
B 23
= 23
o] 5 23
EEay- 1 22
T 3 2
(== 4 1 7 3 7
B3 12
Xl 43 2 32 24 50 31
Principal Coordinates (PCoA)
¢ SH-A
[o\]
§ 1
S
| | | | " SC-B e
1 Sc-A
SC-D
¢ esC-C i

Coord. 1
4 THIYIOIbary RY 7 DNAJEO— REBOBRE RN AN T R A T 3y F T —7. Watanabe et al.
(2005) DY LA 75 LE, SA M5 SC D 8 DIT, ARHZEDOIKE 10 BHANSHEONIBSZINA TER L. FLofEie
U&7 N NI TR D3 > T2 b ifss = 7=k 0 — REEBTH] FoOfiE s 7. 5 0B = ARSI O v v

TRY

6 JIV—TICnFiEEicA ruy 754 b
DOBE RN SEIE Nz Fst T, BEENIC
3DODTIN—=Tcmhniz (K4 B, 2 ha
Y RU7 DNA LK 20 7R TIE~ A 71
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YT7I4 o3 BEEnh Nz Rz (K
5. A7 T7TI5A4 FOBELTHES LITN
A RED T AR VTN 21T 5 TR T,
4DDRATIChHhnsd T EEHALRE (K



A=)
TN—=7

EF633584
HM159630
SH-A
EF633583
EU622164
EU622140
EU622134
HM159623
KR150024
HM159719
KR150029
HM159650
EU622127
EU622135

SH-B

EU622152

KR150047
EU622142

EU622126

EF633581
EF633578

HM159644

I sc-Cc

SC-D
7 KRV EUG622168
2 o EU622166

L —
=7 EU633590
SC-B

0.01

5 2 bhay RY 7 DNAHFifEEONT TR A TIcd &L MY 2 dD 5y 1R,

GenBank 77 72w ¥ g ) N—T/RLT

SC-A SC-B sc-C

N e |

B

K6 FFYYADNA RET SRR VT XA 708754 MEIE TN SY 7 bY 27 STRUCTURE I & b Bfth7z 7))L —
T Ule. BUCHATEN—DEHAC L OBENERZET. FEI FIY RY 7 DNA DN B XA T T EIikREZ 731
THENT, FEHS S 2120 T, OEWILEENRENERLTED, XA 70754 M Tld4 DD )V—T10h
nric

HE

[EE5 78

6). Fst ERNA XL T AR TG, Dk
LB 3IDDEIEM Z )V —T (SH-AB, SC-
AB, AC-CD) WFET AT LML EE S
fo. TNEDERA T DA HIBRAEEREO 7K
Wb o7z, it eREnzI hay
RV 77 DNA fic4l] & O LE TIEANIFE THRIE
N bry >3, 7 b Y3 (Seriatopora
caliendrum) 7 )V— 1@ B EENEM > Tz

T ZAN— 5 HUG U B8

SC-D
SH-B

E R T
AT [EES =

o] 5 B

(PS> IAT)N—"T" 458K, T bTH Y
70N —"7": 137 BHK).

N7 3182 BEAH, E L7z 7 9T
DXL 7Y TIA4 et i Uitz i
150 CH-o7z. DT ki, My rdo
AR T IS WA K > THR S hTw
R LIEEDD, BIEMNEZEREIZ
DT THUHICIRD LTz CFE 311, &
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K : SC-AB K4 1.62, & :SC-CDVE &
426). BHABODZ o7 N WY T
— 7D SC-AB %A & SC-CD XA TDHT
M O Fst 22 RHT U 725 2R, MRl O RH
MEERENT EDHIHL 7 (SC-AB XA 7 :
Fst = 0.208-0.364, Ps = 0.001; SC-CD &% A 7 : Fst
=0.029-0.116, all Ps < 0.05).

3. AT— VAT — Vi@

MEEESNO 3 Mg, A% (EE, 28 FHA),
Il (TR, 89 BHA), EhhE (LEF, 48 HEA)
WIKBIFEZT7YIVdora—Untmiei AT
DHICBNT, A TREZ N 2—VDRA
bz, EETIE 28 BHATR L 214 7H 16 Bf
1, SZATHIR2EIKT, LRXATELSEA
TSN CHEFIIC AR L TV e DD, 42
o=y ra—VERERL 21T
1.00, SZA7:1.00 THb, EETZEMAED
TNENRG BT Z2RAEL TS LN
HEMEIR> Tz, G T I BAHRL 2147
M 28 BEE, S ZA TH 61 BHAT, EHERIBIC
L ZAT LS ZATMEFINCILD > TV
DD, JO—VEREIXL ZA 7060, SX
A 7031 EEEICHRTENEZ/RUZ. N
Z T, BRI TR O BIILHIFATH %
TehRENT. —T, FHOBEHADS B
L %A 7020 BEdAk, S 2 A 7826 BE{K, L+
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Conservation genetic study in multiple scales for reef-building corals
inhabit the Nansei Islands

NAKAJIMA Yuichi

To better understand population dynamics and maintenance, we conducted a geographically
largescale population genetic study of Galaxea and Seriatopora corals. For Galaxea, detailed
analyses were also conducted at a small geographic scale. Both Galaxea and Seriatopora
include different genetic types that appear to be cryptic species. In Galaxea, intraspecific genetic
differentiation is low between regions and it is likely that population connectivity is maintained
from generation to generation. In contrast, Seriatopora displays significant intraspecific genetic
differentiation, suggesting that recovery of compromised populations would probably be
protracted and difficult.

Fragmentation also contributes to Galaxea population maintenance; however, different types are
separately distributed at a site surveyed. Further ecological research may reveal the basis of habitat
selection in Galaxea species.

Key words: population genetics, genetic differentiation, genetic diversity, population dynamics,

species diversity, reproductive system
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