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TDEeNEST, HAWNZRZ 5L L
TRl T 22D TV ZWVT WA, HAR

BRICN T BREDL
m_g Hé ﬁ“*“”ge

MRE

FRILLE A XEM{E
BRILLG XM E

8 TFAEYIHAMHOWEL ERFELOZEIE. Ty THAEY (L - BIEEED Ly Freva (=50,

YO, SGHHEROW)E & IR LT L Tc.



AT L U CRli S N zaaicig, Bk
%5 EBSU & LTXKOBHMEICKAILTIRET 5 C
EWTES.
7. AV TR L TV DM
Konishi and Takata (2004) IC L7z > T, ¥~
FAEYTLEY IDOMT allele HiEH L T
T, SHHEARDE N TG A RIS
TE3A470Y 771 b 2 BN ZHEIET % H
KT T4 —E LTz, TNHZAVT, &
PEEIRT % eyt b EIn P2 L2 TOHA
HEEME AL S 2 FEALOD allele 2Rt LT, 234k
AN EEN TV B EEAZREE L. Z DRGR
FHHIED S OW L DO DOEM T, B
ASNzBEY T DR TRHNMEC TS T &
MERE N, ZTNEDORMHARDZ X, &
L5 A 70T T4 MEMICEYID
allele Z REHESARE LTHR> Tz, 2D
Enn, ATV JAREEOMAEY IO
W& AHME L TR E N T MRS | RIS UEE 2 £
B, IHICEY dOMEE K UM 2 ER Ak
MEMPICE > TW0a T MRS iz, C
DX, VFAEYTLEY TOMWEEN
W2 FE DB S BER (Koga and Goto, 2005)
TEHMEENTHED, RED L TCHEEZHET 5.
PEn&sic, —EEYINBASNNUEEA
YRS BAZANTERDILMN D, BIEPBAT
TV, LIeo T, ARG RD G ONERIE—
Y CEBEL, U CERMERD S 2 M
WS DOMEEBAE LTV E S IR LAl
5RO
8. ¥ ATy IHAWOME

FRD & 51, ¥F ATy THAREROLER
o5 B, ALV OV DD
BT, EVdoBAIKKZMNET > T
WA EMHLNCES T, UL, YaXh
ot EimLERLEAR L [k, Y FAEY
THAWERE EED 5 < fEN g (X19)

0, FEE 200 m DL EoLEEBOMIAIC B AR L
TV, WEROZDOKS GATIE a1 D
JEIZHE DITDONTWVERWVDT, a1 ORI
BL->TEYINBATNZATREIEIFR. 52
B, —folLfEiotiA X, 'Y dH
AW Y 2 XA B B g L E L E A R & 4
FLTHED, ZOXS RIGATIZEKNEE T,
BRI ERZECTLEL TS, BV
& DZHEARNN IR VVERMTE, v AEY
JHARMROSEM TIHBEEINZHEIZIZE A
7 BREISHEA TN S L EZ BNS D,
Bk % g Lk < oA iE, bdh
IR BT a2 A T EFEOEERD NS DT,
NS DOEEHD HAWRNG Il 5 ]
REEIEV. Xz, Aido &Ko, TDKI %K
Az R E M T, ORI R L, BB e
HEATWBDT, WTTDX S HERIRMIEH
AU DOLREITIE ROV ENCVER 9 2 il HEMED
E. HAREEZ A 'Y DO E 5 HifE s
LTt L, BB ESUL LT, el TiT
SENBDH B .

V. \FAIALFREDOERDTIRERE
L. Kb & AR AT

HOER B ENDKCRESSTROVRRIR 4 77, $
KU HANNDFEGRE T/NF AP A O, PRk

9 FATYIURBHNERT A



Eiiofz, PRI, REMEY THERVE.
BA A 5 20 k2 HZICEREZTTL, 5
AR REEE L T E R EE5EE Y (X 10)
U, gD —EORHRZERIN L T, 99.5% T
2/ —)VICiZIE LT, DNA i Y > 7L e
Uz, F7z, 580 15 ik 515 2 g%
D—EROFREZ AL L T DNA it Y > 7 )L
U, SEARIIE 2 7 AR RS GR L.

SN
X 10 NFHTHlgp

2. 50 SRASRHT & AR E R AR T

TR/ — )V TRIEE NS > 7 v b
5, Gotoh et al. (2009) DFiEIC L7zh > T,
DNA flith, X U2 b o> R 7FREifEE (CR:
D-loop) @ PCR IEZ1T > 7z, KL
A SR Uz CR BFNCHEEDNT, I
FODWTHEEE L TH YA Cottus pollux OFH[FA]
T OES & & B IR ZER LT, T A
VAIWEED SRR E Z R LTz, T BI,
CR BN HDWTEMAN DN T 1 2 1 T Lk
g, SEZAREZEH L, BIENZEREO
ZiTote. Fiz, RELEFRINICEDINTNT
02 A TR - B2 R 3 #ia TR
oy NI — T BRER LT BN OGN E
X, FEETER O 2R L CHEE LTz,

& 51, Gotoh et al. (2013) Difkfg FHf£a%d
T U TRWIASEZR O K S IcEE

10

T2~ A 70754 b 10 FEALOD allele
M UTRMIE L, N"TaBRaEERIH L.
o, BEMOBICIINEZ RS 5 729HIC,
Structure (Pritchard et al. 2000) 72T 77 ¥ A
VAV I T AT T

DL EDOBKTICHE DN T, SERNOEEM
ZRRMEORREZHEE U, £ MM OB SIS
WOBEWEIHSMC LT, NFAYHDREIIC
DTG L 7.
3.NF A Y AERL O AR LE

INFF1T ) Cottus nozawae 13 AARDIE A FE &
Eh, o, RAEHTGICIA< 919 % (Goto
etal. 2001). UL, HUEHTTIX, AR
MOFEFREBOHCERL, I bav U7
DNA ZHNCED < ) FRIERITIC K > T, 1l
FAERIZZORENRE <, # 150 JTHFRTIC
AtigE O AL T DM & i LTz & &
N TV 3 (Yokoyma and Goto 2002). % C C,
Friz i LS OEAD SR U7z CR BT
BIL T —ZRX—RCERENT VB NTHY
ADEFFINZMA T, wRIEIC K B R0 72 1
L7z (K 11-A). ZORSRE, NN FhY
NI ERNE At EE > D st DM & 1
K& EEMITMEL, BARZ2RMIEL T
fe. Lo T, NFhHYMEERIL, ftho
HWIKDNF H I L3RI Z ESU L LT, M
HICRE T 2080 H 5. £z, BENEEZ
FHINCIEFAR TRV E DD, (LIEEMDEA
W AHDHIE DI NF 7 2 T EERT, Bk
5 EOEHEILOBREDNFHMERND O, SEIE
ENPEZREET S L, ZRNHL MRS
REMED E. Xz, IEROEE NS B &,
— A B T R OB R L DIKHEIC B
50T, JuifgE, osItToNF AT e
BHREZEEZEHEE UTHET 2080 S
%. TDO XD, NF IV HIEERIE SRR
TP BEE L BB AR SV DT, TR



[NFAHImlpi) & LTfio .
4. AV FYT CREGNCEEDSINF AT A
BRI DR ZRRIE & 5k

B 11-B RS K91, SAERMOEAD CR
B ZEET 542 A2 N UTRSR, AR
i1 fEEONT Oz T U ENT, &
I —YREBNZREED R, NTakg
TERE, WEZHIEEE 0,000 EHEEE N
Fiz, EHMET—YUINT RS THIEEINT
WiED S TeDT, EEHB O & 1.000 &HEE
Nz TS NTBRATIEREL 27—
FiTmhin, cnsonNTaZ)V—7RTiE s
~ 6 HEERENDH O, 2 7N — T TIEEIEN
MeEEd 5Nz,

5.4 0% 754 MIIEDIINF AT IE
OB Z L L 0k

XA 7Y TS5 A b 10 BEALITE DWW TR
U7ehds, SO TFEANT oG 0.000
~0.300 &fKWEAZRL, RHC 1 ENITIE 24
AT E 2 ZRNEDON SR> T
DXL, A4y TI 4 MRS EFE
HDFE LW RO A RE Nz X
i, HHMOBIEN M2 RS EE R Fo &2
BHLZZETA, 0532~0931 LWV IEHIC
mBWMEZRUTZ, 5L, THA VAV TR
FOFERZK 12 13T . ZORRE, K=597%
DOERELHD 5 BEFITVINERESE 7T A
Z—IZJEL, 5HEHMTE LWLERNEAVE
CTW5Z EMPIEICRE N,

c

A
Hokkaido Island
CN21 CN18 CN19
QIAMD—GAKD>—C__ D
{ :CN 11 Northemn Tohoku District
CN15

00)CN17

_l CN16
TAK CN20

CQED (TAKD

CN18
CN21 Yamagata Prefecture
CN19

Cottus_pollux_AY116400

11 NFAVIIEIORFRINE, L TREMD ST NIoNT a2 AT, A1 NF 527 B ORARILE 2 7R
TIRICHRME, B BT N7 1 XA TOMGHNRETKI Y T —7.

12 IA78Y7I4 10 BACHED S 7Y A AV hF X b K=51$) % Barplot.
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DLE& b, SERRONF YA LI RE
BN E VEIIRMINTWE 5L L, £0
MORLICKD, B EintmEH LT,
EHOMED > T0B EEZ LN W
FTHUCLTE, FEMTIEE LWIEBRRAE
CTWwWaEEZBNT.

6. N AT mlBR o4

AT K B IRATORER, NF AP A
DECTDEMTE, MO ERIENENTHE
LB RREDME T U, & LWIEARAEEC -
TWVWABZ ENREENZ. Liehi->T, 82D
EREMEWDOY A7 FIEFICHNEEZ LN
. A EHITH 2 HSROWRE (K 13)1d TR
PoNZRTH D, T HBUERIZIRELIC X B
HETHERIE->TBD, HEOEMIINEL
Bo TWAHEANH S LD, FERHNIEK
DEENDH 2 LEIHRETERN. £, 0T
NEERHITIIMEBICH B0, KL RO
HTHEDRED ERNB T ENH D, ZOEICEANT

13 NF AP il

BAZRMEE RS> TWD. £, MERFHH
D b & o s b & BHE L T, HMATR
BEL THIKIIDEIE - T, W& HIHE O 01~
DEWHRABET > TWVB. DX KHED
SINF 13 H D FESREE D EIEIC S b N A A
NDT, IR ITHILOEREDEE > T
2EZLNS.

I hay R RS < s aY T
T4 MWD —H—T, FEANBZELL D
fELTWB T EAVRENTZDT, HARMICITZ
NZNOENZESU L LTIHHIRETHS.
L7zho T, WL OO DOERDHINT 5 K5 &
JiE LRI 50RO I, OB DK
7 $75 B B Ok L IRE T BERICIE WV NE
V. LED X SIS, R THANT 3 HOHRT
&, NFHATAUFERIOMIED ) A7 B
WOT, FEBRORGRT 2 Bialke, RED
GEIZ1T > TV A HUTHRDRRE & L B,
BRI RORRENLTT, NFATYAlER
DIREZTT O REND B.
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27th Pro Natura Fund Domestic Research

Conservation of endemic endangered freshwater fishes distributed in
the districts along the Sea of Japan in northern Japan

HANZAWA Naoto, HONMA Masaaki, SUZUKI Yasuyuki,
TASHIRO Seiya, TAKEDA Kosuke, CHIBA Satoru,
KAKEHASHI Ryosuke, TSURUMI Akiko, ITO Naoko, GOTOH Ryo
and IMOTO Junichi

We conducted field-survey and population-genetic and phylogenetic analyses of endemic endangered freshwater
fishes, 1) Gymnogobius sp. "Chokai-endemic species", 2) Pseudorasbora pumila pumila and 3) Cottus nozawae in
Mogami River System and adjacent waters, and examined their conservation. 1) G. sp. "Chokai-endemic sp."
remarkably reduced in plains, but still remains in lakes and marshes in mountain regions. Whereas genetic diversity
is considerably low in each population, it is presumed that the extinction risk is not so high. 2) Molecular
phylogenetic analyses show that P. p. pumila distributed along the Sea of Japan belongs to the different lineage from
the type subspecies distributed along the Pacific, the former subspecies should be separately conserved. The
subspecies has recently reduced by hybridization with introduced related species, . parva and damage by introduced
predators, Micropterus salmoides. But, the subspecies still remains in lakes and marshes in mountain regions.
Whereas genetic diversity is considerably low in each population, it is presumed that the extinction risk is not so
high. 3) Molecular phylogenetic analyses show that C. nozawae in Yamagata belongs to different lineage from those
in the other waters, and the species should be separately conserved. The species inhabits each source of branches in
Mogami River System, genetic diversity is extremely low and inbreeding probably occurs in each population. No
common genotype shared among populations. The each population has recently affected by serious drought caused
by climate changes, and should be immediately conserved.

Keywords: Gymnogobius sp. "Chokai-endemic species", Pseudorasbora pumila pumila, Cottus nozawae, Genetic

diversity, Inbreeding, Extinction risk
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FA7HTO-F bo—F - 77 RBIRL EREFZEEIR

AU 9 2 T SE DR

(B9 A%

AR ERR A TV — T
R - e — - ek - AR ER - TG

HIHEEE £ TORESY O EPEEE & BTGB & L U TSNS T 2 728, AIFMERER 50 Eris
TR 16 EMIC BT ZRERERTo /. FREOREE, THhaEh & GIHERE T 1997 4
M5 20 FERNS DIz D 1 ~ 2 [, HIHHEEETE 1997 4E « 2002 4E « 2007 4E + 2015 4EICHHE 4 [FIE
ENTWVS. SEBOFEMER, AHEREIZ2017F 6 H 17 HE 18 HD 2 HMT, #5E THhii
I 2017 4E 6 H 19 HICHERE L7z, £z, 2016 4 6 AIWCH IR 50 T THEE L/ Bty —
T VIR ST E R, BE 20 FENOE—TEMTOT—2 T2 Lick>T, #ikbk 20 F
I OE IR I 2 RS & KR BYIRHED 2 Lz B hic L.

F—U—F I BEHE, o, MEEREL TKRER, SREh, 2EH

. IEC&IC

AWFZEE, SRS IEDERTD S BIEX T
20 FERIC D Te > THE 12 MM L TEA
Wl PRERAE Mk U, SEH S RS2
BERI NI DFREEH 16 E B X UTHEEZ ST
A HAHE IR 50 B I BV THRIEAE 211 - 72

EHIC, mIFEEOBIIZE TR SNz 2016
6 F OHAHEEGE 50 & M ORERE DY —
T Y IEERE T I, ME20FETDT—
2L B LT, kD% 20 FRIC BT
%6 W SR O fE A O IR A B SR D 2 b 72 I
5Mc LUz,

K TClE, TNSAICHT 5EIRRE L
EEFIRHE D ZM LIS DWW THE L, AWiED
FT BSOS % Sk B THh S OB 7% i
L, HOKMBARGEOZ\LZTFHIT .

Il. SREEE
HHMETIX, 199744 H 14 HICEE N iz

B TR (REX 7 km) OPAYIDIC
&£V, 3,550 ha DJEKZET « BifpEh—EIC
b, HREOHL S THIEEEOEER
ICHEKZHEZRIZL TS (R 2000,2011).

AWEGE T I —T&, 1997 EN S 6 HE
KUY 11 H IS A IR BB 50 7E sl
B 3KE - JKY - KAESYREOE= X1 ¥
TR M LT ER. e, AWK 88—
108 JE s DERIEAE 23t 2 4 1] (1997 4F 6 H -
2002 4F 6 H + 2007 4E 6 H - 20154 6 A) Hiii
LT & BEOHIEREFAOFRICOV
T, WEEE O RIS IR Z R L7z D T,
ZTHE 52U THLL.

Fh7z B ORI EE, WL 20 FERNCHD
[A—DfE ke, —BUIMEDL &Ik
LTEMENTEIREEEANHETH D,
SR LR A 2 I ECHE L)L TRIZEINSE
AT — R EEMT B I K> T, ARERE
OMEFEZ RPANFILE TIHLE M TE S, 2T,
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TR CRIRE & 75 > TV B KRR EEI
£S5 HRMHED D 0 FFIOWVT, FEHICKER
HFEZELHTEDEMfFENS.

SAERE QBRI X, A MRS 50 &
(X 1a) OREHEZ2017F6 H17HE
18 HD 2 HEITIT&W, AR5 THhii®e 16
FEr (K 1b) T 2017 # 6 A 19 HICERIEH
BE2SLTz.

B E O E X GPS 2 H W THRE L
HHIHFHLERTIE Smith-McIntyre %28 (BRI
f50.05 m*) 2 IV THER 1 RO Z T 72,
F 7z, M Tl Ekman-Birge $RiE 28 (BB
F50.02 m®) 72 W T E BB O SR AR 2
—#EIC LT 1 mm HEDERICMT 72

135 N PR O—E 2 K 0 HT FICH D
frE, Z08H0% 1 mm HEOEIIHDIF THi->
12T NTORMEAEBY) 2K 10 % HERLV<
U UK TEE L. T 51T, BEMTIEZHE
F7KEEE (TOA DKK #1:84 WQ-24) Z W\ T
@k &I KDKIEE « ¥ - AR -
pH *» BXRUREHR 2 - CHlE Lz

ELEBYEARHI R IC R B lR-> 70 b, &
MRAC BN TERDBHLNIVDY —T 1
Tz AT> 7o, BIdARIHICIE, 2016 4F 10
HH 5 2017 49 HISMI T, #H 1 \OR—

A1l A2
- ]
A3 A4 A5
] ] ]
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- - -

A2 A13
- -

pt
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@
al A7 Al8
] ] -

A23 A24
. ]

A25 A26 A27
- - -

A THERAC B TR OY —7 1 7
EziT-o 7.
FEREICBNT, R ZARICAN, K
EKEIAZ TR M EIRES T & TRAEYR
ExiplEE g, LBHETZ | mm HOMICH
UiAATZ. T O#Ez, BRIEERIAICAEIN R
SNELR5FET2HIFEHOIK LT

Z L CHc - etz > v —LICHD, &
FNB L) 2 WIRFARBMEE (ZEISS 14
Stemi DV4) R TIXRTIAVHL, @R HHERE
(W, H=xE) WKtnlr, ZhFhoXx 3o
(it~ e A S OY i

COR, ZEHIIAHOEDODH, 7EL F
THTREPRBOHZEDDHZ 1 k&L
Z, sigkUiz. ZOMOEESIREOWFICE
WTH, HEANICIZFDH D% | ke H
zL, hov kLI

ZO%, “REHIC OV TR eMkE RIS
FEFE 21TV, TN DI FREC DUV TR -
i H 7 & O R LNV F F R 5
L7z, SRt E R, AU AFIIONT
&, ZNETNOSFFEMFRICHEE Z R L
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. AEFERREER
1 Ml - (RO RS =

SEMOBIZE T, HIFEEORHIICH
2% 20174 6 H 16 Hic, AUILEEHOBHE
BB LT, Mok - fERz2N5E L
ARG S LM LTz, T ORBRRERITIE,
30 HIEEDBIMENEF D, FAlzbOZES
JV— T & B 20 R OFIER R Z R %, BIE
DA IO EMESEDIRIUC DOV TEFRZH L
Eote (X2).

AT IN—T L LTI, WORATH-T
N, TNETHMFHIR - It O X £
ICHD T OMPCR Z EHERSENTE, £k
SIEDN S LBLETERZWIZE, TOK
FERZHM L EEZ2mK T2 T EHH
Ktz
2.2017 4F 6 HIZI51) 2 iRt ERe i A

SAEEOAHMEERIE A L, 2Bl B
50 ERiZE 20176 H17THE ISHD 2 HMT
17750, SRR Thai RN 16 E 7% 6 H 19
HICHM L7z, FEOFER, 1997 43 AH
SABFERMNE T 20 FERIC DIz > TH TED,
SRl OFHA IR T IRES 27 WH, SMlE
Tl 25 RIHOHE L 5%,

2 20174F 6 H 16 HICHEN U7z iliE SOk a @ AL

BhERA I, MR EEZECH LT
TTN—T DAV IN— 6 LBIOBERERZD
AHE & RZEBE TR BRI EDAREE SN
PEICSM L (K 3a).

SELFEMRPEIRER T T VIE AL,
20 AEREFER IR U CRE mdiise 7 Ok
BT BT ENTE. TR T, WE
fEEFERRIC, WO C1 ZBRL 15 @ 0K
HH2mPL N ThHadT Lzl l, 1997 4
S U TRAT 1 mE EKEMRL BTV
% HFE MR Ul (e - B2 2011).

MO G KD E, £EMTO0.7-14
DHIPNCH O, FEEFTICFEKEDZ D > THE
EOT—=RIHND L@ o Tz, KEKOIE
fpEIEEE, RIKTE 413 mgl THO, FELL
BMEREDEMIHSNGEN > T W,
MK FIC K 2 8 b Tk 2.16 mg/l T F
Mo Tehy, EHIEIHEEHAN O KK DA
IREEE SRR MAE . (LTl 2015) ICk
NTEWEZER LU, Thud, FsthokgED
2m AR &KL, IS K > TREKEEREKE
MHICHZREEEN TV ST LRIRENS.

HEREYI ORB (LR BN, HERWIOMW Cl6
ZERNTY AT ADfZR L GRiKfElE C1 ©

J—T D2 20 NS I B AR Z 303 B WL

H. b BED L ORERZHE BIEOHHBOEINESEDIRINZ T 2 TNV —T A 28—,



—184 mV), FHEMN TIXECHNREED A
Mo TNBT s, ai, HEREYIORIE
OIS K B &, SO (C9,
10) IZBT B EEOHRRKEE Md) & 6-7
0 THY, MKV MTOEENS (b, R
RNERT—2). JLFR T > FHEREYD, #
ZRBEOBYIDIC Kb, FYIC K BHIEH
MWiElxy, BTNEEEICK>TeEEZIBN
5.
JEAEEYIIE, 2002 4E ORI P E R AL
B HITZO0 B L 72, BFIRE T
HBKLTLEY, ZO®%EA FIIXFEED
BEHE, 2R HHEOYRIZFHMELETEE
WRAEMHEMER I AT WS (R &
2011). S, WEERERIC I o BRI MR
ENLOD, ZNLEA FI I LR
UAEMNEEAETH .

3. SERASMIRERC 350 5 R A

— )5, MM TlE, SAEEIERICkE X,
QEHEEICA A Vv 2 A Lingula adamsi
MEREEI NI (K 3b). AR, SfEL Y F7—
27w 7 THEAEE 1A BIC S >V 7 EN B HA
DTEEY Tkt ML VWD —DT, 21
HFUC A > TH 5 OFREERLERIT A BE E LD
B (AN B AR 2012). FEEIZ A
s (A37) TREESNED, SHEIEHE
M o(A6) TERESNTED, HHBOEDMMN
STEERIN TV T LRSS T2,

EBIC, SEOMETIE4FESDITITAH
1) 5% O Protankyra bidentata DIAFKICEET %
WUN"WH v F J X3 Devonia semperi h %
Lxni (K3c). @RI NG - HZE -
KE « JRBTHOADHERENTVEM, T
EAFEEISIERICENT, HAXRXY FA¥E

B3 2017 4F 6 J1 17-18 FIC A L 7o WIS 50 /E i DPRIERR A OB . atfii £ CERIERUEZ 1 mm HOFHTNI T, be
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Annual Report of Pro Natura Foundation Japan vol. 27 (2018)

27th Pro Natura Fund Domestic Research

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

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

Since April, 1997, the inner part of Isahaya Bay has been isolated from Ariake Sea by a dike for reclamation. We
periodically monitored water quality, grain-size of bottom sediments and benthic animals using the sediment
samples collected from (1) 50 fixed stations around inner part of Ariake Sea in 17 and 18 June 2017 and (2) 16 fixed
stations inside of the dike in 19 June 2017. According to our results, in the both inner and outer parts of Isahaya Bay,
number of species and mean individual density of benthic animals have been still smaller than the past. After the
shut-off, benthic animals rapidly decreased from 1998 to 2001, and then only few species increased from 2002 to
2003. However, from 2004 to 2017, most of them have disappeared or decreased rapidly in the both inner and outer
parts of Isahaya Bay. The results of this research will be used as the theoretical ground in order to require the
investigation of opening the gate against the Japanese Government, and these will be possible to supply basic data
before opening the gate for future studies after opening the gate of Isahaya Bay.

Keywords: Sediment sampling, Gammaridean amphipods, Bottom environment, Bivalves, Reservoir, Polychaetes

Research Group for Conservation Ecology on the Ariake Bay
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Annual Report of Pro Natura Foundation Japan vol. 27 (2018)
27th Pro Natura Fund Domestic Research

The influence of mistake capture by snare traps
on the Japanese serow

MINAMI Masato, TAKESHITA Tuyoshi, INOUE Takahiro,
CHIKAKIYO Hiroaki and TAKADA Hayato

The Japanese serow (Capricornis crispus) has been mistakenly captured due to snare traps for Sika deer (Cervus
nippon). Komoro-city, Nagano Prefecture records animals captured by mistake and attached the ear tag to serows for
individual recognition. In Komoro City, Serows were mistakenly captured 88 times in 2016 and 2017, 46 serows
were mistakenly captured and many serows captured multiple times (7 times one individual, 4 seven individuals, 3
two individuals, 2 eleven individuals). Twenty-two sensor cameras on the south side of the Chikuma River took 167
video images of serows. At least 13 individuals with ear tags were confirmed on the video images, four of them were
injured. Out of four injured serows, two individuals lost the part of forelegs were each captured four times of
mistake capturing, and two walking abnormalities were captured four and three mistakes capturing. Also, since June
2017, three serows captured by mistake were mounted with a small GPS collar and tracked. Home ranges of two
serows which were tracked for three months were stable even after trapping mistakes. This suggests that the stability
of home range contributes to capturing multiple times, which may lead to injury.

Keywords: GPS collar, Sensor camera, Foreleg injury, Home range, Stability of home range, Komoro-City, Nagano

prefecture, Japanese serow, Snare trap

Asama Japanese serow research group
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FA7HTO-F bo—F - 77 RBIRL EREFZEEIR

HIKDHRMARERICH T 5 HARTELE LTOTY U BEZE
& U TR 2RI D R EANDIE S

HIREMZ AR M 7 2> 2 7 b
(IS NI I

5 NI

AR DBRIE RIS HEFRACIRESNTED, BEROERRREM FOERZREL 5>
TW%. I T, WAEREDTZDOUIEMMNL S HOENTWVS. T T THETNEMI, MoORE,
AR ERINCAFET 2 Y M K B MBIEZ 2 2ICHRT 5. @R A aFOMBEME L FRmEh Ty
2—/iT, BEEUDUNEICAARTH 2 DOMNICDOVTEBEEN TRV, FEREZHI L LB
JEEMHE, TV MK B EHER SN, BABELE L TOMBEZTRICHRLTLES. AFIFLTIA,
HURENLRNEOBFMRIC BT, MIESHEEZHE L, > 7 SRV O WIS B ARDERER DL
KT HezHNE Le. BHATETRONIMREID, PiEMOREE, —BomyEoniEs
BhzET D, 2 OO AZYIT ST L THYOZHItZE LA P TLE S alfeltze Rl L.
CORRED, YHBEDSHAEREL VS BUATREMITADN SR EMORE R, EHWEEESR

TR ADEEEVS BN BIE, ZOIRDBENTH S0 LG R 7.
F—U— R RHRES, BRI, LSRR, BN, FURENLNE, MRRAEH

. A

L%k s h
BHITHRET % 2 OEEERICHE S SFREBD
HhnE, BAEOKRWERIC KT 2 HAE
D 1D TH % (Takatsuki 2009). TAUKfL,
HASMOEN REHARET, 2 hitt
DIRERBIARDEH DIEHE L\ > TR 2
BT, BiEEM O R E7x & OXRNEA TN S.
MHORRIE X, DRV DOLRGESS, TREZZITP
TUVBIARDEH OIEME 7R EIC BV TIER RGN
R FETHS (HAFF 2010, Nomiya et al. 2003).
—15T, HRHILE LTAKRD B2 RE T O
BIFZERICHRLTLES T lIickb, WY
BHEDIEBUR R =V DER, A > THRMEE
CHOWERKRIFTLEMEEINTVS

(Olsen & Klanderud 2014). HARIZBWT, ¥
INFTORAERERD—E & UTIFEL, HY7zis
DELUTMR G ERLFZ L TE . TR,
TAOMEEmE VS EICHLTE, Y ADE
RERICB T 2 RENZ2Z BRI AN THUL T
END 5.
2. ¥ DR L WVIRHEES

R, EBEHIANDIEL, £ OBEREADIE
IS, FEEOBRZRETHID TEET 5. DX
D ISR R K], PRIE A 7 EE K 72 1 e
BEAE X & L T W < (HilleRisLambers et al.
2012). C OHEVIRFE DI BUERE, fEY O A7
DAHZ ALK, YA K BEREN, BENx
FRICE D REGEINTVE T ENEZDS
N5 (Coté et al. 2004). AHWFIHICIEAT > TiTb

1 B EN T A BRI S HRIR T
2018. 1. 25 %Z{F  2018.12. 20 2f
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NTSATIRICHB N TIE, MORREIC K B4R
HBHNETHOREDNMER, FEDBIFHHE
ICENTHEOB 25 [ RITT EAREEN
7z (Nishizawa et al. 2016). LA L, KiffZE T,
HIEDT—ZDHN S OHEELT, 7HGERRICD
WTEETE TV .

YR EDOZ R BN T, #ELBOIE
ERREIFEICEERENTH 5. WELDFEL
RWGE, BRI OO E S L, B
RIGHFZEDOLES. L, M, HME
HDOEREN—BPREIOINL—FA T
(competition-colonization trade-offs) | & % T
EMHISN TV (Tilman 1990). HEELAFEA
LTHEESNTOER (220, ), REES
M) —=RENE, TORL—FATICK
DBERHNENERZFH L, ©ET5 N
TE%. TO&KDIC, LSOOI
DT LA HRERERE LTHEITEN
% (Amarasekare 2003). HEEJEMNEELEWLA
HARIRREIC B DT L TZREE TR, AL
RrDBERBIRIET T <, HWEAANDISEL R
HToTL AT ENEZLNS.

3. A DR X I DORLEL

AR E TH ZHIRTIE, REEHHY
BREO—DTH5IXTTORROEFIC
W, BHAEDO R X (VY F R A (Myodes
rufocanus bedfordiae) %) OERED LT %
TEMHBNTWVS (eg Jensen 1982). T D
KRELAXIE, BEICHET 0 7ZH]
ML, FRROMIKRICKZEHELZ 52 T
<. CTOHELE, WAEZREL TV S i EAN
KBV TEFRRICTHEET 5.

CDXRARAIDOKRFEICKBHLZFIAL, B
JEMODRREIC K > T EBABELAE IR
B HETRMEEDRE SO AN ED K S IC
RIixBDhZ2iHidT 5. ChUckD, YhHOfF
15 & REYIRE DR R 74 2R A7 7 a2 X DRIf%
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A, dbEEOICHERICALE 9 % FHKIE
VENEL T OFFEINE EEYIZ R DA &
NHARAREEICIEEENTWS. LML, i
TV 1 Cervus nippon yesoensis (LLf%, 7K
T A LT %) ORI M
U, MIRMADBERILT & 2RI, R
HEIC X B REBEO IR ENIRE SN T
%. TOXMED 1 DL UTHEMORENMTH
NTW5. RIFETIX 2003 FFICFRE S N2
R OB EEMZ R U7z, WA KA
Ol (7 F o) HueEs (44°06'00"N 145°
01'42"E) Q& L, b R~V Abies sachalinensis,
2 XF T Quercus crispula HME 59 %, [LEER
DILRNEOEHAEZ DKM E TS5 TS
CF112004). FEEHOWERHIX 1d 2000 4ELLRE,
IV Y HDEEIE S5~ 105 /km (FkFES A b
LY R) LV EEERMETHS (T
N TXT—F2 T T )—T2017).

2014 4F, AHEIC TWZE 30 FFHTHRAD
XFZE8E (KD ISy, #2015 FICiE %
A (FBICTYVYFRAI) OEFRNREEN
Mg E .

2. ARGt

ARG e UC, BhEEMEAN 80 X 120 m D5
Bz 96 o K71y b (10 X 10m) X Y]
D, ZNZThOKTay FOHIICT X 1m (1
m?) O/NTry hERRE L. MM
100 X 100 m D TEX %2 100 DK 71y k(10
X 10m) ICXYID, HbAN &[RRI/ T By B
ZRGE LTz, MERRAT—20%, 1 X 1m (1
m?) O/NT Ty RNOTART O EREA LRk
L, #EEHEED 10 X 10 cm DfZEE -T2 1
X 1m (1m’) Oz HA RICHMETEHERE
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3. b ik

FAIDHEENRET ZHG0 2014 F, F A
IWEF 22T T2 2015 4, [F11E 1 AEH D 2016 4F,
115 2 45 H D 2017 FOHE T — 2 72 AWV TR
Wizfir-7z.

AL T, MOHEIC X EIEEEDE
ZHEMICT 728, FELHITR DS EDOHE
T — 2 %2 FWO CREYI R OREZ L 2 ANz,
T & LT, Baselga (2012) IZHNM TN T
ZIEBIE R W, COFETE, BHEZIE
GEELED) Iz, BHEZ{EDS bOFED A
NED DI K> THHS NS DG Z T
TEWTES.

Jaccard FEFULE (dissimilarity) f5EXZ,
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Bjac
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dissimilarity) fR%UE

2 min(b,
a + 2 min(b,

<)
c)

TEEN, a DMBHEICHIIT 285, b, ¢
ZNEFNFITOREORICHBIT 2B TH
%. BEMOHBENETRELZHBETNED
fREUE 1 Lz by, MBENRTRIUSGA 0 &k
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L2015 F1E, X2 OMEELC X 22 THt
WHHIIERICRE SRHEEDZLL Tna T Lk
Moz (F1). TOROFEDANEDL LG
B, WA CEMCRE < Eo T, HELZORIE
Z/R9 2015-2016, 2017 FFDZALEIERICKE
L TEHMSGRELEELTWS T EW
Mmote. TOMFEELEFH, 2015 FOEELITH
U TN BV THIN & 0 filtod TR AN
DONZIFEAEL TV,

BELE 75 <L LT 2 2016-2017 FEOREEE
ZAEICDNTIE, MRSEIc <, o AN
BOOICODWTEMANTHEEEDN o T,

PSR ORFEOELEL (2014-2016 4F, 2014-
2017 %) TEIEBELUED AN TRZ D, *

AIDRFEDZEDMMNTL O KEN o7
LZzmRliz.
V. E8

1. 2 A DORIED

2015 DX A I DRFEER, HANIL TR
YRR IC RIR R b 2 8 726 Uiz 2014-
2015 DRYITHEOIFFUE L IFFICE L, *
R DORFEEDEDIFFICKEN STz T &M
bhnd.

WLz EBEZAONZTYYF AL, M
BETHD, TORLDOREBEICFNETIE
Mzeffd 2 0o HE 2D (5 1980). £
DI, BEEOROEOMS{EZRT & 5 7%

Tav AL LT, ZHORRNHEFICERL T
WBTENSIINZ D, R, BhEEMHC (RS
N, BEROBENDE IR TV AHMNICB Y
TE & o etz Kigic b S8z,
2. HtNAY DO BEEL % O Il B R D 3

FAIRFEAENIC K B L2 2 T R D[R
W (2014-2015, 2015-2016, 2015-2017) %R
2L, HHA, MO RERL, wEtictokidE
WCERD, BHEMHRE KESEL, FELTY
5T WD, ORI RO AN D
DOEENIKELZ>TWVD. ThEMNT
o TR D 59 [EIRIRHIC BAFE Livild 2 C
EEELTVS.

3. DIHEE BRIEA I =X L

2 TOMMICBWTHIIA THO ANED D D
RELESTWVS. MSNTIES ADRENHA
FELE UCHENICHEYICE W TS D, oM
ELAMEAD ERES)—HiFHE 1D P L— R4 71
X BRI A MOZRIAFICHIK L T0a v
TEMINDZS.

XX OHELFIZ O L (20142016, 2014-
2017) A Hd, M TXDEEZFICH TV &
ST ENDNB.

MAIC DWW T, HEELZR T & BERHRD B
FOZEMLTHS T, EE24:HD20174FICIE,
2016 FE & D HEELET (2014 4F) ICREEEMNMLITE
T3 EWVIFERICE o Tz, MINIEEERN S
N KB HELZZT TR RE OO B 5

1 BHEARR O /T D2 (Temporal dissimilarity) &, FEEEZ{LD 5 B, DO ANED DIC K> THIHE NS HE (Temporal
Turnover) 7, HMEANSNTCHEG L. BIEICIZR Y « KA h=—D U BEZHW .

Temporal Jaccard dussimilarity

Temporal Jaccard Turnover

Year  E mean + SE C mean+ SE p-value Year  E mean+ SE C mean+ SE p-value
2014-2015 0.612+0.02 0.61+0.022 0.978 2014-2015 0.144+0.027 0.311+0.031 < 0.001
2015-2016 0.598+0.022 0.55+0.02 0.0542 2015-2016 0.166+0.029 0.24+0.028 0.044
2015-2017 0.59+0.021 0.545+0.022  0.0823 2015-2017 0.115+0.024 0.245+0.029  0.001
2016-2017 0.318+0.021 0.361+0.021  0.2891 2016-2017 0.142+0.022 0.196+0.024  0.097
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Forest ecosystem management for biodiversity conservation: a focus
on the possible roles of deer hervivory as a natural disturbance

NISHIZAWA Keita and MORI Akira

The overabundance of deer population is the one of the serious issues for the terrestrial ecosystem management.
As a measure to protect vegetation from over-grazing and browsing, deer exclosure fences are widely established.
However, establishing fences completely exclude the deer herbivory, which should naturally exist to some extent.
Although ecological issues because of their over-abundance are widely recognized, hidden issues due to the
complete absence of deer have hardly gathered attention. In this study, by focusing on plant communities in forests
with the contrasting deer abundance in the Shiretoko National Park, northern Japan, we aim to seek the ecological
roles of deer herbivory on plant species coexistence. While we found that the deer exclosure fence helped recovery
and prosperity of particular species, they substantially affected processes of species coexistence through the
competition-colonization trait-offs. From this result, we conclude that, although the deer exclosure fences would be
effective to protect the vegetation from the over-grazing and browsing, it is not sufficient when the primary focus is
given to the recovery of ecological processes operating in nature.

Keywords: Deer exclosure fence, Forest floor plants, Community assembly, Biodiversity, Shiretoko national park,
Ecosystem management

Shiretoko Biodiversity Study Project
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fe. 10 Hulsk 22 #ipIc 3503 % 100 X s m ANV RS U FHEORE, Ly KU X MdiilE 4 e S

5289 F (93 R} 189 &) OHEE RFMIA Gl S Nz,
WAL LGNS &m0 EHEZE L T0W5 Z W RENT,

100 m* &7z b BRI DTN 245 TH - 7z
, TOEWNEYHEE L FOKE, W)IH 5 OHBHCEEL T3 T & HVRKE
FTE WY AR, FEEHHUEIC B 2 MR E RO FHKDOV D THZ LEZLNS.

IRIHAEDFIBNHE TH D,
WG & BRBEER DD 5
Tnie.

100 m* &7z b O BIEEU, 528 FTH D,
—J7C, PUESTH S pE i oD Y ERE R R
NMDS &7 iV T B d:

MG RO AR B T BIL T2 2 e 5, DRTHEIRREDRICEDWT, ZNZh ok

ICHEd B & 5 B ARNERINEEND.

F—TU— N B, MR, BEREAE, MEEARY), NV RS2 s hE

. BR&EEW

N DRE & I iEBID [ E 3 H IR RER D HEEL
&, FHCZ OIEENANESFE T H 2 AR E s T
ThHs. HTH, AR, MR
HRRIICH % (Miettinen et al. 2011). 1993 4EI
MYPLEEIOSERRE N BAEE, S FEEo
—, RO, HETD SHiERE T
DHEPNEDOREDHINEEINT NS, T O
Ei&, HFUEESFRICET 0 & DODRHIC
5o To. ARMUREER PAAT (& C D HEE 53 17 D FE R
CIRBHMTH B, T ORMBEEBIMAAT L, 1€
HiHdE, HETURECHE LB - i
WREEEOERE LTHISNTED, Bk
HPHICHBEREADE SN TS T RS
NTWe. EHISEE, S ER25HT 55
W IBAKEZRY OFRED RN THRIEE N, ZD

B D TRRHI E MR & 7z (Suetsugu 2015,
2016, Suetsugu and Fukunaga 2016).

UL, BAEOMFEEE R E KE LS5k
DORMHBEICHETI L TWa. UGEDHDMH
BEE LT, BABIKBISINETOFRM
SRR, B @R AR 75 S A
HrehbicEDENTET ENFEITLNS
(K 12). BABTI, 1960 FCLIE, KB
IR ILFERIRDAKER & AF N THRANDERHN 7D
nic GL¥2014). ZOHE, BUETEAFA
THRAER R 500 m LA T R EAID 25.8 % (5,807
ha) 722 DITH U, IR 0 40.9 %
(9,210 ha) TH Y, WO HAMIE DT 6.3
% (1,412 ha) DA ZHLIEEN TS D
HTH% REEEMZ RN > Z— 2016,
Ib). ZOHRIKE, AT7T—7FRVE—IcxL

L HUERZZR BRI 20 JUNK AR Rt L 2O T OVl g v 2 — 3. BARY 7 23 33 73K

2017.11.24 324 2018. 12. 20 23
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B 1 RBABORME () BXUEE 500 m LUFORE (b). HIB o, ELBUAER, b,

THESEREY) T DREYI O A NS A 5731
Rt MR o NS, 2
Dz, RTHIT XYY Y Gastrodia
uraiensis FAEHNC BT 2 X F N TR TEXD
Tons7xE, BETE, HMRREEDME - 1B
IN& LFEDFRIC H Tz > TIHRED 2D DEEED
IbNTVB LWV, SFDHORE
& LT, V77 ¥H Cervus nippon yakushimae
DB S MR EDOZEEAHFEND (K
JH 2006). =K H Cervus nippon O i fE T
HBY 7T HF, 1990 FFERE D 5 2
EEAEII L 72, 2010 45 X D 4E[ 1000 572 68
Z B KB EHEM TN TWBEDD, ZD
HEEAAALNE 2009 £ (16,015 D 5D 2014 4F
(28,392 ~ 44,624 5) X TIEMEIcdH > 7z
(e UR SR IAERR 2016). 2015 ISR
IR T DD, HEEZ X 100 8H /km’® 728
Z % PEEBO G e 2 i, RIRE LT
EWEAICH . iR SEE L TR HRLE
FEHIEL T, > ADMF K 70— 0 bk =2
BT, MRERREEDNE & A B WIREEIC A>T
W3 CNEFH - I 2015). T LIy DR
BDY)ORHEMEIC T THE L, VD%
REEOBRICOVWTHLMNCT ST &Ik, i

42

FLE
W A
5

75 10 km
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Ui A OEAERFEHICRETH 5.

AW TIE, BABRHIREEBIR O 2R 2
Ml 572dic, NIV R 2R MECKS
RAEFE 2TV, RO ENE L 73 2 i A
Vo DR O IR NE L. E5IC,
e, > A AR TR & OB S AV
PITHEE DREIEIC I I 7872 3l L 7z

. MR ERE

RS EHIREERS R 10 Hidsk 22 Mg TV
FET T MEIC K BREL R 2 S LTz,
FHEEIE, AE 300 m LA R OMEER F M E 721
ZRMAES, JKH, —¥, B2, WL
W, CPEEF, S, BEAE, IE, K, o 10
M TITo 72 (K 2). FA I &I A
5B B RN 2H &, BEER 50 m I,
FZ 27 FNOREEEED 30 m LANIC 7R % K
IICHEE LTz, s 5 B, /NI &) 15,
el 9 i FLEERIRIC, ZhITKEE
2O 2 M AN A T2 11 HS I ENT B RS
BERERIEICEZE NS (R D. JIEEE LD
B END VI FEE IR BN TRE S D
EREREN SO TH D, 2013 FFEZE—
JICRRPMEICH B E DD, 2015 FEIC
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AR, AP A 2 kg R ) A A
WGt & Ui 300 m LA Eooii 224, il o [F B
THH.

VVINEEH

TS NIz EICE D RAE T, ZhEh
102.7 98 /km (PEEBAHEHIAL 1), 358.3 5 /km (3F
) eHEE SN (VSRR REMR
2016). —J5°C, 2010 4Eh 5O KHIEHEIC X
D, RIEITHWVE ZSOM ], /INEH U T
KIFICHA L T0a (KD, SfERics

W, FEIME GRHEERE) ICEDWT 10m X 5
m DX 10 N 57%% 100 X 5m D)Lk
Fot bRiE L, KB HE U 7S R
hY) e efERlER Uiz, HBUEKRD S B, KiE 4
m DL E DRI DOV TIZ & E B E (GBH)

b P = O e
R6), 5H (7)), 8 7 (Higi4),

HEAEFAE 1, 2016 45 3 H (Gt
11 H Gt

M08, 13), 201743 A (Hhirs o, 15,

X1 PG OB

TR R

TS WFRENHD

EMREK RIS A A Al S HEER R

No  Hiigk A X 5y
(m) () B (mm)  (Whem2-1day) (FF)  #(8H/km?2)
H2E OAE 2013 2015
1k H 1223 336 46.9 2255.8 41952 3442.1 36739 173 1578 63.7 AKX VAR
2 —ik 177.8  19.5 24.1 1999.6  3974.1 7043.0 7517.2 58  60.6 41.9 AKX TUAREVE
3% 2084 15.8 14.1 22273 39741 55049 58756 183 615 44.0 AW WAk
420 149.6  13.6 50.4 42834 44135 67446 71988 173 61.8 43.9 A - Ak
S 65.6 259 424 11650 37352 52845 56403 163 603 21.5AX AR
6 )11 1045 157 22.1 16663 47352 6770.6 72265 163 353 258 AKX VAR
7H)1 148.1 226 38.2 19254 47352 55944 5971.1 163 374 277 AKX UAREK
8 )l 1942 26.6 15.0 22127 4694.4 40573 43305 153 550 23.6 AKX VAR
9 Hs)1l 251.0 133 0.0 24479  4740.5 55002 5870.6 163 614 21.6 AKX UAREE
10 /1Nl 535 215 0.0 2288.8 48082 6059.6 6467.6 163 138.8 11.6 AKX VAR
11/ 98.5 304 133.0 2144.1 48082 4817.3 51417 163 1127 105 AX VAR
12 /Nl 167.1  11.8 418.7 2217.1 48082 66115 70567 163 745 5.5 A-H iR
13 2F-8f 97.3 127 37.4 859.4  4029.5 5611.1 59889 76 415 4l4iA-H UM
14 -5 139.4 189 10.0 1069.2  4079.7 69322 7399.0 193 41.3 40431+ UK
15 51H 1347 333 478 15042 3676.6 56723 6054.2 - 779 115624 RAK
16 L 1713 16.7 113.6 10659  3751.9 6952.0 7420.1 153 109.7 105.0 >« J> Z¥kbk
AR /¥ =TT
17115 103.0 17.6 412.6 4073 36925 6880.0 7343.3 - 2012 1140
JRBEE( AR
18115 1643 183 499.5 4914  3749.1 70003 7471.6 - 1966 113147 /3 RE%
19115 2483 359 7323 7255 3749.1 7219.01 77052 173 189.9 110.8 1 WAk
20 (1 1025 203 405.7 398.6  3662.1 6774.0 7230.1 - 420.0 237.7 A B AR
2124l 1450 222 5213 513.6  3640.6 6197.8 6615.1 - 4385 254787 JBE
2230 260.8  30.1 1208.4 12024 3783.1 5621.9 6000.5 173  382.6 167.13 17 WAk
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4~5H (M52, 17~22), 8~9H (i1,
2, 4, 11, 12, 14) ICEfMLz. EHIT, HimR
6,10 TIXZNFN 201644 A & 201748 HIC,
FICHIE B AR EMY Z 35 & UTzBhnRE %
fio7z. FeATisi e DD =8, 100 m* (2
XIE, 20 X 5m) Bz O HBIFEL 7 Hip

CICHEB LU UREIE D 2000, BHE D
2015). & 5HiC, HBIFEZ @SARR - FREKE - D
B8 /AR EEEAREI VS 5 DDEN
ROCHREL, HiIs - #il T &2 Offfz 55T
U7e. E5I0C, MmO ORI, Mg
DHBIXEE ORI 72 2.

FHERSE ISR T 5 BRI EIN 2 3§ 5 728
I, HUPRZEREER A FIWVC, SR O BB
HzES Uiz, B IR & O w0 5 DR
i, R S OhEE, FRFKRZGE. R
ISR BT T IV X D, IREEIERS H 4
mZFE L. 6, EREBEBXURES,
MREFITIC K o THEE Nz, BRIEFEICHED
VI HDEREE Y )T —F T T
WW—TEHR KOS (VS IR B IR LR
2016). BB HSICB I AHERERE &
2, V72 hOMEFEHEEICHO SN TV S
FREENNEYE (IDW) ZHWT, ZEfimiz1T-
fz. TOffME, YU AHOERERNE—T
EoltTHlEN5 2013 4 G BXU
RHTD 2015 4 (83 HiF) DZNZNTITL,
FIHEH R OHEERE 2RIz, T S HIPRE
W AT Lz T fi@iricid QGIS 2.8.11 2 H
Wz,

BoNMENRES &I, T2 T M
THREEOFLMEZFE Lz, £, KEifHED
{EAEICE DWW T, Bray-Curtis JEFELIETTY
ZEHE U 7z, Bray-Curtis JEFALUET 75172 IV T,
JERTHRZRITHRE  (non-metric multidimensional
scaling, NMDS) Z X 0, HHEOBHMEZ 2 X
e FE FICKUR U7z, T NMDS i F T,
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=7 —T1dk <1,
IChlEEINS.

BEEEAEE L BRBEEN & ORIRAE TN, BB
HRE LT, Lidoa, R, w)ihs ok

Rix-> 7 —TdiE

B, HEE 5 OEE, FRREKE, RIERHFEH
Be (BE, &%), Yho#etREEzM

Wie. T OHEEE R 2013 FFE L 2015
ETEWHBEZR LTz, 2013 FEEOHEE
FEH 2 FHW 2. Bray-Curtis JEFALUE & S EREE
A [ O # BJ I D W T, Mantel test (10,000
TN B BERAEIL O fig
HTICIE R 3.3.1 & vegan 2.2-4 /N r— U
7z (R Core Team 2016, Oksanen et al. 2017).

permutations) 71T 7z.

. &R
1. % RRTE

NV SR MEIC X B REAREICK
D, 22 i THGEF289 FE, 100 m® &7z D Py
61.5+ 12.8 ffi (SD) DHEE RAEYI D ER S N
Tz (R2, 3). D5 B, 685 %ICHT=% 198
FEDN A 10 % (22 XE) LU R T Ui

BENGEh-T (K3). FEINEFDS 5,
REAL Y FU X Mad#ifEid 44 # (CR 4 7,
VU 16 f, EN 10 fi, NT 14 i) Th -7z (F£2).
TD44FD > B, XIS I R Calanthe
alismifolia 0 F /X397 5 7 5 v
makinoi 7% £ 13 Fil%, 1 S CUMNERTE %
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£ 3 RAEEOME. IMBREEE Th T d iz 0 MBI, 100 m® 7z b OIMBIFE CFEE SD), Azl L Tkl
sl TOREERES NIEOL, Ly BV X MRz R .
No Hidsk H SRR 4m Ll EDOEmA
LyRUANGEIRAE A% K (m) GBH (cm)
HAL 100m? 1 His
CR EN VU NT SEH £SD FAk B £SD Rk
1 &KH 104 511121 5 1 1 2 3 189 82+3.38 22 39.8+370 260
2 147 812+64 8 1 4 6 5 1% 8.8+4.9 25 39.0+£408 225
3 ik 134 77.5+48 5 1 5 5 7 198 9.5+5.6 30 36.0+409 260
4 B2 63  36.0+3.9 1 0o 1 1 1 251 95+55 25 335+368 362
5 Ml 106 59.0+7.6 2 1 1 5 5 106 9.1+3.8 18 43.8+344 205
6 M)l 120 70.0+5.1 30 2 4 5 117 9.6+5.1 23 39.6+405 265
7 Wl 132 75.6+6.1 4 1 3 3 4 122 10847 20 37.7+£393 215
8 Ml 120 68.8+6.7 30 3 6 6 158 8.5+39 20 362+338 205
9 M)l 105 64.5+59 2 0 2 6 6 127 83+44 18 402+393 230
10 /)Nl 118 69.5+4.4 5 3 5 6 4 143 103+54 24 4184345 283
11 /N 105 62.9+6.8 2 0 0 3 4 161 114+65 27 413+430 255
12 /)N 97  584+6.5 2 0 2 3 2 133 11.7+72 30 589£693 420
13 89 57.9+49 2 0 0 0 0 258 8.0+39 20 30.1+£322 271
14 S 99 59.3+4.0 6 2 1 5 3 177 117£70 31 452+528 310
15 %A 117 68.9+4.4 8 0 2 2 2 1% 84+38 20 36.4+355 250
16 %4 92 533+3.7 4 0 1 3 5 144 8.8+4.6 20 424:479 380
17 JIE 41 211427 30 0 0 0 132 8.4+32 15 610411 172
18 JIE 44 23149 0 0 0 0 1 19 7.6+3.2 18 385+434 472
19 JIlJE 45 259+23 30 0 0 1 97 8.1+3.7 16  487+432 250
20 2l 52 211443 1 0 0 0 1 19 9.1+£3.9 20 365+319 230
21 il 48 22.7+26 0 0 0 0 1 18 84+40 22 364+310 164
22 il 66 32.9+6.8 0 0 0 1 2 113 8.5+43 22 405+£373 220
Motz —J, CRIZKDEINTVWTEY VL EEREEIREMEG GERMEZR LU

375 Y Lecanorchis nigricans & = RV LN3I Y
Z ¥ L. virella 3R THEER S N7z,
2. REAE MG & B e Ix

NMDS % I C it s [ O BEERARE O FALUE

e ZJoeFiE Bic ey R L (K4). 20
R, A OREYIRFERIZ, %@“*$E|ML4: )
K E S PHERTHEFGE M & 2 LIS i
FliE & N7z, Pl O T, ﬁﬁﬁi
KOMWNR /) F—0 T VnL ) FEEE (AR
THharHM17 JIE) &, 27/ F&EET
B AT ZRMRTH B Z NSNS KE N
Te. fENTICHWIZERRER D S B, W50
PR, R 5 OREE, KR, A oH
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0.001, Mg/ 5 DOFEHEE : r = 0415, P <0.001,
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r=0.626, P<0.001, X4). TORND, 5

—iC X DIEHDORED 5701 SN Tz 5B IS
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I35 L kiusiana (NT) DZFNF4 1 K]
THERE Nz,
2) — i

AT & D ARV 160 m DL R O HNZIEIE
AFNTME RS TID, AT i OO MRS
HET<hITMIFERENTVBEDHRTZ-T (L
MARME LR 2016). REEFHE 21T 7o Hin 2,
3¢, WBERMKE LTHR->TWVE0IE, TnT
A SH 20 m, 130m OHEIPFATH -7z, 7z
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Motz WItEAREMYIE 4 AR LN, K
I, MR 3 TR R EZ MY OB AV E <
ffE O MBI OIS 15 KW TH -7z (K
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3) B Z M

B Z I LU N TR s A e <
7e8, IRV OKREBITIMAF N L E UTH
HENTWa (UNEWERR 2016). F#H!
RE, R E AF AN LHROBICIFER 100 m OF
FATHEEN TS IREMMKTD 5.

HBIRERIE 63 Fli L, PHERD 5 A RNT
Pind, WEETER Ly R X Mdikfid 3 fi
1Zode (£3). &AKIWET 4 ¥ T Carpinus
laxiflora HMEL T % 5T, OIS IR %.
ATERTIIMRE DR - g e BIcZ LK,
ZNZTN13FE, 39XBETH-7 (K5). Bt
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FER 5/ 100 m OHFIPAT, gL < T THAMK
MWEEINTWez, LhL, BT 2 XFANTH

DO—EHTIEEFEMNTONTED, Tt ¥z
b7 EORBIZLNRE ENS.

Y7 © O BRI 116.6 £ 11.1 f (F
B+ sp) THH, 31EDOLy FU X bl
MERE N (K3). TOS B AR, W
i T U R TE Ao Tz, TOENEHE
KB D EEICH DN, Gastrodia &
Lecanorchis J&7 H0Nc, #2472 0 K 4 1,
B3 T EREE 6 MR E Nz, il 7 13
PEIBRARREY OB N T EH I TR &<,
FEfG O M BIX B OMIE 21 KETH -7 (K
5).

5) 7Nl FH i

FZF-EORBIFHE D 5 2) I 2 2 Hs AR
ICHFGEPEII & L TREEINTED, Mo
TTOBERBMATRE N TV, HIs(M72 D O
BIREEE 106.7 £ 8.1 FETH O, 25FDOL v F
U X MRl R S N (R3). DB,
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RTEIRM ol WEREMEYNEEICHD
n, g 10, 12 W ENZF N6, 7 FE, /N
TERF M ER I NIz, 1 TE Lecanorchis
JEE 4 FEDV M LTz,
6) “TEFHiE

NTRR & ) 1 DRI BRBERS — kA% % .
R0 OHBIREEUX 950 £ 5.0FTHD, 11
O L w FU X Ml R E Nz (& 3).
TOSH, CRIEZEE 3 MIE, PR T
UDEERTE Mo o, BICERERYIE, K
B WHIET 13 TR TE o2 D0,
WRiE D O HiLS 14 Tl Lecanorchis J& 3 T7% &
T SHEME SN,

7) g

FIINCIR > THEERMD TR 2 3,  HEEEBIR D

)| & FAFICKEEDNE-> THED, #9LE
W U B e 35> T o Tz, 117 fE D

RlEkEN, TOSBE Ly FU X Madikfdid,
EN, VU, NT " 2 f 9D DGt 6 filz -7z (% 3).
fliDH I TIIFER T E A > 72 EN D 1 flid,
SIHTIE 3 KETRON . fEEAREEYIE T
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8) ZE/E: itk

AA AU, PRIE & ORI 40 m D
PHCHR A MR TH D, MO TIEHFRMKE L
THHRIN TV 2 hiEREh, Ly R
U Z bRl o ffifZo 7 (£3). TDIB,
NT O 1 f1E, FBEED | KB TORHGLERE 117z
9) JIJEHhE
HPLEPEHIICIRE I NTH O, ILHIFAICHE
ERMSREN TS, g h Tk, H
B - BN BIKL, ZhEh 433 £ 2.1
i, 156.7 £ 23.0 KEiCTH > 7z, MERMEES R
2 UL, MBI HEZNZN 7.0 £ 2.1 4,
250 E 230 XK@ TH-o7 (KS5). Ly RUR
FECHRAELE 1R (NT) A%, HhsR 18, 19 T
TN,

10) ApLidirg
HPGEPEHIICIEE SN TB D, ILHIPICHE
ERMIER SN TV S, JAgEsoh T, M
BARE - SR SIS N TR LS, Zh T
Ns553+95%E, 1717 =471 K TdH - 7=
FRIRREAE S )RR Z U <, B - 3
JEZNZFN 157 9.5, 46.0 £ 25.6 XETH >
7z (K5). Ly RUZ bldifEE 3 AR
Nz

V. ER

AWIZETIE, 100 X 5m DNV vF vy
BRE 11,000 m* Zxf 5 & U T hlA a0
BEIT, ARl 289 F, 100 m® 7z DT 61.5
fzadgk Uiz, JUNARTLUEZ RS & U sk
AHAIC KD, FREERARRS R 13 2 T 479 T,
FEVLBIR T 393 EEEI N TV S (IR
1 2001). AREBIZA (2001) OFFAHIKIC A
BREENTORV L, ABEC X % HBITED
§RT C ORI RFRICEZ S T 5D Tl
IR izs, BMICREBZIRT 22 LIdTER
V. FTNTE, BRZHEE 600 m X THAGERGIHK
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WENZBEABICHENT, #5300 m LR
THEL L 289 WIS B T &id, BAK
DIEHBEEBIMD 2R TH 5 T L ZHIT L%
31225, fificBs 0T, #5300 m LR
DEHBREER M2 K5 & U T B A D Th 1
TW5. SHEERGHEEBO 1198 (G2 m A
12,375 m*) R F G EPEO 177 4, mEEBIu
D331 ~550F (100m* H7zD) KEDISAT
W% (HHIED 1998, ARES + 4791 2000,
IRERIE D 2003). AWZE Trli & N PREIE,
INHEHRLTEIEFEICZWV. £, BAE
T & (KR EES R OREA R EN TN TED,
100 m* 37z D OFEENEEFEM T 54.6 FH,
E XM TUE 405 B, 5 WIEERHE X 71
Ko T252~599fELDMENDH 2 (REBIZ
02009, HLENZA 2015). —EEHIBEOM) || Hik
&, NSO L R U T HIBIREED 2 E
McH .

AWFETIE, EHCEAREREY) ORI E A
ZEW. WCEREMYERFEICEE T2
oo, ZOAEBICITLEME Ay FT—2 &%
DEFE LR DBAROW DL ETH S, TOR
M5, W REMYIOFIEI RO B R e
YIZ M R IIREED O & DIC2 5. T DI,
B ARERPNIAT A XD/ <, BATE - #
FIHU I ESBIC D S b WENZ . 2O
TOFAEARNREETH S, AW TIE, HiRE
JEREMY) 25 RN HE L TRV E S, ik
R 3R L, HuSic X - TBNAEZ -
2B, BRENR T EHEEH D, S%E Mk
B2 BT B2 ENBHBTEH S .

FEZRRIED S E L3RRS, (RIIEEERA
BRESN7H#PIC LAVEENTWEWY. Z0D7
O, PHEHEOZRMCER LGB R6NT
Wiz, BRENTRREBMOZ G AF AN THIC
ML TW05. AF NI E B U7 iRsEipk
TlE, ANLHTORMIENEIC K > TEREDZ(L



L9%. HTHHERIZ, BHHFEESOIROFERRIM
BEPEAME < i - 7 BB 2 i S D ) 72 11 <
(Ishida et al. 2005a, Ishida et al. 2005b). —/5°C,
AFNIHRERZ, HREAR, HRER, &4
VADER TREERICHZ DD, HiEEY
ANEEREMCH S CREIED 2015). AF
NI B0 % BREERH RS R 0 7 45 (3 R GRS
W& DIFERICATFET % (Tto et al. 2006, Yamagawa
etal. 2007). TOXIHEHEFEMNDL, MIEMKIC
BT 2 AFANLIHME Ny 77 ELTRET
%, HHVIIKREYID R LI XD, BIEBIAN
DML THL T EMRIRNEEZ SN
%. MEOREMENEILLTVWBESH, ALk
e WIS EREIC & > T HAMICREE T 5 2 & T,
AMRDOFF DA RERIREZ FRIIC R T E 2 &
ICT B KD GARMEDROENTNS.
WAL Lay D & a2k 2R 9 IR it
IS LT, PHEBOHFUE e T IARSHRE D
AR & MRREE DBIE R EIRAVRE N,
PHEROREYIREERICIE, BREGERE L TRV A
BRSO & PR U Tzt U 78R, g
SDRENETZT R ENT. B
oD Eld, FICHBRCEZEDTHELHE
ZA6N%. —/5T, MWAREDOZRICEL T
WO A EREAGRDN S ZTEA 5. HE
A7 o TN« il & & BhEEAY 2009 47
ICRE SNz, EHNZE=ZY Y THEICK
D, RIEND 3 R THIEEMIN O A (S FEEL -
FERER & ERIRICIEIL, ChETHEINT
WIRI o 122 71 ORERFPED I TR
HUZEZ EMRESNTWS GEHIEN 2013).
PHERTIX, T AR & E NPT LT
LYADRENALN (FHIEN 2013), 5
ICRBYOBRTEINEBETH 2 L OWm
£ 5% (Agetsumaetal 2011). T 95 U7TzhRERHE
FEOELEPY Z—fEojNg, AR
EEZLBN, EEREDD LIEBAREZIAE
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Annual Report of Pro Natura Foundation Japan vol. 27 (2018)
27th Pro Natura Fund Domestic Research

Species richness of the lowland lucidophyllous forests
in Yakushima Island

HIROTA Shun, FUSE Kengo, TETSUKA Kenshi, TETSUKA Tatsuko,
YAMASHITA Hiroaki and SAITO Toshihiro

Lowland natural forests were reduced and fragmented by human activity even in Yakushima Island. To analyze
the species richness of the lowland lucidophyllous forests in Yakushima Island, we placed 22 uniform plots (5 X
100 m) in 10 regions, and then recorded the occurrences of the vascular plants. 289 species (93 genera, 44 families)
including 44 species on the Red List were recorded. The average number of species per 100 m® was 52.8, indicating
high species richness in the lowland lucidophyllous forests of Yakushima Island. However, the vegetation of the
ground layer in the Western World Natural Heritage Region notably declined. It was suggested that the plant
community structure was influenced by deer density, annual rainfall, and distances from river and from coast. High
deer densities are considered to be one of the main factors of the decline of the ground-layer vegetation. Forest
management should be taken into consideration each species based on the species distributions and environmental
factors because the endangered species are distributed in several regions.

Keywords: Species richness, Endangered species, Community structure, Vascular plants, Belt transect

Network of lucidophyllous forests in Yakushima
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2 HHERHEC & D D DR & T HEE i)

(£

XYH Pinaceae
a=Eav]

E/*%l Cupressaceae
Ax

X%l Podocarpaceae
T

IYTHE Schisandraceae

sx s
FENZT

Pinus thunbergii Parl.

Cryptomeria japonica (L.f.) D.Don

Nageia nagi (Thunb.) Kuntze

Hllicium anisatum L. var. anisatum
Kadsura japonica (L.) Dunal

+2937%l Chloranthaceae

tyay
a237% Piperaceae
IIEIAXS

Sarcandra glabra (Thunb.) Nakai

Piper kadsura (Choisy) Ohwi

RJRXJYH Aristolochiaceae

Y9I AXYH
DIANDUTHA

EHLUEL Magnoliaceae

rHE</ %

9 R/ X% Lauraceae
AUNAUNZAS
DRI F
YIz=vir4
TrEY

RYNET

247/ %

ARHY

YagE

H ML ER  Araceae
YIRXAE
TLITY
FUIAVISIURYY

Aristolochia debilis Siebold et Zucc.
Asarum kumageanum Masam. var. kumageanum

Magnolia compressa Maxim.

Actinodaphne acuminata (Blume) Meisn.
Cinnamomum camphora (L.) J.Presl
Cinnamomum yabunikkei H.Ohba

Litsea cubeba (Lour.) Pers.

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

Alocasia odora (Lodd.) Spach
Arisaema japonicum Blume
Arisaema thunbergii Blume subsp. thunbergii

EF/ %9 39% Burmanniaceae

Ay oan
Lyxyoan

Burmannia cryptopetala Makino
Burmannia itoana Makino

</ A4EF Dioscoreaceae

YI/4E

Dioscorea japonica Thunb.

AR IAY Y% Triuridaceae

wodovs

YA TH  Smilacaceae
HYIHUFSA
HILEIANRT

S V%  Orchidaceae
BRAAYILIISY
YoITIY
TAIESY
SNYTLXSY
LILIIER
JILZ v

oSy

TH52

hosy

FESY
EXAY A =1
tvay
L3 A = b
Ebivk &=
TR/ ART Y
YOOI ARTY
URXVARTY

Sciaphila nana Blume

Smilax bracteata C.Presl var. bracteata
Smilax china L. var. china

Aphyllorchis montana Rchb.f.

Apostasia wallichii R.Br. var. nipponica (Masam.) Masam.
Bulbophyllum drymoglossum Maxim. ex Okubo

Bulbophyllum japonicum (Makino) Makino

Calanthe alismifolia Lindl.

Calanthe triplicata (Willem.) Ames

Cephalantheropsis gracilis (Lindl.) S.Y.Hu

Conchidium japonicum (Maxim.) S.C.Chen et J.J.Wood
Cymbidium kanran Makino

Cymbidium nagifolium Masam.

Dendrobium catenatum Lindl.

Dendrobium moniliforme (L.) Sw.

Gastrodia takeshimensis Suetsugu

Gastrodia uraiensis T.C.Hsu et C.M.Kuo

Goodyera foliosa (Lindl.) Benth. ex C.B.Clarke var. maximowicziana (Makino) F.Maek.
Goodyera hachijoensis Yatabe var. yakushimensis (Nakai) Ohwi
Goodyera viridiflora (Blume) Blume

Y49 I E AT B4 L5 Kuhlhasseltia yakushimensis (Yamam.) Ormerod

YAXLIAYISY
YoLIAISY
BIATLIAISY
FIOLAISY
SRYLIYSY
FrA45Y
avassy
RIS >

7950
EXTRNTY
AFnRanss5>
YOOI THALVARSY

Lecanorchis kiusiana Tuyama

Lecanorchis nigricans Honda var. yakusimensis T.Hashim.
Lecanorchis tabugawaensis Suetsugu & Fukunaga
Lecanorchis trachycaula Ohwi

Lecanorchis virella T.Hashim.

Liparis bootanensis Griff.

Liparis formosana Rchb.f. var. formosana

Luisia teres (Thunb.) Blume

Neofinetia falcata (Thunb.) Hu

Neottia japonica (Blume) Szlach.

Oberonia makinoi Masam.

Rhomboda yakusimensis (Masam.) Ormerod

Sedirea japonica (Linden. et Rchb.f.) Garay et H.R.Sweet
Tainia laxiflora Makino

Zeuxine agyokuana Fukuy.

HRH RE4
Hhigh A KB LYRYRE

1 1 1

1 2 3

8 14 42

4 10 60

9 18 48
10 21 148

7 14 47

1 1 1

2 6 23 VU
2 2 2
10 22 169

4 5 7

8 16 84

4 6 21
10 19 55

9 16 42
10 20 97

8 15 45

4 6 15

6 8 26

4 7 19

3 4 12

1 1 1

4 6 11

2 2 5 VU
5 9 21

2 2 2

2 2 2 EN
4 7 13 EN
3 5 9 NT
5 9 27 NT
1 1 1 vu
6 7 15 VU
5 11 46 NT
3 3 5 VU
1 1 2 EN
6 7 13 VU
5 6 11 EN
1 2 3

3 5 24

3 4 12

2 3 8

3 3 7

4 4 5 VU
5 7 13 NT
4 6 15 NT
2 2 3 CR
1 1 2

1 1 3 CR
4 6 12 CR
3 4 8 VU
4 5 20

1 1 1 NT
3 3 5 VU
3 4 8

1 1 1 CR
2 2 2 VU
1 1 3 EN
3 6 9 VU
1 1 1 NT



HHYAXHhAXS5F  Asparagaceae

ISy

Ophiopogon jaburan (Siebold) Lodd.

& 39 H#  Zingiberaceae

FTAI VAT

Alpinia intermedia Gagnep.

hxyy JHE  Cyperaceae

R sp.
THFURTFsp

Carex sp.
Carex sp.

4 &% Poaceae/Gramineae

A
FFIHY

Lophatherum gracile Brongn.
Oplismenus undulatifolius (Ard.) Roem. et Schult. var. undulatifolius

YYS5ITH Menispermaceae

INRJ INARS
FITXH  Sabiaceae
YvED

YIEHIH Proteaceae

YIEHY

Stephania japonica (Thunb.) Miers
Meliosma rigida Siebold et Zucc.

Helicia cochinchinensis Lour.

TUYY % Hamamelidaceae

AR/ *x

Distylium racemosum Siebold et Zucc.

a2 XY/ Daphniphyllaceae

XN

EAZXYN

T EH%  Vitaceae

I RKHXS

/TR

P

YrhIIL

/35% Rosaceae
YIFI S
NOF/ X

DAL PZAv
AFNZ4FT
JaoFao4F3
EANSAFT
Roas4F3
J=# Elaeagnaceae
YILY =

Froinds

2 9% Moraceae
A4AXED

18 EHXS
rAA44E

F7av

EXMHE

4 59H9F  Urticaceae
FHRY T2 A
AN S
HYriavvsy
*zX

T+H# Fagaceae
RAETA

ITFINTA

DINAHY
w3onhY
YITEEF Myricaceae
YIYEE

513/ X8 Betulaceae
FHhYT

1)#  Cucurbitaceae
HSRIY)
VXXM Celastraceae
EOLAY
VS
aANVEF
RILL/ X

Daphniphyllum macropodum Miq. subsp. macropodum
Daphniphyllum teijsmannii Zoll. ex Kurz var. teijsmannii

Ampelopsis cantoniensis (Hook. et Arn.) Planch. var. leeoides (Maxim.) F.Y.Lu
Ampelopsis glandulosa (Wall.) Momiy. var. heterophylla (Thunb.) Momiy.
Parthenocissus tricuspidata (Siebold et Zucc.) Planch.

Vitis flexuosa Thunb. var. flexuosa

Prunus jamasakura Siebold ex Koidz. var. jamasakura

Prunus zippeliana Miq.

Rhaphiolepis indica (L.) Lindl. var. umbellata (Thunb.) H.Ohashi
Rubus croceacanthus H.Lév.

Rubus grayanus Maxim. var. grayanus

Rubus minusculus H.Lév. et Vaniot

Rubus sieboldii Blume

Elaeagnus glabra Thunb. var. glabra
Elaeagnus pungens Thunb.

Ficus erecta Thunb. var. erecta
Ficus nipponica Franch. et Sav.
Ficus pumila L.

Ficus subpisocarpa Gagnep.
Ficus thunbergii Maxim.

Boehmeria sieboldiana Blume
Oreocnide pedunculata (Shirai) Masam.
Pellionia minima Makino

Pellionia scabra Benth.

Castanopsis sieboldii (Makino) Hatus. ex T.Yamaz. et Mashiba subsp. sieboldii
Lithocarpus edulis (Makino) Nakai

Quercus phillyreoides A.Gray

Quercus salicina Blume

Myrica rubra Siebold et Zucc.

Carpinus laxiflora (Siebold et Zucc.) Blume

Trichosanthes cucumeroides (Ser.) Maxim. ex Franch. et Sav.

Microtropis japonica (Franch. et Sav.) Hallier f. var. japonica

Elaeocarpaceae

Elaeocarpus japonicus Siebold et Zucc.
Elaeocarpus zollingeri K.Koch var. zollingeri

r9 XA 9%  Euphorbiaceae

FAAHLD
Y%
FISHY

Mallotus japonicus (L.f.) Miill.Arg.
Neoshirakia japonica (Siebold et Zucc.) Esser
Vernicia cordata (Thunb.) Airy Shaw.

SHYYI#  Phyllanthaceae

YIeny

hvasx

A+ X%l Salicaceae
145

SYNXR  Lythraceae
XY ILARY

7 FEEF  Myrtaceae
TTY

JrEE

Antidesma japonicum Siebold et Zucc.
Phyllanthus sieboldianus T. Kuros.

Idesia polycarpa Maxim.

Lagerstroemia subcostata Koehne var. subcostata

Syzygium buxifolium Hook. et Arn.
Syzygium jambos (L.)Alston

J AR5 U Melastomataceae

SYINVAURY

Blastus cochinchinensis Lour.

00 = — = N = N~ = o
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SW/AYYXHE  Staphyleaceae

agnNv/ ¥ Turpinia ternata Nakai 5 7 12
L% Anacardiaceae
NE/*x Toxicodendron succedaneum (L.) Kuntze 6 10 29
L 0SF  Sapindaceae
NYOIRAFHAhIT Acer morifolium Koidz. 7 1 38
SHh# Rutaceae
NItEUEY Tetradium glabrifolium (Champ. ex Benth.) T.G.Hartley var. glaucum (Miq.) T.Yamaz. 2 2 3
hSRHFU 3y Zanthoxylum ailanthoides Siebold et Zucc. var. ailanthoides 4 5 8
AXYFoay Zanthoxylum schinifolium Siebold et Zucc. var. schinifolium 1 1 1
T hsp. Citrus sp. 1 1 1
oS8 Meliaceae
L% Melia azedarach L. var. azedarach 2 3 4
YF FYJEFHE Balanophoraceae

YFM)EF Balanophora japonica Makino 1 1 2
#A# 3% FYX#  Loranthaceae
i ARANES Taxillus yadoriki (Siebold ex Maxim.) Danser 5 8 12
FF>af  Caryophyllaceae

Yo oTHTINaAR Stellaria diversiflora Maxim. var. yakumontana (Masam.) Masam. 1 1 1
S X+F Cornaceae

LEVEY &S Cornus macrophylla Wall. 2 2 2
FOY 4% Hydrangeaceae

YOOI TOHA Hydrangea grosseserrata Engl. 7 14 89
AIHS= Schizophragma hydrangeoides Siebold et Zucc. var. hydrangeoides 3 6 19
H71%% Pentaphylacaceae

Hhx Cleyera japonica Thunb. 10 18 99
NIEYHF Eurya emarginata (Thunb.) Makino var. emarginata 2 3 10
(= ES Eurya japonica Thunb. var. japonica 10 22 132
Evay Ternstroemia gymnanthera (Wight et Arn.) Bedd. 9 14 38
h%/ %% Ebenaceae

JagFayTAHFx Diospyros japonica Siebold et Zucc. 1 2 2
rEOHE Diospyros morrisiana Hance 9 18 77
B9 5V 9% Primulaceae

wvl)ay Ardisia crenata Sims 7 13 53
viLano Ardisia pusilla A,DC. var. pusilla 5 10 67
SOTIF Ardisia quinquegona Blume 6 7 35
EYRFINT Ardisia sieboldii Miq. 10 22 175
R= =AYy Lysimachia sikokiana Miq. 6 7 12
41Xt 1)ay Maesa japonica (Thunb.) Moritzi et Zoll. 6 14 94
DAL PSPV L) Maesa montana A.DC. var. formosana (Mez) T.Yamaz. 6 8 21
BAIUEFINF Myrsine seguinii H.Lév. 10 22 162
WIR¥FE Theaceae

R PAVAE S Camellia japonica L. 10 21 141
il Camellia sasanqua Thunb. 8 17 108
EXTvT Stewartia monadelpha Siebold et Zucc. 5 12 32
A 7 X% Symplocaceae

TAIN Symplocos cochinchinensis (Lour.) S.Moore var. cochinchinensis 5 7 18
T I A4 Symplocos glauca (Thunb.) Koidz. 9 18 127
ZA=ES Symplocos kuroki Nagam. 7 16 42
A=VAv Symplocos prunifolia Siebold et Zucc. var. prunifolia 9 19 75
F=sno% Symplocos tanakae Matsum. 2 4 27
I3/ %% Styracaceae

I3/% Styrax japonicus Siebold et Zucc. var. japonicus 9 14 39
T2 AR EF  Actinidiaceae

URYILF Y Actinidia rufa (Siebold et Zucc.) Planch. ex Mig. 4 4 7
¥vaYof Mitrastemonaceae

Yyavm Mitrastemma yamamotoi Makino 3 4 1
Y F  Ericaceae

EPVEL VL Monotropastrum humile (D.Don) H.Hara 3 3 7
VaVES Rhododendron indicum (L.) Sweet 1 1 1
HoSUvo Rhododendron tashiroi Maxim. var. tashiroi 10 19 126
DA 2 Vaccinium bracteatum Thunb. 2 2 2
7hRE Rubiaceae

AZ08)/% Adina pilulifera (Lam.) Franch. ex Drake 1 6
THF/Fx Aidia henryi (E.Pritz.) T.Yamaz. 10
7Y ERAS Damnacanthus indicus C.F.Gaertn. subsp. indicus 1 21 135
1=y Diplospora dubia (Lindl.) Masam. 1 1
I9FFY Gardenia jasminoides Ellis 10 19
TILNILY S/ F Lasianthus attenuatus Jack 1 3

TOUTUILIS /X Lasianthus curtisii King et Gamble

— S~ O0OONUIOWDON == 0 w—
o
N
N

JaoFagIIY) 2/ % Lasianthus fordii Hance 14 119
LI/ ¥ Lasianthus japonicus Miq.

NFHY/ X Morinda umbellata L. subsp. obovata Y.Z.Ruan 18 82
HIUTALFEY Ophiorrhiza japonica Blume var. japonica 10 35
NGYHRS Paederia foetida L. 3 6
RFamo Psychotria asiatica L. 16 92
VSATHRS Psychotria serpens L. 1 22 180
Fayvivh Tarenna kotoensis (Hayata) Kaneh. et Sasaki var. gyokushinkwa (Ohwi) Masam. 1 5
h¥HhX5 Uncaria rhynchophylla (Miq.) Miq. var. rhynchophylla 1 3
1> F9%  Gentianaceae

IJFYUED Gentiana zollingeri Fawc. 1 1 2

*aF Y +o#  Apocynaceae
Yh¥xHX5 Anodendron affine (Hook. et Arn.) Druce 9 19 85



Vv Hoya carnosa (L.f.) R.Br.

FXFIEXINL Jasminanthes mucronata (Blanco) W.D.Stevens et P.T.Li
*vasy Marsdenia tomentosa C.Morren et Decne.

FAHhHRXS Trachelospermum asiaticum (Siebold et Zucc.) Nakai var. asiaticum
ELLHAFE  Convolvulaceae

RILEAXS Erycibe henryi Prain

E9t414F Oleaceae

FRXIEF Ligustrum japonicum Thunb. var. japonicum

UREV A Osmanthus insularis Koidz. var. insularis

A0 %/83#  Gesneriaceae

P2 Lysionotus pauciflorus Maxim.

AIFXYIETIVY Rhynchotechum discolor (Maxim.) B.L.Burtt var. austrokiushiuense (Ohwi) Ohwi
& Y# Lamiaceae/Labiatae

FHLSHFIXT Callicarpa japonica Thunb. var. luxurians Rehder
FIVYX Clerodendrum trichotomum Thunb. var. fargesii (Dode) Rehder
NI OH X Premna microphylla Turcz.

ThHRIEYFIYY Scutellaria rubropunctata Hayata var. rubropunctata
EF/ XH  Aquifoliaceae

YTEF Ilex goshiensis Hayata

EF/F Ilex integra Thunb. var. integra
JaoFxamEF Ilex liukiuensis Loes.

JBAHAREF Ilex rotunda Thunb.

X% Asteraceae/Compositae

hovoJx Farfugium hiberniflorum (Makino) Kitam.

VA E S Farfugium japonicum (L.) Kitam. var. japonicum
Lo FH V% Adoxaceae

HrdPa Viburnum odoratissimum Ker Gawl. var. awabuki (K.Koch) Zabel
RALHZXS5H Caprifoliaceae

NIV R Lonicera affinis Hook. et Arn.

FHEFZURY Lonicera hypoglauca Miq.

AL HhRXS Lonicera japonica Thunb.

a¥E Araliaceae

hoLs/ Dendropanax trifidus (Thunb.) Makino ex H.Hara
*J4 Hedera rhombea (Miq.) Bean

2h/Fx Schefflera heptaphylla (L.) Frodin

£ 1# Apiaceae/Umbelliferae

EXADT/ S YN Sanicula lamelligera Hance

EHh45/ hX5F Lycopodiaceae

k7N Huperzia serrata (Thunb.) Trevis.

FohoSY Phlegmariurus hamiltonii (Spreng.) A. et D.Love
AN Phlegmariurus phlegmaria (L.) T.Sen et U.Sen
EESY Phlegmariurus sieboldii (Miq.) Ching

4 I E/NF  Selaginellaceae

r=v35<dy Selaginella doederleinii Hieron.

hrEN Selaginella involvens (Sw.) Spring
TYINF VR Psilotaceae

IYNT Y Psilotum nudum (L.) P.Beauv.
YaoEUS4F Marattiaceae

JagEVAA Angiopteris lygodiifolia Rosenst.

%%/ 7% Hymenophyllaceae
= = Abrodictyum obscurum (Blume) Ebihara et K.Iwats. var. obscurum
FTARS T Crepidomanes latealatum (Bosch) Copel.
OFIIh Crepidomanes minutum (Blume) K.Iwats.
aovasri/sJ Hymenophyllum barbatum (Bosch) Baker
wynNar s J Hymenophyllum polyanthos (Sw.) Sw.
Yaxavas s/ T Hymenophyllum riukivense H.Christ

YIRS IH Vandenboschia auriculata (Blume) Copel.
NS R334 Vandenboschia kalamocarpa (Hayata) Ebihara
FANA KRS T Vandenboschia striata (D.Don) Ebihara
5208  Gleicheniaceae

ava Dicranopteris linearis (Burm.f.) Underw.
»5on Diplopterygium glaucum (Houtt.) Nakai
Y ITLHYHSRIE  Dipteridaceae

ATE YR Cheiropleuria integrifolia (D.C.Eaton ex Hook.) M.Kato, Y.Yatabe, Sahashi et N.Murak.
XU/ AL HE  Plagiogyriaceae

AhHIxXT/ 4 Plagiogyria adnata (Blume) Bedd. var. adnata
FTAXC/ A Plagiogyria euphlebia (Kunze) Mett.

xS/ AVHE Plagiogyria japonica Nakai var. japonica
A% Cyatheaceae

FrRAD Cyathea metteniana (Hance) C.Chr. et Tardieu

%=1 Cyathea spinulosa Wall. ex Hook.
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KT HE Lindsaeaceae

IHIFRUTILHE Lindsaea chienii Ching

YAoK TIIHE Lindsaea javanensis Blume

ST EYFIRUT YA Lindsaea orbiculata (Lam.) Mett. ex Kuhn var. commixta (Tagawa) K.U.Kramer

Lindsaea sp. Lindsaea sp.

w52/ 7 Odontosoria chinensis (L.) J.Sm.
AV DZ ) Osmolindsaea odorata (Roxb.) Lehtonen et Christenh.
aNnN/A49A5<F  Dennstaedtiaceae

TERHE Microlepia marginata (Panzer ex Houtt.) C.Chr.
AhI< Microlepia strigosa (Thunb.) C.Presl

RN hET< Microlepia substrigosa Tagawa
A4/ ERMYIH Pteridaceae

P Haplopteris flexuosa (Fée) E.H.Crane
TIEVIVSY Haplopteris zosterifolia (Willd.) E.H.Crane
NFTanss Pteris fauriei Hieron.

ERTTIIOYGLHE Pteris tokioi Masam.
Frto P HE  Aspleniaceae
FAE2=T745Y Asplenium antiquum Makino

URAFA=THRY Asplenium nidus L.

XYrS/% Asplenium normale D.Don

FTHHARIHE Asplenium wilfordii Mett. ex Kuhn

ILIHE Asplenium wrightii D.C.Eaton ex Hook.
FUIVRIELH H) plenium murakami-h kae Nakaike

E A4 Thelypteridaceae

TFIVH Stegnogramma griffithii (Hook.f. et Thomson) K.Iwats. var. wilfordii (Hook.) K.Iwats.
IYVH Stegnogramma pozoi (Lag.) K.Iwats. subsp. mollissima (Fisch. ex Kunze) K.Iwats.
anyIvay Thelypteris angustifrons (Miq.) Ching
EXANYTVE Thelypteris cystopteroides (D.C.Eaton) Ching
NoIVE Thelypteris glanduligera (Kunze) Ching
avEYIH Thelypteris triphylla (Sw.) K.Iwats. var. triphylla
SOHLSH  Blechnaceae
wYNFAHT< Woodwardia kempii Copel.

AL HFE Athyriaceae

ANSUH Deparia lancea (Thunb.) Fraser-Jenk.
FFIHTHE Deparia petersenii (Kunze) M.Kato var. petersenii
A TETxX/RYLH Diplazium crassiusculum Tardieu ex Ching
eon/saxys s Diplazium dilatatum Blume var. dilatatum

DS =L dr 2 ) Diplazium doederleinii (Luerss.) Makino
FTINRXIRYSH Diplazium donianum (Mett.) Tardieu var. aphanoneuron (Ohwi) Tagawa
EA VXS Diplazium donianum (Mett.) Tardieu var. donianum
B NAVE=E )23 Diplazium fauriei H.Christ

ER/NIYT/ aX) ¥4 Diplazium griffithii T.Moore

Syv/axysy Diplazium mettenianum (Miq.) C.Chr.
aVEIIONY Diplazium virescens Kunze var. virescens
#* 4% Dryopteridaceae

Yoh+rISE Arachniodes amabilis (Blume) Tindale var. yakusimensis (H.Itd) Ohwi
RYNRhFI5E Arachniodes exilis (Hance) Ching
aN/AFISE Arachniodes sporadosora (Kunze) Nakaike
ANYHATHE Bolbitis subcordata (Copel.) Ching

hYEIAL/ T Ctenitis subglandulosa (Hance) Ching

E k=2 Dryopteris formosana (H.Christ) C.Chr.
ARXREIVHE Dryopteris hayatae Tagawa

RaAYFFR=_o & Dryopteris koidzumiana Tagawa

k=% Dryopteris nipponensis Koidz.

ATJLAEF IS Dryopteris sordidipes Tagawa
FHNIABFTH Dryopteris sparsa (Buch.-Ham. ex D.Don) Kuntze var. sparsa
TIAH Elaphoglossum yoshinagae (Yatabe) Makino

AL 4% Nephrolepidaceae

ATLH Nephrolepis cordifolia (L.) C.Presl

</ 7% Davalliaceae

Pyl Davallia mariesii T.Moore ex Baker

xHv/7 Humata repens (L.f.) Diels

SR H  Polypodiaceae

A4 T Colysis decurrens (Wall. ex Hook. et Grev.) Nakaike
YY) I RTINS Colysis wrightii (Hook.) Ching
BAIUTFFNAXS Goniophlebium formosanum (Baker) Rodl.-Linder
TAIAH Lemmaphyllum microphyllum C.Presl
XARSYYNZ Y Lepidomicrosorium superficiale (Blume) Li Wang

e D) Lepisorus thunbergianus (Kaulf.) Ching

ATV FELH Loxogramme salicifolia (Makino) Makino
RaAPFFxFHSKRY Microsorum dilatatum (Bedd.) Sledge

EkUn Pyrrosia lingua (Thunb.) Farw.

EXABNINISKRY Selliguea yakushimensis (Makino) Fraser-Jenk.
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FA7HTO-F bo—F - 77 RBIRL EREFZEEIR

FEDO A T FEBIIATOMIED L=< I
BLDOHENTHSED

JEBOR - #h P ROKERES T — L
SREA IR RIS’

7O T — ZICEEE DNA 28I L CItBE DT VA U g (Fyanax, 7ARRA) OER
& ZOFWIRF RIS ER2RIE L. TOkDIC, WKkEERIML, il B XUk
TH b=V~ ADOMRHRIN B DNA MR 27 LTz

A anavEEENE, fib®IC X > TS Nz B B THER S h Tz, BRI R
WTHIENIzT eh b, MK 2 ORI RSNz, UL, MitdEE DNA TEHIET
LIREMTH O, BIFEOLEMOT DTS, =V R, fuldic &> Tl i Xk 24 Qi
BN TWS., o7 FA)IRETIEA Y a aa<xhARFMICERLTWAED, JEF—2hD, =¥
SRALEBEEN TV AR D B, 7 AR AR RENT, R A DIEEORMIcOAHER LT
Wiz, A5y NI TR 2 5858 U 72 A D 8IS s H, FHREICES NS, B/ # Eok
FN N TOFIEDICHE TN TV B AHEMENIER ISR,

BELT, BOBERETHE AT anave 7 AR ADLE LR EBHBIHN RSN, f
kDI TZY< D] THO, FARICBEEIEL TOSIEEERI RS E Nz, koA niEd
NUEXVERTIE AL, FHEHIBEIM DR GHHEICE DV AMNGRERDO R ARG N ETH

%

F—TU— N TATRA, B 4 anav, BBIDNA, WNIHE, PUkiiE

| . Fi
YIrRAUFEOA T anaxid, ENTE
Retitg La W BRI GEIC DAY 5. —
i) EEICAER L, Ay anax &
TRICERBOTZY AT HTELENT
U5 (Fausch et al 1994, Yamamoto et al 1999, Morita
et al 2005, Koizumi et al 2006). HESE/R E DAL
7 faibeld, FERfCRE R OFHR T O
FHRBE RO K 2 X 2 EAREOBERE
K hzglEiTT. £, HERMO=I<AD
TEAC Ko THPHRDREL TR EEDN
TVa.

AWFZEIE, BRBE DNA fiRhit & B AR & 0 4
BLTOW DT — 2256922 LT,
NOFERICIh> TAYamaxr, TVAYF,
BRUZIYAZNENDI & R 72 fif
T % &z HIgLTz. RS, @HOME T
T — ZUEEDN N MR LDl HZ, BEE
DNAICKDERTERLEZT. ZNITW
T, G Zmllscith, B, ARt
fRIAL, ERA T T BOMRBICHMKT T &%
HfgL 7.

ENTORmAIREICE SN2+ 310
IBIXUMEBOLY AT FICDONTIE, AR

1 JEHEEZE R ARG 2: M KPR NI BB AT

2018.1.5 %2} 2018. 12.20 3B



DM K% X ZEHAREOFEREIR TPy KA D
1RAIC K B8 ARF ORI P REME DI R DM E I &
N%. HIEARREOBLRZ ATREZR R O JRIc Y
L, MEREH R TREME BT (PVA) & E1C3E
JREEZLELHEETHD, HifET—XDFRHE
MNEFENS (Morita et al 2000, Morita and
Yamamoto 2002, Morita and Yokota 2002, Morita et
al 2004).

TRELUT, TTHUE, RSN TS
DG E, X LR OEIERN 2T 5N 5.
TR r RN 2R CHIfER S 2 W ILfEEIC
T, NLWERIESORERIRETH B =Y
S AOE 2wt L, R, BhE, I
HWARBRIRSEIFICDONT, AEMEIT 205805
2.

Z Lo &9 5 NTOFMIEDICDONTIE,
BEfEEEE L THABNTE . TIN50
&Y, ARHOHT X ZEARFOEREE T
Mol EN, FEARREOMBEATREMED AR
fAHEN TS, TOXS HIEHRRIEkD 5 H
2, X LD D 30 472 1 T
TEOHIEDHEI TS 2 L DFATHIIEE H D, BH)
REHE 0D 5248 0D i TR AT S N A FYIC B & 7
HHORBICIEHNHEENEETDH S
(Morita et al 2009).

JLHEDA T @2 CFanavisi U
IYVATF) BHIRHERDBIR 2Tz AT
REMEND S, chbide I TRIAMEARE &
UTKRIEN, HsE A OIS ERZ REF LTz
kRt LT THEZAAAETH 5. LML,
b EACRADEEIC K > T, (ARBDOREIR
HEFEINE L T2 TR B 5. DY
FHaE, BRELONC BEHIBHIOHKIC K B
B E, O K 723 A & iz B H)
LT3 EEN2D, JLEETIEL I DH
TR ORGP Z DL RIS BT 2 A
MELTVS. —J5, fbDRISRIEDRA%
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BOIEDZ WS WMOMREES 5 2. i
HEOTERY 7 BHISRFE = 2~ XD KIC
KB HHFHBROAIREREDEHEN TV
(Taniguchi 2000, Morita et al 2004, Hasegawa et al
2004, Hasegawa et al 2006, Baxter et al 2007,
Sahashi and Morita 2016). 2015 fFlIc =< Xk
[E D PESEE PSRRI BE S NS, RIED]L
ME DR EIREDNDEEND XS N B 7%

, BN CHRE ORI 270 S 10/ Nl &
N5,

HEEHE 5 O LT OEIC K 5 T
IC&-TC, Ay ana~vhigbiEic 1 TR
fiEhtnwadc e, SHICIVATFDERT
UT7WELIPNT EMHHLDDHS. DLk
Mo, JGEEDTERA Y FIE 2 FOA IR 2
FEIICHE T 2 BEBIEREVEEZALONS. W
DIAERDA T FRBRHRIC DOV T M2 &M
U, ERHD Wi kiE D) & DO K%z
IEREICRHE L, E5IERAEBICK> THAT
ONEDT2EZ ST EDREDKI O 7z

BoTW3B. TNiE, PNF U OIS
EDIELEZS.

. #RERE

1. i

LEEDA T EO 2, Avanax
(Salvelinus malma) & T A4 T F (7 X< XA,
Salvelinus leucomaenis) 734 L, =3I <X
(Oncorhynchus mykiss) DAz A DH I DNT
LA L (Fig. D. &AW, GRIIDKR
DETTFA, ATy RXBIULRRA D3
)& U7z (Fig. 2). $9IEIC K 2 Tiiah & 72
CT, EfMhS MRS TERENA Y a1
av, TVATF, ZUIANEIERET B
TR A, A Y anavofEREIc = U AN
BA NABHBEA) LTwaETTr A, »
THOY T RIS OV T L ERED D a A



.I ﬁ%@ﬂi@gﬁ 12“/31::17 21/4"7% 3.
ZIURA

AN [ | RN Rs /i | e S Vi r s Y A RSV
J7z#EE LTz,
2. PRSI 75 Bihi DNA WL R OifEVT

Frawavw, TVATF, ZIAD3FE
IZD%, ShaYRUT7F M r7u—Lbi#EET
IS, TNETNOMICRRNE TS/ —F
XU TagMan 7B —T7 Z&HE LTz, ZhEho
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TIAR— - Tu—Tty FORREFHERT
1%, TNTFThDOTI7A43— - Tu—TJty

F 2 HWT, 3 HEOMFKICHIK T % DNA %2
BNC U7z 7))V 2 A LN PCR Z{To Tz,

3. Bk

BREKOREUC DV TIE,
WE Ueh, XZFOHMEE3IHD 1 mDHE L
fz. ThUE, e~ ofERM, EENMTBIT
MEHO7 Tu—FOHLE (FHxEDU A
7)) ZEF BT LBt THS. AL
DFfIEDDET L XFDEEIRENTVS K
I, RRHTOLXFOPFEIFHE DR
Ko TESTIEWY (Fig. 3). L ENS, K
AT 2016 4510 A 12 H, 201743 H 9 H—
10H, 5H28H, 6 H28H, 7TH26H, 8 H
30 H,9 H 26 H, 10 A28 HIcHiLz. i,
BRI O 2017 4 9 HAR X TITid, 2016 4F 10
A5 2017 47 A TOREIKIT DWW T
ZRT LTz,

i THY 900 ml DRJEIK Y TV T
U7z, K\ LTV aIEa1E, FULVET
RzdlF, &>l BWMEICVKZG. £
IKY > TV, DNA D7 fiREh 1D 7z b #&
J& 0.01 % DI P)V = LA Z 30
L, BAHRICTIRAT 7 AN—=T 14 )b 2— (F
B 0.7 um) EHWIA@EIT-> T2, A
YPGB THREL, M RKATIRHET
Bk L7z, — oY > 7 iconTig, ik
ZHOI A THEETOE L IRz ARY
> T IVh SO DNA HliHiE Y U X b & DNeasy
Blood & Tissue Kit 7 fU 7z —fi& 1Y 75 B3 5E DNA
BRI K> TiTo 7. U7 IV E A L PCR AR
3k & L T Environmental Master Mix 2.0 % >,
B & UCERBE DNA > 7V 7% 5 W iz 7z 20
ul DK iR T, StepOnePlus D 7 7 4 )V D
PCR &M (72720, YA I NVEBOHR 5T 10
e L) TUTIVEALPCR Z1To5 7.

17 Hic1zH

i<
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. &R
1. FERE S 2R BREE DNA KRR O
FatLizZznEtThors54—- JTa—7
by hEHWTCAYarax, TVAT), =
T ZAORREAD S A L 7z DNA Z88c ) 7
JWEALPCR ZfTolz& T A, TNEFNDON
SO DWTHIES 7 FIVNBISRE Nz,
DT NS, FRFRNEBHSRDETLE N
EWVZ 5.
2. BiBK D 5 0 DNA OF AR
Fyanaxw, 7AYRA, =V ADDNA
ORISR A, FRAEER C &1 Fig. 4 1Kk LTz,
YIRHRATE, AyanaxhieToiHdt
ICHBWVT, FKRHRch D ST I NIz,
TVATFIFHRE FIROF A 5 ERKREHH
KhhboTRH SNz, U< AL, e
RO SRR E NI, EFEOAICR
btz EUrF AT, £TOHREEHICE
WAV arax e U AMMINENT. A
23 aARICDONT 2017 £ 5 HickiiEnd,
ZYRRAICDNTE, W MNRT20174E3 AL
5 AICHHE MRV E, BUKRHHIC X %80
NEBNE. YT uRINTDOVTIE, K50
MEEWVSFERDZ L Z DT, L L 2017
FoHIEIEEEMHEINZ, TYATFIE
3AMS 6 HIZh I Tk MR Tt Eh, =¥
S AZ 6 HE 7 HICHRE PR A TR
TNz

V. &R
1. B2bi DNA &AM

ARFRICER LTI, $9IIC K % Tliiddd Okl
RZWE A CHEMIZEE L. D%, Lk
P S RIS THIEMDIERZE LT %
ZA, AYanavEoVURANER LTS
Eor A, wWInoYrRfaEcOWNTE
EREN DI VAY Ty, THoH,

57

Fig. 4 ISR & Nz & 9 ICEREE DNA 8 DG R
EDEBEMIXED > T2

CTHUENE, P K %A L BREL DNA O
FEFIC K E 72372 <, FARFICHHE BT
PIEDOENEDNRIEE N, TSI
PHRERMIR LK ST, JtiBEDOX S 5E2HT
A A LD TOWKAEOFAEIC BN T,
¥ & BRES DNA IC KX % A D HAHNIC FEhE &
N EDEMENRENTZEDTH 5.

CHET, UmEDY T RFEEIC DOV TON
JIICOESE DNA SRE RN R L, 5l
HRED DR EIC OV T EEZZD T
FATHIZHE 2 < xR EY OB
U, BRBI/KAD DNA O AL, it
HPEBETLEYEERE Doz, L UAWITE
DOFERNSIX, JLHRED A TORKIZHBNY
T, DNAMHD T ARETH 5 T L AIRE
nr.

COX I iHEICIE, B ERILESA R
DEFTHARAIRTH D, HA ROEN LT E X
J—E—ENBIXCE—CIRIAN—=DL YV
ZIVDBHNKREN STz, TORICBENT, B
1G5 T LM TEIBIRNIERICRE D>
EWVWZ 5.

K7z, TTTHIEREDNA Y2 7)Vifho
EVFRICHW2 T LD ATRETH B 728, FIZIE
e MR ISR S % MiFish 7914~ — 7%
FWTfRATIC K > T, SO & DS
7% RESRINIC RIS 2 T L L AIRETH B. D
BEWTE, REPIKICKBW0C K > TEELRY
VTIVEEIC R LI L WVWZ B.

2. 0P RE 3 REOD A ELREPA & FE{iZA b

FZIICOVTIE, ¥ arnavoLinsk
A BRI O AR I EERE SN, HHI
X o TSR R E N, BoTTE L b
ITEID R E Nz, FEIRROFHUR B350 L
TWVERWY, FiHR A TORBENIDIX, 4+ 3



ST _ THI9R
T—AYSYRFrEIE-L - KERA T—  Site3 -k
| = H
-F;)Il. H
T—F Y5 yRIEBMAE-L ' F— Site2 -k
i B i
| o L] m
FHSuNFD T | T sitel -k
HH tx
£ AREF—L SRk Al
- @BYELE
R
_ 2016/10/12
| X 2017/3/9,10
T-E97F41-L 7K 2017/5/28
TR =] 2017/6/28
I[ | 2017/7/26
B4+ S B =ov2z
2 ) #>anavs
C Jxzvao+#
%

4 BREIDNA DHTORERE L. WIS L, PEMT LICERE DNA 07 —27ZRd. W53 MzhZzhicone, iid

H T &I 3 KA DT 2 F2hi L 7o f R e g

OO OFHIBEIIEZE TE RN EEZILN
5.

FlAEI XYV AT FHNERICAHT Ty
Nz LT 5T ENHIHL TV, BREE
DNA OFERMN S, TV A TFHAY T v XD
TRICBOWTERENSEFICHMBEN TN A.
UL, fEmEcomtnbzd, RS
FiZ(EZRA BT X TERL -T2 RHR A
DIV A TFiE, BB DNA TOMMHKEFICH
TOEENHZEDD, WELELTHREEN
R A= RN

ZIRRAIDWVT, TSR TIRIBAREC
W HEZRT EENTVEEDD, SEDH
BT, WbRE, mibER e BicTEZ T
ml>THHh, WEEREHSNENo .

3. R ED =D Dk

AWFEORERD S, fAlEDICK>TZIR X
O I KB EEHIERDANTND T &M
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I Nz, eI, €U FANIFRETIEA
TanaAEFIINCERLTED, TUIA
ACAIED D EE T ANEA S NI
RiELENTWS. EHEOWET—2LHE R
TEABD L (N, KFEH), ZYSAIKEE
ENTVBERIZA SV ENZT.

T AR ADELHIEIREN T, iR AR
BOEROMICORER LTV, AT vX
NI TR 2850 U 7 A S S h T
el TN MRIICIRS NS, BRlE DNA C
OMHFER & A/ T, B/ EOBEIH A
T.OfAIEDICBHEE N TV S AREEDIER IS
WEEZILNS.

BAELT, WPREkETHE A anax
ICOWTI, ZE LIAERROIFE DR E N
fe. 122U, Avana~xo MKE) 3E FkR
ISR S AERHOmEIIRE <AL, DFD
BIEINATDRENEREZ IS WIRIRTH -



7z.

Dlz#Ezs e, fibdid T=V< AL
ThH, FERHCBEIEZHE L T02ATHek
NS TR E Nz, BTN Z TEBE DNA
SERIELI-C T, 4T FHEOENRE 2
LHSRIETH 5 =V~ AN EIRMZIH S M
TEHTENTER. ANLOfLSZBIET UL
KVERTIEEWD, BUROFETHRVLEWV IR
Wm0, REFFETIE, BT L OERNZI
R, A Z7anE Xy FOMTO TBRS)
F 1V B DT — ZIEESF TE TR,
S, BINERERO R RIS L TRDT D
ICE, FHIBEIOW OB EHEDS T
HBLEZS.

5| FA>Z#k
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Are Salvelinus species in Hokkaido Island, Japan endangered by
damming and invasive Rainbow Trouts?

IMAMURA Akio and MINAMOTO Toshifumi

We investigated distribution of Dolly Varden Charr (Salvelinus malma) and White Spotted Charr (Salvelinus
leucomaenis) in Hokkaido Island, Japan. Our research sites were located at middle of the island, and these two
species are landlocked. The species' populations are to be fragmented by damming and the invasive species,
Rainbow Trout (Oncorhynchus mykiss). We established the protocols for the species-specific detection of
environmental DNA (eDNA) for these three species. Although Dolly Varden Charr populations have been separated
by damming, they are not eliminated by the invasive Rainbow Trout but lived together in some of the sites. White
Spotted Charr populations inhabited the lower reaches than the Dolly Varden Charr. This charr also lived together
with the trout, but their frequency of the detection was less than expected. Invasive Rainbow Trout population was
also less detected than concerned. Damming may have a function as protective walls as well as impassable barriers.
However, from a long-term perspective, fragmentation might affect negatively for the viability of the populations of
the native Salvelinus species. We could not reveal the seasonal movement, especially in their reproductive phase in
the present study, although we made eDNA survey through the year including the coldest winter. We should continue
to study the ecology of charrs and trouts focusing on the effect of damming and make some contributions to
conservation of the native Salvelinus species.

Keywords: Dolly Varden Charr, Environmental DNA (eDNA), Impassable barriers, Research during the coldest
winter, Water sampling, White spotted Charr
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Y UN)VRA ST aTEY 2 A (S516,

3 R Y'Y B REEE. @) a2y da

S517) &, &% 140m & 175 m BEIL T\,

V., ER

1L ARKEIERT 2500 €Y

D Y oLkt e s auey

SRIOFFHETY >N )URA v 2T HiE
BE NI, BEEREESERICESNT
We. £, BRaiclkansotisicinz
TRANFINEI THEEM RSN, Th
F T, FFE T 2001 9 A 13 ~ 14 HI< 5 B (L
o e o e BRI 4 GE, o RCERIME 1 SH) AN S N, 2002
9 A 24 HIC RIS T2 O N O RCEREE 1

YIACFHIAYEY, A VIYIaAFSATSaAVEY,
B EEUOavEY, O: RS/t bFavEy, A FE S N (I, KRR, chids

N B 25 Aug.

- 24 Aug.
C ’,/ ’
' D
25 Aug. .’//
26 Aug.
100 m
19 Aug. A
25 Aug. 24 Aug.
100 m

K4 BFRSAIKEIZ)avFayrryr7ave) (A) &Y oNbitesrave) (@) OREMMESHFEKDBINT X
3RO SBE. A 1 S509 (BEKEE), B:Ss10 (BEKME), C:Ss16 (AEKEE), D :S517 (HAREKEE).
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FREIT 5 L%, REDHMTESEL T
T ERRBLTNS. TN, FEHES 2
TEAD RS 5 200 m UNDRL S (Bl
FEIME ) ZRH LTV & TEEMT
H5N%. ARSKE R RV ERSEELTH
HEhz e FHINEGD, 15O AR
B DWW SROBETH 5. AFEDE I
BLED X SICHAMDIES Nzt THh o,
iz S (hEiEh 2016) & [AEERICAAES L
RN DTN EHERE NS,

) VauFawysrr7avey

ARG 2 AT IJEAE, SIERB X UR/
SLEIE TR SN, SERTE SIS
W, 7+ L AMRYRABLUNAERL R
O— RCTAEDHRENZ. TNE TOHET
k& LT, 200647 H 16 HICHEEH BAE
CHCERIE 1 56, 7/ Sl LA TR FNIC RicEREE
QBN E N (B, RFELR). hb50
I HARLIERS (2T AR E) ZEAEL
TESMTHD. T LIHAREREICE, #HE
BHEZNTENTHEINS, AHICET5H
i, FEEHEBAAOBIFSRDMEICE
B RGBSR (B A 2013 5 fiRBUIE A
2016) »5, < SHEOBEFEAEZ 100 m [l
TR, HETEHED A RBEN, SEROTT
B FEAIC PR < REE DHEIPA TITEI L TV 5
EEZBNS.

AFED L B IIMHE, K, ﬁﬁw VL
DELZETH S (HHBIZ 2013 5 B - ik
2013 ; fiBEIE D 2016). E%M®@%MK i I
WIKER LTSN, koGS EIciefts
NTVBEVAEXS. FREIOEFEOMRERF v
T K BHET, Wi - WERNMHES N
MmoTleh, % ED XS RiGiz i « WES
A& LCEIRL T2 00 ZIHS M T %003
5.
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2. BFERIITERT BRIy €Y
FVAAF AT ave)dMEI NG
Mo Ty, HEOHEMFATHE SN, Skt
T7ﬁbXFﬁUZ,E@,M4EZﬁXD—
R, ZISFLEGAE, 1/ SlEas, 4,
SRR B K UREFGHL THEENHER TN
7. TNEXT, HEPITEAOHILFEYIT 1986
7 A 28 HIZHKI 100 BHOWHE S, 2002 4 9
H 23 HICHKI 50 SHO R, 2010 429 H 13
HIC 12 SHOEN], KRR 445 1 FRRE D K
FENC 1986 4F 7 H 29 HICH) 400 SHOWHE ],
FRAAZEKIEDNR T 1986 427 H 29 HICEK
9H, WA NHT T2 OGS TEAE 7 H 30 H
I 30 BH, MNETE RS =Tl ON5Z25 T 1986 4F
7 H 30 HIC S84, FERRA Ph i O K TS D i
BT 2010 4 9 A 11 HICKI 500 81, 74 LA
FRY ZXDR&E 2 A FTTHFE9 H 12 HICK 3
BH &Y 20 BB K UGB IE ORI TRIHIC
2EHOERDHERI N (i, K7L, A
AT 8 rHTOA BRI N TR D, A3k
KEILS LTS

EEIOOYVEY ZSHOHE THE SN
Wotehd, EEEEh 57+ LA RRY A, H
REBXUNA Y AN A0 — ROFERIKIERS
BT ENMEREINTZ. TNETOHEMHETE
REAINTWIENT ehD, 2 (hBiEh,
2016) &IARRICAERIBIZIEFEICRENTnD L
EZbN5.

')1‘7:\:1‘711:“%%‘:1'73&')@7%1/7\]‘
RV AT 1HEDOEICIEE - 728, HEAGdEkD
gﬁgm%,7quL$ux,m@,ﬁm%,
NACRAHAT— R, A, ER{HE, (LR,
ZANFILJEAE, eFEB XU RERG
TN HER SN, RS LTV, ThE
TOFRETIE, FRNESEMHEDOS A
BEYLT 1986 47 H 29 HICE 10 BHO LB FH
a7 EY OERMBRINITHE RV, £z,



2006 4 7 H 22 HIC ¥4 & OHgAREA LT T O
LEZONSERZRlEk Uz, S, TR
Al 7% EDRREZ1T 5 BN D B .
AL REBIERT 200 ayEVH
BWERRBICBIZAIAMMAeFavE)IE
WE T2 DR I TS E N7z (Yoshiyuki et
al. 1989). T D&, izl 724 mlFEERIC
BARIEE SN TRV, R SEFTE RN
EPMT NHET ISR O E S IR O SRR TH B
N, WEIRETHD. 5%, TOMNEDORIT
W= MCAAIMETZE3N—T T v TRiE
U Tzt A, AEOLRZERET 208N
H5.
—J7, HAaEh b HAEEYIREE Y X —,
KB, %E, 74 LAMKY X, {ER{HE
VR, FERR, CHUINBS, (LR, &2 8Tl
HBEIUSFHTRAHL T2 2 EMEEEN
Te. AIAAFav e I3k FOREZ
Mz RHEICFHH L TWA 2 & 2R LTINS,
2SS TERROE DI E N (b, &
).

BT, 200647 H1SHICAIAotbF
a7 EY LEEICE F a7 T Vespertilio
sinensis £ FELL LTz B/ (¥ — 7 B84
26.7 kHz) MadikE Nz (B, RFEL). K
M AI Mt eFavey &EBICEROE
NAZEZRSBELTHALTWVLS
(Funakoshi and Uchida, 1981). b+ I EU D
EROERZ MRS 2 T2 DIC Bl il % 24
D 5. 7T I7avEVOHMEES TR
Moy, AMIFRREEZRQSBICLTAL
PHLTVB LTINS (Kawai 2015). 5
FIOMET, HE ORI T Y — 7 HECr
19355 kHz DFE A Z 7l L7z, THIEHAS A
WICHIRETT, a4t 47 72539 E ) Hypsugo
alaschanicus O 7 (Fukui et al. 2013) 1 B {LL
LT\ 5%, figlc K> TRt EmE
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LCBINEN T EMNHRIENS.

MOT, BEKRKBICIGFIZ7ETYA AT EY
Pteropus dasynallus 5 £ |2 LU T W 7z (£ [H
1985). ‘ERLTCVWARVWEEINMZETE
2013 FRICAREAMATF S N7z (B 2017). HiIER
RE(LORT, WO FERTHS 7 TR
PRI ERT NI ORK L TL S 0]HEME
MW %.

4. S OME & AR 2 I0 fH A

1B O A T FEABHT DAL oD > a4k
5572 3 S W= NI LU O s K T R R A o
fe. SBIE NS OO ARRAE O R EIC
Eo T, BEREEBICBI a7 HZ
ELU BT, BANGREERMDIRENSG L
MEE L.

AIABALFATEYORSSMETEL
TGO R o7z, 5%, dlbH
FERIKORENL— SIS 1 A S E FzlgN—T
N T RRE L TRHEL, RO R 2R
TEZREND S, yuAATTIavEY LA
bhdErEbhicixEI Nz s, AEDRS
S b s N THEEY (RKESH) &iid
WG e LTzl b 08N H 5. bFray
BV OEEAROMRLAMTHS. £,V 2
UFavaeFrHavEIR, AV aFsH
7 avEY LIRS AL LHIRIC 2
ILHIFIC AL TWRIcE b 59, FiIH
LTWBRISSEHMNIEEAEL D> TWix
V. S, VavFavaeFaavEe)hvf)
HLUTW3 EBDONSKRHONEZZEZ D2
TEMWRBETHAS. EEYVaITEYDRLS
SHEFTOBEEL AR TH 5.

BHREEDTEVHIR, EEBROPT, TR
HoigHE L LT, g Tid hiiomase L
THUEDT 6N, AV EVHOMABEE LT,
WMDY 27 F 293 /N7 Otus elegans ¥
ANEHEDTHENSD, FRMHZEI N TR,



—%, AUVEVYOHBEORMHIE LT, 1995
fEDHEFICA A Y a 0y JE Nephila pilipes 0
MC) 2o F a7y T7ave) o T
7z (HIR, #ME). F7z, 2007 47 AlcA ) A«
AFTHYTATERVNAA T an Y T EDOM
KHis 2o ik, fAE). FEkROHEER
2015 4F 10 H 4 Hicb Bz E Nz (AH, RAME).
S, AAYanv S EOMBEICOVWTHE
L, TNHBEMTH 2O E S hiEtd 2058
NH%.

S OAENLRET, HPEZzE8aYE
U I D 2 OIS SR, 2 3 F (LJEAEE,
T+ LAMR)ABRUCGEEETH- /2.
NS OHIEIE, FRFICEO RGO T <
g ERT F AR AIOERKTEH
%. RHCRIEEIZAER B ENL A E O R E s
TdH O FRIZFEEME UTEIET % LAk,
OV EVEZEDIREOMITNAGENS.
AEG IR AREESRZHIEL TED, #KER
ENNERETOMRE « (REANDED HADN
HENETHAI.

-
(@

T
ARHFEICHBNT, VY HERHECH L
TRV, BEURASER AR A E R A
FERHR BT RO KR, KB A T2
WIFERIERES - T30V F— T2 HBOR AR A D1
HEHK, aveV HROEMZWIZIEW M
E BRI v 2 — DR Ik,
B AZIR, BEREOERFNFONRE N
RROTARARREEFHI O 4, EAKE
AMEFRI 2 W2 RO T R SR E T - £
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Annual Report of Pro Natura Foundation Japan vol. 27 (2018)
27th Pro Natura Fund Domestic Research

Bat fauna on Amami-ohshima Island, with special reference to their
present state and conservation

FUNAKOSHI Kimitake, OSAWA Tatsuya, WATANABE Kota,
NAGAYAMA Tsubasa and MINAMI Takashi

Threatened species of the bats were surveyed on Amami-ohshima island from the autumn of 2016 to the summer
of 2017. We confirmed inhabitations of Murina ryukyuana, Myotis yanbarensis, Rhinolophus cornutus orii,
Miniopterus fuscus, Myotis macrodactylus and Tadarida latouchei respectively by capturing or analyzing
echolocation calls. Distributions of Myotis yanbarensis, M. ryukyuana and M. macrodactylus were restricted within
narrow limit. On the other hand, Rhinolophus c. orii, M. fuscus and T. latouchei were widely distributed. The
maximum distances between roosts of each male M. ryukyuana were 83-94 m, while those of each male M.
ryukyuana were 140-174 m. The areas including several bat species were Kinsakubaru, the prefephery of Takabachi-
yama, Forestoporis and the base of Yuwan-dake. We hope that these areas will be preserved from now on.

Keywords: Distribution, Islands, Endemic species, Existing condition

Biological Laboratory of the International University of Kagoshima
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ETIRERAE D) B B R R 5 3 vol. 27 (2018)

FA7HTO-F bo—F - 77 RBIRL EREFZEEIR

TS B IRE PE Il A SR S OB ERERICBY 9 2 FE I BTIY

BV I R A o s AR A BB L —
FIGE—ES " - RS - SREE T -
BRI S - JIPEEERR® - SRR |

TS OB PE Al & 75 > T 2 R B IR AR B O AR RS L I2 BOFUEMBEERKIC 50T,
MARMAEX ZRE Uiz, W00 2 IS 2 DT D& E T NIzE 4 D ATOMARIEX %2 [H U
Bt (025ha) & FRRERE QemBLE) THEE L. WEOILITEBOMEKXE, 7Y/ ISFEF—3
YNSRI L, BFEREOIHPEOREKIE 7 NV I F—AXI AR L 7 < X
TUF vy a AR IAFEOWMEIHY L, HLEOIMPEORERIIAFF T T IO R
PITHL T 2. NS OMER ERHFOTZEDIN 5, BEFSORMIERNEG L, AXIAD
BEEMETRL, AR/ F - AVEHOBEENEEZ LEAON. £z, TNSOREXDEUT,
AAT Ty FICK2WMYEL B Ao, TORKE, WEOUMICEE N FUEREERIKIE, £
 DEFREZ GOHTEE - SEOERBI L R>Twa T eARENT.

F—U—F MU, EVZRE, A, R SR A4

. 1EC&IC

HARDOR PR TlE, LY <% E GERRE
BSNOKMHES FTE - BAR) CaEHS
DD FAFHETRELZEIT S, Lich->
T, TTITIEIEMRR & XN 5 MO kst
g, TofmE oIt ciRETSR (B
HIERX TUERAEX R 721G HALX) DAY LA
FNCZVDICH L, RTINS CEYHERX
TRIHBHX R 7ZIERTEX) OEMNZ %5
(B4 2010).

Xz, FEBRLIEOmMIEHESICIE, 2 <D
BOFEHENFAES . 150 ARG T V7 Kk
MHYUIDEEX 1 (Osozawa et al. 2012), FRifkEE
NIDIREETHALN B S o 1Tz TH 5. R
I L% L HZ U 5 B dE B IC B UL TR

NN SRz R D78, HREEBMA TR
Lield, ERloEFEMOLE RSl m>TE
fz. TNHDOEmMMNS, X & X o ZMmEDHRMK
ZRFORIERE 25 - MRREILES - TERE
7, 2018 FFIC E S EHREFEIC TR E NS AL
ARTH 5.

MEES T, TS L BREEO” (B
B2 THAEMMENAKE (L, Tl
5N 2 AW DA EE TR W AR (R R
Frw7) LS. [ L BEER ORI
B9 2 LR &S S A O @ D
<, YRR DX 5 THIBRER E IR 2.
WL - BEEHNCHS &, HEEROEE 7%
BrIClX, bR X3 )E Tokudaia (FEFEKE - il
ZE-MBBICIETD) - F P AR

I RIS RER A LR 2 RS R ANEAE v o 2 — 3 ERERAEBRSREET o 2 — 4 JEREBRY

B s BB REAEY R
2017.12.1%2fF  2018.12.20 2B



Diplothrix legata « 7 2 & ¥ 3 X X Crocidura
horsfieldii watasei ([T N0, FEKE-
Wz BrRoOBERICE, T/ sauyE
F 1V A V2 X 2 Crocidura
orii + 7' 2V F Scolopax mira ((PHEGEE
TLEIHOARENED D) DB Y, /ERBET
DOEA M (M) 1IiE)VY A X Garrulus
lidthi OMEFEMRES < FERICE M) « A4 5
Y ' X Zoothera major « A —A NV FA LT 1T
= Dendrocopos leucotos owstoni ([&E 4 diff) 7
B2 (B 2005 ; AR SO 2009).

BERGORENRIG LMW, TEHHLRE
DEREEOIEIMESEORTE - L&)
IKhiEL, Lhd, 600 m L EOILZERFDRT
A=—0TH5. BEKEGDREIEZGETE
(694 m), HZEORGEEEIFZINE (645 m)
THH, THUIIHBIRDE 4 MY 600 m I L 7%
W GRS - AIHE - IWREDRSIEX, Th
Zh, GBI 503 m, JAYSEE 526 m, R
470 m) OEXRNTHS.

TEHARIZ EY D DR C & % L IRIFFIC
ROBFRMTEH 5. BhEOHFIICK B L,
RSO EHERE & & A ZYEI 2 O] 2
B e LT, Nk ItidmEmR, s
TH% (i 2013 5 K 2016). BUEY > Tt
WFET B0, Y > THEHROAPCED
JLEEC T 5D8, FATHEETTHS.
UL, EENHNS EXURME NI 279,
BIKE L2 BOILHIZED, X DI TV A
WEHERTICE S 2. AT ORMe Hlic BT
% PAEAH (1981 ~ 2010 4F) 7 5 SUlLIE IR %
100m &H7zH 0.6 CL LTHTET 2 L lighdi &
Wi OB (B X OfF% 180 °C) &, 4
RETIE 280 m, 2B TE305mE%%.
MU TR OGRS < IO EE KW
W, BT ICIE S 2w 3 Tld 440 m
DLEDINTEEBD AT, K « PHRBITIIFAE

Pentalagus furnessi *
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Law. BERAEEHMZSIENTHAGD 5
BRI NOZEDBHEICH OGNSR TE 12—
7TH%.

AL, EERFSOIE 2 R O A AR
MICFNT, T DRMR 2 75 I R AREHE O FER Ak -
WG &R HEENY) (WP - IS0 oIk
WZHBMCT BT EZHNE L.

Il. WEERE
1. )5tk

TN X CAERE THEYItT AT 24
BTN TEEN, HAREIC KSR
7% REXHERIZRATE 0.15 ha (50 m X 30
m) ENEVEDMEEALETH > (SRl
1983 5 {E/KIZ A 1988 5 H)I[1Z A 1989 ; Hara et
al. 1996 ; SFHI 2007 ; SFHIE A 2010). K fifg
AT K 5 DIFAEKRESIFE (100 m PU
75, 1 ha, FEZE 300 ~ 350m 5 £1HIE D 2008)
2 =5T (200 m PUJ7, 4ha, K56 200 m ;
K 2016 #8]11 2016) D 2 Wl O FRAEIARFA
AIREHD) OHTHO, RSO
OREIRT I E AT TH 5.

Z T, INSHFOKRMGHERX & 5%
s - RO GEAIKEHD DA AR
I LE PRI RS (0.25 ha, 50 m PUJT) DFH#E
XEHRTT, BEER2 cm L EOBIARIZDN
THAREGERBC kol MBEDREEIE, Bi5
i e 2 )iz GO Lo EA M T ARl D
BOMSE2DTORAE. Thbb, EK
BOME (B 400 m), &5 (600 m),
ZEDOHIE (350 m), H2)IiE (500m) TH%.
FHEHOIRA I VTNEHRSE TH B D, iz
50 350 m ML DAIERCE DARENEDN D 2 (1%
). WINOFRAERE IED T OB EHEE S
5L 180 CLAT L&D, BRRmicET 5 ki
2%.

BERKSBIFR L M5O T — 213, &R



BEEOT=Z 7Y A k1000 D 1 ha AKX
DT —REFH LK% (Enoki 2003 ; 4 HIZH

2008).
2.5 LB
1) FAHAL

FAHA X T 1000 AL EOBIADNHREET N, 4
AEX ZEDYE 2 L 6390 AR, 87 FOBAMNH
BiL7e (K. &KX DO ORARDREZ
Rz L, P ERD L, BERKED
IhizEL D2V ERYD oz, 2L, K
-0 OMBZHET S L, IO
XLk 5.

AAEXRETICHELZDIZ 19 TH - 72
KEDZNDIXE Y ZFINF Ardisia sieboldii «

25 500m
WI = 166°C
16157, 44%&

3fE

278
(FHZT7Y
A1 X1IN)

1978

3%&
(FRET7S5HhY-
SOFE-ZYTA)

7E)

1178
(FFFoo5oaH:
THINEGRI)FHR)
INASTNTAXET
Xy - RYNLILXE
E)

278

fEZz B 350m
WI=177°C
11947, 48%&

(HHoh-nTEYHE-
X FITARE)

(BEVBF NS -84A3Y
BFINF AR/ %£-RY
DA RYNET T3
Y+ /% THIX%-7
ISEYHAF-TIIN

(OFF2-¥wonNLT7IT¥)

R A 2V RFINT Myrsine seguinii « A A/ F
Distylium racemosum + A R ¥ A Castanopsis
sieboldii + 35 ) 7N 7" Persea japonica 7% & B\
BLAtOIEERMTEE LT AMBETHO, =
ANEBUILC A LEvDlds < I+ / F
7 51 2 A F Wendlandia
Jormosana » 7 < X & Y 7 & Eurya osimensis ¢
7 22N Symplocos microcalyx D 4AFEDHTH o
fz.

HRE R (KNS 400 m - 255350 m) O
ACHB LD 3T, miEEEMHALE
DX 31 (7 F F ¥ Gardenia jasminoides + 7
> JINT I T F Meliosma pinnata « 3 % Y 2N
A Rhaphiolepis indica) DHTH Y, FTDIEH

Randia canthioides -+

TEKE 600m
WI = 157°C
211874, 477&

818
(Fs-AFI7h
TRXE- TN A
SYIVENS YT
TIWRIEE)

678
AT a-FHhn5o0%-
FX¥E)

10%2
(XN HAVURY-
UIYYHI T2y
FaoTURAL Y
JLARIY*ZE)

TEKE 400m
Wi =171°C
14684, 57%&

1 RN LI BICROE LTz 4 DO 0.25 ha DEARMAER (FEER 2 em L) ICHBIUZZRE. x 2 Les~
PIVANVIETHTAERX DT SHMNCES. FRERORE, BhE O (WD OffEM, HEXDD DA EFRELRT.

73



BERKETIEI VY /NT N VKR Y Blastus
cochinchinensis, .2 TEAFFr I U o 0
H 3 Quercus mivagii DARENZ o7z, IV
NN YR GRS OFER 100 ~ 450 m
KT areINdTrNE LY I F
Lasianthus fordii var. pubescens— A X ¥ A FE4E
(=il 1989) OEETH 5. 1272 L, AFEK
B0 400 m FEX DG SHMINCIE, BEREEOD
R 300 ~ 600 m ICMiT B EENBETRIT
> 3T Arisaema heterocephalum— AR Y
AHEOBEBETLZ T IVARNY
Lagerstroemia subcostata WAEF LTz, LTz
Mo T, AIERE 400 m FAEXIE, T 1NZ)LY
SIFARZVARRETRIT VST ay
—AXIVAHEOMBEICH YT LEEZ LN
%. —H, AFFUYTIaHIE SRR
(500 m BUR) OFHEHE~BERIC 00T %
FFFUTITIUNVHEOEHMMETHD, 1#
25350 m HEKIEAFF T T I R
IS 5.

LTEES (22K 600 m « 1.2 555 500 m) O
MBI LD BFET, TDS5BliELE
MB L7739 Y > Camellia
sasanqua + )N & Y 7 F Eurya emarginata « 7
FF T A SRR Ligustrum liukivense) 1217 TdH >
oo ZOEMEERE T Y F 2 llicium
anisatum *+ A4 <} XX Viburnum tashiroi *
INZ T A Cinnamomum doederleinii + XV
> | N A Symplocos confusa < ¥ < 7 )X
Trochodendron aralioides 7% £ 8 fiAVHII L, 18
ZETIE N 57 VY A Hydrangea kawagoeana
var, kawagoeana + 1 X V) I\ Daphniphyllum
macropodum @ 2 FWMHIA Lz, N~ edhF
EIVITENAETIIATFEF llex
dimorphophylla— X < 2 T\ A BEEE O R4 TS
THH, MITTITA L NGHIBEREE
ERpFEEEING. Lizh>T, |/EKE 600
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m X &2 S 500 mRAEXIE, &HICT
NIbATFEF IV ONARHEERICHY
ERCTIR I IS S G a0 2 = W )|
INGIUNREAEOIHIBREERIAKIC & 2T
Ho, WEMELREABLILO IO O
W rmdhTdhHs. g, ITTNAIEHA
WP IT « Za—FZTDEEBITNT TOH
i« MREATILHIAR (BHMD) IS L, /KR
B AAERR GRS & 2 B & o0 W)
KEF1994) THY, AP a Schima wallichii &
& ICHAFEREE & BT O LR DM 2R g
BlcdHa Ga1966). 75, AIFIKE 600 m i
BRI, 7NV 2 F— AR D A Bt (B
#5100 ~ 450 m I 79 A ) O KRR S F
Podocarpus nagi &V 2 F 277U R4 ¥
Damnacanthus biflorus (JEIERE 2 em LLT) B
HBIL, NG 2 iz YasfHEOBEIE L %
DIFNEYE T & 2R .

IRRKED 2 FAEXKDOAIHB LTzDIX 6 ff
(A Y a «FHNT 7 adF Symplocos nakaharae *
FFRE), 2D 2 HEXOAITHBIL
DIE3HFE (7= X7 T4 Quercus glauca var.
amamiana + /A & & Neolitsea sericea + =y 1
A Cinnamomum sieboldii) TH-o>lz. = w7 A
B - MRS - JOKE - AEEOICEA
EWS TR L, ANAEADARENES
EZBN5.

2) MRS

JUNRENSOMEERFE AR E LN &,
FERES LA OO R PHRE S ORI L CTEARDD
EHEEN B THS. @mOLDRNEL 5D
T4 X THEED KA TS 200N, Th
L HRPLOFHMDZED DI DM, i
DRI ATTEN S &2 B O 300 m LA
FOEAEMTIZE > LB EENTH S, U
PENGIIATFT 2 MR R B & FERD &R
BEAROBIN P Ix INMERDEDZ .



575 & OFELZ 2T T2 %I B U T R0k
T, BIARDIGY A X38End % —7, 1wk
H1z D ORIV T 5. HMOR FE )
IRt 2 R DR AR IS K2 eI O TR
EHET ST, FEOHRICKTHED %
RBIARWE, MBSO EZ RO TN
T, Leh->T, ERofETE LI,
EERRT 2 KBEADEZ, FEOH~/MEAR
WA ENTRENS. HILIEA (1994)
&, BASORE M EHEL, MO
KM E RN FOER R 2 R TR kb bz
fefaL 7z,

WINE HERERICE LR DB TV B A
KE - 25 - B OHMZ, L& 500 m LA
FOQUTESD LS 400 m LUF (LitiAfR) 1

DT, RREFENKELZSIE (§5bb,
BROMITIR) ICUNDEK2DXHIE5.
SEERETNIHRME, T E THERERCE
ENTATES 400 m LU R DFARFROH1TIE L E
BOHEATWEEEZLNS.
3) T

HERBRD 6 FRZE X IC B9 2kt FR oD i e W
ERZ L, BROMEITELEICAXTI LA
VaDBHEEMERNL, A X/ F - AV F
FFITSIUNY TRITIHY ITY
O /Y Quercus salicina) D& S ENEINT % @
MAFAHAINS (X¥3). JUN - BEASOREE
BT E, BEDEATZHRTIHEE AL A
KODEA R F - AVHOBHEDN OO LI
W EHRTHS. TOX S ITHARHEDIER,

H0E"

10000
X
1000 R =
(>
(5043 -
] (S HiBE 5
10004 7 300 m
— 107 ?7‘7_
-
© 100 777
S 7 7%
: 10_
+
5 ? 2591 / % %7%
& BN777%%%%4%%%,
¢ 10 20 30 40 50
2 R J00m 10
S
10003 gsf:'. ] 20 30 40 50 60 70
et 4 L
100 53515 : O e EXKEEER
1 o3l R Setoseoe; 350 m
10 20 30 40 50 60 70 80
10
1 ﬂ @ i ]

60 70

MEER (cm)
2 BBk (SRR - PR ISRRE S NTC 6 [ADmARMAEX O EE AR WEEE= 5 cm). HENSTEERT
BB LI, KPOBFIE 1 ha 37z O ICHUER U 7AAEZ RS
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N\ 1R/ % 9SYAHY
o  hIME
i FIIPSHY
b B srsvsmo
g o BE on/%
E Z0ft / D Toft
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* X3
ke
% |
O T T I I T T T T
HEE BEAE BEKE 2B BERE 2B
300m 350m  400m 350 m 600m  500m
Z5400mLLTF ZE=500mLLE
B3 HER 6 AR B 03 ML S D0 S O
BODEMEEAART EILEENH D b WNTHD, BEICANADRER X DM 2T T

ol
BERKEOMEX TIEFARI A LAY 2D
HERREL, AFFUTS VA UIIHE LR
Mmole. EZEOMEXTIEAX I A OB
BEL, /Yo svabyidhElah-
Tz, ZOH OIS 350m TldAFF+TU Y
FoaETITIHAY, 500 m TEA A
JEFOBHENED. BERKETREAXI AL
AT 2 OB EE T REB T (5% 20 ~
50 ) T B TIHKL, BT A
A/ FOBEEN (DL EEEARBEICENT)
X B MEm A DB (SFA1983 5 1FKIE D
1988). BABTE XM TIEAX Y A DE L
JEM WD, R TIEA R/ FOESED
WE < 72 % (Aibaetal. 2001). KL EDT &b,
WERKGORMDTTIMEZ SO E D bk
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WABHARENEN D 5. AEKRBICAFFTIIITY
O AV OEHIERHTH 5D, NAD
BLEZONS.

%P, THZ2E 350 m HEKIGHEZ SOKMA
AEMTEETET7IT7 T E LR 2
i THHIEH, 7 HNRZ 2 X /3 Beilschmiedia
7 A/ N F] ¥ U Mallotus
philippensis + 7N A X Y Ficus virgata + 3 3
K72 Crateva formosensis + IRV ININT A X E T
Ficus ampelas 75 & Fd P8 a6 15 O £ R 5 HL 2 R4
DU BMMNHIT 5. k< ICIKRCE DRI D
5D, RFHEXOEEICE RIS MR
CoTWaAREMNH S, Tz72L,
H FEEE D HERT S O 500 m FARKIC & HIEY
5.

—H, AREOBLEZRS L, EBROXDY]

erythrophloia +

TRITZ



JNCHH Y % MRS 300 m + AR KE 350 m +
BRRKE600m TEAAIA « AT« XA
U RFINT o £ XX F Podocarpus macrophyllus
Y275V Y Rhododendron tashiroi 3% <, &
B & 0 e /T2 ERIEIC K XS 97 % A5 55 K I 400
m * 255350 m * .2 500 m TldA A/ F -
T RZFINF - g IXY )/ F Turpinia ternata
MEZ x> T (X4). KmWrmkE < BAL
IAiE LT e iRl KEBERIESH > TE/N
BEARDNDIRN DRI RENTVRL.
HMEINZEBRINCHE S TAXIA - A
T aMD AR FHE A B RS WA O
B IGET 2D, ZOMOBIREOAEDE
HEOHRMIE, BRTEIHITE RV EAbN
%. BT OBISE K UMb E TORATIZ
iCkdl, AZIA AT 2 ZAIVEFN

F e ARXRF -G T VY VRERICE B
L, AR/ & EIRTFINF 2 gag XV /F
EARICZHETSEIMADH S (Hara et al.
1996 ; Aiba et al. 2001 ; Enoki 2003 ; Tsujino et
al. 2006 ; Tsujino and Yumoto 2007). -7 A/ FIZ
EAE & T REARICZ W (Enoki 2003 ;
Tsujino and Yumoto 2007) DICXf L, HWEKE
TIEWICZW (Haraetal 1996). 7272L, RBA
BTARFNAZEIA L HFT 581, R
ZIAFRER, A A/ FERICHBIL, Thid
BRRBLFECHETTHS (Aiba et al. 2001).
L7ehd> T, il 300 m > AR 350 m —
IR 400 m =125 350 m (B 400 m L
), BRUTAEFEKE 600 m >H2 5 500 m (K
& 500m BLE) BV S EBRRSINE, AR
e 5 RN L2209 % MBS D R

1007 W 2T IA - B xvuv
T2 -
W 1R/ % 1¥a
% (11 ,._.: (I]) +=#
: S B e+
e : % 1 Lt /0
< Sati? o GAZIUHFIC
< / % . / B voovvy
%- 4 % § ;L;“* é EV9FIH
Z \\\//' \\\ = NPELLZ%:
o [] ot
ﬁ ZOfth
BREOEIT
€ s
E1R = B4R &
| | | |
0 HEE EEKE ﬁ%k% eyl = BERE 2B
300m 350m  400m  350m 600m  500m
Z5400mEL T Z=5500mLl £

4 HPHER 6 FRAEKIC I B 1AL 3 FEOEREAHHE



TEHD, AL TIRE STz D D507z
WBJENC K B BRI DIR K, ZDTDITERD
K OMEATIRREBISEL TWVWB DR LRIRTE
5.

RE DRI Y75 % A X D i D <
M, 25 =50 4 ha XN D% % HE
DB D EFAMKOMMNEENS CRH
2016). ZOHFHEX T, BRTAZXI A, &
TAFFIISVRAHTMELEL, AXIAIZ
SR ELIC K 2 mWIE R 2 @O EES) T
Mo THEARZHEFL TV EHfiESnTW
%. SREZZIT T VR TIE AR HE R 37
HEh, AXIADELGT 2 ERHIIHOIREN
ARIADHHEBAEIC X RIS DICH
L, HELZZ2 I <OWRESTIRERDHEA TH
FFUUSIAHTMELE LTS LRINT E
5.

ko ens, AEFELIEOMEHSD
AL CES GG Z R C &ld, ABD
WEOLHITTEL, 6 - FHRFCKS
HEIC X DB S ENE D TEHBT L
WRBEENS.

. EhipEaE
1. J5ik

NAT STy KB EHY 0L EHE
&, 20174F1 A27HMH9HA20HE T, &
FERE 2 ML FHE, HiBE) BRUHLE?2
i (5, HZ)IE) Tiro 7. SHuRicEs
WTC, JRAERBRFICIERR 500 m OFEEES 72 5%
E L, 100 m BIICHET 6 BOFRYERH B
J1 A5 (Lt-6210MC 850NM, Ltl Acorn Electronics)
i B 5H 60 cm O E TR Lz, FHAR
&, RMERE T TESRTESOEEN R
WL S, GIS (ArcMap 10.2.1, ArcGIS) 7 L
THOMUDREL, HATEEFTERA Vb
i (10m LAN) OBkl FICERE U7z, i

78

IR ZRE RO S 3 E 400 m, B8
590 m, =51220m, HFZ)IfE 470 m TH -7z
D55, R GEE - H2)ImORHERKI,
BARPHEXIIR LGB TH 5. HimOmAR
A A XIS i R EZ S 5 DT, 1.5km (&
EALFEICNIE S 2 =R 2 a%iE Uiz, B
WRMMEETAHE—RT30MHEL, 12—
NV 5 5l e LTz,

2. KR

BRI T B 0Kk C & DIRTHE 2K 5
WORUTe. HgHEIE A XS - Hb T O
EE e U, [AREOEBIA A FRHIC R S iz
BEE 1mELTAY Y Lie. BE5HENE
R S NG E R ZNZETNOMT 1 &L
Tho YUl atiizabElnliic L
O EEIE, W (b F2ER<) 1361 4],
S 1208 [, e 2 [, B3 (al, ANAH 78
HTH-oTe. HHERAERE (W=, 55
) I, flzE (ER H2)IE) 0D
mEWED A E S BN, LI, ZHTRE
SO S <, HZ) IS TIRMFLEHOM
JEMED o Te. RIS DOV TIE, B
EDD, FHZ) I TA X Canis familiaris 7 5 [A],
ZHTA XD 1 E, HGIEE T3 3 Felis catus 1
2 MR SN FREAREICIEES 1, &
FERETHEEMNHEEREN TR TSIV T —
A Herpetes auropunctatus (3154 2016) 13 i
wENZh oI

e ENcBYEZ L 1 IR Uz, WABT
&, BEMHBEAEMHTHZ 7/ 7uryd
METOHREH MBI I N, 7<=
/7audFREOTNORBICENTE, miS
DEETEL K CHZEO RS KT =5
KO EHETIHREIN. £k, ThTho
BOEHEMEY I N X 2 T osimensis & %
Wik b7 /R T X2 T wokunoshimensis
tRwEInt, VavFav A/ Sus



K1 ARAT NIy THECBC RS NIBE 1, &
FHEEEARE R, 2, Yok

SYEERE T A

WHE VavXavA vy Sus scrofa riukiuanus
TwI/rsaudF! Pentalagus furnessi
TV MR Tokudaia osimensis
AV A S Tokudaia tokunoshimensis
TFHRERI! Diplothrix legata
FAIF (AR Muridae
FHYRAIF (FEARW])  Soricidae
A X Canis familiaris
E= Felis catus

ol TwIvvr¥! Sclopax mira
PN Accipiter gularis
N Fy At Garrulus 1idthi
INUT RNHT A Corvus macrorhynchos
FUN B Streptopelia orientalis
515 AR R Columba janthina
F—A KA AT A4S T Dendrocopos leucotos owstoni
akS Dendrocopos kizuki
FA b TV Zoothera ma_jor
7N Zoothera douma
Thes Erithacus komadori
Pa=Yavi Turdus pallidus
VAU hT Parus major
Y~H7 Parus varius
|==RN) Hypsipetes amaurotis
Avnm Zesterops japonicus
YA aFar Pitta nympha

Eh TI7—3I=ArTF~E? Indotyphlops braminus
i e Lacertilia

scrofa riukivanus 132 T OPFEM S THRE SN
7z.

SEUIAEREG X O 250 D s SIS D
< (KS5), ZRBXUTHZIIEOWTNIC
BWTE 7 1 Erithacus komadori Dy A8
ENREE T, —7, BRERETE, LY
A7 A (EEH), A4 oY 73 (EaAfE
EEEERE) BRUA—RA N A AT HT S
(AWM MDREEh, INSOMIIHEZE
Tlw S hiah -, ¥z, ARt EAHE
D7 IV VI 4 DOFEHE R TICBWL
ThweEnie.

kDX Sic, WEOIHIIHE Nz JF 4
WHERIAG, ZROREARE (i) 25T
- BHEOEREME 2> TW0S T EM RSN
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Annual Report of Pro Natura Foundation Japan vol. 27 (2018)
27th Pro Natura Fund Domestic Research

Basic study on the forest ecosystems in Amami Islands, a World
Natural Heritage candidate, Kagoshima, Japan

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

We conducted the fieldwork in the tree census plots of old-growth forests on the islands of Amami-Oshima and
Tokunoshima, both of which are World Natural Heritage candidates, Amami Islands, Kagoshima Prefecture, Japan.
We compared four plots, two on each island at different altitudes, for trees > 2 cm diameter at breast height in an
area of 0.25 ha. The high-altitude plots on both islands correspond to /lici dimorphophyllae-Symplocetum confusae
community, a mid-altitude plot on Amami-Oshima corresponds to Lasiantho-Castanopetum sieboldii and
Arisaemato heterocephali-Castanopetum sieboldii communities, and a mid-altitude plot on Tokunoshima
corresponds to Quercetum miyagii community. Comparison of these plots with the previous studies suggests that the
dominant species will change from Castanopsis sieboldii to Distylium racemosum and Quercus spp. with the
advancement of vegetation succession. We also studied animals around the above plots by using a camera trap
method. The results indicated that the old-growth forests on Amami-Oshima and Tokunoshima serve as habitats for
mammals and birds including many endemics.

Keywords: Nansei Islands, Biodiversity, Vegetation, Mammals, Birds, Endemics

Kagoshima University Satsunan Islands Forest Ecosystem Research Group
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ETIRERAE D) B B R R 5 3 vol. 27 (2018)

FA7HTO-F bo—F - 77 RBIRL EREFZEEIR

VYRV R AD 5 TE) &R ERS AT

VIRV R AR BRI TV —T
g e BHERE T

1980 M 5V 2 < < 3k I DU EHL O N E A EE OB DR E N T0 3. RN L
TAAERREIC & 5 C, ERMEMA LIERT % T LI & > TRIMUEE S O FZ 3D CHEETH
5. Lieh>T, AiEZRET 57D Hi R EN T BTIc AT 2 R OM e EE 25 M, Th
FTY IRV NEICET 2HRIZIEE A LTESNTOVAEY. ZFTTANIE TR, SV -
T F 2 T & H R E E F O T HE AR B TE 2 sl U, # RN RS R 9 % BREE
ZASMCT BT e RHNE Uz, #igkEA G HAE L7 IEH 2N E D, HFICEHE8HE
BME T B A RE S Nz, Ko, WP LAEE OFEIRME ER & A Clim 7z Uz, WIS AL M=,
i RER D 7 BRI AEBICHIH SN T WA T EMHLMCED, VoY R ik 2 R2d % ET

HEGHHTHD EVAB.

F—T—F CHEE, 8, a—RFL, SV FIvFT

. l&C&IC

Y ¥ X ¥ ¥ 3 O Prionailurus bengalensis
euptilurus | HAREN TIZERENEOHIE
B3NV xJ0HETHD, 1980
FERD SIARBO D NERE N TS (R
HAME N B RERIR RIS E 2 > 22— 2013). 1994 4
IS FEDARAAEI I D & [ N 5005 A B A
ICHEESNTED, 1998 £ 5 EREA L v
FURMTHBWTHERGEHE [ ABICIREEINT
W3 (GREGE BIRERER B A ik DR R
HEHEZR 2014). SHEIAROEDDETH -
Y, 1900 FITHEFOFNIC &> T EBE TS
I B, BIELE 500 m OFGRROD B TS
NTW5s. Lieh->T, FHE LYYV~ Ra
Of BT BB MENKEE K> T
3. VIRYIAOD0ME EEICEPLTE
v, 2010 FARHTEO_E SO BMEABIEHK 70

SHE 7213 100 BH & HEE SN, 2000 FAETHE D
HHEEEREIXIZIEET, &L IE—HED
B ETE>T0D (—RIHETEN B REREE L
&2 —2013). FETIE, 200741 23 R

DICY YA AVERLTWE T ENHET)
RIS K o THERR I NIz, (AAEII D
THRVEHEIIE N TWS. [EERBEO WD
VT > TVB YUY RO E ST,
F L F S AR EDES> TV FEICEIT 54
RHYR B2 TH BN, MEOHME 9 #IH
KREAEHTH S (G 2016) 7= DIRIEX D
FEHELWOMNEIRTH 5.

FAZELE 1990 A S ST OEZH -
/i 50T, @ ARk O TE B 22 il
ERMERD AN D D IS DWW T O % fikfi L
Tir> TWa. 1 DOHEIC BT TH)PE %2 #E
B9 2 IS OV TR 0% 7 — 2 SR

1: BRERAZEFR2EER
2017.12. 4 %Z{F  2018.12. 20 2fH
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ENTEID, WAERSE R AR & OE
%3RO THE L 2 0 BURIRIC DWW T DT —
ARFARLTWD. Fiz, fEEBEOXMZH
WO 21T 5 ST BURRD, EETES
F TSR AT T % BRSO BB R O HERE
WWIEHICEETH D, TNETHELIEHE
NCZhhoiz. HIC, SHHERICEK > TIHE
T ZERD 72.5 % MY 0 i~ 1 K OB 5 Hlt
VBB OMETH B T ENMEINTVS
(FFPEIEA 2010). WYY R AEAKBHC E >
T, KR DV 7 )b— McFH 59 % di B
B AR DR L FIHERE OO EEN: & BE
PEZIEEIC &, 22 TR L, TRERD
AR & EAE AR OBHRE 21TV, HAE
AR OB EFRES & R BRBE OEIRMEZ I 5
IZl, VI andEe UTHRETAN
T L BRI R Y S C b HINE L.

. A&

1. G
EIRESHEE, JUN &SRB ORI IE S
HZRLCHEVETHS. A THEXIRORIKIE
57°C (1 H), wmmEid264°C @A) THO,
LTI D DN DEZ M TH O, Hiklt
B L <, P EREK R 2,235 mm TH
% (1981 ~ 2010/, % 7). Y¥rI¥v<x
IR E UTOEDOmEE 692 km® ThH
D, 1900 FFICHiHI E N7z S ALl B S
(437 km?), FEEfllZZ FE (255 km®) LFES. &
g FEORIIL (6484 m) THO, LE
TIEFREBOME (479m) HREEWV. LB,
FEHISIIABEEHETH O, INEER D
MR VORICRET 5. A& 31,550 A
(2017 42 3 HBIE, xtiS) T, £05bE&
Z 23 W FEICEFET 3. #FIRVOFHIERIC
EENEIEL, INSZHSHEIROEEDE
ERICEHREIN TS (K 1D).
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— sl

0 5 10 km
— )

BT S OHIE & EE K

XS SO FEERICNIE S 2 gt X i & K
28 - |/ RIS DT T O] 40 km® 0 Hilsk
ICBVTY VIV <2 a0 LB A%
f1o7 (K2). (H#EMXKIINEENTEHER
OFEHITH O, 13 [ [FRIBIC ILHIPHICKH
MEET 5. EZH - W/ X ISR A e
WhE L, NEERRAVKHE L TRIEN T
WIEH, EAERREZ R0 TR O(KIE E AN D
LCW5. sREHNO LB & &R £ 300
m CHIERR L 2F - v/ ORI TH % §HE
B ES 1 ZIRITHFHET 5. REHIORRK T
WERERERH Wz A 2T BEDEAICITDT
TWa.
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2016 4F 12 HITEZH - B/ X, 2017 4
2 A I B\ TR dR 2 VY v
VR IO RITo T2 T U T A
WHLE DT, SAOFHHIZITY, EiRi R
EW72Es Ule. [RIRHCEREERTIC K 2 (e W
CAGYESE (FIV, FeLV) ORA & 17 - /2.
RCERPOHRERICIE, BIEFHEEHED 1 FELA
WCHARE T % K 91X TRz W CERONE
ERITo e, JEDTE T UTARRIE, MRS
FERICHEE LT T L 2R U Th Sl s C
ZE LTz, W=V 2 aDHEIIERES &
LT DR 213 TiTo Iz
3.9V - FIwFUT

FEESEEAD T VA « hT v 32 THHE
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EEMEAOENMICIE, R—& T2 EKE =K
FNYT 4 )NKRT 7 FZHY, GPSICE -5
THINL L7z 3 AFLL EDONTED HFISEIRD S5
MFEEZ T Tz, EROENE, 3 B ED
bR 7Z 220 Tl 10 HitfT > 72, wisv~
FaADMEAENIEX, TIFT LA MY —fRETY
7 b Loasd.0 ZHWTEIH U7z, 2% H DBHHH
I O TEIE B2 O THEI LTz,
4.

PRI T %Y <Y< 2 a0 RIRI
EIEPHAIAN DO FRERIEADE) & 2T
Bl=0IC, MR Y — (R A S
Zaid Ui, B2 - 1/ EHIXKICEIEkR» 5
VIRV RADERIRAE= 2 VT DI
I I8 AFNCHEMRE I A THAREL TH 5.
FEFERIXIT1E 2017 4E 12 A S 11 AFTC HE)
AT ZFTE L. IS hizy o<y~
F IFEEREDO A I L FERB O I X > TREA
k2T o Tz
5.3 LD df K ERBEFT— 2 DR & R BB R
Wi

CTNE TITRENBER U 7z i A A 3 Ml A
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BERIC EEXTIH S MM NS WD EN S
MR TH 2 LHITE 5. b 4 kDR
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Dispersal movements and habitat selection of the Tsushima leopard cat

NAKANISHI Nozomi and IZAWA Masako

The population of the Tsushima leopard cat has decreased and their suitable habitats have contracted since the
1980s. Survivals of sub adults who represent the next generation to inherit and expand their habitats are extremely
important for the decreased population. Few studies, however, have addressed on sub adult dispersal, although
preservation of habitats where sub adults utilize during their dispersion is necessary for the conservation of the
Tsushima leopard cat. In this study, we attempted to find out dispersal movements of subadult Tsushima leopard cats
and to analyze their habitat selection. Male sub adult cats stayed in a certain area during their first winter and started
long-distance dispersal in spring. And they showed the same habitat selection as adults. Our data indicated that sub
adults utilize the northwestern part of Tsushima islands frequently for their dispersal. We stress that this area is
important for the conservation of the population of the Tsushima leopard cat.

Keywords: Subadults, Tsushima islands, Roadkill, Radio-tracking

Tsushima leopard cat conservation ecology research group
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FA7HTO-F bo—F - 77 RBIRL EREFZEEIR

RIS KIRDBRZE DK A D AAAC M I 52
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ORI "« CHRRRER * » FHAPSIEL '« ARAISE -
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AARDONGOERENC A ENR R ENZKEIMMNER L TED, ZTORDVERZRORL T &M e
NOFE LS. WAOEKE LT, @RS RO R RO UL D @ SO 75 &
BHIFENTVBN, FETE T AV ATV HZ, O HIIV, F4 7 F N5 ORI RFED 1
MESERD 228 E 72> T0D. KIFETIE, MEHMEHMEICEE SN TV RIKELEYDERGET S 2
DR Y B ARy MICBNT, 7 AU Y HZOERRZESE L DD, Mgz sk
DB AR D IMEDOREE TR L7z, 7 AV APV H MR A LTKE Tld, STk
I OFERND LTz, £, SAAIFURT ANT AT DIMER, 7 AV ATV HZRZA
HWoH, KMEAMIDEEmh o7, RETIE 22148 Q6L DEE 3,744 8D O7 XU AV A=
FLETUX 26,919 YA (A 40,752 H8) ZERER L7203, A A FHFERD 5N % E DO IZE > TR,
Rt TE 2 ET, 5% TNSIRMOEKRZ kG L7z,

F—TU— R AR, SR REEOEEREFEN LI R, el 7 Ay

PP A=
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IR 72 32 75 42 Sl & 9 B KA B P,
BREA Ly FU X - OUETO 7 IS Hapsa o
FUIBEFENTD, FiiclcHugE R E
mENZHLT0%. ZLDOADBFRETZRHNTZT
LB BRI R Kirkaldyia deyrolli 2K > 3
OvE, I XA VEIT T TICHIEL TV B i
A2 <, EANOKRIIFELAELLLTED, h
5OMMNHEEEF T B (DL, Ay X
Ry b)) TRERREZZDIAREDRAIRT
HB. TORE, @R R ORFEPIE
IO WESROM A EMNFREREETNT
WY, JEAETIET AV A J = Procambarus
clarkii, 7377 I.)V Rana catesbeiana, 7 7% 77 F

INZ Micropterus salmoides 75 £ D12 g B4\ K il
DM EHEBDH T2 a B m e U THRiiEh Ty
% (MR- P 2011, PHJE 2016, 7K 2016 7% E).
7 AV AP A AT FOSZAOEIE A
TR VREE -y da v HOBMIRER E N T
W3 U - P 2011). Fiz, 7 AU A
HZIMZA LT K D 2 7 A G RO EFHRIE,
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K&k, 7AY ATV HZMEAL TWEVIK
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(Ohba 2011). T D& S I HiL7E7KADIKA:
YIOREIZIRZICHZ AT > TS INA T,
HERREOMHRE LT, RN DTENE D
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I RIGRFEEAR 20 M IRE AT UNBRBEE G2 3 RIEDRARZAGBE AR 4 BT KR
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IRV RAE DR ZE DT A DR AEL D [EE I L
THMTHA EERENTNS CHiES - PhJ5
2011).
PRFEICBREL TUE, Z OB —MIIEERA
TNV L ERETH S, RrEdkEmo
FF T FINAR TV HIIVE, 1ERDERERA
DEENRENEEINE T, LR
IEAKRFETH S 7 AV A1) AR, #R
By FELTETEL, EhExHAARDE
TP e UTHERERERANDZEIIIT L A EHELH
INTER UEoksic, 21 tidickb,
—IDELIR WIS DIRFRIC DN T D Z
BHLTOW2REETHD, —RAORAEILE
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A B IEEE 26 10 PNF EH NI K 7% 32
U, FEHAD 2 hATOEYIZ RN I
B TAKEI N RAEDBR AN 2 72 Billh
L7z, TNETIC, SeEERTIE 1,400 BHLL FD
TAUAFI A, BRUEBICESLDD
BTV HTIVORASTAE 1 RBE CBCT-E
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U A= 6,000 BHLL FZ2BRRR U7z, &5 27 BT,
FICT AU APV AR ZYT, i, E
IR IR L ST THRRERVESE & AR D 8 e i 2
Lz, RIS, 7 AV AU H RO KA:E)
ORI RIZ T HRIGOFEE, BREREXEZE T

TEEWO xS TEREIC DOV TEHRIET 5.

. MRROFHE

1.7 AV AT = DERER
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B, L Q0em L E), M (9~5cem), S (5
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St fiEE RIS LiRnT LT 5.

D mEEOKRY h ARy b
EEICHE R LD EWE AL day
Cybister chinensis W57 AHUKTH O, W
ENBHOFNIETI - KEE (2015) AV L
Tz 2013 S REHIKICHI DD E &,
RS 21T L i, REHICKBELE
ZRi<lzdDOMzRE LT A, TNEDOT
DREIGIRZITEARE N EINL TS, LaL,
IO I A A 7 FINZN, < OB
PIRINICIE T A AP e SN, 1%
FREHBETELALTWS. 7AVAFYH=Z
M2015 44 A>T, (REHIXNTH iR
ENBEI o, BAICHERZREL
Tz, 20154 6 ~8 HE TH VU AR TN

Tholzt DD, 9 HLIREIC/NUEARD 2
U, 11 Aicid 400 B EDERERE NS &

1 (@) LERILLET (b) OF AU A9 @Al




o

v i k,&, e

w5 o3 P

K2 TR KZT AV AY) H AR AMDKE
T (R

Tz, (REHXNTIREERIMEHINT
Wigzh oz,
REHXANTIEH 1R, 2~5#AETT <
WD IC KB (K1a) &, 2016 46 HLL
B (MR ~FIE b Ty TTRIFETE R0 izD)
BRaFI5— (BAED) RUFFH, 7FrHdh
O, WMEEZHWE Ty T K2R E Hhi
Uiz, 2016 3 A EDp o &, o
RZME L COKIKE RIS L, KEHREZ /)N
E L UTHRBRZ1T o oAb SR, IR TR ED
HLTWS. LA LAEDND, 2016 49 HLIKE
I O/NERDOBEIMEES SNz, 2016
10 AU 7 Fd A d, HYEEHWE -
Ty TRERRE L, HEDTICHE L%
f1o7z. 7z, 2016 3 HZ K YD I, 2016
F11LH, 20074 ARUT R AL, =Y ViR
VT EROCTREMXADT AV %) =2
AHDIKIEE 2Tz (K2).

2) AEYEEILED Ry b ARy b
EILSO LIS =HIEHT N ORI, 7
DI I AAR VIR Y da U ENMERENT
W5, 2014 ERKOFIE T T oMU T AU Y
UHZORADHERINTVWED, ARENREC
ETHHLTVEDOLZHRND 28, 2015 4F
10 HLARRIC A D Tz hiti 2 HAH & 2 eI &
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-

59T VED EfTol T A, TAUHF YA
ZhVERE EEEICAIET B Ltz i 7 T
DM TRANHEREN TV 5.

RIS, 1~2 7 1 BIOHETT X Y
) HZOBRERE 2 BRI X %9 < VED KT R
T T AT (K 1b). F7z, 2016 4
6 AN SiE, HETHEEOEED & BT =
FERLFOBEIC X T, REBHEETT A
APV AZWNERT B4 (%) CTE A
rTw TOR|E EFEBEECL, B{ESMEL
TW5.

2. 7 AV AT HDIZA LKETD 7 7
BfR

7 AN J3Y) A Z R OIKAEBYNC RIE S
WEERET 2, LRo 2 TRET
ZIKEFPNCONT, HETT HOBRZRE
Uiz (M3). Mg e LTGRO AU A
YU HZHMRA L TWIRWIKIETRE S N 27K
YN DN TEFERIC T A DA RO A%
fiote. G, TRTOKEIIIELT-
B GE LTz,

ZTNZENOHILTHIE L TR S NI T 71N
TAEY EIANFVICHESZYTT, 7
DETI AT T 5B 2 KN D T AV A5 7
ZOEMEB XU (UL HE) ICXK5iE
WA 2728, "I OE Lt
WEETIV (gm) \OHTIEDEITo . fif
Hricid#%styY 7 b R (R Core Team 2014) 7 ff
Wiz, 7 A YA HZOIERE L O H
ERZEET 7 IVETIVEITY, TORXEERD
HETCREVHAEILREFHAZROCTZETIVE
FAr LT

l. ERRUER

1. 7 AV AYY H = OBRER

D EEROFRYy S ARy k
REHIXANOHNARA LT X A8 A=



B3 T7ANTGAEY (@ EIXAIFY O) ICRSNBIME. KA AOHNZRS

% 2,214 B (26 Hl& DHEF 3,700 HHLL ) (K 1),
FEPIERIN Tl 136 B (26 1 & D &FF 350 5L )
ZERER U7z, IRASHIX N TIE 2016 4 10 H ~
2017 £ 9 HD 1 -1 TRl 3 D /KR & %2 Fiti
Lizk T A, 2016 4F 11 HIC 774 98, 2017 4F 4
AT 238 B, 2017 4E 8 H 1T 646 B 7% BXBR L,
Ik E %2 Uiz & T LR TEREREDS KR 3
miiz (K4). LHhLAEDNS, KD EITES
EHEUHEINCEE U, cotofhE B, e
WKERL TENTERVDT, SkidKEKE
BiZ/NE Ll oA Z R L, Mz H
&9

200 WL | 12~2F [FERRRIRIE

700 am —
. os ||/ KExERs
% 600
% 500

400 1
& UK =R m
a2 300
m

200 ]: M

1
100 R
/ — —
) AN || S 18, PO | e PP 1

MAMJ JASONDJFMAMIJASOND I FMAMI JASO
[ 2015 [ 2016 [ 2017 |

526 PNF DRI 27 PNFE LA
4 JHHERUCHT 27 AV AY) A A2 Ao H RISREREL
ERBRELDHERS 725370 0 %09 < 97 % T 85 26 1] & 55 27 JH DK
[0 50 G
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2) ABESEEILED Ry h ARy b

BRI TOT AU YY) H ZOBREREE 2 1
IR, TNETIS, 40,000 S EAERERL T
WAED, WP EARIERL, SHREMELT
2 NI 2 TETHS. FHC, Lot
HOTCO /D NIDOE &, S TR Z T
Bl TW0aM, LYA Wb Lizs00E R
FRBAOKENEN (KS5). TomNTo
H DY) = DHGIR & 72> T B 728, K
HEZX5 T &M, RSO FEARED
K PO DL BbNns. Hyto)y
ICHEIO 2175 &, BIEDGhiZe hE R A
A Cladium chinense INESS UTIRAEIC T2 > T
W3 (K6 A, 7AVAHTFVHZIMEAT S
HE R RRUKENEK T Ml 57z 7 A
VAT HZEML, 7 AU AP 2B
EBLAEWHIKEEY) - e FERARFDHERS
feeHEflcng. 8K L7k FE N AAFNR
NERXELZ->TLEY, BIEDORD /5 THERZE i
FTEENENMEREELICEES RV, 51,
HEEZH W N E R AZFORMEELTO
EXERZ HEFIC AN TV 5.



#1

R TS =0T —4H D 77 A ) A9 7 Z OERBREL. BRBREADHER 20 D 9 < 975 7% 26 ] L 55 27 WIDEK

FRfatm g
U A=P A X
B BB (EH) L M S foxn fii%
Ath, 15.10~17.9 0 0 0 0
Bith 15.10~16.9 0 0 0 0
DL 15.11~16.9 86 299 760 1145
S 15.11~16.9 87 463 868 1418
i 15.10~16.9 18 55 541 614
it 15.12~16.10 2166 22990 11916 37072 HilkE+HAE B ERERICS N
ENT RN ] 16.6~16.9 6 14 56 76 16FFEZRICT L B
XX X7 A 16.6~16.9 11 23 1 35 16FEEFRIZT L RS
JKH 16.2 0 0 21 21
hS7ph 16.10~17.9 6 65 71
XA 72 L (RIREHA) 15.11 17 37 246 300
WA 2,391 23,887 14474 40,752
5000
41000 am
X os
gsooo
g l
;_Ezooo I
Y
1000 ‘ (1
BRRR{KLE
. Ll ]
ONDJFMAMIJ JASONDIJFMAMIJ JASO
[ 2015 | 2016 [ 2017
300 26 83PNF B ALHA R 274 PNF BN AL HAR
[ 18
am
os JI 03 < : 3
B Bl6 7 AUAYY AN SEETERT B L. ¢ b
H mm EPARFDYTEL T BT, BISRAIIIC 5 5 1R
ﬁ 100 JI
'Q
: l\ [ i
\ I ﬂ I Y HZOIERIEIC DWW CHIAZ B ORI E

2016 2017 |

%ZSMPNFBIJF&MI"I F27HPNFRIRL AR
K5 FAETZHRITZGCB 2 7 A AP0 =0 H /K
EREREREL ) & b THID DERE ). b)) T,
15~20D NF v T D1 ~T v TH D OVFREREL

7 AV AT HZOAZLA LKEB DT I D
PR

fRATOFER, WIhE 7IVETIVORELER
WERETIRah o720, KHMEMZRRI LT
ETFIWVORERERT. T HNTA TV Tldithis
EF) HZDIEMEMNEE (P <0.003, GLM),
S ANRFY TRV HZOEAEDRANEE,
(P=0.005) 75> 72(%2). WFNTHBWTE,
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Lixote. 7 AU AT H K AMIC AR
AT AENE> Tz (KD, ThANTA
TV TG - BIEDIEPHEANDEEA HILD
— T, RAAXFY TRERMIRE OREZ
fERR U7z, HASOBRE R £ OB iR Ar DR
KRR S a0 12DiE, Th b Ok
BATEHBEINEEDLHRIENS. HucT
DA THER S N2 BRI, BaniyaE
%2149 WS Ykt T Z TR Z B L T3
T, FEOHARZ® L TH200E
Lhaw.



%2 BERICHT 3 LSBTV (GLM) O
BYE  SRBAEHR Rk 1ZHENRE z P
AE)  (Intercept) 273 0252 -1086 <2¢-16
Hhigk (vs. EEE)T 0.68  0.229 296 0.003
HUYH = (vs. 7)™ 356 0249 1430 <2e-16
2 HTF (Intercept) 2172 0.598 288  0.004
thig (vs. EJE) T 044  0.560 -0.79 0.430
HYH = (vs. 7) T 1.53 0.550 278  0.005

e T B Sk B R OAR R A R T,
e BB ILY ) H = AR SR T 2P H =(E ORI AR,

2

100%~

100%- |E|

80%+ 80%4 l

60%+ 60%4
=3

40%4 40%+

20%+ o 20%+

09 0%

YUH=RBA HFIUH=FKBA HYUH=BA FUH=%(BA HUA=BA YUH=RBA FUH=RA YIHTKEA
i5 EE £ £E
B7 THANTAEY (@) EIXATFY (b) ORBMEEOEIGOLE

V. Bl 2R T, TNEIFEEIC, TOIFEZRT

WARFEDR I ANDTIC K B BIARDNRA
DERTH 5. FEIREDICIREZEN T
TH, 2O RACIFEAMENTOERENT &
HEZ0. SR E LT AU P A3k
RERWEERG LAY A b (BB - BEMOkpE
AMERD) TEEMRIRMEIGEEE N TV S
MW, FEE N, MEZHHITE RV, Xy
FELTOFRENGE L, FRERANDOYE 2 Bk
TBANERZICDRNEEZLND. WEHE, E
FIRABICBNT, TOT eBFEkEdons
HHNH - 1=

2016 £ 6 A 9 HAT U BIREHTEICA 7 )V —TF
DHEBTOT AV Y1) H = OBRERIEEN DS T
Ihiz (K8). BERADOMBEE DG NEFH
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LR E L, 7 AV AP A2l B 29I,
BHOBIFDICRTHINS K IE> Tz [
FABEITO &, BNDLHZBERMNDT
AU APV H =DV BGA 2T LY T
fz, DT ETholz. 7AUAYPYHZD4E
RERNDOFE R ZEHR Us 0 bR s &, fil
BTERL E> CEBOKBANEoREN, £
TERIDMMERT 28N EHD. Fiz, 7 A
UAYTY HZOBRZ LTS &, @D IHD
DERNSEROHHZRRAbNS & LIE
LIETH2 (EHMPERLELTEZWVWEDIZ, M
MERERSH 200?21 % T =137k Ex
ATIMN! 2] THB.). TNEDHHIDXS
I, FORMEDRRIC X B RANOFER O WEE &



(15)

zns G
in e %ﬁgﬁi -
; e T W
s e EE
1 SRt Tesocdinng PERERS
8 © smmeese KEEJEBUR (1) i
" CBTURSEEEELED)L ‘B
e SRR I
15 13% l:/%ggs« §g:s %cg
1% BEgEiniiids2sboa
I* shiresiitty dal el
B8 2016 4 6 H 9 HITD R
BEZTOW5. BIsR%O 10 H 25 HICRBY 201792 HE 8 H, 9 HIK7Z AU AV H=D

YRIY L THEONKEYZE Z %] (https://
nagasakiken.click/211%E4%BA%94%E5%B3%B6
%ES5%B8%82/21007) 1< T4 EIOHHIE L
fz.

F7- 2016 459 HIc, AFE - BERIEE 2T
5 HCHETOFEHIN TIHROKFETH %
IRTA T F A Eichhornia crassipes £ 7<) 2 b
F 7177 X Limnobium laevigatum D HEEZ N TV
iR Le. BRIV DNERT A Y IR A
DFTTSICRETERD, 7V NFAH
SEMHEICEBRETERVEICR > TV,

K9 7YY FAHIOREN (@) LFRER () 201749 H 23 HigE
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BRBREMATLCEE LDDH BT IV Y b F A
AIDREEREITo7 (K9). T OHuic
WFEREA L Y R7—%2 U X Mg a1 B BHD
b X I X AN Gyrinus gestroi IWNEB L, 15
W Z OEFLORTHKEY ZRHALTW2
(KH - KEE2017). 7YY N FHHTINEK
KT B L AIXARVMEET B/KEIN R <
TOoTLERY, TOMMEEMNHEENELZ->
To. GEIKKEDREZITITETEAIRX
ARTVMWRZME D W iif Uiz, iofh
HICHZARZITO &, TV Y NFHHID

-

)



FRIE T OMOFTEE D R H5 7231
FLITeNE T THo Tz, JkFEREIC
DT, ZOMEZHIEO T & T 5 EE
TREU T2, BRHITHREORZTTD %
WZ EEEHTERAZ—2ER L, NHHEE
IS 275 DNz, EiRiziE T T
WLTz. SRIEERBRIEE) & 01T L DD, Aokid
RIS DWW T RNzt T 2 C &ic
LHEICHE ANZREDNHZT25 5.

B

WEHZFTLDHBICHIY, UNDTRITIE
AL ERBRIEZE I I TR T CHIRRIS) & =
b, REE CUE, FeEiD), ERdG— (o
B, AR, SR GRS, HH
ZiE (RIFRERGAE R, MEIC 2
ADHZEDL 2 ROHERE, LR =HIEFD
Bk U EDHLZCELSELHR L BT,

51 ARk
TN« KEEMH 2015, SERIRPGEIC ST % & A A

7y adn T NEEEY B it &K DK A R A,
HAABRBTE YR A 2258 26 © 89-93.

AERERS « PHIEAE 2011, 7 AU APV H 2 KB4
FERNDTE L2 ORRERTHE. e - dh A
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Annual Report of Pro Natura Foundation Japan vol. 27 (2018)
27th Pro Natura Fund Domestic Research

Effect of the removal of invasive alien species on the survival
of native aquatic animals

OHBA Shin-ya, OGUSHI Shuntarou, TANAKA Ryuma,
HONKI Kazuyuki, YAMADA Chihono, NUMATA Kaoru,
FUKUI Mizuki and ICHIKAWA Noritaka

In Japan, aquatic animals on the endangered list inhabit freshwater ecosystems such as rice fields, ponds, and
fallow fields; their population sizes declined because of several anthropogenic factors. It is necessary to eliminate
these factors for the conservation of the aquatic animals. Currently, anthropogenic effects such as residual pesticides
and habitat destruction by development during high economic growth are well known; however, dispersal of
invasive alien species such as exotic crayfish (Procambarus clarkii), bullfrog (Rana catesbeiana), and largemouth
bass (Micropterus salmoides) is the current threat to rare aquatic animals. In this study, we removed exotic crayfish
from two hotspots (Hyogo and Fukue Islands in Nagasaki) in western Japan and compared the injury rates of two
native aquatic animals, Japanese fire belly newts (Cynops pyrrhogaster) and water stick insects (Ranatra chinensis).
Most of the ponds invaded by the crayfish showed a higher injury rate for the two native aquatic animals than those
not invaded. We removed 2,214 crayfishes from Hyogo and 26,919 crayfishes from Fukue Island for 1 year (from
October 2016 to September 2017). The exotic crayfish is still present in both hotspots, but the size of the collected
individuals gradually decreased. The crayfish should be removed periodically to conserve other aquatic animals.

Keywords: Rare species, Predation marks, Attention alien species, Conservation Ecology, Exotic crayfish

Team of Conservation Ecology in Rice Ecosystems
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ETIRERAE D) B B R R 5 3 vol. 27 (2018)

FA7HTO-F bo—F - 77 RBIRL EREFZEEIR

REFHEEICBIT 5 a T Moiis: - mA&icmidz
v o OEREICEE T S 5T

XA PR IL—7

{HFHETER ' - DT '

I

KEGEEICBOT O Y OREHZMREL, 9~2 HICPET 2RI L, 3 ~4 AICB{ET 2 EHD
TEING B T L RMER L. MEBNIEFEDNANED O aH 5 EHIRIBEL, FERNIEIIICZ < OfE
R L THIEL 2. RERIOBEIIE, BKEPBEOZWEICEL RaEAP RSN, &
ANIBE Y — XAV EBICHIE LD Z 2 e D, MORYMBEET R A=V %2 128, SRt o
HEHE L BNEEREHEZ R L TOSHEENH 5.

ZEREREIC BV TE R Y DIERME L A R E NIE o Te T &5,

v oo BT H % rlHe

PEFE. BAEDERRE NIy /0 F NI EQRISH, XA b Avn, IXAIBEN, €
O OIERENHE Th B AlREEDN AV, Tz, 20 a Y MEFICEOY RIC X 3G BEEZZ T
TED, KREGEBICBI S0y O FARICH #2532 % ENREEINS.

F—U—R VR, BES, BET z/ud—, ENE, B

. 1 &C&IC

KAGERE, FAORE, JERHE, MRS
MBIR 0, FEKGEE CHE— DS CH 5 (M
KHMFERERZE R 1990). KHEEDS B,
BNETHZH - LKHEIE, MRS DR
370 km D7 ¢V E Vi LICMIET 2 (Kl
1992).

KAGESX, ZOREZM OIS, HBNR
NED 5, FiERY SO Mo Bl Z S s,
R ERERE AT AT ETHIBNTWVS. K
HRES O FRREA N, NBESBOBRMMEE, K
GYRICHEE S B AR, WREZHNICTEE S 1%
R, SRRSO SRS EE T B gAE
FICnTBNn%. BhEO XS ICHEAIRE
ROEHEE (3<) EFEHIN, T TICHET
M (CEMK) OmAKBEBICE, 7AHTY

Planchonella obovata (R. Br.) Pierre, V7 =7
A Cinnamomum pseudo-pedunculatum Hyata, 77
7 J NI/ 3 Celtis boninensis Koidz., 773 2
<)V Ficus microcarpa L. f., )N A X YT Ficus
virgate Reinw. ex Bl., In77 4 X ©J Ficus irisana
Elm., 7 3 7 Ficus superba (Miq.) Miq. var.
Japonica Miq. 7% £ & 1, ¥ 1 U Livistona
chinensis (Jacq.) R.Br. ex Mart. var. subglobosa
(Hassk.) Bece. W% < B9 2 (&K 1989,
REMFEREZE T 1966). e UnFE L E
59 B EMRIE, FE e RIS Z RN B e
TH5.
EoYiE@E 10~ 15m, %40~ 60 cm i
T 5V Arecaceae DR T, PUE (Fhrd
), bl G/ B, EiR, Koy, SR, R
SSrEES, TRERYIS, ES IR BB B

1 BRERRZAPRAARIE L ARIARE 20 BRERR AR AR LA 2R

2018.11.29 %4 2018. 12. 20 23
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WCoid % bR - A 1994, FZEE S 1992).
FATE Livistona chinensis (Jacq.) R. Br. ex Mart.
WEHEREICHMS 2 (PFEEDS 1992). KH
RO U, KIGEBOBEEZMA A LY
Y 17 L. chinensis R. Br. var. amanoi Murata, nom.
nud. & LTIbNZ T ENH M, DI
ERICRHBMENTBESTHETHS LD,
AWFgEcideay & LTilS.

KAGER T, KRAGESEATHRO XA -
3/ INA Y Otus elegans interpositus Kuroda 73 €
0 O ZHBICHIHT 5 2 EARMISN T
Bt (EAKRS 2005), XA b AT 0 Zosterops
Japonica daitoensis Kuroda hY & 1 77 O ffk ik 7 Hi
MELUTRHLEZY (DH%ED 2014), FRHE
BHEOeY YT A HT b L Oryctes
hisamatsui Nagai WE D TIIKIFL TV B L&
AbN57%E (FH12012), %< DAV EA
sigcteuuzZfHLTWAS T EMMREEINT
W5, EnviZBOERRZHRNS 5 FTHEE
THREERILLTWE EEALN (FEEDS
2014), e u U hVE 9 S EMRIEEY AR,
), AMNICEHETH S EFA%5. LML,
1900 fEIC AR & > TLARE, BOMAEERK
MR EN, TORETE  DEFEYIDHE
WUz, BE, XA A4 3T Pleropus
dasymallus daitoensis ® X A =7 2 ) INK 755
DOEEEDNL, HixLiIcbhbIhiiiEnizeno
T ZEFIF L THEF LK TV,

DD (2014) (&, MARRS EMPHREE - P&
BOEOICOWCHIENBEOMEZ B &
VY, KEFERO T 7 IF PRSP TERE & HAX
fEHADNEWC 25 LT a1, FICBIET
IR (R&AD &, RICBHET 2k (FED
DTIIMNB B ATRENZ R L TS, KHGEE
DY TICH S NS F{EHO ZRIDMhOEY)IC
EDXD LB R G52, KREGHEOERRON
TEDX S GHRENZRT- LTV A 2SN

T B7DHICIE, BEBURICD T Bkl U 7caian
WHATHS. T, RLDWHET I—TT
&, chEcic7ar by =577 2K B
221 OBk, BEOHIFLEIC X > THkRL L
TIEZTT> ORI, BEERTY B GRS Y
VHEBETBIHNREEZ AT AT N LY
Oryctes fhinoceros Linnaeus, 1758 WM AL, J&
FENCEABD M L7z & TRy OaED
R, KIET AL HEND XS ICE> T
%. BERHICE S TRAT VAT b LY OBER
DPRE NI, HAGIEEH UDIRIICH 5. BR
SN E N TV A RSO O Ik
MELICWDT 2 X5 ET BN, Eray
ICIEE - BHZICRAET 52 < OEMIDHERIC 2
BRNDD 5.
KEFESICBI 28y zHn b UERER
OHERE - HAEDTDIE, ThETIT>TER
A ZRkIT B L LB, RRFEEOEO YD
FRIC DWW T DM T — X DERDPRETH
%. AWZETIE, KHGERICET 28T O
EEHEIHIZIROHARCET 5T 2 HN
&L, BEEMZIC e r Y OERERREEIC
BId Bz INEET 5 L ZHNE T 5.

. MRERZE
1. e OBHERETECBId % &
CNETCHARETIT> TERHEICKD,
MAREO TR, il & 355 5 BEY
PZFREDOENRBEINTVS (FHES 2014).
AWFE TR, KEGEBICEB % oy ORIER
PEIC DN T E SITEHZER L T2 DRz
5MICT 378, MARBICENTINETD
PHERMGET B eI, ILREBICBVLTE
B{ET7 = /oy —%EHA L.
D CavoOR{EY =/ ay—iik
RS & RIS U T 300 fEK, JERH
FCBWT 156 flilfk, #ETL—RrEick-
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TY—r7&nizeayziflmagRic L. M
B & HRS Tl 2011 4E 12 H~ 2017 49 H
WM T, JEREE T 2014 4F 10 A~ 2017
FEoRICMIT, 2lMBZNIE 1 A AR
OHE THEMADOTEZIT> Tz 1 BIOFRE
TETOMEARZHRID, SEARDOFEDFH K
ZalEk L7z,

RO E CHRISERDORIET —2 28 &
I, RS LICEFEORINCHIE LA L ik
IKHEL AN S, BERZRE Uiz, filx
&, iR A D1 HICBEIELIRD, mZICHIE
LIcAM 3 Ao 7286, BEMME 3 nH &
L7z, %7z, 4 HOHFHEL 728 E1CiE, F{E
B 1w A& Le. MARBICB TS0y
DFHEIAM & KSR ORI DWW TN S 72
O, WMEDRRT — 22K ST (http://www.
datajma.go.jp) X D137z, FEMRHOHFE
S, HEEHO%0E, HRACHISE, B
Fke, RURHRRERL, KAGEEICHE LG
B L, SEOCOYORBENBOES D
MHBIREZ kD 7=, FIMEIART & BERRI D &
B 5 DOKEREMNH Oy OFITEHIRIC 2T %
Oz 5 T8, MERIORENZ 4 H~ 8
H, BAEHARhZ 9 A~ 3 H, HRIOB{E]
Z5H~12 H, Bfelifbz1 A~4 &L,
BAEOKGIRN A ZNTNOMHMIC I 72 ET
fEMT 21T o 12
2) BHETEF D%k

LB LTS B FIHERFCTEFE ORI
MATRES A Z, FKEUE T 40 ik, JERER
5T 8UAMGEE L, B OGS Lz, SRE,
FARHE T 2016 4210 H~ 11 A, 20174 1
H~9H, JLKHE T 2016 4 12 A, 2017
EIHA~5H, 7TH~9HIZ, HIC1HETD
PEAZ RO, SEATHEIEL TOIIEFE
Zalgk L7z,

2. ¥y OIS %
MARKEESTHRADINE TlE L T & 725
{E- T =/ ad—EofRLD, Eay
DFEFRMENT &, HIARIC K > THREE DA
WICEDEEND T ENHLNCIE> TE CGR
KET—H). eavoBEEAREOMREICH
oo T, BT AT LIRS 2 507 — 2 D
IWEEIZEETHS. T TAWZETIE, D
ATRETEDRRGE, M IS FHEBYI OFE 217> Tz
D) B OIEREESE & 22tk O 2

2017 4F 4 F 13 HICE RHEONHIL (25°
51'52.57, 131°14'25.1"E) THEHLLU 7z 2 1E 26 {1
DIEK), MNHHE (25°49'33.9"N, 131°1522.8"E)
THE L7z 1129 HOEM D, &t 55 izl
WLl FELTWRENSHZEHRIL, ¥V
Yy FTCATA RHT AL THN=HZ
AT, T LY R =Yk (Peterson et
al. 2010) THR LTz, ZO%, NPEMSE T
TIEM DO REL R 2B L Tl d % & 1t
2, BE (um) &iE (um) Zatll7z.
CauRELOZEREmZH#HEL, vavlt
MR L T2 E S iR 52 L ZHIN
&L, X—F LAYk flitRERZ -V T2 el
OMEZIT> Tz, X—T LNEIC K B2 e O
AAETTEICDWVTIE,  KIRIFDMERL L 7222 /e
M5~ = 2 7 )b (http://www.pref.osaka.lgjp/
attach/3712/00148455/manyuaru.pdf) %% L
Tz, TOXZaTIVIEAF « &/ TOMEIeH
OFEZHNE UTERENTED, “10~20
m PUFICAF, b/ FNaWGATC EmiHELS
ERETZ ELTWVD. SHOMETIE, €
OB ZEHZTREL TOE 0 E 5 W iR
5T EDHZENE LT EMS, DL
O DFIE L TW 35RO ek itk a2
mELE (KD,

2017 %4 H 12 A~ 14 HIZHh T, FERH
S0 5 AT CIREZITo Tz, ML ORE
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1 MARETHEL TV Er M RiE Uiz X —
T LEHEk it

LATEE IR L. TNETORAEICKD ,
SEFREZT> 20k, FRE T OBR{EHIN
BODITGEDWTWARATH - 7o 7e®d, #E
UGN T & & o IR OFIEIZ RS
Nixhhotz. wROZER ek~ =27 )L T
X, EMREROREICHZD, HE1~20
m T, fEIRICGZEIZNY L ENTW5.
T D8, SRIOFIE TIERRENE DX ZHf
—g MBS 1.5 ~28m OFiPHE Lz (&
D.

—[mHDOZEHRIEm #2017 4 H 12 H
16 B~ 13 H 16 B (4 KR 12, —mHOH
#2017 4F4 H 13 H 16 K~ 14 H 16 K (24
el 19 L7z, mREREDSSEIN T — %
IZ &% & (http://www.data.jma.go.jp/obd/stats/etrn/
index.php), —I[AIH OFRERFDGEME, K
K (BED 0.0mm, %R CEE) 209 °C, &

& CEED 64 %, BU#E CFE) 3.9m/s Th-o Tz
FZEBEE, BKkE (BED 0.0 mm, &k CF
) 21.0 °C, i CEE) 73 %, Bu#E CFE) 3.8
m/s ThoTe. [EMHHEIRICRELIZATAF
J5 A% 24 ReZICEI L, KRACFE B>
T7 LY A =3 ciRE L, eaviekh
OERZHRLUCEHLI. X574 R T IRk
1x1 mm OO E DZEFH Uiz, 168 D&
BUIAE T HATTITY, I AR S 72 0
DIEK 72 KD Tz.
2) FHEENYIRH DA

e ny OFEEPIHZ LM B T L2 H
e L,201784 A 13,14 HO HENCHZD,
{EMflitEaR Z 3 U T2z i, B 5 R
il &A% 4 RREI DT 9 BERE, ¥ r o {EFZain
LEYOEERRETo 2. £z, WK
PR A SV E T AT ZFRIH L CEl
Reiiolz. BELERBREOFEICEL T
PP O 0 E, EEES  (2002) ICHE-> 7.
3. oYU X B e a U EFEOREHICHET S
A

KAGEE T, BEFEmh SV H2zRETS
RAT VAT LYIMZAL, BRI AL
WLz, ZOBRENEEROM 2RI
OYICEBRT, MEELEKEZV. DTk
b, RATUAT FLVHCavERIcEG 2%
SPEDEHEN, BIEAIC K o TR
Nz, —J7, BHES (015 o OfEvoR

K1 BRHEBICET B2 ERTHE T & Ery OIERHK

R OATF (L)

wiEE A7) v M0 v viEh

SRR (e i 4

(m) (1) (1#) fBl/cm’
Ml JREEE (25°52'3.44"N/131°13'51.46"E) 2.8 363 2 0.55
MR 2 0 FEEBIE (25°51'50.0"N/131°14'13.66"E) 1.5 250 0 0.00
HA 3 0 PNEEED (25°51°52.5"N/131°14'25.1"E) 15 199 0 0.00
Hisid o NEAR2 (25°51'52.6” N/131°1424.0"E) 20 252 0 0.00
M5 . NEE (25°49'33.9"N/131°1522.8"E) 1.6 204 0 0.00
TR 0.11x0.23
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FaMETHZHHE (Y /R FNH, 2+
VYU H, FNHEO—FE) IOV THE LT
W5, FNAHEOHEICOTOEFICHEES
A=V mBZ5B5T D, KEEBICBISE
0 Off BRI K & IR Be 5 2 % REMED
REENTVED, ZOBROHEFIRMICTOWVT
FHEDN oz, ZFTTEHE, HEOLHIC
XaenvuitFoRHICHT ZMHERFL
7z.

FITEL TV, &L IIEWIR 7% OIER
> TV AERZ, 5HISTHRE 173 (8K
LT (K2). S#HAEREKICDONT, HEIC
X OO RIC X2 BHOEMZHRT S L
EBIC, AT UAT FLVICKBZBEOHRK
ICDOWTEHDbETHELE.

. %R
1. ¥ OB{ERTE
D EavyopiEy = /ud—

AR, JERE, MMEicsrseny
FEAEADEIG (BATEMMALEL / A AL X 100)
DOFfFiZ bE, K21TRUz. BEOFAERR
LlABRIC, SRIOFEIICHENTE, MAR
BEAKEEOCTTIZ o ANDS 4 HIIhiFT
FITEL, BIEHIRIER 6 # HICKRATE. —)F
MRS OO, 2 AMS 5 H LAICHEL,
FHEOY—2133 H M5 4 H FAICTT
Th-ote. MHEICH)ZENME, ThE
TITo CEAEOMBRE —B LTz, £, W
KEERIERHETIE, BEOE—2H 1 [FD
FEE2EDOENRSN, FIC K > THIEREAKE
DOEFHSZ—NTEWHRENTZ (X 2).

£2 WHOYHREXAT AT N LUICK D En YEFOREFREST & AR

o Lo R

SATLHT NCEDRE

R OB (R E)

SAEMEES A (EER) B [EER) A JEd) fER (%) A (AR T JEER) R85 [EE) gEE (%)

A RAR (25°50'7.28"N/ 131°14'10.07"E) 48 33 0 15 100.0 16 32 0 333
ZEPEIERE (25°50'6.79"N/ 131°14'30.39"E) 36 19 0 17 100.0 22 14 0 61.1
[EEREB)S (25°49'42.94"N/ 131°13'51.76"E) 46 35 4 7 89.7 11 35 0 239
FEHBA%E (25°51'49.12"N/ 131°14'12.39"E) 16 15 1 0 93.8 10 6 0 62.5
PFEIE (25°51'52.04"N/ 131°1421.66"E) 27 26 1 0 96.3 21 6 0 77.8
FHAERER L 96.0+4.4 FHAE RS 51.74223
100 WARS  JARS s

(0]
o
I

|

(o)}
o

N
o

MTEREDES (%)
N

(n=300—287) (n=156—153) (n=300—291)

V KEEECER,MBEELER

20124 20134

2014

20164 20174

20154
X2 FRHES, JUKBRE, MRSICBT 2 En U BHEOFRHIZL. O WICR Ly ORI ARMIE O KL, —%O
BAEIAIES U IR & O THEARD D Lo fikEre &9
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CNETOFBEERE TS, mMAHE, LK
HEOL O OMEARORIEY = /ay—=K
3R LT, mARE EIEKHEO T TICE,
M BHEL (9 H~3 H) IS THikiAic b
{32k (&) &, ppfEoray LH
Kk, FICBEDERT 2K ERD ORI
RboNiz. MEE L FRIOBE S 2 — I fEk
I —ELTED, FICKo THIE SZ—2B
Zbg 2 RIEE SN o7z (K 3).

BAARS

2) BHEMII OFZH)

RS & ALK B OB AED P BATEI %
AR L FERNC KR LT 4 1SR LTz, AR
T, 2013 4F & 2015 FORAEIARIAN 1 ~2 %
H7EDITHL, 2012 4F, 2014 47, 2016 Tl
3~4 A HERY, BEMBIDNEOVE & BV
MHEONT (K4, MARBICET28F0D
LSRN E, MBI UEROE T Y OBIE
HAR & DRIRZ FRTASR, RO RI{ER

20125 0132 20145 20155 T 0175
lZ‘l1365757591()"12'12346873B\BI\\Z‘\23456789\0”12”72345S7EB|HHI2|134567997\07||I2_\134567BE
: : ;
i i ‘
i : i "
: | 1 |
I i | i f r
i ‘ : ;
% ’ ‘ ‘ i ¢
1 ! i
g: | : ] { ¢
i ‘
; i : i
4 : : f
= = ——_ ==l —
iy
3
RITEE - L £ _E = | W
BT —
oraz 20156 20165 T 20175
jtki% *X 101112129655759101112‘123455759]01\12,]13456759
‘ !
-4
o i
pid i
== =
1
7
FIRAEE
BARESE

K3 mAHEBEIEKRSICBI 2y OMERIET =/ ad—. Kho—1h 1 kD7 —2%2ET .

6 - EREE OF2
R BXRE EtXRE

T 4 - .
i,
i
g 2 _ _

0 A= L P |

ROl Sl I o 20124 20134 20144F 20154 2016%F  20144F 2015%F 20166

S S S

EODNFHELIBDTZE

X4 LS, FEAHUE,

JERBIC I BRI & BB E T ORAE DT BEHAR
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&, BEMIRTOREROKE, BXT, BHEMH
RRNCHRE LTe o e ofilic, s kDM
AR SN, —/T, MEROBEBM L,
FEAEIART O H R, 35 K ORIfEIAR o B
R & ORI, mOAOHBEN RSN GE
3).

3) BAETEFE D ZL

MRS & LK S CREEF B & 7z
fTolz€m iz OWVT, &HOBEEFE DT
PRI BERNC T TE DTz (K5).
MATNE, BAERIR 28 U C H B OBEIERFE
BFFEETHY, MARETEREZ 5
7210 ADV 1.8 £ 0.8 & CE R,
KEED12ATE 1304 K THo7. —)5
FHZ, BIEMEABNE—21ck%3 A~4 A
I EERDBIEIEFE L 2 < 22 B EmM S
N, EH50ETERVEL G123 AT,
MARETS1 207K, IEKKRETIE38E 1.7

AKeixoiz, METRDVBOIEFTHNANED
DI b EHRES L THBE L Tz DIkt
L, &HE, BOEWHAICZHOIER 7 Rk
WICEHLUCHET S EEZBNS.
2. By %K ERE
D {EMDIEHE & 22 h{ER O S T
CHERTHER U 12168 55 A D S 131 24.4
+ 1.9 um, MEIX P4 20.6 = 2.7 um TH o 7.
ETOEMMDHENOBMIETH D, HIIEHn
DWEICE L TV .
{ERMHEERR K O BRI L 72 &BEF 10 KD A5 A
R7 I AzZMEL, AFl1268 7V v F2i%
LTHBILIceaviEmoEzrshw > ML
fo. ZFOFEER, HEI N ayzedith o
BudiagisT 1 o 28 (0.55ff /em®) DHTH
D, 5HIFEOFENZ 0.11 + 025 il /em® TH -
= GE.

£33 MARBICBI 20T ORIEMIHORE &GN & DORIR

A FEKI (°C)

PR R mRIR (°C)

A RAESIE (°C)

. = F

WA w7

= F

DRAESTAT DAFESIRT  PRAESIAT  BHAEIR
@~81) (9~3H) (5~12A) (1~44)

PRAEWIAT DRAEWIRT  PRAEIINGT PRI
@~87) (O~37) (~121) (1~4H)

BAESART  BRAEIAR)  PHAEIIAT  DRAESIH
@~81) (9~3H) (~12H) (1~44)

20124 258 214 25 19.5 28.6 245 279 226 234 18.3 222 16.6
20134F 26.1 212 255 18.7 293 242 28.7 21.8 234 18.2 226 157
20144 257 214 255 19 28.5 243 28.2 222 234 185 23.1 158
20154 264 22.1 26 199 29.6 252 292 229 24 19 233 17
20164F 273 223 26.7 192 30.2 254 29.6 225 248 193 24.1 15.8

F R &

. Sl -0.22 -0.14 -0.48 -0.13 -0.1 -0.14

Eu o -

HMHOES L

oG Tl 0.32 0.17 0.13 046 041 -0.08

£33 HE. RFBOHEND ST EBZRL TV S.

Bk (mm) F R () KA
. A o WA ) [
BRTEMWIRT BRAEMAR)  BHAEMWIAT BHACHIM  BEAEMWIAT BRTEMAR)  BRIEMART BEIEMIR L
@~8) O~31)  G~121) (~4)  @~8) (O~3/) G~I121) (~4) R0k
20124 1395 801 17925 445 8796 10058 13448 5249 7
20134 524 10025 1036 389 11048 10652 15877 6566 3
20144F 800 6855 1316 195 9583 1059.1 14343 5757 5
20154 7795 7595 1089 445 11764 11259 17602 5339 1
20164F 757.5 854 1344 295 11547 10879 16663  548.1 2
HRBRILE paom | 08% 045 081%  076% 082%
Sa=RyA0o): b
WEoRs &
ST 1] 0.68 031 024 067 025
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MARS

IEXERS

& T W KER (n=28) B AR E (n=39)
% 8 f O&FZ (n=12) = O&E (n=42)
ml
.

5 6 -

I

B oat =

+l;J

D

22 -

LS X

0 X X X X X
ziz|g|z|s|z|s |55 2 (5|8 [a]z]a =[5 ]s]=]x[s]=]z]=
20164 20174 20164 20174
5 MEAHEBECILREEOMERI L HFRC O WICET 5, % HOBEEFEO

2) FHACENYIRH DT ARG R

ST 5 e E THSE S NI EE D 5
B, FAENTERLDEE4IEEL. BED
AT, 7 aNIE Calliphoridae DY 71
F >/ INZ Stomorhina obsolete(Wiedemann, 1830)
SRR YA B E VNI Chrysomya rufifacies
(Macquart, 1842) MWEHEENZ <FHEL TV 5
DWMHEENTE (K 6a, b). TNHDNTH
EFEWNZH X O BT, [E CHATCERR
WIEL, fEF&mz LE0ICIH TV, £z,
XA b ATaMMEFICEHN, AhZE DN

KO ETEHIZ L TR TFABREI N (K
6c). SEIOBHETIE, EFICWV BRI 2 A
BLTWB DN, EEZHD TS DN
TEhEhole. HHEOFHETE, v/ AF 3
B} Satyridae D7 A A 10 /X F 9 7 Melanitis
leda (Linnaeus, 1758) MO DIEFICE XD,
WE#E L TW2DO0B%REN (K6ed). IF7
U &} Blattidae O 217 & > I F TV Periplaneta
americana (Linnaeus, 1758) I BIC{EF 7%
BEL, ﬁﬁ@?%%tbfﬁi%%ﬁﬁﬁ)’(b\fc (X
6e). £lz, VXX AIIETF LR ZSHELIC

X4 HEIHB TR S hIzE 0D OFEE)

El ias g P4

T PLAE

i B E Sy Vg SN Rattus rattus (Linnaeus, 1758)

AXAH AT A UATnE Zosterops japonicus daitoensis Temminck & Schlegel, 1847
B s

IX7YVH AXT IR avEyIXTY Periplaneta americana (Linnaeus, 1758)

RAA VA=Da%-v: ! ARV A X R Chrysomya rufifacies (Macquart, 1842)

Ve ZuadoNz Stomorhina obsoleta (Wiedemann, 1830)
bR VX AT a vH Y AA a2 )~F = Melanitis leda (Linnaeus, 1758)
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K6 FARETHRRINZCOYOMEINY). as Y70+ NI, b "hvatCFoND, o) XA hoyAvn, d; v
AABUA/IFa Y, e; AVEYAFTY, f; IR RXI, gi; RAEO/NUEIH. g IRl LTHE/1N—1F lem Z2&KT.
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FEEL, LEDICEKDZIT> Tz (K 6f).
F 7z, ¥ HFE Noctuidae DR & b 5 /Wl
DEFEM, (EPJEL 7% Z BT 2 OMBISEE
N, ELTHERELIZE T 5, BORREDE
WEEMNS, ThSOMFICEAE & 3
B (WOWINERAE) DEENTVEEEZDS
Nz (K 6g-i).

VI AF NI RE L TRKRZ R LT
LA, ErUDEmhbIMfELTVS
DRI N (K 72). £z, ELEY R
T NI L=y 7 ORI UASD T
FfIE U 7o, #E7z2mIY U O RS ~ T
BgLIz A, EaUDitmhEZaIcEEN
TWBDOMWERE N (K 7b). FREEL Fz/hEl
IS DWW T & [AIRRIC R R 2 FLRBAM SR R Chfe
U, TEMOMEE R NG 2.
3.HOMIC X B e EE o

21, WHEOMHIC X B RN ZRL LT
3. BEZZITAURDEIG TS MO
KBV TEEL, 960+ 4.4 % (Pt + fEue
R THolz. B, ARNEEZesER O
FARARDBFERIIHEL, WINE 100% TH-
Fo. —7, A CH#AHTH CEKICDOWT 2 A
T2hT M LUK ZBFITOWVTHHA LA
R, WINOFHETE BFRIMHFOLS X

DHALL, 517+ 223% ThHoTz.
ORI KB TEF OBFIRIUE, EfkIC
Ko TRELEHEZ-> TV gall/RnL7z&k
I, FEACTEFICEEZZT TORWE
LESNTN, (EFRENMERN G X A=
ZIFTWAEREZ < HbNiz (X8, o).

V., E8
1. KBGO avIc i s W B RHEH D )
MR O Y O 3 EICHES U THIET 1k
DIHT, KEFEEOE OIS LITHT
THHEST 2RI L, i & [FRRIC B ICHATE
TAHRMUOTANE SNz, ZORKHRIE, 2011
12 AL L TIT-o CTERBETZ = /0
V—iEOMEE KT B, T, MPEEOE
Oy E KHEGEEOEMEIZIEFF LT, Hli—5
ICBAET %. KEGESORERIE 0 BEIED
Y— 7zl Z 72 2016 4F 11 A, AXEKEICE
T 25 HitsET 1002 flifAD By (2 THERROR)
Z RN GUCHFHED A 2T, BIEL T
DIEEADIATH - 1 (RREET—R). Tz,
BIETIE 4 A (Liao 2000), S5HBEE T 3 ~
4 HICBHET % L dN TV 51t (GHRERTEE
ZFEE1995), /NERMEA T ISR AA
HYJ Sy L. boninensis (Becc.) Nakai & 4

M7 EoUICEHELTeY < Zad ST ORRICHAE UTAEH L OER). a7 o T OEBMEc 5 Ly
O OfER, b YT aFUNIOEPTHREE NI T DI, a OHOKRANZ, {F#& LIlEhZmrRd.
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X8 LnvOEF TRESNIEEONRIC IS AE. o) AERELALZTITOERWVIER, b,ci BFICK DIENKEIL

mLTLE>EF.

~5SHICHET R ENTHO (EH2003),
o & O I FICHET 5 &
EZHbN5. MEBORE N2 —2 2RO n
IYIWNEBETB01E, KEFESDHTH 2 AIHeNE
ME. BHEIIC R 52 8, RRCHE&RID
THERRFGEEDO Y Oy RN 2 IR ICE
TEMETH O, 5%, YtEicsoyteo
MO & BT IO fAZ T T
CBUC, BERLAFNERSROCEERHRT
HBEEZB.

MO Oy 3 EICEFRRL, aay—X
VB ER 10 HEX O FELIGD 5. ik
Mgz, BEoenyhRRIC XS5
B2 VLold, BENZ ERT SR
IIIEFNEIC LoD AENTED, sfEk
I X B EENZHHEZZTFIC Weblcb#

AbNb. £, BICEPLTHIET 2EH L
BERZD, MEROY Oy CRIEFENRL & A
NEOLOENSEIETS. Dz, MEHRIT
F— IR TV B IEFBIE DR NE DD,
FELTEMBBELTVE T LIckD. ME
T L BRI BAER IR AN 75 5 721 Tld 7z
<, BHEHIDOEZ®, {EFOHLGICE AN
N2 LEZLNS. MEHTIEESHIC, Fi
Ko TH{EIOEZICENR OGNS T EHIH
SR>t KENERDS B, BHEHRTO
RERE KRS, BIfEMRT & BEShICEER LT
BIEOED, MEROBEHOEE LW ED
HEZEROC EAVRE N, bbb, MkE
RHEEDENZ <, HIRFRNDZWEIS,
Aoy OBEBNEL k3 T &icixb.
LR & s aMEE, vayBEERSE L
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THHLTWA KEESOEICE->TE, &
B ERZRD. KEGFESEHEMDI DL, —
EEEMKS L, BRIEKICD> THADNKE
BEAA=IVEZITB. TH LR TETE, X
A A aTEY ZliEh LSS EAEEOEY)
oL OEFEM MR L, HHEERE
BEA=VRZFHT LITED. EEE, 440
TEYHEOIETERK & LU THEIC X B E#EDIE
CEHAENERENTIHB DO (Pierson et al.
1996, Craig et al. 1994), BRIk T & AL
OEIRKICREFEREZ TVW3DRBETH S
LENTWS (FAS 201D, MEEOCOY
X, BEKICA LYY OEBRENIRE LT
HETEH, E@eNITHEFZER U T2 E
R2fMitd 52 LW HHETH . Tz, &M
v wid 10 ALKER L CRET 5720, E
HARNC DTz > THEFZHET 5 T L WA[RET
b3, THIT, BKELBEDZWED D
LA EL RaEABER LN &b, (A
FRELTOMEZSDTWVWEEFEZAS1CAD.
O LIBlEhbt, KRFEEOERERZMEH
LTV LT, e RizEEL:tay
DIREID TEERE®REFFDOLEA 5725
5.

WAMToTELREICEY, HAREDOY
OV EMIEEVBIRN SR ZREF L, 7oAt
D I ] & 3B RIS IC IR ROV RS
NBZTENHSENEZS>TWVS (RFELT—
). BT T 5 U aiss & BITE o
THRNCED XS HBRED D B ME AT H %
N, FERICBHEDREMNE R EZBTED
B, TEZRIEHEOBHEZBILLEy
TeDDORENREL IR BT ENEZLNS. K
HEE B LN DU B OFRFBIAIMT DOV TE L
CHHILETNE RS R0VDIEE B AATED,
BN TORZBEBRICHLEREDDBELZS 5. B
KM FERMDME, KEGEEOLaYICHS

NBBLHNZRNCONWTERT S LT EER
HRO—DTHD, SHRIRRZITOLAICEHE
TWEEME a5 ehb, THEIHFHEDHE
Tdhs. FHT, MEEFEROENTORHIR
Z—, FIERAD “RINA U 7= R D fifHH,
THIRNC B 2R REEO A & 2 ORI L
BT 2 EZITOREN DB EZS.
2. KB ISIC B 5 € o ok ke
VIR REBEOMMNEFEET S22 M5
(Silberbauer-Gottsberger 1990), Y1 & @ T
HBHAREMENE Z SNtz JREEE D H - EEE D
EMDOETIE 398 £ 88 um & TN M (H
1 1994), E T DER DE X 135 244 £ 1.9
pum TH O, A -FEFOFE X D /NE
V. ANEWERERISEIZ N T WV—STT, /)
T EBZEMEIFTFE LIS »EENS T
ENS (HP1994), € OIEMA/NE O
5LV TRICKZIEMICEL TWB EIEF A
BNEA S, JREIC S NS RN RS &
LT, EWBREHBTHSC &, RN L,
HeHEmnT b, B/ N a7 < Bt
THBHTENZL, BRENDIT NS (FE
1994). ErwOfil 4 DIEIZ/NE S BHirfzzwn
W, {2kl LTREATRECHILS, M
RotWhb %, £z, Eznwl, wkTth
bzt MO R L 3B
. SREIOFEICBWT, FELTWwsen
T DI ZE e SR 2 R iE L Te DIC B 1Y
DEFTEMDBDOITH UM ERINENEh T &
MHE, EaUNEEEE IEE X EHE.
SEIOFREIC BV THEEOEEI D BIS E
nkeced, CuyhHylchz LnsEZ
EXRLTWR X IcEBbns. HES(2014)
OFETIE, ™« IWRRBICHT By O
fEEE LT, 24 buAAaue) 2580
FLEE2 M, SR L RE, edi¥E2 M, REdiiofE
MREENTWS. FEOFHETE, KRFEED
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INIREERBRS &, T aF NI ET XA
O3/ xFauhEilzic v oi{feE & L
CEENzT icks. HES (2014) DR
BT, A 7avE)ZRWIEETOEH
YT, L&D 2 VIEMOREN R TN TH
. SRR LIz TaF Ny 241
O/ XF 3 7 THIEM OREED WO IXWE DM
WENTHL, KHGEE TED T2 < O,
vny OENEMZEHERE LTHHLTWS
EEZBNS.

ey ofEzEERE UTHH L TV 5E6E
YN, LTeny OIEIEMENETH %
el F S A G AR AS /A s E SVAN i bi 3 A |
FEF NI EENTHORRIE, vavIdd
B9 2B MUDFEIY) & LN TR, LA
L, —EHET % EA—{EFNDZ < DIETH
WHEIT->THEY, BOMECIEFICRES
TR, BEicZ Loz, 8 B34,
{EFF N 72 8l & [0] 2 BRI BRSO AR 75 VoA 8H
I B ATREMEIX DY, FEBICc Y < T
NI PR L TIHRERZ B LIRS R TR,
LTCWelEmidfmh THhETH 7. ThHD
TemEETDE, NTHORRIMERELE
Oy OEREENTZ LIEEZICLL, Eay
ICE > THFHEZIEMNE L ITEATWVIEAS. ¥
A0/ F a3 VIFFHEIOMELEZREIL,
% < DIEIT R 7 ERRE L TAth, BHERDAEFIC
LEAELTe. Tz, WETEIEREL T3 1E
TITON270, HPHBIC NS Eat 2 <,
EMCEL TV EBbns. NTHORRE
R, 924 a/kFavosheay ok
MEELTIHFELVESICEDNSD, FEH
FEMD TIK L, SRIOMRE THA{ExRERL
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Ecological survey of the Chinese fan palm toward the maintenance and
regeneration of the Chinese fan palm forest on Daito Islands

DENDA Tetsuo, IZAWA Masako and ABE Keiichiro

We investigated the flowering phenology of the Chinese fan palm in the Daito Islands and confirmed that there
were two types having different flowering season; that is, autumn-winter type (AW type) and spring type (S type)
that bloomed from March to April and from September to February, respectively. The AW type had few inflorescence
at one time, but the flowering period was long because inflorescence was changed one after another. On the other
hand, the S type beards many inflorescence in relatively a short period of time. The flowering period varied from
year to year, and especially in the AW type, there was a tendency that it became longer in years with many typhoons
and more precipitation. Since the AW type begins to bloom immediately after the typhoon season, when other plants
are damaged by the typhoon, there is possible that it plays a significant role as a food resource for the herbivorous
animals.

As few pollen grains of the Chinese fan palm were confirmed in the airborne pollen survey, this palm does not
seem to be a wind-pollinated plant. On the other hand, some insects such as flies (Stomorhina obsolete) and butterfly
(Melanitis leda), a bird (Daito white eye) and a rat (black rat) were observed to visit the flowers of Chinese fan palm,
it is highly likely that these animals are pollinators of this palm in Daito Islands. In addition, it was confirmed that
many inflorescence of the Chinese fan palm were suffering from feeding damage by larvae of moth species. Since
many individuals have undergone complete ruin to the entire inflorescence due to the larvae feeding, there is concern
that serious influence may be exerted in the seed production of the Chinese fan palm in Daito Islands.

Keywords: Arecaceae, Oceanic island, Flowering phenology, Pollinator, Feeding damage

Research group on the Daito Chinese fan palm
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FA7HTO-F bo—F - 77 RBIRL EREFZEEIR

ZA R /NRT DR FMRZHEIHT S
FRP HBFFHON B L ZHEOTE=R) VT

EA DA NZTREMKR T IN—T

AKIFFETR - R

12 - FRHIAOT - EAEHL

AWZEE, BB TEMTZ2A4 VA /NR I OEHE= 2 5 & FRP (iRt 75 XF v )
SIYR O HEDERZ BN E Uz, 2016 4E121d FRP BLHAIC B 2 AT BRI 67 % T, ARELF
DHANTHEH 2 % KO HEA 57z, FRP BHHIOSEENOSGEAHK 720, WE L RED AN 72
FECERTAR, B BRMUT U EHEE U, 2017 4EICIE, AN OEE &5 E O X OV
DEZZR) VI %{T>T. FRP 8, W& FRP 4, ASLMHONANIRIGE T — 20 f—2RE L,
BHARNC AN TR > 2. TORER, 3 24 TORKMT, BEHNOIRE, BEHISENIRD 5Nk
Moz, 2016 FEDMEMICK U, 2017 FITIFARBBIFHO BN B34 88 % I Xf L, FRP MELH 89 % THITH
RIGEWVIFEHSNAED > T, FRP B, Taadh)l bS5y T REMNE) k> TniERna
Lhbholz. EATBRINRICIZELZHNEDENE DT, BHHOT XY VT ZMkGT 52 EHARE

TH%.

F—U—R1VavFava/NRY, EREE, B, B bR

. 1 &C&IC

KIS SIS 5 HIC KT 360 km DK
HERICHIET 2R TH 5. KAGEETIES
FEORIICHEZPET ZM, TD 5B 4 fiffH
Mg U7z (Wfilr i A 2003, HAES 2222 2012).
PR D FERNE AMIC K 2 FRAREREE D UNEE & #E%¢
ENs.

PR ESAD AKEIE 1900-1903 £EiCfTb Nz
(A KBRS 1997). AKELLRT T 3 2 £ 100 41
FT, MAREBRZZXA byEaw (Livistona
chinensis) DEEEB I FMRODETH->7z. L
MUBIARIZIZIFHER SN, BETRBHED 6
HLEDNT FOFEZIICHE LIMER ST
W5, BEOKMKIO R 3.9 km®, S HiRE
DRI % & HHBITBER . &SIk

AR E U TR E N2 DTHD, mKT
BE 100 m (X EDRIEIRE R > TV, L
KRR KL i D 7z HITKR I DR R b
felF, EFEEHEIC K S EECEFICKD, M
WENTRMOTRBEEEATHS. IMATH -
JERHG T, RIS ALTHEMLIz 24T
> 717 & Oryctes rhinoceros \[Z X %, WFHM D
HERRFE X 4 ™7 ¥ O Livistona chinensis var.
amanoi DEFRMPZ SRR EINTVS. B
D « ALK BHHH O BRMAIRIT KL,
R DOERICER L TV £17> Thil
ENQzYA%

M LRSS OB RS AR SR
WK DV A7 267259 . Bl 5% <
LCHt LTz e BN 2N A by~

L AUBERZAFRAE 20 KRBT RZERZGIRA e R 3: dUEE K2R 2R A e

2017.12. 18 %Zf}  2018. 12. 20 3B
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HHEXA P IV YA
Troglodytes troglodytes orii, TFEX A k7 /A
Y Buteo buteo oshiroi l&, FRARNOKEEN S
WEREIRHE 2R > T EHERE NS, ik
RN HEX A~/ INZ Y Otus elegans
interpositus & RHRAICE B9 5 2 & S HFMAD
RAFTED SR, JERRES THEH L 72 5% (Iwsaki,
Sawada, Takagi unpublished data), FiRHE Tl
iz a7z,

XA YA /NZTWNEENSZY 27
Fava /N7, EEEARREES (IUCN)
DLy RF—%27 v 7 THEMEAEERE (NT)
(International Union for Conservation of Nature
2017), BEREEADL Y R TF—2 7w 7 Tidii
fallIE (VU) EEnTnd (BEEEE 2014).
FIPRRIRIRL Y R T —2 7w ZIcB0T, i
FEAA BT O N7 IEHEMER TA R (CR)
KHREENTVS (PR 2017). HFEX A b
D 3 NRZ MO PR S O EARE & L d
% LBIEINEZEENZ L < (Sawada and Takagi
unpublished data), YO E S5 ESU
(Evolutionarily Significant Unit) & L COAfi{EA
bbHLEZALEND (FA2007).

BREEAE 2012— 16 I/ » JERREICHB W
T TEFRE R SIS REXIC BT 2 ReHh
¥l bwsTnva s b eEEL. TOHRE
&, 24T AT FOMKERE XA Foay
BEIRNOER, X192 h7 MO izH 0
FEOMEN 2 HIE L, WBEMETH2E 51 b
CayOMZEE TR £ T5EDTH-
fe. TOTHTY Y FTIE, ¥4 hvEuy %
FIF S B kMEDORICEIT 509t ED 5
N, XA b/ N7 ERGE RS T
ARSI 35T 5 BIEDEHT 5 O ME AL
180 H A FE FE & #E 8 & 71 (Takagi et al. 2006,
2007), HEFEX A b3/ NZ T ERREO T
W EERIRAICH B VWA S, 22T, Hiff

Parus varius orii,

ZA BT/ NRY Oz X S &8
TV K D ICEIRAAEOMER: & Bz HRIC B
W ENT.. TORETHO SN
M APEDS B TR (L 75 R F- 7 B4 (FRP )
T, NAMNITBASINRaE A ZFICK DR
B TE3 X 2ICERTE N (K 1ab).
2015 IS REBIC 76, JLRKHEIC 5 A
MAEEEN, 2016 FFICH ARG TIE 19 D
M FRP WEFICEH B Ule, BRMDRIET 2 %
TOBE LREZRI-ES2EDEGEN. L
ML, BEEREOE= 2D VT ORER, HiTh
K67 % (EHILBHER X 100/ R LHER (&
T aEER <)) TH o> 7z (Sawada, Iwasaki,
Takagi unpublished data). 2012 fEA0 5 2015 4E%
TOMEBEICBNT, [AROGIETHESNIAR
BYH (K 22) ICBFBHEBHRIE, 2014 4F
D39 % %z k&, 82—94 % DHIPHIC D > Tz
(Sawada, Iwasaki, Takagi unpublished data). 2014
FEDFF|OR T IFIEGYEIC K 2 ATREMEDY B D f]
T dH % (Iwasaki, Takagi unpublished data).
2016 £E0D FRP BUAFIC B % HAL BRIZ 67 %
Ao Te. BEOREIRDI B A RIS K B i
FETIFIRWEEZ N, fhz b, HANOHE
DFEL1E FRP BB O E AT DO Em I K 2
FNOWEERED FAICKDEDEHEEL
fo. & LREEDIHS M ENE WV E X FRP

X1 FRP#EH. a. HOHMADICHNEE>TWVS. b,
4 m OPFEIOR—)LONSHCH D [FF 5N TV 5.
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% BN R OO HFICART 5 T &Ik
%. DFDH, FRPEEGHIE, ooV AL b
Fw 7 CEREMED LRZ0EEDH . ZC
T, AWHRIBEOIEL D EFN ORI L RE D
FRICXZ2EDEONES hZIHEMICL,
FRP HFHOMEH DRI DOV THEIT 5 &
EHMNE LTz,

. Ak

1. dsih

FARHE (25°50'N, 131°14'E) (3 ALK 30
km’, E£E6km, K& S km OFILWEIRE
L7 TH5. EONEDIER 1 km i, F5
TEH 1520 m DRI D, EONMNIEFHT
b3, BOHRIICIE, #30 HOMDEHH
WKL, MoORHMER 2 km® THS. Bk
D6ELE (F18km®) &, FicY huFe
DOMELTHHEN, Yy HAERARFvE
WREENT VA, FRIRICHR & Nz bk,
T ~4Y (Casuarina equisetifolia), XA 77
vaw, UavudawxY (Pinus luchuensis)
RENSHEREINS. Bk R IR 4
km’ TH 5. EHKIEEOREEIICESRL, AL
13471400 ATH B (HAREES > % —2007).
A RIS B L, A URIE 23 °C, FF
PRk IE 1652 mm, A PHIRERN HELE 112 B
Thd (KRRFEHZIREL Y 2 —1961-2004).
2. W5 fd
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. —RKR—FTIHERZBELCTOHVTEDIED
EHEFET 5. RIS NIzE 7 <4 Ol
ICHEBET 5. NG 3 H MU SIRED, 4 A
ICFEING 2 DDWRE 2. — NI E
2300 CHB. K26 HIEIDOMEIC K 5 fadl Thg
L, MEMEDBEICHEE LAY 30 HTHILBICE
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2017 F O iw Ot & BT B ROFHIC
il 5 BRNCIE, BOCRERE N 2016 HICIHEFRIC
B HDHERR S NTARBIHRE 10 6 & FRP SLHFS
20 N > Z LISGECH TNz (R Core Team
2015). & 5IC FRP ®WEF 20 0 5, @&
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BRI ISR S 3T 2 PE R DA IC X 2¢ D K D
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L, BHRZEUCDIEINGORFMICHIL 7.
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DEFICED X S ISHET B ZHEMNICT %
TERHWNE LTV TH . BEETE,
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Mofe. ARABEHBE U 1 {5 &IRIEEG
ZEE LTz,

4. BB X IREDE=2Y V5

A 2017 F4 ANS 8 HE TIir7a o Tz,

TEADHIA O DR E NI HFHICOWTIE S H

fiT B ¢ S N DRI 2 TERE L P N Bl s 72 T

- ARBUHL b.

M2 3524 TOHH. a
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Tz PEUNBRUAZ FERE U T2 I IE, T — X A —
IR & E WATCH LOGGE * RKT-255F (JiH
EREERT - D ZRE Lz, COWRER!
&, REOMARE+ 03 °C, MEDOMALS
% CHIEMATHETH 5. FHAARIE 2017 4 4
H1HMS7H1HT, Z0OM 10 58I
L7z

FEUNGHAA 2 R2 % & kit L C 5 HIEIFR CHRN
DI MR L, —EINBER g L. T D%
BHEE S NTMHMEHICHANZREGR L, IReiEE
ZROE LT, EHICMb%E s HIMRTIECHE

OBEMZHERL, RYIOMEOHEERD 25 H ks
175 % F CHEREZ Rl 7z,

HAOMREEZ, BIEE»S 5 HEROD 25
HiE TO 5 x—LICKYI D &EF L. X
BZREd 2 01%, FHOmMHBRIN S 2 BFE
CIRELT, ZORKIORIR & IRER B O E
CIBEE Uz, RIRGUAZFIRRT 2 DITBE DR
FREEZI D 12 BEEITS & LT, WOIRE gL
L. B EROIE L IRED 2 — LDz
FHUZ.

. KER

mﬂ@ﬁ%%ﬁfﬁ@@%aéht Y
IREE 66 T, ZD 5B SHIMNHEET N, 12
AT LTz, BMEICTE 57z 49 BfED 5
L5 B INMEENEBICES 2.
TEHbBHEBERII % ThoTz

BEDEIE L IRIE DT — X Dl 5 HE S Nz
DU, ARBBFIH 9 8, FRP BHK GEXI%
L) A 71, FRP®HRE GEKIIH D) B4 1
ThHole. BREKRDEE, BIXUEDEER,
3 2 A T ORFMICERG A IR E N>
72HD0, WOMHEE 3 XA TORFEMICITE
BaREMEE .
measures ANOVA © B D E, F,,=0.55 P=
0.46; TRDWE, F,5=0.17, P=0.68;2DIL/%,

(¥ 3 : Two-way repeated

Fi o =188, P=0.173 ; RO, F, =735,
P=0.01). Z T T3 XA T DR DK DL
ZEZBEPR LI T, 324 TOHFROM
AEDLETRERZEZIRH I
(Bonferroni fifi 1IF, P<0.05 ; A& vs WXII1H D
FRP, F, x=3.30, P=0.08 ; K& vs il &%
U FRP, F, ;;=4.28, P=0.04 ; i#X([17% L FRP vs
X135 D FRP, F, 5,=0.02, P=091). &
HNCHEMIE L FIC AT BICE > T B 14 (A
EHEMIET U728 S MIC B %8 L RO
E, BXlUmEzKRLE (K4). BED45E
KB, BERDIRE, BIUKROEER,
32 A TORFMMICHREGAIRIE NG
TeE DD, HOWEL 3 214 TORFMICIEH
IR AN E Nz, (Two-way repeated measures
ANOVA B, F, =058, P=0.45;1&{/%,
F, 5, =2.65, P=0.11 ; Bgf&, F, ,=0.05 P=
0.83 ; IRESE, F, 4 =5.62, P=0.02)

V., E8

FRP #¥HE, —aadh)l v T (E
REME) Lo TRV ERERTER. 34D
b, ﬁ%@W%LLT B, %PD&L
FRP S®HHE, W51 1d O FRP R C XUt
TREIEWNDER L, BEOAGEIC ?3%31/“(0‘73?
WZ EWERENTEN S THS. 2017 FED
FRP #HFHIC BT 2 I HHRIT I % TH D,
KRBT D 89.8 % & 1XIX[H U Z R LTz,
2016 -0 FRP BBF TOHNBEH 67 % ThH o
Tzo 2016 SRIX A ZNR LIFETH B T D
5, TNENOYHITHID TEHEL Tz DN
XBMTHS. TSI L T aR D E i (A
TH > 22 DITHIL BHRIME L &> T AlHEMED
EZ2bhNb. PIOTHERTLZF AT 7Y
HIEMNS BRI L TV 5D
INOIT EERTEEER I MEN C S TN T
% (Korpimiki 1988).

Aegolius funereus 13,
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Annual Report of Pro Natura Foundation Japan vol. 27 (2018)
27th Pro Natura Fund Domestic Research

Monitoring of fledgling success and improvements of ventilation of
FRP nest boxes in Ryukyu Scops Owls on Minami-daito Island.

NAGALI Shuya, SAWADA Akira, SAWADA Junpei
and TAKAGI Masaoki

We aimed to monitor fledgling success in Ryukyu Scops Owls which bred in nest boxes on Minami-daito Island,
and to improve ventilation of FRP (Fiber-Reinforced Plastics) nest boxes for Ryukyu Scops Owls. Fledgling success,
67 % in FRP nest boxes was lower than 82 % in wood nest boxes in 2016. We inferred that high temperature and
high humidity increased mortality of owlets in FRP nest boxes because FRP nest boxes might have difficulty of
ventilation at the bottom. We monitored air temperature and humidity in three types of nest boxes, FRP nest boxes,
FRP nest boxes with holes for ventilation, and wood nest boxes. There was no significant difference in air
temperature and humidity among three types of nest boxes. Fledglings success in FRP nest boxes, 89 % was as much
as 90 % in wood nest boxes in 2017. FRP nest boxes was not an ecological trap for Ryukyu Scops Owls. As
fledgling success fluctuates annually, we should continue to monitor their breeding performances on Minami-daito
Island.

Keywords: Ryukyu Scops Owl, Minami-daito Island, Breeding, Owlet, Fledgling success

Working group for the study of conservation of Daito Scopus Owl.
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<, ®ET?2 HZ/lA % HEIDEROITEH
FHELTEERINTNEND, 2014 FEICER
{FIE B ERIGEm 232 ) ToHEHE T 0 1
Tholz. (BEEE 2015). LhrL, HEED
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27th Pro Natura Fund Domestic Research

Reptile pet market in Japan

WAKAO Keiko, JANSSEN Jordi and CHNG Serene

Japan is the fourth-largest country in the world by import values of reptiles and has a significant reptile pet market
after Europe and US. The physical market survey conducted by TRAFFIC in Tokyo, Kanagawa, and Osaka on
February 2017 discovered that 5,491 reptiles of 606 species/subspecies were traded. Of all these reptiles imported
from across the world, many of them are threatened species and are part of the 39 % attributed to CITES Appendix
listed species. In particular, the fact that these species which are prohibited of which export records from origin
country cannot be confirmed, are openly traded is considered to be a serious problem. This should be addressed by
government and stakeholders.

Key words: CITES, Wildlife trade, Law for the Conservation of Endangered Species of Wild Fauna and Flora
(LCES), Act on Welfare and Management of Animals, Demand
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FTHACHEC - AR — ' - AIREE T -
IS+ PTAEEAR ' - HUKFEA
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TV,
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7.
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3) EHREE

MR KO NERLEOFRER R 2R 11TRL
7z. WINE 2 A F T Quercus crispula Blume I
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JERCS 5. EHNCARIRY Z21E > TROMEZ 1k
D5, FORDOEEITD X O TEH T
RemBT 3% (XS, BEICHIEZH
CETENTVFIZTR (K6) EIEKEEM
EEEEOTWVS.

2. 27 TOME
1) BihFE#s

D. kamtschatica O B{EH A 1% 2017 42 8 H 29

HICH LF v v A OfLERT, X bhasy

B 5 T S O RIREF BT Ohk+

X6 =X Daphne jezoensis ODIRIRLERHFE Dk T

07 AT ALF ¥V F—=n5 100 km HED R
FHOTINF ¥ HEATIT o Tz, PRSP
WFEIC A > Tz > 5 4 > /N Betula
platyphylla Sukaczev % H0v & U Tz [RZERS AV
MHoTHEBO, ZORICEMMNNIETSEEET
Hote. MhElchifRIER <, ERLAY
DANIEIZFEA LR Tz, D. kamtschatica
3oz /)57 A AH7Z Lonicera caerulea L.
subsp. edulis (Regel) Hultén var. emphyllocalyx
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(Maxim.) Nakai = & / I ¥ 7 F Salix udensis
Trautv. et C.A.Mey. FMEAE T 2 SO I HY
ELTHDL, ENL T NIZBHIOMIEHIC K
5LTNEEBZLLEDTRAENEDT LT,
DU LRV TZIREETEZ R D>
7z, B TIIMROIREZ WL L C—HRDILN D
ZHEET 2 L L BICHEDIREZREL, BH
e REAERE Z T o T, SRERENE 2 VT,
A 11 R L.

A D RE R D. kamtschatica 1%, EWVWE DT
2miICETARE LG FEZMI LTS
Aw FZERLTED, Yoxy MIKERE
DT35m’ D, 6 KDBHEXEZILTTS
EHBE SNz, AERRCIIBEE S K URERM
EDEDHEA TWIZD, AFICIZIRIREED
LHED K > TV B EDMNE L, FHOE NIk
ZHRLTVREEEONT. T ORERIFIRIREE
ZE> TEFDRIRZIT-> 721, B OKEZ R
L, SVWTHEZ(NF2F=TXLHLCTHS
Mool —), RELEFEOMICIFZA
DEZ2MNTFTED, ERARIRZHETEHEFICH
WEENZ K-S TR T 2R LTV .
2) EEAHE

PRE UTAEARRE, vI U4 A TR
TEAHEAE (VBGD, T 7 E2ET /17 2 —Hh
ROCERAEY 2 L AT ARE (VLA), ]
SRR AR ST AT 7 Ty 1 SCTREAR

J# (KAM) D 3 DT T, 7 U7z D. kamtschatica
DOIEARIE VBGI 4 51, VLA 5 5, KAM 14 5
DEFE 23 [>T, EADRERIE S H M
M5 9H FHETHEK LIz DD - 7D T,
BARNSHET = /nY—%HET ST ENT
e, $ixbb, s HRICHELWMD 7 Hih)
FTIEANHE< . TO®%ATE, RIRFZE->T
RIRIC A D, 7 A TAID S 8 AHANS T TR
RSB E, FTLVEICKHWTEZTTS. £
D% 9 A FEE TIEBHENHE< .
3. [l

FIWEZ T %4 = 2N diflfifdy) i HA D
SHIENTHES T, EEMETRWVIR D ki
MThs. WY& =7 X, D. kamtschatica
DA SO DICET L BEbh st
DEF2ITR LIz, TTRBFEEORELE R
TERGEYNCIEF =T X HGET 5 & DId R
<, D. kamtschatica \C3Tig75C E DV 5.

PLEXKD, R TIIEREN - SRR
S At E R HETIC A B 9 % MR A N D.
kamtschatica CT& % AIREMEMNEWN T E DV L
Tz, %1% DNA f@MTSE C7— 2z Mg L, 1EH
VSE AR IR REY DY 75 D I FEE IR D R 8D %2
1o CHiZzZiEEL, #iRZAMENCHRLRT 2.
4. PPk &L H L UK
D A PEORET

SCHRAAS P P] 7R HiPA OO [ B O JAAS R T

£2 EIPHEOLK

tEE Dapz;ze:je'jzinsis D. kamtschatica G 31";1 ihﬁ%
e % & 2
BHEOES BELEERE BHELYEL A%
e MRS R e IR F%E
FEREROEOR BUH, DTH L SRRt F%
. A LT TEEMIELT -

BENT-ISFTICIRIREED
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W&, OGO eI 75 N EIN TR EAT O
HTH%B. BEEL 2 DFTDOH THIAZ 0.4 ha #2
JE LMD T/NE . EFHIT O D%
VDY, BRI IE 1000 AL R & BiES 5
N, BEMEAE GEIZHYD & 200 EARRE & HE
EENTz. EHIC, WE 10 4 THR L 2iE
WYl e 2 H, TITIXTOREIC
X 2 AR DI 7%Z 25 % LI EE T 5.

INSOEMZRESL Yy FRUX M7
Y — EHERTE (BREEE 2015) OE R ELT
ICHHT &, HpEE 1A% (CR) O cC. A
PARED BB A R 250 RiiTH % L H#HEE
N, Tl BEMELIE1HRDOES
5N EWIARIC 25 % DL E ORI R b D HE
EEND. IS4 T 5. RetENEFTtE TO
BERIOD T X T OMARET, fEMAKIEIC X TR
DUTWS. | TS UG O 75 D e
WERT > 7 DR E @O E R 1A% (CR)
EEZBNS.

2) EHHOBUR

ViR R O I XF S EFRE Uk
BT, BB L TR LVED L
EZbND. BRIINEOBOERBETIRAL
TL 2HYHEEESNTED, fiRkxETEd
% < 7> ThilEh b O & D LW BB
it 2 5 NEWHEORAZESNTWS. Lz
Mo TR EZDTA KL, F 7ROy kfEx
ERGREY 2 W2 T B K 5 AR OIR AL
RoNER0. 1RO 7 <A Y NEKT 5 500
TIEHRMEIDEZ SN T OB D, <A
DR THEEHMEADPESNIEFELTD EEZ
5N%.

ARG T OO A% « MR 2R T
bb, SHOMEEBROIREEE DR, K&
IRREREDNEOBRD ZE LT BRI CHERR 9 5 C
EWARFENS.

3) PREERER DB
AWFLORR, T OWYIEBER, AR
EEMHTRENTHED, BRUTRFERED L
SRV CTH % T ENHIH LTz, CREEXRICES
U T, SO0 KNS SR O CoiEfE,
S Kb oTET VI OmPEYITH
5T EEREWERL, LT SRR TR
YEFIA DAL ORI 2 U TR DT
EHEDDTENEETHS.
EBEHIZEERTH D, RELHICIEEEINT
W37, EHEHNTEERE A NERN
ZMThbNs.00E DRy, LML, BHEDE
BHIO—ICITBEEDFEIC K > THERR &
MM THN TS, TOHEREMIZZDHRT
DFPIMRA » EELTVBDNRRENB T &
Mo, EHEEREANOZBEI VA>T Bbh
2, (REEDBLEN D BRMATE F NI
WBRHCEETH 5.

IV. {REEXIEEDEIREM

C OWYIRFEICBIRT 2 2RI & LT,
TN, THIFTE S OEEMK, B EYIR
FEOIRTEHETH 2 BREEE, EIEOIRETEG
UTHHIBEND S, YHEHOMHENTRE LT
BEREIE DN ENICIT>TW0a Ly RUX RO
RELICHEDE THERZRMIL, mPfEE LT
NE, RERFADTENTES. JLiBHEN
T/ DR O E)E T b % R A TGRSR
EMZ IR R L T DR OHEEZ HI &
U CakiE L T 2 s 75/ 0 3 A SR GRS
RS RE SN ERZRMI L, JtimEkoL v
FUXMIERKT S EZRETr L Ei0HE
FHIFIC K B REOBFIZET T EAEZ BN
%. UEEEMEEET S mERKEER &
ML ARME AR, DO ELER
[EFTZHI B, RAEMRPEREL OFRZ T
ZEMNEZENS. HUTRHEAT TR, BUELE
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PIEE O F BRSBTS & LT OB
R HBOHREEIT-> TV 5. Al cldifs
IZ AR—Y N ER O, W THEZN
IS MEXE DR IE 72 & ORIFIT AN S - 12
DMK EREREOREN D 5 & EFERE
TR DbNS. BHEDEFHINTO Z DRk
FFITARBRMETEU SN TV D, il
HTOAEEHORREME L THRMROBIFICIE
RS 20ENH 5. HtHBRICIZ T Ok
AT 4 & A5 DR ORI A T 2tk & L
TR L7200,

iz, BfFEd 2452 RET S LiIdEH
ARTHBN, 5B OMIIDOFEEENET S
crickby, EAfHE, H5VIEENTDS
RIS N AHE G EEN, RETRS
MEPSHNC D % BN U B .

V. HiEE

ALY 725 T, RHERITHIR SIS ON
HBEA 7 2= BT T O RS 4 E O i
RERNE EEERIC D> TRV Zw
To. ZERYPBERBE KNS O A RS Al
ICIEBIHERE 2 YTy 7 TOHREEMRIC DT
Bihimnizizniz, JtBE KR A RO
TR SRS R B I X AT B e T AR AS e
(SAPS) TOREARE & 1> 7 NIFFEEFN T

HHZX> TWEWE ay7R%ET7 AT
S SRR AW S 71 N T v
2D Oliga Chernigina [ I IS AR E & Bl
HZENTREBIMGERIC x>, £z, BEGTE
KEWIIEW e, [ A D
V. Yu. Barkalov {8 B IIIEARFE DM E Z X -
TWeieE, BEREZVRWe. BiES
x> T BRI U R 5.
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Annual Report of Pro Natura Foundation Japan vol. 27 (2018)
27th Pro Natura Fund Domestic Research

Taxonomic study and proposals for protection measures of the
endangered Daphne plant (Thymelaeaceae) the distribution of which
has not previously been observed in Japan

NITTA Noritoshi, WAKITA Yohichi, TANAHASHI Ikuko,
NARITA Ayu, TAKEUCHI Fumio and HAYAMIZU Masato

While the only subsect. Pseudomezereum species known in Hokkaido is Daphne jezoensis Maxim. which has
yellow flowers, another species with white flowers has been observed in a limited area. It has not been identified or
its distribution has not been studied yet, and it is threatened with extinction.

We have gathered data in Russia under the assumption that D. kamtschatica Maxim. which is distributed in the
Kamchatka, is the closest related species to this species morphologically and determined that their morphological
and ecological traits approximately conform each other.

In addition, we studied this species at Shari Town in eastern Hokkaido, its only habitat known in Japan. Our
estimates indicate that it grows in two parts of coastal forest having an area of 0.022 ha and 0.413 ha, and its
population is 196 and 2,482. Its genetic population is estimated from 457 to 762 on the basis that each individual has
three to five ramets connected underground at some points distant from it.

Our study concludes that this plant has an extremely limited habitat size and population, and needs immediate
protection. As a result, we are publishing this conclusion and proposing protection measures like designating it an
endangered species to the administrative agencies responsible for nature conservation.

Keywords: Subsect. Pseudomezereum, The Kamchatka, Morphology, Ecological traits, Population, Habitat size

Thymelaeaceae Research Group
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ETIRERAE D) B B R R 5 3 vol. 27 (2018)

FA7HTO-F bo—F - 77 RBIRL EREFZEEIR

PP ERIE O 2 ATV R 7 Y O TED
A RIESMR AR ORI CAAFIC G R B H

NPOVENT 7 F v T
AL - RNEA - Bt 2 -

AREETE - kAl - RSRBEE

-2

BEMERE D S HY R 7 CRYZHRD &, TN K Tl 2 Ao HAEMD AW SN 2 HARES
D—AFEDKERTH %, Huinic, 1 Ao HAEMOMKRDRERITEE N TED, ZOHEER T
0y xy FETHTH . ZTOHT, WEERBOFEERESMTRE L TITUT, RRBOMRR 21T
S e HDOMEFAREE « FEURFE, BOERG 2P LTERD, BIREDH ORISRy, 8
IBIZERMEDIR T, E22598c D GEISE DK FAREEN TS, T TAMZE T, BbE T
EENZ AN (AR - MR DB K CEFIC G 38 2W6MMcd b L L blc, @
1B — 71— & U T MIG-seq IEDBEM D FIREM & 5 iRt Lz, OIS IFEIPEIC BT, AR
RRUE K BT HBIMIR ENTe. EAT — VI VMEFIC K > TRE D IO FROEENRLETH D
2, CTORENAROEBEIMASR & TN 2RI U B A E RIS EZ 5 3 % AR RS E Nk
F—U—F RN, L5Rg98, kAN, EER

. 1FC&IT

A KN RS2 Eriocaulon heleocharioides
Satake (&, R 7 TRKRT THIED 1 FFAEDIK
LRYITH S (K1), 1938 FFiCa KRR T
TRAINEKENTD, TORMEREENIH
AR T ETIEOATHD (X 2),
B T2 rmOBEEMNREENZDADH
AEARTH S, BT TIE 1938 FOFERLL
BHHERTE MM LI EZA SN TN
Z D% 1975 FRICHKIIR FEBHE THFERE
Niz. WIAICBOTE 1995 FICIKE I IED
R E N L 72, ERTICEA KRIK (R
R BICK O FAERINE N, Mgl
BEENTz. TOW%, ENIRPEEYIRER S5
Y 7s & CHERBOMREDMTONTH D, BRE

HLwy RU XN (2017) TIX, BEMREAEICHE
EINTN3.
HATIE 10 MOy DB LRI e T X

e

K1 avAvky o7y Ry 7 9ED

L ENT R YR SO SRR 2 KA BB R
2017.11.22 %24 2018. 12. 20 23

3: Tl R AR AR AR
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X2 WA (S REEHITE)

NTVBDEEERDEI LBld A, Ly
L, AREICBNTIE, wREBEOBAEMTH S8
I BT B O FERDKEFIEDOETRICDH
5T ENHLNTH B8, HAEMBREDE T
ZEROIHERROABEENEAZ 5N, £
T, 2008 7 5 [E VLR ) B S SR
DN TEAE R0, WIBANOFEER IOy 7
F B E N,

07UVl MIBEVT, ThEXTICRD
KO ERENMESNTZ. 1) TR G
OHTEARE L ek L, MWBOKERZ O/
YARY Tk & Rk AT (O HR~3 H
RITKMNZAX FEE2) NRTEHEMEREN
7z, 2) WAEERMARREZITY, B, KE,
FAME, KiFZMAIRETH 2 C LMkEEE NIz, 3)
WAERMICE T 2 EEERENNTH
Diptera TH 5 Z E DI 5 M &7 > 7z (Tanaka
etal. 2015). 4) BAEMERHICHTZEH - &
fHClE, ORI RE & UKD EE R 2R
ThHhdHT EWREN. 5) BrogrFBXIU
PRAFRFEDA S T 7 > 7z (Tanaka et al. 2014).

EWOLRRE, AR & A RIEIMR S
WHHEICHRET 2 T & TreirE N5, A EIK
WMEEORETHND 1 DIF, A RINNOLF
Al (FFEA) OMtEEZRIFT 52 LIicHh
B0, FHCE M BV TIE Z OFEEMEI
WmHTEW. UL LEBRIITO HE, RO 2D

DOEND 2. 1D, FERIEIMEEEAREE L
SO BN EARE & OB RIC K 5
BIETERTHD. THUCBELTIE, BRCREA
I AEWIRAC B CREN O HIEE) - AERERY © s
I EMIAS MR D, Z ORTE R & RETEE
DORE L FMMTbNTEle (AXH (HAMA
P2 2005), RE)V (B Lfizk 201D, 7~
T OKEFF2007) 55). €95 1 DOREIE, &
SR A R T O AR DB IS H L TH
%. DO, HERE - EHSHEIGER T 55
LINZREEDIK TR, Es5588%6 K UIEEOZL
EFUTHES BAEBRBIC BT B EISE DK R T
HB. TNERET UL, BEERCE SR
FAEORINZYT 2720 T, BEERAE
ARG Z, MOFROE L RZ TS
B2, BWEDNDOARBEHNANORHIRHC —HD
B TRER OB AIC X D 4 U 2B BN RN
KRICDOVTIE, Wt iEsHERE ZEIThN
TW% (Guerrant et al. 2014). LA L, 423K
SMREEFRIC B 2 A LD, Bim LT
Z ORI ENTE D, EBRNIMEEET
RRE DD B DH (Gargano et al. 2011) TH
3. FHCHFIREDNE AT, MYk To
TMEDA L 7525 128, FHT T DRBEND R
XS ETH S (EnBlin et al. 2015).
COREIFEEICE> CHAELLLTETE
D, BEEMD SN E NFRICA RS, (hE
YIED) THIBEEIN TV T 75 FRAEY
(Rucinska and Puchalski 2011) & 77 T RH#
¥ (Rucinska and Puchalski 2011) 2\ C, Z
DUFGTCE AL K © BAROBERIZ D
W ENe., Xz, BIENZHREOEK MM
HSE O FICBI LT, Bt g4 2t
REMEARICBNTT 5, HHTOREEM &
DO THEIGEPERBOE(LNL T B 2 N T
RINICHRE SN TS (EnBlin e al. 2015). 7R
KDL I T O AMEAREDHERF SN TV 2 1
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AAEIHAAEIC BV T, CORBIRHICHLITH 5.

LhL, TNETOIAVHY RS ZHORE
EiRTaY 7 MV TiE, BEERORY)
M OREDIRICIZ D VI EZND, iR
ZHLUTT ol LhL, BFAEMHMKE 20
ELLERGE L, ERENMRENEBEL Ty
ZBURTIE, FISOBET B NI WENEICNIE D
FENEEEZ LN

Z T ORI TR, SRl TTE (A2,
fthzeZ k) MG SN/ T OEIGE (B8
B R - lJER) ZHLSMNMCT ST EICK
D, HEERIE N TORRLIC K 2259 DR
ZWEET A & 2EMNE L. £z, BIsMZ
FEPED 5570 B AR DRSS 2 WAL 5 728
i<, KR —7 oY —% Wiz MIG-seq 1%
Dt 72 ke Uz,

. MRBEXUEZE
1. ZHLIR

FRBRON SR T R R B SR SRR )
DEIFIC THER Lckib S IIEAIC S 150 Bz
HIRL, 1HRICDE 6 (EF 2B RO 5 &
L7z, BRRD 6 IEFDN 3EFICDNT, L8H
U GEY Y A U T RSz R =
15 T & THRKMEE A Uiz, 50 D 3 {EF
IZDWT, Rz L7 2A CHEERIEE S T
& CMSAELIRZ U Tz, TERA\DAIR 5 1ED
HO Y TIIBHRICD S MIEAIEIR Uz, BRI
IZBE U T HESRIC I SRASBALEE D 72 DI B A
KRBT % £ THl & AT ICHHED A IO HER -
PRz Fas 3170, JER ek 7z s B ek
DFEPFICHE Uz,

BB B L = kD 2HEH 72
O TR CRFE 2L, #EE (1
BOMERE) ZREE UL, BrESCBEL T
—E O TR TR TEELFIRTE R
W EhH o Tl OMNDIE URRELET &I

X HrHEBEZFHIL, FEOEFEEZK
B %22 KT 2HE LTHW .
fefizl, DO TEEIEDARETH > 72
& DIEFEHH - it S IR L7z,

2 585 « IR - EAAIUR

FENTFEFITDV TSI THY - EHHE
BEtto Tz, FEF - EEIFRICIIBLFBR TR
Y gV e 1)y

AREOFERRAICIZRPTOFELF (LA, 7K
HRE L9 %), i EToFE (DK, it
) DFISNTHD (Tanaka et al. 2014), HF
BRICH W B BREESEM & U Clath B L /KR ERES
ZRGE LT, 185N M8k « Bl AT
I EER R (0.08 m) I HEREZ T
e, FREBOMIKZ, BHAT—I X TOHALF
DWW TRz LTe.

ERICBIL T, 4 H HAICREREZTTY, 8
WERBT N CORERZITo 1. B —HED
BRBHEICEIDSTHHE & LU TkDH 72D DHE
B, BAREE, oty M A X (EAPER
TelED, RERZHRLE UTREDILMN D EEZ
D, Z5s AS 8 AX THHAGHIL .

3. i HibT

R HIRHTIE Microsoft Excel 38X U7V —#iat
Y 7 I R version 3.3.1 (R DevelopmentCore Team)
2Rz, R Z2 W E—RALIZIRS
TV (LUK, GLMM &9%) ZRWV.

EFOFBICHL, FUEMEE UT 1D
ZRUEL, IR KBk « BRI, 2
HNRZRRE LT, REREIPHE - Bk

RIS L, RS S LTH Y <0, BD
TR RAE L, SRR STk, 2R
hRZBIREE LTz, K7z, —#BD GLMM O
RITH L TR EIBEET VT TEL, IEED
ETIVTELELKRTE S XS ICRENT.
multicomp 73w r— D glht B2 T % C
LCEEMBZIToT.
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4. DNA fitht

RELFERD ARZI B L CHRZIIC K > T
BoNMFORY - EMEED»S, BEF 169
(A5 48 filfk, gk 121) IR DWW TEIBHE
hziT- Tz

Bk DR 3 BERILL, -80 CTERIEL
Ttk WRERTHHLIEERIIv I E—
A THFEL, CTAB % (Doyle and Doyle 1990)
TADNA ZHi L7z, ittt <17 7a71L—
k V) — & — Infinite 200 PRO (771> ¥ ¥ /%Y
(FK)) TIREZNIE L.

DNA Z B DM HITIE, MIG-seq i (Suyama
and Matsuki 2015) 7% U\ 7z, 1stPCR T, 1
YTV NI D RS DNAIO ng %7, 794X —
I primer setl (Suyama and Matsuki 2015), 23
IC TAKARA Multiplex PCR Assay kit V2 72 ]
T, 2194 °C 308, 7=—V 2748 °C -60 1,
i 72 °C -60 ¥ 7% 25 [Al#§ © 1K L T PCR )&
ZITW, 727 L— | DNA ZHElEE 8. 7
/v — A # 5Pk B T PCR M i %2 i 58 1%,
2ndPCR Zf7o7z. 2ndPCR TlX, 1Y 7)Y
72D IstPCR JEYI7Z 2.5 Wl VY, 794 —IC
AVTFVIATITAR—ty |, BHEIC
TAKARA PrimeSTAR GXL DNA Polymerase %
W, A9 C-108, 7=—VFs54C
158, HE6 C30MZ 121 DIKRLT
PCR &2 1T > 72

2ndPCR FEW) % 7 70— A7 )V kSN T 1
B & B XZDREEZ M L, Agilent 4200
TapeStation & VT, &Y 7 IVOIERE R EHE
WKHEL, YV TIVORENI—IckS XS
ICIRA LUz, B4 DNA VAR % QIAquick PCR
purification kit 2 Fl W\ T 4 F L A5 % L, Blue
Pippin (HAY = %74 v 7 X)) ZHWVT,
300 ~ 1000 bp O #iPH D DNA Wik 7% 7 )Ll
U7c. fiirh 24D S LS L, Agilent
4200 TapeStation 7 F W TIEE A 4 mM 1 %

L, TV F MiSeq Co—7 VI %iTo 1.
Bonlr—21%, V7 MY x7 FASTQC
(Andrews 2010) ZHWT AV T4 F v
ATV, BUEDARNSEH (~ 18 bp) L&D T —
% (67 bp LAKE) 7 FASTX Y — )L (Pearson et
al. 1997) ZHWVTHIBRL, - lffikz 7 —
ZELUTHWEE., ThEEIETTHY 7 F Y x
7 Stacks verl.47 (Catchen 2013) ZHW\ T, &%
YTV DZE SR R LTz,

&5 N REZ SN %Z HWVC, GENEPOP
on the Web 4.2 (Raymond and Rousset 1995) 1 &
D, NTUEEEBXUF 2, HEZE B
UMl T N Z N0 2 RIS DV TE L
7z.

. &R
1. 2R 25

X 31, MhEahls KU HERR TR N
HroEE (o) Z/RLTWVA. xR —
W P D o3 A 2 ox U, F Y94 1 0.000188 £
0.000018 g TH > 7z. HFBLITHIEED 1R
R U, P 0.000183 + 0.000022 ¢ TH -
To. BOKME, f/MEEBICHFEZRE D & thx
LZhH SRS N TOIThED > 2. GLMM
MoE, ARZEOE FOERENNINT EN
RENT (GLMM, FRE(=— 0.028, p = 0.038,
.
2 585 < IR - AR

X 413, MhEhB & UHERR RSN
HETORER (%) ZRLUTW5. BHFED)
il 2 DOLRTIERM THRIZ D, MBI F
M50 % ZEBA HH R CBltK) DdH 0, mA
T8 % x>z, ARKBLTIEFRSRN 50 %
2 B TENI IR - o FEERO SR,
LD FHARRE LD & REho72. L
MU, GLMM IC X 5 it Tld, Bl /7iEmM D
HUYROERE LT RENEN > (GLMM,
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£ SEENYGERIE « T B BN 52 5 (GLMM)
VLY B %% = e P AIC Voxiin 3
(Intercept) -8.57688 0.00997 <0.001
FEEE (R e 4819.5 Wy~ sydi
AW HE -0.0287 0.01386 0.038
(Intercept) -1.399 0.194 <0.001
PR () e 643.5 —SHrt
AW HE -0.417 0.265 0.12
g
ﬂgﬂ 1 § ] ok
S el
N @ ] o)
il 00
HhERRES BRXHAED S EESJN

3 R E B K UHRLSR TR NIMTOHRER (9.
NAFY T my MET—2D5eRT. O T, K
FERUIEENR 2, MU « MR ]

B =—0417, p=0.12, £1).
X 50, figschls &K U HSEAR TR N
M DBHER T — Y F TOHAF L EFEREIS

(@) B

1 - L 1.00
. (%)
ﬁ - 0.75
S )
6 + 050
#n s
g;f L 025 "

0 - ! S %X+ 0.00

() '

BR fthZR

X5

4 MFRAAE & T HSARL TR S NI OFHR (%).
NAFY) rTmy MET =205 MR T. O TEHE, K
FERUIEHENR 2, MIFRUEIRAK « /MR d .

DEV UK X OEHD & DORERERL T,
3. LEERESNC K DA T —VFE TDE
1713, SSE T LIS 8 R — VR LTz,

b
(b) KRR
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Effect of mating method on propagation and survival
of an ex situ conserved population of Eriocaulon heleocharioudes,
an extinct species in the wild.

TANAKA Norio, HORIUCHI Yuju, HASEGAWA Seri,
SUZUKI Kohei, NAGATA Shoh and KAMIJO Takashi

Eriocaulon heleocharioides (Eriocaulaceae) is an aquatic plant species, endemic to Japan, for which only two
locations have ever been recorded. A project of returning the species to the wild is in progress using the population
rescued from the last natural habitat. In the project, optimal growth environment conditions of the introduction site,
seed preservation and germination condition, and reproductive traits were revealed. Declines of fitness caused by
declines of genetic diversity are concerned by lengthening of the cultivation period. In this study, we aim to reveal
the effects of breeding methods under cultivation on the propagation and survival of the species and to examine the
possibility of application of the MIG-seq method. Declines of seed weight and survivability under the water were
detected. Although the expressions of these trends are different from the growth stages and the year, breeding
methods possibly influence on their propagation and survival. Genetic variation in this species was detected using
MIG-seq method, which was shown to be effective tool for genetic analysis in E. heleocharioides in future.
Keywords: Genetic diversity, Inbreeding depression, Aquatic plant, Return to the wild
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A research on Estimated Impacts on the White-naped Crane and the
Hooded Crane by the Wind Farm

ITO Kana, HAYAMA Seiji, URA Tatsuya and NOGUCHI Maroko

A wind farm construction in 2018 has been planning in and around wintering sites for the White-naped Crane and
the Hooded Crane in Seiyo City. An environmental assessment was carried out. But Cranes stayed for short time at
that time, the report was not sufficiently assessed. Actual impact on Cranes is unknown, so we conducted a research
how cranes use the sites, and analysis it to detect impacts when the wind farm come online, and to reduce the
impacts.

We researched flight courses of Hooded cranes from the roost to the foraging site for totally nine days in
December 2016 and January 2017. Flying heights were also recorded as possible. The foraging area in rice paddies
and the roost in a reservoir locate in the both sides of a mountain. In the morning, cranes had a tendency to cross
over east part of the mountain ridge from roost to the feeding area, and in the evening they flew over the western
ridge, that was closer to the planned wind farm. The distance between the flying courses of cranes and the planned
wind farm was 840 m at the shortest. The spatial utilization in the evening differed day by day unlike in the morning.

Finally we produced a map showing the flight courses and the planned wind farm, shared with the developer and
stakeholders, and exchanged our deep concern over the construction of the wind farm.

Keywords: Preliminary study, Flight course, Spot census (Fixed point observation), Visible range of wind farm by

cranes

Wild Bird Society of Japan
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FA7HTO-F bo—F - 77 RBIRL EREFZEEIR

PERSIC B DA fEH b > REHD LR AT Tz
BREE DNA fAfTic K 2 A2 BRI R

PER EAEIRE IR b > R R R e

Bl

ISR i 1]

T 2 -

PERENTIEBIE 68 FiD b Y RIEMNER SN TVE D, ZD 5 BEO 19 MAMHIERITOL Y RF—%
T ZICRHENT VS, AT, TNHHREBICERT ZHEHE 2 REOBEENZ RO}
fili & B DNA fiHTIC & 2 EBIRAHE 2175 C L2 Big Uiz, SBEMZRMEICE LTI, gy >
OB SNV IV YT TRV T H b VRICE LT 16SIRNA, COI, ITS1, ITS2 O 4 fEiKic 51
BINTORA TLRERE L LSRR T LTc & T A, WifEDEILHIIZREIEDMTVKHEIC 3 2 HARE

N7z, BREE DNA T D781, #HEIRNC DTz D $KZ1TW, DNA fliliz21r-> 72

L LD SRLN

TZERBE DNA Y T IVOJEEME L, LAMP IEIC X B HfE il b > RO TE b >z, T TR
MR =T =W A ZSN—a—T 1 VRN 21T o Tz, ZTORSE, € ARV YT IR E A,
PEEBIC BT B HHEIE b o RENCH U T & BB DNA DN TTRETH % T L AR E N,

F—T—F EENEZEENE, BEKERRR, LAMPIE, AXZN—Id—7F ¢V JfRkt

=l
. B

BREEA D 2010 4EIC & & D T BV AR kST
ICBWVT, HATIRMEIKERESR, BBEERESR,
N - IERERIC BT 2 AEME R OEIH
KEL, BIELHEEDIHRNTED, £z, Th
HERERICBUT 5 ZHMEORKD—TIE 5 EAR
AL Z2 b2 C 9 78 & O FE KRR BRICHE
TE2BENDDH B EMNEREN TS RIE
#2010). AWFEICBOTHENSRE RS b
REE, BEINCKETAERRL, R R
TGRS 2 RN R oK AERERICAE R T 24
D1DOTH%. HAFE Y RETIEBIEERESR
AR AL 2 <, FIZFENES
T HD N RN ERLTWD (A
EH 1988 5 F2AHIED 1999). b REIE, BRES
B 2014 FICFE DT 4 XLy RY A b G

WOBZENDHZHEAEYOFOY A M) Ik
WTC, RO T & EfifEg O G h < (H
APE R ORER 200 FED S B 55 AR S N
TW3), 2L OMEMNHEOGEEICHL T3
(X 1a, BEi#H 2014). F7z F 2R, HA
ICBWTEHRPTRMEENZ L, &HOE
RE 5 22 [ 1 75 ML BN 9 A1 7 £ ORI RTE ) AE
T— 2NN Z CEMLU TV A0 HRTH
D, RHBITHID TERSHIEY A 7 OFFl
MEREE N CHARIEA 2009 5 FAED 2010).
T Dz b REOREMIE, BokARERIC
AR B AR E Y ORI 72 % T L AT
INs. LhL, HughfEEEns k2 RHEo
BRI Z B2 5 U 72 & 72070, s
PZARIEDIRIE, SEHIASRE & Bl DK
T, B EADWEIGRE I DK N 25| &

L UEBPEER AR AR 20 HAR N U RFR 30 UK EIIAE

2017.12. 4 %Z{F  2018.12. 20 2fH
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LU, Mo A7 Z2HINEE5%9
(Frankham et al. 2002), 2 REDOHREICEBL
T E BN Z RO IE R DR,

AR OX GBI T 5 IR, MIbE
SEEBICALE S 5 /\E LB BICE T 2 KEST
HB. EOR 3T % BMENIAFEICIEESNTE
D, BUEESEEADENTAEOHLAAGHE E
T3 (BREEE 2016). S SHICPEEIR, AExE-
FRERTHE S B 2R pEf AR 2 R BRI BV T
EEgtciEE TN T D KT 2017),
NE THHBIRDERBEAIC X 2 /DO 4 A
RN R EDEE TN TS (I
BEHRBRE R 2014). LM LAEDS, —fF
OffizZlRE, KA PROMREFHHEREDZDIC
BEREXEHENAS T THSB. £z, 2015
IS BOILFE RN S NN B TRII
REUK THMEME N, M REZIICD, £
< DREKAERERICHERT 2N\ OEENEE
INTVS. TOXIICHERICBNTHREK
AERERIIBRA I NRETEENICHE S B NEE 2
<2, MBI ORI & ERER DAL
H#ITL, ZTICAET 22 < OIERAEYFEDH
WOGRKICETS TN TWS. FURETIE, 1
ZRICBEOT S HOERDNHEREINTV SN
(GBI 2007), D55 19 A MHBIEFEST
DLy RF=XT v Zicid#fchTtund (K

b, £ 1, JREESLERERES E SALRAER 2005).
Z T TAWIZETE, £9, HREBIERTS
G b R BV T, BN
DRTEITRIE E VBB Z RN 2 FEM U 7z
RICHHIERFO AREESFRENES Z LI K
O, WEEYMORERENHEL BB LT
WENZ 72, SREMREEHE b > RO
ARIRIZE, XA OREICHES K
BB DNA fitfris 2 D CHERIS % C & & HiR
U Ciil# - Mtz itEd .

Il. FAREMEEER > REOETHNSHENE
LA - ik
CNETHEBD b RIEKDBERMH %
o7l bITMICHBDHT (TG
201172 8), BEIEMZHRECETERLEED
WEZEW. 22T, AWETIE, Mgy

1 F2REL Y FU R MRS, 2) B4 XLy FY
AL (BREEE) O OAE b REOHIE. b) MR
7Ly RU R MO RE TR N Y REOHIA.

1 ERSHEREE N R A

4 4

LoFF—5h7a)—

IUCN BEE HRR

FEATRUR Bayadera brevicauda ishigakiana Asahina, 1964 ENDANGERED(EN) - EARRAENT)
yaA4I AT R Psolodesmus mandarinus kuroiwae Matsumura et Oguma in Oguma, 1913 - HEAERAEIR(NT)
YIXINFEHRR Rhim)Lypha uenui Asahina, 1964 ENDANGERED(EN) HEHRMBEIE(NT)
MFA IR Rh Ris, 1912 - HEAERAIRNT)
TYFILYEVRIR Cr)eluuu flavicauda masakii Asahina, 1951 - - E iifi B (NT)
YIv<Hs+T Asiagomphus yayeyamensis (Oguma, 1926) ENDANGERED(EN) EERAERNT) EHRAFIRNT)
EARYYFT szt()g(;mphmyayeyamenm Oguma 1926 - - HEABREIR(NT)
DRFRACOYFT St wphus shirozui i Asahina, 1984 AR (NT)
Fr=xo< Anotogaster sieboldii (Selys, 1854) RAEIR (NT)
AVAETIFTIVYUY  Chlorogomphus iriomotensis Ishida, 1972 - HARRAEE(NT)
1 HFYUT Planaeschna ishigakiana ishigakiana Asahina, 1951 HEAERAEIR(NT) EERAEENT)
HxTvov Planaeschna risi sakishimana Asahina, 1964 - - HEMEIREIR (NT)
IFIpUR Hemicordulia mindana nipponica Asahina, 1980 NEAR THREATENED (NT) ﬁﬁ’. AR (NT)
BAIv v TR Macromia clio Ris, 1916 - HeHERAEIR (NT)
| st e SV Macromia urania Ris, 1916 E%ﬁﬁf‘ B (NT) #E#AFZIRNT)
REPERENT Macromidia ishidai Asahina, 1964 - AR (NT)
RYTHRUR Agrionoptera insignis insignis (Rambur, 1842) EAERAEERNT)
FA4ONSEQRIR  Lyriothemis tricolor Ris, 1916 HEHREIE(NT)
EARRUR Agriocnemis pygmaea (Rambur, 1842) ﬁﬁﬁf [B(NT) 1E$RFE (DD)

168



TIVEORER T E Fo R Bk b > R % 2
T Vv <Y I Asiagomphus yayeyamensis
(Matsumura in Oguma, 1926) &KV 77 k2R
Agrionoptera insignis insignis Rambur, 1842 O &
L2 R Z & Uiz, AT 72 DNA B
YV, BROER PR Z HU0IC DNA
L7z, ML DNA DS, Y —ik
K-> TI Ay FYU 7 D 16SIRNA EHIE &
COIl fls, #%0D ITS1 & 1TS2 FHDET 4
OS2 i Uiz, 185N Iziy) T — %
H 5, MEGA 6 (Tamura et al. 2013), Dy,SP v. 5.10
(Librado and Rozas 2009), Arlequin ver 3.5.2.2
(Excoffier and Lischer 2010) 7 fAWT, HEZ
FREE, NT a2 ATEZRRIE, Tajima’'s D, [HE
{8 (Fy) ZEH U £, 7—2X—2X
BRI N TORERRY T — 2839,
TCS version 1.21 (Clement et al. 2000) %W\ T
INTARA T 3oy N T— T DT 81T 7z

LCIBAREDT—2TH B0, 7— 2%
—HEIR LRk L T 5. )
2. ¥ LYY F TOEIENZ R

YIY<T ST, YRz RUKERE N T4
W5 RETHS. AW TIE, HEEM
HES 2 A B AR 1 O SR T 23 Ak, Jkvh
72 1A B NN O SR T 9 fiEfAk, 51 32
EOY YV F OV VNV EREL, B
RO 2 T o7z, NTaxA T % b
T— I RINE, T—AR—R FIcBgREh Ty
T2LL T ORF S hn 2 T1T > 72 5 AB707728,
AB707729, AB707730, AB708672, AB708673,
AB708674, AB706777, AB706778, AB706779.
EARRNTORER, 2 P32 FU 7 D 16StRNA,
COI &K% 1TS1, ITS2 D 4 fHIKICEIL T, Z
NFN 512, 451, 288, 393 bp DIERLEF] i
ML, FNENS, 6, 1, 4fHONT T
2A T EN T (K2). MR &
HNIEGREZENZEN TR > eBgN Tk

A TRFEEOMAE L, T — 2= RICERE
NTWIAEERE L AHEEOEKONT a2 1T
OFEFIFEL 3 ISR LTz, O ITSI fEEICRI L
T, ARWZIC X BRHTIC K > TR B Nz Rdd
ET—AN—Z LICEREINTOBEH L G
bETE, NTaXATH 1 DUMRIEE Nz
Whoteic® (£3), LBOHIMSEHE N,
PERERIRICIIT B 16SIRNA, COI, ITS2 7%
EAR PO Z B IL, 21214 0.00208 =
0.00024, 0.00148 =+ 0.00040, 0.00122 £ 0.00014
TdH o 7z (£2). 16StRNA, COI, ITS2 7% i
G ONT a2 A TLRER, ThEn
0.629 + 0.042, 0.504 + 0.095, 0.458 + 0.046
Thoic (F£2). £, Tajima’s D DfEl, W
TNOEMTE 0 SHELRR NG >/
7z (p>0.10, £2), FEETEEIEIH
I L TE T EAVRENT.

INEDHENS, FHREICERT SV
SYFIE, EENEREDMROTTREED D B
TehmREnz. FlzR, YZyv<UFIuk
EAAAREOEEZRIE L NT a2 A4 T2k E
&, BEENZAREOK FOEEEINDENT A #
KNS 2 B OMIEI & R4 Fick
I B BEEZHEME (Jordan et al. 2007) & LR
I5&, ARENMNLDBEWVEZRLTY
%. 4afFD> B, YIYIY I TINREMARE
Eib KA EBENZREZRL
Megalagrion pacificum (McLachlan 1883) (&, 7\
IABEICB N TiRbHEDMEREN TS
VHREDO 1 MHTHD, TOEREME, YUAE
REOH A BEHRNS ISR S, ik
BEY A XE/NEW (Jordan et al. 2007). Z D7z
», YV~ TR BERICBWTE,
Az D IR A RAEATEY A X DFfi/ ND B 7 v
ST TAER, BURIZ DMK U7z nTHe:
HBEEbNn:.

R NS &N SR O M O [ E F5
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(Fg) OfHlX, 16S rDNA, COI, ITS2 %&7HIK T,
ZNZF N -0.06517, -0.06782, -0.03512 & 7% >
jz (B0 F AHiZ 7 )3V X LICHH LIz
T A ZDENOHHIEN LU SHERDTDH
0&ULTHS). MEEREERH OB LD
L% Fo iy, 2 TOBETHETAaDEZ%
2T enn, (PRISRARARE &M S3m
fEARRE L DRNSEEMMEDNE T TN &
WRENTz. e, AWRTHET LYY~
YF IR EEARREONT O 2 A T 3y b T —
TNICHIT B, T—EZR—Z FICBERENTY
ZMEICHEEINHEE L AEEICEERT S

YLV <Y F TOKEEFEEONT X2 1T
ONEBRAK 2 IIRENT WS, GHEDY
IYYFIoNTazxATICEL T,
COI, ITSI, ITS2 FE T, S nlDfHT CHit
INHEREONT O R AT (FNFNAY
COI 01, AY ITSI1 01, AY ITS2 01) &[HUT
H Y, 16StRNA T TIX, 5RO Tl
HTERMho7M, BERE TR\ T 1O
2 A7 AY 16Sr 01 & AY_16Sr 04 DRI {7
LTWi (&3, X2). FOkd, HEEELAH
HEBOMTE VYU AR ENOE IR
IHEDIRNAIREMEDNE A BN S,

#£2 YIVY~<YFTOBEENEZHNL

rn  fEk MRNTERE BT e AT fgiritla = (bp) SRS (AR T uX AT B (AR YE(RSE)  Tajima's D Fst
Ih=RUT 16Se 32 5 512 0.00208 + 0.00024 0.629 +0.042 0.54895 (P> 0.10) -0.06517
cor 32 6 451 0.00148 + 0.00040 0.504 = 0.095 -1.55459 (P> 0.10) -0.06782

23 ITS1 32 1 288 - - - -
1TS2 32 4 393 0.00122 +0.00014 0.458 + 0.046 0.22376 (P>0.10) -0.03512

£3 YIv~<yrcohtiEnizNTak A7, T a2V RY 70D 16SIRNA, COI FHIK & D ITS1, 1TS2 FEI DG 4 i

HHEFS 2 ffGe. 7 — 2 N—Z RN TR ES T — 2 £ 5T,
2N Bk ~NTREAT Trkviar e A It g HA A A H
IR= KU 16STRNA AY_16Sr_01 LC145768 [EIER 12
P32 4
AB707728* TR (7 —H2_—2X)
AY 16Sr 02 LC145769 FREEN SR 5
TP 3 3
AY 16Sr 03 LC145770 CHHNIE i 1
AY_16Sr_04 LC145771 TR 32 4
TP 2
AY_16Sr 05 LC145772 R 1 32 1
AB707729% P (77— 5~ —2R)
AY_16Sr 06" AB707730* FHE B (F—H_—2)
COI  AY_COI 01 LC145773 R 33 15
TN 32 7
AB708673* W (77— 5 —2R)
AB708674* FHLE (T — 5 —2R)
AY_COI_02 LC145774 R 1323 1
AB708672* P (77— 5~ —2X)
AY COI 03 LC145775 TR SR 4
TP 3 2
AY COI 04 LC145776 NI i 1
AY_COI_05 LC145777 R 32 1
AY_COI 06 LC145778 I St 1
I3 ITSI  AY_ITSI 01 LC145779 R 1323 23
TN 3 9
AB706777* TR (7 —H2_—2)
AB706778* PR (T —2_—2X)
AB706779* T (F—4_—2R)
ITS2  AY ITS2 01 LC145780 TR SR 12
TP 4
AB706779* FHE R (T =5 —2X)
AY_ITS2_02 LC145781 R S 3
RPN 2
AB706778* P 5 (77— 5~ — %)
AY_ITS2_03 LC145782 AR S 8
TP 32 2
AY_ITS2 04 LC145783 TIPS 1
AY_ITS2 05" AB706777* R (T —F~—2X)

(+: RN TR SN2 o 72/~ 7 0% A~ *: Futahashi 2011)
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16STRNA

AY_16Sr 03

20,

AY_16Sr_01

@ AY_16Sr_04

-© @

@

O

A U

Y_COL 01

@ AY_COI 06

O

AY 1Ts2 01)
03A, 04CA

AY 1Ts2_02)
03G, 04CG

K2 YZvY<YFzicBIaNTaxsTxy hT—2o
(16SrRNA, COI, ITS2 fHIK). FHALGAMFIL TR E N7z
JarA7. Momoilk, 7F—2 =X RIcHRINT
WIZBECH OFREE . ITST ARSI L Tk, NT kAT
A1 DU E Niah - F iz DA,

3. KV 7 51 bV ROBENZ R

RYTH M RE, Yz KRN T4
W5 RETHS. AW TIE, HEEH
O CRIEED) Hilsk e 39 Ak, RS (k
JFJED) HET 19 Rk, Gt 58 EHADRY T A
ROV VT IVRBREL, BRIZRRIEOfE
Wiztiote.NTa AT 2w NI — T RIT,
T—=ZN—R FICERENTOILLFORSI S
A THr- 7z s DQ021439, EU477738, AB707997,
AB707998, AB707999, AB708941, AB708942,
AB708943, AB707047, AB707048, AB707049.

171

BLIHTORE, I F 32 R YU 7D 16SIRNA,
COI LD ITS1, 1TS2 D 4 fHIICBI L C, %
NZN 505, 451, 224, 303 bp OIS DR
MICKIIL, ThZENns3, 1, 2, 1fionT o
2A TR E NI (K 4). PERE AT
I E N TN TR S e T a2 A
TEREOMEERBE, 7— 2 X=X LicERIN
TVl S & AEEOERONT T XA T D
FfIEESICREH Lz, S ha>y RY 7o col
FEI & A% ITS2 fEIIC I L Tk, B—DNnT
oAU ENd, 1TS1AEEICE LT
i, BTN 200N Ta R A TRHOEND
Indel ICKZBVDOARTH iz, HIBNZ
FPEDFE M 21T A 75> Te.

mESBE2RKICBISIaryFY 7
16SrRNA 8 X 0 i B 2 £ & 1&, 0.00061 £
0.00014 Tdh -7z (F4). 16SIRNA FIKD/NT
024 7ZFEIE, 0300 +0.069 THoiz (&
4). %7z, Tajima’s D OffilX, -0.51019 £7% 0,
0 SHEERGIA NG Tz7z8 (p>0.10,
#4), 16SIRNA TG P Z NS L T & T2
TEhRENT.

INSOMREEY VYU T TELNTRE
Retigd s e, WEBICERTEZKRY T A
VRIE, VIV <YLl FISEEEZRED
N EDHSMTIE> Tz, L LSRE, T—
AN—Z FICERENT VS T4 ZlkDONT
02 A 7 EEREEAREONT O X A TICKE
REVWHIRIH I N ahokc ke dH b (K3),
RIREIIC K 2 BRI ZBRIE ORI 2 #8519 2 24
ERHZ0E LR,

U2 5 SRS st A & P S St de oD ] 0D [l 5 5 %
(Fg) OfElX, T Fa > KV 7 DNA D 16S
rDNA TS TiZ 0.5 ZH 2, 2 fAIARED EIEM
WML TWa T e FRIE N (Hartl 1981),
—77, ¥ DNA O ITS1 fHIE TIZEDfEZ & D,
2 (ERBERNC BRI DV E T T RN T &



£4 KYTHFROBGHIZREE

oo fE fRATEEE BT a7 R AR (bp)  MEEARE R E) T AT BRRE @YERW ) Tajima's D Fst
b= RYT 168 57 3 505 0.00061 % 0.00014 0.300 + 0.069 -0.51019 (P>0.10) 0.5493

cor 58 1 451 0 0 - -

B ITS1 58 2 224 - - - -
ITS2 58 1 303 0 0 - -0.03594

£5 RYTHRYRTHRIHENINTORZAT. S a2 RV 7O 16SIRNA, COI fHIK & 0 1TS1, 1TS2 FEEKOE! 4 fEig D
HHEFS 2 fRGe. 7— 2 N—Z RIS EN TR ES T — 2 £ 5T,

)AL R NTOEAT T IRy arEy PGP IS

IRz RU7 16StRNA - AL_16Sr 01 75 3% i 4G 38
LR ETi 9

DQ021439"! AA(F—H#_—2)

EU4777387 A AR (F—5—2)

AB707997" TR (F =2 —2)

AB707999" PR (77— 4R —2%)
AT 16Sr 02 75 3% 15 4G 1
AIL_16Sr_03 PE 5 P 9

AL 16Sr 04" AB707998" THAA(T =4 R—2A)
ol AI_COI 01 [EESEY ST 39
LEEETi 19

AB7089417° PR (F—5_—2)

AB708943" P (74 —2%)

Al COL 02" AB708942" THAR(F—HR_—=2R)
>3 ITS1 ALITS1_01 EEEY 18
P2 = P 36

AB707047" P (77— 4 —2%)

AB707049" Py (77— 45— )
AL ITSI 02 2 2 3
TG 2% o PE 1

AL ITS1 03 AB707048" TIA(T —H_—2)
ITS2 AIITS2 01 [EESEY ST 39
LRSSt 19

AB707047" PR (=5 —2)

AB707049" P (74 —2%)

AL ITS2 02" AB707048" FTHA(F —=F_—2)

(+: AR CR &R T/ ~T 0 F A7, *1; Fleck et al 2008a, *2: Fleck et al. 2008b, *3: Futahashi 2011)

16STRNA

ITS1

1TS2

K3 HKVYT7HRYRICEBIZNTAZA T2y 8 T—2 (16SIRNA, COI, ITSI, ITS2 fElE). FHALUIAWIZ TR E Nz
TaxAT. MOROZBIE, T2 FICEERE N TR ORI £,
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THEhBERE R T R4). SEIOMNT
Mo 2 TR RELRIREZD, B
I & PUERHIR D [ OB (R (L DA 172 BRI
HET 2 EMTERD 0Tz, SRz
B U, PHRBORRI & i T & Of
JERY 77 71 b 2 ROEEREESH & % D72 i
HIBREND%.

IIl. ER3E DNA f#HIC K 24 BRI

1LSA

BRET DNA fi#fid, BREUKHICEENZ4EY)
@D DNA Wi (Z IR T % LY oty
Y, PE#L7% EICHRT % DNA) Zfifthid
ZFETHD. THE, ERAZAL TR EKE
BHEAOHEHE R 5N 5 K5 I1C/E> T & (Doi
etal. 2017). C DffFFETIE, MRAEMOE
B9 2 KO ZPKT 57200 T, EENSE
Y& tRET % T L7 { DNARMIDMTZ %728,
T/ DA G R 2 — YR C & 7k GEIBT
WEBBTENTES. THIKE, EYWotR
RIGGREICBIL T, BREOT +—IV kY —2

DY N7z, FREEDEWIC K SRR
NDINA T ZAWR 557 EDAV Y M &b
5. Z T CARWIZETIE, BB DNA ffTiEic &
24 RIRTGRE 2 R BICE R T 2 HIEH b
VREICHEM TE RV T - MEE 2D 7z,
2. $%/K « DNA filith

AL TIE, 2016 405 2017 ARITMF T 3
ENCo TRk ZE T > 7o, Bk, HEPREIR b
VIRBEOYHDOERLHEREINT VB RA Y
b, ARDBTFHENZ RN, ERLTWER
WEEDLNDERA 2 FDFE 35 AT OFIKE,
17K CIT o 72 (M4, FEIAREOKARA > b D
MEERE, HOEOAEMEZENSzda
WEEZ2). BRA Y NTILOLDKY YT
WEBIK Uz, oK UTKY > TV, A 20N
> (10 % BAERVY )V a = LA ZhlA
J—I—=\w ZICANFEBER D, DNA DR
VEEZ4TS £ TR E LTz,
FkENFAKT IS L, 74V x—E
%% VT DNA O fiZ1T-> 72, i,
R FARFFHE 0.7 pm DA T AP Z V72, 8

25 0 25 5 75 10 km
I T ]

M4 PERBICBIZHKRA 2 b SHRUERIR S =7 U —Ic KB XA 2N—a—F ¢ Y TN OY > 7 = Fk Ui

=y
)=
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HE 1 BUTDE 250 mL DY > )R ZGE U Tz,
JEE LIS X o C DNA Z 46 U 7z 38 HK 1,
DNA fili & T B R (7 L 7z. DNA OfiliHig,
QIAGEN #1: D DNeasy Blood and Tissue kit 7 ]
Wik,

fi Hi L 7 DNA O dsDNA 2 & 7% Life
technologies #1: Qubit 3.0 Fluorometer % F LT
HIE LTz, DO DIREIZH 0.4 ng/ul TH
D, WEENHIETERNEORBEY T IVE
ZhroTe. M TRBOTEIC X DIGTEREE
DNA Y2 7 )V OV EE MY 6.54 ng/ul TH
D, ThEliRd 3 LHREORHMNSGEEN
7 BRES DNA Y 7 )V OIREEAAIL, & THIR.
IR B RA Y McEMD DT LRSS
t, Kfg (R OE HEHRICHER D DS
FN %% EOMHIT DNA BEEMEN T & 0E
AZbN3N, FEEKETOLE DNA i E#E
B G ZTOBEAE, B TIERETE
TEHT, SHMEL TV REND S.

155 N7 BREE DNA Y > 7V O EEME
T &T, DIBRICETE LTz - BEED RS
KR TNT L x>, BT, Ik E,
HAHH B TR 2 sl R D RO, KR
FRREDmWIEMZZ T 55 E L, REDIK
IRBICH > Tz, K0 EIRETOBRE DNA ¥
YT NWOEK « L Z R T TH 5.
3. LAMP K X Zfspdfetit b > ok

Loop-Mediated Isothermal Amplification
(LAMP) %13, BRHVEED <, @O EiER)
Ref DRI FEELETH S CHALR 2004).

2 E s g
0.8 0.8
0.7 0.7
0.6 0.6
05 05
0.4 04
03 03
0.2 0.2
0.1 0.1

YIVIHIT

¥/, BMEOREMENIEFICHE S (AL
2004), %47V DNA Wi OIS % B
Bi DNA U 2 70V BRFED YR 2 5 %
TeDICEMETFRETRDZAZTENTHIEN
%. T TTARWIZETIE, WREBICERT B0
fald b ARBICH U, SRR LAMP 7
FA—TZHEI L, BONZEREIDNA YT
VISR OFENI N B D EN AL 5T &2
Tz,

PURISGICAERT Bt b >R 3 (o
> HFV 2= Planaeschna ishigakiana ishigakiana
Asahina, 1951, YIZVY~UIF I, KV T HEV
R) THT % LAMP 75 A < — DIERRIC Y]
L, FRFRMEEZzERELE (KS). 1~
HFY =< TR ITS fHlkic, YZVv<4¥
IERYTHFYARTEI IOV RY 7D Col
BIC T IS4~ —Zit L GELVWT I A
X — DS OFLHIEFER ).

ER LT T T4 —Z O THERDKY >
T S U7z BREE DNA Y > TV E W T,
LAMP IEIC & % 3 Ok ZidA7z. L Lk
WS, WSRO Z S5 ENTEhaho Tz
T, 5 NTZEREL DNA Y2 TV OREN
KW ENERNTH B AREEN @ EEbh
%. 5%, ToRBEOERLNIY YT IVITH
L, B LTI A4~x—7%2 M\ LAMP I
X B MM 217w, BREEDNAMBTICE T S
LAMP 1EDE I ORGIEZ #D 2 0 EH 5 % .
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4. AZN—a—F ¢ VT fiibr
AFRICEBNT, HRENSELNTZRE
DNA BV 7IVOPREOEEN S, HEHE L
TWIAERIRIFH DT A T, £ T,
REINCZ 2 L FKD 1 BV (K4)
5 2.0 L O7KZERK - M L, DNA ZHlit
Lz, TRICE-> TELNTZEBEDNA YV
ikt U, MR ICRGI SN TS A
<—tw FEHWIE R ZN—a—F ¢ > Tk
ZitoTe (EYIEWD.
ABN—O—T 1 VTR OFER, &t 48,308
ROFESY — REFIDMF SNz, T—2RX—R
TOREDORR, KEME LT 24 HOEYH
Ew o7y TENRE (K6). MERICHBITS
HMepfa L k> A REICBI L T, iy — R
4FHICEHWEYRE LT, EXKRYTFT
Leptogomphus yayeyamensis Oguma, 1926 H¥ 7 —
2AX—R FOBLY] (AB707765) & D I 1
99.32 % TRMthE Nz (Fe6). Thicky, &
15 DNA filetfr 2 5 PR BT B0 2 A f - >
PNEDNIINAIRETH 5  LAVRENT. L
L, AREHICHWIZY > TV Tk, &

ARV YA B - 2 R R ST
HHO bV RENERTE S, 5% bV RBIC
T, &OIEMRRXZIN—a—F 1 > FliRk 7%
11272diid, Y RBICRHE LIz 75
A —DIERMRINRIZNTEA S

V. £&&
ARHFEMZRTIE, HPEME LTV RE
DNA fig#fr 72 W 7 PRSI AR R 2 25 R il
fEtl b Y REOAERRROEE TES LI
TEhahoiz. UL, AZNN—O—=F 17
fiEhfr DR S BiEE DNA fi#ght T2 VT b
VARBZBHT A ENTEE T X TIEIRYE
Tz, BRI DNA fRir Rk 1 D& LTI S
% LAMP IEIC K B RITICRDEZWT T A
N—E 3MCH L TREITE . 5%, HE
SOMIEEE NV REORED DI E, it
T DT & LEABREE DNA Y 7V OJERED
KL R BIEKZMIAL, THEEOKIEEREIC R
T RG22 8T, ThHO/IC
i UC & EibE DNA fRHTIC & % 42 2RV ATl 72
TZ2E2 LT RENDH 725 5.

K6 ARNN—O—T ¢ VTIRHTORRG S NI AARRS EANRMEO S OAEMEY X b, EYIREL, BLAST MEROME, #i

A& & i B HRIED S - 7o fE.

GiES X3 TovtyialES BHU—FE R (%)
roIADEV AT O Ephemera orientalis KF256907.1 25940 94.3
FIRESTIRD—1E Simulium siamense GQ865994.1 12566 97.97
ATINERFE Junonia almana KX267580.1 2368 92.26
EARYYFT Leptogomphus yayeyamensis AB707765.1 2068 99.32
JaIEREN—E Gammarus balcanicus DQ320034.1 1252 89.81
Megaselia RD—F&(/2/NTH) Megaselia scalaris KC177442.1 1163 87.62
TYALNT Dendrolimus punctatus KJ913814.1 957 90.49
2avvavNIHO—E Drosophila camargoi EU494312.1 595 91.04
FRYHIESREIL Stenocladius shirakii AB009929.1 433 99.3
Acalles D—F&(J 9 LT Acalles muelleri FJ716485.1 306 86.39
ES897H4 Dorcus titanus LCO075008.1 182 98.1
SYRVFT7IERT Xylomya moiwana KT225302.1 100 82.26
2ayoayNIHO—i& Drosophila rubida EU494327.1 79 86.65
Leptophlebiidac BD—1& (FEA DAL OSEL)  Penaphlebia sp. AY749782.1 47 82.88
yaens Lethe diana JX185880.1 35 92.52
Asiemphytus BD—F& (/\/A\FF) Asiemphytus rufocephalus KR703582.1 30 86.74
JaIERN—E Gammarus balcanicus DQ320034.1 27 91.08
l==E )] Periplaneta fuliginosa AB126004.1 26 95.6
NEHAR)HED—TE Cardiocladius sp. EU669992.1 15 89.72
Ozirhincus BD—3& (A< /\ITH}) Ozirhincus hungaricus KR338907.1 14 87.06
JaIEEN—E Gammarus balcanicus DQ320034.1 12 93.56
HEXaUBN—TE Agrypnus sp. KT460118.1 7 90.65
Neuroctenus @D —FE (INFHALIEL) Neuroctenus parus EU427340.1 7 88.85
Rhipidia BD—H (EXHHLRE) Rhipidia chenwenyoungi KT970063.1 6 94.32
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Kz, AWIZHC BT 2 RN RO
5, WMEBICERT 21K L KK TZENhE
NIRRT 2D VR (Y=<
TERYTH VR ICBWTGEINZ RS
KUVIKHEIC B 2 HAVRE NIz, ABIFRICHBNT
fEpT Uiz 2 ORI 5T, PHREICERT 51
DHPRE b 2 RBHIC BV T H BB RN
B EMFRREINS. £z, FURFHICEE
59, ZTOMBKEREICERT M E
W EBRNZRRIEDIL RV C T % ATRENE
3%%. 2T, SBREREOEYEZREL
TWL S AT, BN ZI#RT 2 L2
HIFICE DI REIRZRMG L T BEND
HLEDNS.
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Annual Report of Pro Natura Foundation Japan vol. 27 (2018)
27th Pro Natura Fund Domestic Research

Inhabiting situation assessment of Iriomote island’s threatened
odonatology using environmental DNA analysis.

OKUYAMA Hisashi, TAKAHASHI Jun-ichi,
TSUBAKI Yoshitaka and WATANABE Kenichi

Currently, 68 odonatology species are confirmed in Iriomote Island, and 19 species of them are listed in the Red
Data Okinawa. We aimed to assess the genetic diversity and inhabiting situation using environmental DNA analysis
of threatened odonatology in Iriomote Island. For genetic diversity, we analyzed the nucleotide diversity and
haplotype diversity of Asiagomphus yayeyamensis and Agrionoptera insignis insignis using 16S rRNA and COI, and
ITS1 and ITS2 regions, and consequently we suggested that genetic diversities of both species are low level. For
environmental DNA analysis, we sampled environmental water from Iriomote Island and extracted DNA. Their
DNA concentration were very low, therefore we did not detect eDNA of threatened odonatology in Iriomote Island
by the LAMP method. Additionally, we performed meta-barcoding analysis. As a result, we detected Leptogomphus
yayeyamensis. Therefore, the environmental DNA analysis will also be available in threatened odonatology in
Iriomote Island.

Keywords: Genetic diversity, Freshwater ecosystem, LAMP, Meta-barcoding analysis

The society for conservation measures of Iriomote island’s threatened odonatology.
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ETIRERAE D) B B R R 5 3 vol. 27 (2018)

FA7HTO-F bo—F - 77 RBIRL EREFZEEIR

IR B8 % 2 v F O R FH O fiER] &
R IBDEER & U TOMREICE T 5 gt

bHgE > v F e S (Uni-HORP)

ST EARAR R R -
HEA - AR © - R

B
PR+ FRBER "

ARUFFECIE, HUKBKIC BT %2 v FOEBMAAZHSMCT S, it bSO TFTA RIS
BT8R E R R ERIC K B BIEH 21T o 7c. R LYY F IRD S B, 1THBISIC &R e
EDTF T TRHCDOWTIMTIBIF L, THiIZz Y T4 Tl Lz, i, BNO S BRI E N T
7 1| ~2BEE L, WMERGHREGZRAAT. ETF 4 ST EnZ1T - ThSR, TRH) - KE
OREIMNRE ED o 7o, JREMTHIORIRE END T —F XA C VTR AR TSRS N HiE
FAERRE 4 EHAICEEAE T2 T LW TE, 5~ 7 HICBOTIIRERR S T EISDO T VY TEOA R—
v il TICHM L, BT Bz B A CTIORFHSIIES 2R EFET 2 2 ENWIE i >
fo. HRBEIZCNSDY Y FICE 5T, 5~ 6 AICEREIPHBITEI G E21T5 IO DEHEEZIEHRTH %

T AR ENTC.

F—U— N TEOM, WEFEGEES, JUmE B B, vrvsrrs

. &S

JEHEE OFIR 51 2005 421 HH 5L E 5858 v
FixENn, TN 5 T
THEBOEENEINL Tz, RS RO K
20 ~30mEEVEDOD, JLOHRETIE
2,400 m7Z2 A 2 SRR IBEMIE L > TED
(KD, 2D ERET 580 AT
H3bH. 1T~9RHIKE~ Y AT U TS Physeter
macrocephalus, 2~ 3 HICZIZHoKkE & &GS
7o RS AT LD, ThED
FiZz B e Licy+ v F 2 7RO L
BoTWa5.

I, 5~6 Az E LT v F Orcinus
orca INARIEIRIC ZRORIES 5 LB M &

0, UEIE S IV—TIC & B TN E TOFARS
T 200 B, EOMAZEHAIL T0D (KR
EM2016). Ko THEILTWE, #Hiczu+rvF
VUG E UTARENEHEN TV AW, Ak
M OWHEKZE E DX SITFIH LTV DOHICD

|

- { {qjs/l/l/i(ﬁ@: | a41° N
: =

1 A

1 JEBE AT T « — )V FRPEE Y 2 — 2 JERECARAREREERIARE  3: dUBCAIREA 4 “HERPRARE
EVPEIRATIRE 50 SRR ABORAN 6 sUMKEI LAYt > 2 —  7: BlElRKIER 8. 7V —Tav 7 —7

)
2017.12.1%2fF  2018.12.20 2B
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WTIEBHS MR 5 TWRL.
[EEEPEDOUFEHILIA T H 5 > ¥ F1&, KD
T B D K 5 IIBINIC B E DN D B Tk
IFEA LR &, BAEYO > ZHiR 7R
BENCE &3> TRmzZ b8 5 2 NS
1T % (Nichol, 1990; Baird & Dill, 1995; Simild
et al. 1996, Hauser et al. 2007; Ferguson et al. 2010;
Mattthews et al. 2011; Reisinger et al. 2011). fil
&, A AR R T AL RO
T FHEYITH DTV HERT T VD
FHHICAEDLETHBIT 5 2 & (Baird & Dill,
1995; Reisinger et al. 2011), 71 X FE /)L
v r—Tk, AN YyFHRERAAT T
Y Clupea harengus > 7 FAD NI HHET
FHIANCREEIT 2 C &R TN TV % (Nichol,
1990; Simili ef al. 1996; Hauser et al. 2007).
HIRHHRIC HZ [ ThB L, 2~3 AlciE
HKICEDNS T ENEL, FHTIZ 4 AKRET
HWKNEONZ Lt H . S X THKICHE
PNTVBETIE, ¥y FORENEL K27
&, R THLHKIC K > Ty v FOREIEN
BEZFTBENREBEINTVS (EARIED
2017). KOS, JiFEHICE TS v FO
DR BR 525008 LT, BEEMOIG
MEZBEN%. HARRFEEEICE IS v T D
BHAEYNC OV TORRIZ DL, o TR
5N 5% &9 RABRNEEWABHBMEC M NS D
MERHTHSH, 1948 ~ 1957 4RI H A Hl
THE S NI RS, 1998 4EICHE THiE X
NTAER, 2005 ISR (B Cifg
JKICEA CiAs 5N TIEL U A D E NAYH
BT, ZIFAEOEERS, FRETEOTH
B, 7YI 8, A A )V Phocoenoides
dalli7z ENRHNZ T EHFALMNITIE> TV
% (Nishiwaki & Handa 1958 ; 2 HEIZ A 2009 ;
Hanson & Walker 2014). ARy 1) 5 A4 f
FESO TR M O BE I FE D 0 A5 DZEFIA IS DV

TWEARREED, 7SI THEZ 70T 7Y
< ¥ Histriophoca fasciata X A 7 7 ¥ 5 &
Phoca largha 1% 3 ~ 4 FICHZfgIEOIK T
W B, 0%, BEFELUIAFT YT R E
WA DM ETHAELTVE T EHAEZI LN
s, INSZY Y FHH- TRl 7]
REMEN DD, —TF, 1AV AhIET~8 HDT
MHEICHE R THR I N TR NS
(FEHE A 2014), A AV A DENFEICHDE
T5~6 Hicy v FHRIKIHEITKIEL T %
EWS AREMEIFEVWEEZ BN 5.

L5 —DDERHAHELTEALNSD
X, BIEEEE LTORMTHS. HF a7
A A5 EofEEIc B VT, BIAERICE
BOBNHEFTD [X—13—Kv K] &I
LUHSENEEZ T ENHSENTVS (Barrett-
Lennard & Heise 2006). ARIFHICIBNTH, 5
HIC 100 M FEIHICBIE E N BN D B L
5 (EARIEA 2017), T ORHHICHIRERICE
5 v FiE, BV EHMLHSLEE
AbNs.

PLEDXSiT, v Fick > THIKIFHRIZE
EEGR E e T 5O EREAEEMTH %
EEAB. BIHNIOELZNY Y FICBWVT,
HHEGERMZREL T eI ETH S
b, 5%, Ty FrBDEARE U TR
FNCHRIF LT L Fedicid, Alic B 574
BHRAZASMCT 2088 NHSH. ZT T,
AWFFETIEY ¥ FOLERMRRICET 2 L%
HHE L, MEARFRRNC K D & DOREND BB R LE
LTV ZHsMMCL, TEEH, S, &£
DFENINE DGR 2 OETHHAL TWa0
WL MMCT BT ZHNE L.

. R ERE
1. BiHhg
A, FEAMZHLO L9 B IR= RO H
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BB ETCE UTCHRE L. BIHEAE R
20174 E5 HI3EAMS 19HIC TIXEART (19
k)1 (RHERR « FEFHAT) ZHVEED 50
Fy—Z—fTiTol. B TIEEH 6 B
L, 16 RFU O Ik £ TOHIREE 2 F v T
et otz SR T T v/ S=71) v VICHIR
P72 (5 G A RIS AT 7T 180 ° 2 HKfi L
TV B MZHESIhE L, ERIEDHARR
iRF, (AR S 2Lz, HEH
DR FEARICK 10 /v b Lz &
FRi%, HEESNCET %A XY M FER ORI
ENTEOM, IERFIC KR & O ER 21T >
Tz, WHEWHFLHOF AN - 12T T FE R
A, hiE, i, EEEERZRERL. £k,
INYT 4 GPSIC KD 30 T LIk Ex H
BIICREERT 5 KD ICRE LTz,

T FrRFER UG EIEINERE 2K L L
T FOTEZEH LRV K ISR LT
L, B LEMNSEERY, T AR, 17
BRddkziro 7z, BT A IIAERATT 90 72 i
WTESHED, 2BZMOT vIS—T v FOk
IKHEE LTz, SHIC 1 BEFRbTIRE TS
LIk, BANEMMNCY ¥ F NG EO
F—2 &L, [FEHCHE Ciraa &0
7z.

BL L7z vy FORND S B, Tkl
FENTVEYYF 1 ~2EEEL, UM
IR FAE R (Wildlife Computers 1) 7% 224
# (Dan-Inject t) THa L7z,

BERIEGIICITY, ATERBR © 2T Ok
WKOWCHAIHDOEEM R I NS D, Vv F
RIS ET, HEIVEHEXEIMNC Y ¥ FH
KELEDETHUI .

Ko, JUERAKEAEI R 5 U
B 79 b ick->T 2016410 A 12 H
M5 19 HICi b N 7z B~ 2= &3 O W5
BN TE BRI KR IT o720, v

FOFFITNEEIIOAD 1 [\ EE 11 ) TH-
7z.
2. 1585 HA

FATIIFE T, ¥ FOITEIRHEA1TH), #
BHITE), BENTE), KEfTEIE Vo724 DOAT
BT TS, ENZTNONFICIE Fitd K
D ILERN D B . AL THIE M A A=) il
ZEE) LORF e EH, AHRIR KRR,
WEVKGHIE, WMz R, @ERTY vy
RRUNZKIHATEMNF 2 TAINVATy ¥y
57, K EARERT B I E T X8
Ry IR EDKEITHMMERSNS (Ford
1989; Williams et al. 2006; Lusseau et al. 2009).
RETTENZ, R L THhOELE T —F &
AV TEITD, £ O5E, ERBEOEBKD
“ZENS (Ford 1989). BEIfTHICIE, HNhoO
8k DOPEL ASEGH L, vk T b —H% T %
(Baird & Dill 1995). AEATEITW, 2 /v b
K OEE TN T VB D, BENOfEKROWE
WA EEAR, HDOERICE L TWws (Ford
1989). TNHZBHEICLT, AWK TIEN 2
DX IITEZRF LTz

. BREER
L A7BhBige
AFHETIE, BaF 67 I 40 7T OFENMTD
N, TONHBIESI G 39 W 22 57, FRA
& 503.0 #EH T, 5B 3859 THME N
frboNnte. AEk 127 B 317 SEOMHFLEINFE
REN, ¥>xF, 4 A)NVAh, VFIIT
F 5 A U ¥ S Balaenoptera
physalus, < 77 77 25 B. acutorostrata, X
Zw bt A Callorhinus ursinus, ™ R Eumetopias
Jubatus WHE LTz, REMWAEBENZh->Tz0
EATAINWATISHEBIE, TORNY v F
TR ELL | BHBAWIED) ThHoTk.
Ty FICEB LD 5/13, 14, 16, 18, 19

Berardius bairdii,
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l Bk & D
fihd )
Yes |

o ] B >
AR —E

ExRE -
HRTE)

HR1TH

| 2EBH

X2 frEnH7u—Fv—Lh

DSHETHD, BEF2sKFR 9 DIchiz>T
Paltse 2 o 7o, ATESIC T RIE 8D
F7eDF RO B THETHoT (RD. %
NZNORNE | ~ 35 B T A g3 5 T
EMTE, Gat ORI 17K 510 TH >
7o, O 7RO EFHEHEUZ, FRKFICIE 80 B
TH oW, (ARG EZ MR iR L7
LT A, BEF19HHET STz,
TEREO7u—F v —F (K2) IZiE-> T,
fTEi LIz 25, TBH - KE] Db
£ <, 166Kl ThH-o7z (K3). LAL, C
DHTIAV—"TIiF, BHEDL T AIEFIT/ED
B#EKREED T B ENTETELT, 5%
EDXDCHT BN EMFITT 2 EHRETH
. Fle, T—FRACUTETRHDS B, 5

HCTHLN. SN4 TR —F XAV THA
SNTey v FORNHEICHET D LT A

HDHEERDTFNTED, FNZEIN L THIzL
A, Y FFHhFA K Gonatus madokai TH
BT ENHSD IR o Tz, AFEIZ Hanson &
Walker (2014) ICBWTHLETHiE I NIz v
FOENEHLEHELTED, Yy FHE
NI PN TV TREEE H 5. TNE T,
PRETTE) & W SN2 TEIAEF T T & < %2
ENTVBEVS HWMDEFE DN TN,
519 TRALEBDEA LI V)IFAITE 7 —F
ZACVITHRRARLNTED, £ TORNILT
F U2 SR nc R LT d L s bl
TlEEWT EDHL MRS Tz,

£ 1 2017 5 HIZBI MR TRA I N> ¥ FORN

JE L

FREIZED

A A ol pr e IEP 4 R e ] PR FH]
2017/5/13 5:54:16  44.01055  145.20905 8 20 3:19
2017/5/14 6:01:30 43.99001667  145.26935 12 27 1:26
2017/5/14 10:57:31 44.23098333 1453770333 8 8 3:13
2017/5/16 10:15:56 44.09543333 145.3036667 8 8 1:15
2017/5/16 13:01:12 43.97546667 145.2497333 16 28 2:02
2017/5/18 6:10:00 44.06716667 145.2795667 8 8 3:33
2017/5/19 8:42:08 44.32408333 145.4071333 20 20 3:03
it 80 119 17:51
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AWIZRICIBVT, 5131 188, 5/181C 2 A,
5191 1 DG 4 BUCH R REIRZHET S T
EMNTE (R2). EEDPORMEEHXT
O 81 HRE (46 ~ 151 HRED THo7z. &
DAL, I IR ENTE D, 4t
7% )— T hiiE % flla U7z 2010 FELLARRIC 5
T, No. 1701 (RA-00121) & 2012 ~ 2017 4,
No. 1702 (RA-00056) (& 2011 ~ 2017 4, No.
1703 (RA-00098) & 2012 ~ 2017 4F, No. 1704

AR A TR B REEOHEE (LB & v FOITEIBISA AT RETS © 7o 5 H Ol LT3 4.

(RA-00129) & 2012 ~ 2013, 2016 ~ 2017 4£
EEBUEBIREIN TV AR TH - 2. Eiz,
No. 1701, 1702 31k (2009) I K> TEHE
INTVAMEETH D, 2008 FLIATN 5L
ENTVAERTHS.

2T OMERDIRE W 5 IR BT
KIHEL TV (K4).

No. 1701 1% 5/13 ~ 5/16 & THZE kI H(E
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Annual Report of Pro Natura Foundation Japan vol. 27 (2018)
27th Pro Natura Fund Domestic Research

Habitat use of killer whales in the Shiretoko area and
conservation as sustainable tourism resource.

MITANI Yoko, MIYAMOTO Haruna, OHIZUMI Hiroshi,
YOSHIOKA Motoi, NAKAHARA Fumio,
YAMAMOTO Yukiko, HABA Shota and SAINO Shigeo

We video-recorded activities of killer whales and tracked movements by satellite tags in order to reveal habitat
use in the Shiretoko area. We followed and video-recorded the activities of seven of nine groups encountered, which
we could get close enough to observe. And we tried to deploy satellite tags to 1 or 2 animals, which were already
photo-IDed in each group. Killer whales spent “Traveling, Resting” for the longest, and arch diving, which is an
index of foraging, was also observed at several points. We deployed 4 satellite tags, and revealed that the killer
whales used between the Nemuro Strait and the Urup Island, the Kuril Islands during May to July, then there was a
whale moving south over the Kuril-Kamchatka Trench and staying in the western North Pacific. Our results suggest
that the Shiretoko area is important for these killer whales for foraging and/or socializing between May and June.

Keywords: Activity classification, Satellite tag, Hokkaido, Cetacean, Movement, Watching

University Alliance for Hokkaido Orca Research Project (Uni-HORP)

188



ETIRERAE D) B B R R 5 3 vol. 27 (2018)

FA7HTO-F bo—F - 77 RBIRL EREFZEEIR

JGHEEIC I ZHESE AR A T 2 2 D 2 I A OEHARED
BUIRE SR & HE S SR D fiA ]

KRBT D a HANGE T )—T
JIAREAR "« B 252 e =3’

HIT YT a0, RBEHL Y FU R MEEEHRTHIEE SN T RHK A TH 5. Itk
TIRHEBRNZ < OEEREDEEN TV S E-DLNZ D, TN TORMINENIZED, S (FHEED
DREMERENTVS. Thd, BT ANMHEDNTVE T LZEKLTHED, REKERETE
HARDENS. KFFETE, BEAICERTZH T VY a A DERT O RIS ET 5 LEbN% 3
DO (MR LR, KE, BHEFEE IOV THRNWEEEE 2B Uiz, b OERIZBHZEIZE
THRE SN TV BN NZEEEE D> TWaEW. EBANOD 10 W1 27 R THEZITo /& T 5,
M2V aHAFENITIES I LT, HEHODRWEREDNZ R BNz, it ORER,
RO LN ZWIEINE E, HEROEIGAVNE < 7&D, MOERIZHEL TWEWn T ETh o7,
MEFUIIR AR 2 T B R & 9 5 72, AR RS & 2 5@k EDM S MDA DR Z KIF LT b %
A5N%. MR L OWRAZEIT 2SR ZHET 2 L LI, mEOKRBGREIH LM 2002

N %.
F—T— N RA, FE, - SRR

db
. B2

AV HAHBK T (A A SR
KBEZ2 R < 9N TORBEDKIKIIL S AR LT
W% (Strayer 2008). F7z, KEHFLHEREZ FF
DT DR EY DR & U TRkRE
BEENHBHT NS, WIEERICBNTH
T B BE 72 £F D (Vaughn & Hakenkamp 2001;
Vaughn & Spooner 2006). LA L, £ DT
FEIHDRE T H B Hnfifk HEH) e AR
U TCOWRWEERREOFEDHRE TN TED, &
WIFROHEEDEH TN TS (Hastie et al.
2000; Geist 2010). T D7z, HhEaFE 7z L)
% BERZ T 2 0 END 5.

MR DA ERNS IR ELA & AV A

KR BN%. AT AAFZ, SIEICHEBIC
FHETAHEELZE DD, WIINOIEEYN
PR OKESFRERED Ihnz <, AR
(1 EOMEAEE) O E BRI R T
%% (Vaughn & Taylor 2000; Geist 2010). iz
X, EXRECEHEOEBHEZERT ]
REMEDVRIZE N TV S (Bauer 1988). HERIC
& o TEBELRARY; TH W ERP ORI L idh
ZWEICE, @KDHEENS L THRD
FECHRZ A ERZ EEZ 5N TS (Osterling
et al. 2010). fif EH LD NMIL EDOZFT LY
KL FEES (Osterling et al. 2008). LA L,
MEHDWADER E LT, Thb O RERE
PEZ2 TANTWE R BN 0.

L AGIEER R ER e 2 JUBE R PR ARIANE 3 JLHE R R A HER TR A B

2017.11.30 324 2018. 12.20 23fH

189
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HAwadc e liz. £9, SW5mIInG 1~
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FHID T EMTER. ZDT=DIGED AL
EfRE, BIcHENTNERFREWHOESE
ZZHWTHIE L7z (Nakamura et al. 2017).

INSDBELFEROT—2MN5, Gompertz
HIARE TV Z HWO TR EMIRZ FRk U 7z,
Gompertz i 2 € 7 )V (KX 1, Gompertz 1825)
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HY, ATV aADEEICE MO ER
METIVE LU CHAEE DTN eimE /NS
CHEEST AT EDTES (Akiyama & Iwakuma
2009).
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A L fEY.
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Current status of the freshwater mussel Margaritifera laevis in

Hokkaido: revealing causes of recruitment failure.

KAWAIJIRI Keita, TERUI Akira and MIURA Kazuki

The freshwater mussel Margaritifera laevis is designated as an endangered species (VU) in Japan. There are many
remnant populations in Hokkaido, however some populations have been found to be “living dead” as to lacking
juvenile mussels. This fact suggests the impairment of recruitment processes in mussel populations. Thus, there is an
urgent need to investigate causes of recruitment failure to conserve mussels. Our research revealed the relative
importance of three potential factors (sedimentation, water quality, host density) that could lead to the recruitment
failure of M. laevis in Hokkaido. The results showed M. laevis distributes widely in Hokkaido streams; however, five
out of ten populations had low proportions of juvenile mussels. There was a negative association between fine
sediments and juvenile proportion, while other factors had little influence on the proportional abundance of
juveniles. Our results suggest that fine sediments influenced juvenile survival by interfering with water flow of
interstitial zone, which is the main habitat of juvenile mussels. Conservation measures that reduce sediment inputs
are needed, and further investigations should seek mechanisms concerning the negative relation of fine sediment and
proportional abundance of juvenile mussels.

Keywords: Conservation, Recruitment, Host-parasite relationship

Hokkaido University Kawashinjyu-gai Research Group
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GPS trackings of White-tailed Eagles to clear the environmental
determinants of migratory routes and stopover habitats for an
appropriate site selection of wind turbines

SHIRAKI Saiko, PRONKEVICH Vladimir, OKUDA Atsushi
and NATSUKAWA Haruki

More than 40 White-tailed Eagles have been killed by collisions of wind turbines in Hokkaido with the increase
of wind farms. Furthermore, many projects of wind farms have been planned and their environment assessments are
underway in Japan. Meanwhile, reliable methods to eliminate negative effects on birds of wind farmings have not
been established. To construct wind turbines avoiding important habitats or flight paths of birds is considered to be
one of the reasonable measures to decrease negative effects on birds. The final goal of this study is to understand
important flyways and stopover or wintering habitats of White-tailed Eagles in far east of Russia and in Japan.

As the first step of this study, we captured two nestlings of White-tailed Eagles and attached GPS transmitters to
them at the nest sites in the middle basin of the Amur river, Russia, in July, 2017, to identify their migration routes
and stopover sites after their fledging.

Although we have never got GPS data from one juvenile eagle since one week after attaching GPS to the bird
possibly because a device failure, a tracking another one juvenile is ongoing. This eagle moved to a flood plain at 30
km upstream from the natal site in the end of September, 2017.

Keywords: GPS transmitter, Wind farm, Middle basin of the Amur river, Juvenile eagle

Hokkaido Bird Conservation Research Group
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27th Pro Natura Fund Domestic Activity

Holding symposia on conservation policy of endangered species, with
special reference to measures for feral cat issue in Japan
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Promotion activities for the protection of endangered species
Pseudorasbora pumila, PONSUKE, inhabiting the agricultural ponds
in Nagano city

KONISHI Mayu, NAKAJIMA Noriko,
KOGA Kazuto and KOBAYASHI Kazuko

Keywords: Satoyama, Agriculture, Freshwater fish, Biodiversity

Ponsuke rearing club

226



ETIRERAE D) B B R R 5 3 vol. 27 (2018)

F27HTO-F b= 77 RBI EREBIEI

UFEISO HRRES VRY T LORfE

s B e S T )V —T

-+
IR

a3

F—T— R BOSRER, TaV—V XL, Yk,

| . REEBBEMEY IV —TDES
PERERAIETE i IChnE 9 2 ALE
THY, [EHEH2VIHEES ORI Z8H
5. MUTEIC X > T, B BBEBSON
YIBEEDMFET 5 — /5T, RREADOEE R
ZFTOWIRWHMRE R ENTWS. £, &
FEETE, JE, EE, AEIICX D, M
TEMITHPIRHE DI L T3, 2D XS 7R,
BN LY 2 (R AT 2T, T OAEE
K& 75 B RAEEECHYIEED R ETH D, Thb
Z T B T O LI MNEE L 55, AR
7T —T1%, () FE#EEOWMEDERER
T ER & Uit e 2 D KARD T
11, Q) BRERNY Y RY Y L@ U
HHEOHRREDE R2ZEHHMN & LT
5. F 28X TIC, HEHEED 8 BITDWV
THEAICEET /Mt 23170, V2RI T L
BRSSP Uz, SRR 29 X, B
I ERORAEICET % A REFRIT L.

Il. AFEEDEHEN

PUFERIE A AT Iy VIR IERRR &Y
ORI 2 BI5 T & 5 B HES ARG ZRE
20, PSR B RIRE DV DA

Do REPRRIE Y - JURIERE - ARREST - IR R

HaSE IR, NGO, HHsiF]

RLTW3. Zoffucmiy, BREEOHEN
FORHLmDG 2R T LZ2HNELT
AN VRO L ESIVERBM L. W
TNEHTREVANR— I #itE B S L HETTE
fiEL7z.

. REEEBRRE/ \XIVEBDORE (K1,2)
20174E 9 H20 H~27 H KEHTRRERKRS
tra—1ar—

T VRY Y LT B KIBHTF R A2 v
Z—=IZHBNT, KM, RAX—JERZ{T->
7z.

HARERE R & RIS ST IV RS
DIKFETH % F a VI E ZOBRBRICET %
RAZ— 83%)V), BIEAPGHEE AR
R SHREREOMNEREE =21 > F
HE Q8 IV), PHHEEHRGENAES,D
JOUNGD 7 a7 > 7R RUOERIK (1
INHIV), PEFEEREME T V=T M5 HE
it DR EREAE DR G /83)V) DERE
nr.

POREORHHIEE =2 VT HH#E T,
BREBFTOMEDRT & 2 DR X
Nz, JUhEO7a7 787 KU OERIR

1 B - EEBER 2 REUR TR « gl 30 saUR TR « RPisEle 4 LIREDR 5 SRR S

2018.5.24 %Z{F  2018.12. 20 2fH

227



O MPERRITIH 3 HENREN
¥ a VOBRERICONT]
* NEF E ORI AR
Q@ MERIEBIFEIFINY FUA LD
DRELTIY—) XANDFEH]
Ak T e (R BDER2)
@ 7 BOERLBOFBHAL]
=3 IR % G 7 BRHA )
| @ REIAVFA RV ay

1 YURYTLEISKIVIEDR A Z—

2 ISRIVBORET

PTIE, ARG EORA L LT/ v FERER %
a7y 7Ry RUOHEEDNHIGE Nz &
NG E N

V. FEEEBERREY VRIYVLDOME (K
1, 3)

201729 H 27 H OKBEH), KEHTHFERR
By a—1 BAEHE

M3 PURYYLRY. KBARBIEONIZEICES
5.

JRERIC DV TUIRA R —2AER T % L &1l
FRAEAND A=) jeconet ' ED A—1) > 71
AbZBL o, PERBICELTE, 7
SREIVAN—IHEZERICE ST, HHEXR
BYAIS—2 D Web ¥ 1, Facebook, Twitter,
KEHTD Web Y1 &, 1535, BN RN, A—
IS—=X =7y b OERIE ETRERIL7Z.

AR E LT, s O, OHoagsiE
BRI IV—T R T Ut TR EREEREE A A
Rzl L.

V. REREBERREY VROEEER - HE
&
L PRI 2 R0ESREYF 3 > OFiFRSE
FEIZONT
/NP RS RO S ST AR
2. HRBICB T B IFINY RYALIVADRSE
Lxay—Y XLNDIEH
IINARTIAT (S BD )
3L.EHTBOHKRESOMEML
s G5 7 BE KD
4. 80T 4 ANy va v
AR RS, FEREY—/ I —JH#EERE
2HER), ILAK CGhlE, MEBARZNR),
AHK ELs, CEEOR), itk (=25,

228



SEEARAA RF 20, IREK (S,
HRSBOCHE), ARk OULE, S
HAASMZER), mHIK Brk, &7 BEE
KiD), ERIIK (FEEEEY—Y LR,
AfEk (PFEEEERYITIZER)

B¥, TR, PEREY A — I H#EE
ZERFBROGHEDTV, TRKEHREL
=] ONIZENEREZ1T-> 7 (X3).
KITN—TRED LEDRXIVT 4 AJ1y 3
YOFEIEZE{To T

VI. BBEENRIVT A RAY Y aVORA

L LRSI 2R+ a > OBk
FEIZDOWVT

RS ST EARGRO/ NP LR K D, K
T, FarzeFqblkEOER, HEERL
FFNUSNT RV, FarodYE UTOR
P, KEICHIT S 3 VORI DOV TN
ANz, EHIC, TNETHLIMOHATE
TBHBR DN & R & AVE E Nz, FRIC,
BEIT O T 5K 29 FEERARR G 3E & 514
DIELZ EDFNE NI,
2MRECHBI B IF INY RV HORE
ExaYy—1 ALA\DIGH

RS BOEIm AR DO/NR KK D, 1990 4
EHEX DR E > Tl BEA DAV DT %y 5
TJIEDWT, AIVATF Y F I BHAE
RAEDHF A, A VA ARG FHEORRICD
WM E Nz, FRIT, 2004 51T B ETER
BB E DHWETRbEI Nz [THEEIC
B % A ARBREIR U O (75 F FHICBE S %
BEH), VWbWwZITaY—1) XLIHEENFHE
MEND L TORME, HBEOID fHHDI
IS OWTHIAN R E Nz, R TS D
HIRDIESNT DV T EFND IR E N

.HETROARE BOWHE

Hr BREKEOFRAELRKD, HrE5D
HIRE UL Dk )y, EHIARE EORER, BoD
I RIC DWW TR R E NI AT 168 A
(H29 BifE) OHAR/NOHIBKRTH S L,
RAF 2w VIRBOLRMREROMEE LT
FRIZAT 47 T]D LFbnTwa T ek
g, BrBoORaMEnT . Ioic, &7
SO HRREDBOEMELICmIEEE L L
T, BESNERANCE > TR RYY (BE
Wo&E{CEHLOBARICMNS &, ZTIC
EEZEBREDMGEOZHEE) BT
TE, MNEDELADXICHEZRAKD,
HNEDNMENC 2 E o5 0 LFIHTESC
EDELEMERIRER LT
4. 8IVT 4 ARy ay
KEDOHIGEKD S EFERED A\ — 7 1EH)
DHD FACDWTHN D E S NI, FBITD
WCiE, FIEMERGOREF D O A >
ENTz. FHEBOILARKD S EHEAREFZO
D A & & EICIRE O/ NEROTEEIC DN
THNMD R ENT, EEOHHENSIEEE
{EDZDIFEIT DOWVTREMAIE E Nz T HIL,
BORYZHHND T EDHHTICDOWVWTEEEN
. ZEEBOWMEKHSIE=EHHRTA R
F 2 )VVDIEFN DN T DIEE Nz £,
HIRAA F72 LT L TOMBEITDOWVTEHE
Nz, NLEOARED S IZ/\NSICBIT S
J X FERRD IS DOV TN R E Nz,
PEFEEY —V XL REROERIKN S
TRtED A REKICET ZE0 FA DD
iRENT. PHEBWMYNIEZ(WEELDR)
DAREERD S AR OREYIR &S Eh & A
DBESNTDONTHIN R E N,

VIl 2KE4E
VURY T LBMEIZI0LTHD, Bl

229



AN P ELTRREINEEZEZ TS, £,
T VRIY LOFHTIEREDINAT— 2l
U CHARREDLHRA A ROV TRELRER
R FEMTE . PEEEOZIEFEENSH

230

INREDOIHNFDEICET D, a0l
SENEICHTTHS. 2O, FEEE
O HIRRETRB ORI o KR E IR
TolebEBEZTVS.



231



Annual Report of Pro Natura Foundation Japan vol. 27 (2018)
27th Pro Natura Fund Domestic Activity

Nature conservation symposium of [zu Islands
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ISHIBASHI Masayuki and KAWAGOE Minami
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Research group of vegetation on Izu Islland
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Annual Report of Pro Natura Foundation Japan vol. 27 (2018)
27th Pro Natura Fund Domestic Activity

Publication of science journals and holding of symposium on fisheries
and environmental issues in the Ariake Sea

YAJIMA Satoru, SUGENAMI Tamotsu,
YOSHIKAWA Takako and JINNAI Takayuki

Keywords: Isahaya Bay, Reclamation, Taidal flats, Ministry of Agriculture, Forestry and Fisheries, Red tide,

Hypoxic water mass

Ariake Sea Network of Fishermen and Citizens
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Annual Report of Pro Natura Foundation Japan vol. 27 (2018)
27th Pro Natura Fund Domestic Activity

Citizen-attended census project for research on sandy beach
ecosystems in Japan, and training the talented people

MUKALI Hiroshi, OOKUBO Nami, ABE Mariko and MUKALI Yasuko

Keywords: Census Project of fauna and flora on sandy beach, Forum for conservation of marine organisms,
Illustrative book of sandy beach organisms (2) Beach plants in Hokkaido, Training course of the census project of
fauna and flora on sandy beach, The second report of Census of fauna and flora on sandy beach organisms “Beach
plants in Japan”

Association for protection of marine community
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Annual Report of Pro Natura Foundation Japan vol. 27 (2018)
27th Pro Natura Fund Domestic Activity

Promotion activities such as ecological investigation and
symposium holding for the protection of rare birds (Japanese Murrelet,
Calonectris leucomelas, Apus pacificus etc.) in the Kaminoseki area

Seto inland Sea.

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

Keywords: Year-round occurrence in the area, Parent bird covering its chicks in the area, Breeding Area, Tadarida

insignis, Symposium

Kaminoseki Nature Conservation Association
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ZRIGEDMEFRT ZNAE L L (K3). KA
Z—ERIZF T L, B & AR O R 72
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Annual Report of Pro Natura Foundation Japan vol. 27 (2018)
27th Pro Natura Fund Domestic Activity

The education campaign to disseminate Kasai Rinkai Marine Park
(Sanmai-zu)'s Ramsar Convention registration.

IIDA Nobuya, IMORI Miho, OCHIAI Haruna and KANAI Yutaka

Keywords: Tokyo, Preserve, Symposium, Wise use, CEPA

Wild Bird Society of Japan Tokyo
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. F LEiOFAEE - #HEIcDOWNT
1. BV

T UHERMT 2ichizb, FafcichRd
AW RAE L, SR E IR RE A Y 2 Rk
REWIETIV— TN THEIZER, FHEROM
RIS B e NE T L5 2 5N 5z BRER 5
FEUORELE. FICMBERD A Cyprinus
carpio 213 U8 &9 % a1 RHEAELFITONVT
X, ERELCORKERD, BRET R ETK
BOYUGENRND 2 ehREETN TS (H
12858 2010 5 F8iF5 2013). T Dz, SEID
WL TE, a7 FEEREDaARUELEM
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2. SR D S E R
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FICHEPRFER S UTIRETHINL TW 2T 5
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D S BB IIRE S e > 7o R
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3.KE R X U LR

T Ui D2 b2 ik s 2 72, HARKS
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T e LT,
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W&, 1994 O EWBEBEELIK, S EINHID T
TH%. WKIFRHZHERLENS, 2016 F

1ILHLTHDS 2EMNT TIHRALZICHEKL .
Z O, SkAEYOWL 2 <72, HkIai
04 mm DF A0 EOMERE L. Mk
PokLize s, LIFOENHL NS Tz,
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T U 72 BRBRR RARIC DWW T, FiiERAC 2
koA ES K UERZHE L. ik,
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3. AR OEH

ARG (2013) Z2BEIC, MEIFRETIEHD
ENIah o eIk BRIR T B 728D, THAIK
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MEFE[ET ST LI Lieh, Ui Tan

BRI X U SO
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KNS S N 75 AFy 7 OB THE
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27 FD) i, EEKIC X D KD U BN /2.
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W, WKICK0EE S8, HK&RIEEYAND
B35 % (BARS 2013). PEHIOFKIK
DHITIE, BEKICEK > THERKENLNSIC L
o> TCpHEIEBAD L, B LIEHNS 7H
BRI, (FIFHARTOMEICRE > Tz,

VI. T LTHESNIED

T Lick oSN AYIE, fdH 17
M, AT)VH LR, AXB R, TUR2ME
AEIHETHS GRD. S NIABICE,

2E 1 mZ#Z %/\7 L Hypophthalmichthys
molitrix *° 77 A 7 A Mylopharyngodon piceus 7%
g, BARBMAHOMES H - 7.
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LT A, YA AN —T, FHNIORBMAIZ
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HE % (B2) oy g
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TADF Mylopharyngodon piceus 1
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NEFR L Su )= Gymnogobius sp. 2
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(FEELISY)
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X7z, 2000 FDRLERTE, TIV—F)
Lepomis macrochirus &7 7 27 F7NA Micropterus
salmoides 75, BZ BTN TV, LHL,
SROMF LT, 7 —FLofkiuiis
KT URIZTTH Y, AA T F NIV
TS Nz o7z, JeDOHERIIC & D FEII T
LR HRMNHER LTz T & RO a1 R4
FHIC K2 PEDNROEEL R EDY, TROJHK &
Z5N%. KT 3 Pseudorasbora parva ¥
Z A1) 73T ZF O Rhodeus ocellatus ocellatus
B E, BHADREICARE LRWIEIZ DV T,
B EINTz, £z, MR SIFLIRPO
STy BT H I I H A Trachemys scripta
elegans WK BRICTHE S Nz,

VIL St F LD TEAIRDH
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Ik x>tz 20k, 3 A NANCIKIERR
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HISERI O D E R LI Kb, i
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L Diiifi& TIEJe DR > A Y O A 25
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PeOiR Ui RO, REZEIC K 2305
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DO IMEAT T L THIEY— PNV 7Lk B
KREY) DIETE 2 it LT hS, BRI B Tk
YOG TR TEah o7, 8 HICTZEE
Potamogeton crispus 72D 4 77T GAERINCFE
L THID, BifitgbIHN 1 HTT X AY
Y 4 = Procambarus clarkii |3 X TREEINT

LEole. TORDUKEIDEIENT XY 71
YU AT K> THFEN TV S ATREEDE X
5N%.

ZDMhDZ L& LT, 2007 FLUOKIEE L T
Wz ¥ Trapa japonica B34 D H IR E118 D3 HERR
SN £, F a U b VK Rhyothemis
Suliginosa DK E 5 FSRDICHER S Nz,

i+ ULARTIC Rl DR WG & LT,
7 A I T)V Bufo japonicus formosus D%
ENVRFEAEL, 5 H A, BEROYED -
FEDERSEE N, 6 HPANCIE, KA RO
TAADEK S HEOTEDNID, BEMEHIC X
BEIETI RV LD | ¥ Euglena hemichromata
ODEEFETHAH T ENDND, 10 HEIZE
DENHATIHA L e,

THTRENS 10 H FHIET, €Y FURM
WK XBMANOEYIDE= Y VT ZiToT2h,
v d, X7 I AKX Oryzias latipes, 7 A%
INEEITDOWTIE, W UEGTO L)V fiEAEL
MEELTWS Z EMERE Nz, £z, MK
KBRS Ko IckozT &k, K
IRkREEDORFEAENEEZ, 7 HLBRE, WKL) S
HIMNTRIRER RS DM DS, KEITKIHIC
FSIREL o7z,

VI T & AEDHIICE T 24 BIFMRE DA
BraEYZ2F-d08A

EYo'e=21 > T ORE, HEIRHEES
XA A Sinanodonta lauta DIIATENR > TH
D, BT E2AYINTZF IR NI
Mol ehd, TeEAFOM] ICBT5EE
BAMAEDE—B L LT, JWIRE rHifEDY
=& F O Acheilognathus typus DX A 7 il 7z,
Vo FAFREAOL Y R X b CHugifaR
IABIZHENTED, Hrillicsn Tl
2001 FELARFRCERD R <, BPAEAAR IO T RETE D
mVEEnS GHEEDS 2007). #EHyliEL =X

261



FADOIRRE 2T > TV BTHEMAE THifHD
HINZESED ) Ko = %53 39 fiiltk (fkE
DOWIRIEARIH) 20 3Z1F, 20179 Aic Te
MO ITEA LTz,

IX. EXEE
1. TEAUZDWIT O+ UKFEEK oJfi
ERIGEDO—EE LT, fBOMEEEr—
SmA XY FEUTEIE L. a5 Y
HD 2016 4 11 H 19 HIZERED 28, AN
Y REHIEE U7k, FRAREIIIC 100 4 D5ERIC
K UT 130 ZHDISENH O, Bk L BLLOEE
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Outreach using "Tombo pond" in museum: Ex-situ conservation of
endangered species and dissemination for nature conservation.

TSUCHIYA Masaru

Keywords: Drainage out of a pond, Extermination of invasive alien species, Ecosystem reservation, Museum pond

Research group of biodiversity conservation, Ibaraki Nature Museum
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Elaboration of a guidebook with the aim of raising public awareness
of the Guatemalan dry forest ecosystem

YOSHIMOTO lJiichiro and ARIANO Daniel

Guatemalan dry forests have rich flora and fauna, although their ecosystem has been threatened by various
anthropogenic factors. This situation motivated us to elaborate a guidebook that all Guatemalans can learn more
about the nature and culture of Guatemalan dry forests, in order to prevent the deterioration of the dry forest
ecosystem, to implement its conservation plans, and to raise public awareness of the importance of those forests. In
the guidebook we presented some representative plant and animal species inhabiting Guatemalan dry forests with
their photographs. We also described cultural and historical issues of archeological ruins as well as the actual
circumstances of the environmental deteriorations and the conservation strategies. We published 1000 copies of the
book in August 2017, and are now distributing them to various educational or environmental institutions so that
many people know and utilize this guidebook. In particular, we expect that this book will greatly serve as a material
to the environmental educational activities implemented annually at 10 elementary schools of the Guatemalan dry
region, which are organized by Zootropic (a local NGO administrated by the co-editor Daniel Ariano).

Keywords: Seasonally dry forest, Biodiversity, Environmental education, Conservation
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Conserving critically Endangered West Africa’s Turtles and Tortoises

. 1
Tomas Diagne

During our ProNatura Japan project cycle (from October 2016 to September 2017) we implemented the activities

listed below: Improving our captive husbandry and head-starting breeding procedures for one endangered freshwater

turtle species (Pelusios adansonii) in Senegal at ACI breeding facility: (The Rhodin Center) from 60 to 300 turtle

head-started hatchlings per year. Conducting field surveys/trips and conservation training/capacity building to our field

site in Guiers lake Senegal (Tocc-Tocc Natural Community Refuge) to monitor released specimens back in the wild.

In our 2nd field site in Benin located in the South-eastern part of the country (Oueme Region), a tropical rain forest

habitat. The surveys started late September 2017, our approach was to get the understanding and support of the local

communities to set up a Refuge to protect a portion of the native habitat of critically Endangered Home's hingeback

tortoises (Kinixys homeana). The first mapping/habitat sampling of this 600-hectare future nature refuge has been

achieved with the strong collaboration of local communities. In this country we set up a long term collaboration and

capacity building activities with a very active local NGO, Nature Tropicale. Additionally we conducted turtle

conservation outreach programs with scholars, kids and local communities to promote Africa’s turtle conservation.

BACKGROUND

Very little is currently known about the status and
distribution of many of the 56 endemic African
Freshwater turtle and tortoise species (Cheke and
Humes 2008). Many are not listed on the [UCN Red
List because there is almost no information about
them other than reference specimens, and new
species are regularly still discovered (Myers et al.
2000). The remote locations where these turtles live
make them very difficult to study, and they are
hunted throughout Africa. In other instances, the
decline of some species has been well-documented
(Report of IUCN Freshwater Turtle and Tortoise
Red List Assessment meeting, Togo, West Africa
2012). Most freshwater turtles and tortoises are not

protected by law and many populations are being

decimated. In many cases suitable habitat still
exists, but conservation measures need to be
initiated (Rhodin et al. 2008). The African
Chelonian Institute conducts surveys, monitoring of
wild turtle populations in multiple African countries,
coupled with education and native habitat protection
activities.

This project aimed to determine the status and
establish monitoring and protection for two
endangered turtles in two African countries with the
strong collaboration of local communities.

As an African turtle biologist for the past 23
years, | have dedicated my life to the conservation
of turtles and tortoises throughout the continent, and
this project continues and expands my committed

efforts. It is very important to me to conserve the

1: African Chelonian Institute
Received 2018. 7. 6, Published 2018. 12. 20
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most endangered West Africa’s turtle species while
we still have a chance, and to bring much needed
attention to their critical status. As the founder and
director of the African Chelonian Institute, this
project is vital to fulfill our mission to study,
conserve, and bring global attention to Africa’s
chelonians.

With captive breeding, head-starting,
reintroduction of endangered turtle species back to
the wild, and educational materials and programs
designed to teach local people the benefits of
conserving their endemic turtle species.

In addition, ACT works to assist local people with
developing economic incentives (such as developing
eco-tourism in protected areas) to end hunting and
conserve turtle populations. We are training the next
generation of African turtle biologists in field survey
techniques, captive breeding and care, and training
people in local communities to monitor and study
their turtle populations. We strongly believe that
teaching and involving local African people in turtle
conservation and research is the only way to insure
a future for endangered turtle and tortoise
populations on this continent.

Although we make significant progress in
achieving our goals each year, this is a long-term
project and all components will continue beyond the
current funding period. For 2016-2017, we
respectfully asked the ProNatura Foundation to
contribute to project costs including field turtle
surveys in Senegal and Benin, the rearing and head-
starting of two species of turtle hatchlings that will
be released to the wild in the two countries, training
for African turtle biologists and community partners,
educational materials and program costs; the salary
support will be provided by ACI for the field

collaborators and personnel to lead all research,

conservation, training and educational activities.

PROJECT RESULTS

During our ProNatura Japan project (from
October 2016 to September 2017) we were able to
implement several activities listed below:

1. Improving our captive husbandry and head-
starting breeding procedures for one endangered
freshwater turtle species in Senegal at the ACI
breeding facility: six new breeding tubs and other
animal maintenance materials (air compressor, air
pipes, turtle food, incubators etc.) has been
purchased which enabled us to increase our animal
care and head-starting capacity at our breeding
facility (The Rhodin Center) from 60 to 300 turtle
hatchlings per year (see attached images). Reptile
incubators has been used for a dual purpose and
allow us to have a higher hatching rate for the turtle
eggs; also by controlling the incubation temperature
more females have been produced and head-started
(females are usually bigger for this species and face
higher decline rate in natural conditions).

2. Conducting field surveys/trips and conservation
training/capacity building to our field site in Guiers
Lake, Senegal (Tocc-Tocc Natural Community
Refuge):

The field surveys started in January 2017 when
we released back into the wild 56 head started
specimens of Adanson’'s mud terrapin (Pelusios
adansonii) produced in our breeding facility (Figure
1), back into the wild with the strong collaboration
of local communities. Government agencies in
charge of Senegalese Nature conservation (Water
Forestry Service, National Park Service and
Fisheries Service) were invited and participated in
this release activity as well.

Before the release all specimens were tagged so
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we will be able to identify them during our
upcoming monitoring surveys, or if the turtles are
accidentally captured in fishermen nets. The head
started period at our facility after the specimens
hatched is 4 months when they reach the average of
68 mm length, 51 mm wide and the weight of 58 g.
This size is recommended for release according to
the international standards (IUCN/SSC/2013-
Guidelines reintroductions and others conservation
translocations). Two more field work/surveys (four-
day length for each survey) were conducted in
February and March 2017, when we were able to do
post released monitoring, evaluate the success of the

population reinforcement and train the local

conservation committee to turtle research,
population monitoring and conservation techniques.

The results of these surveys are encouraging
because no evidence of predation or bycatch of the
post released turtle’s specimens were found; this
means the specimens are successfully adapting to
their new environment and they can find suitable
foraging sites and shelter. More than 60 people from
the six villages surrounding the Tocc-Tocc Natural
Community Refuge have been trained for turtle
research; population monitoring techniques have
been trained during training sessions. Currently
more turtle eggs are incubating at the ACI’s breeding

facility and we are looking forward in the coming

VA R 1 ‘

'

Fig. 1. Mr. Guile Boh releasing head started Pelusios adansonii at Tocc-Tocc Refuge, Lac de Guiers, Senegal.
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months to release at least 150 more viable turtle
individuals at Tocc- Tocc Natural Community
Refuge before the end of this grant cycle.

In our 2nd field site in Benin the surveys started
in late September 2017, where our approach was to
get the understanding and support of the local
communities to set up a refuge to protect a portion
of the native habitat of critically endangered Home's
hingeback tortoises (Kinixys homeana).The first
mapping/habitat sampling of this 600 hectares future
nature refuge has been achieved with the strong
collaboration of local communities. In this country
we set up a long term collaboration and capacity
building activities with a very active local NGO,
Nature Tropicale.

This refuge is located in the South-eastern part of
the country (Oueme Region), a tropical rain forest
habitat. Additionally we were able to release 12

adult confiscated individuals into this key habitat of

the critically endangered African forest tortoise
species (Figure 2). Also, we created and disseminated
education materials, 500 stickers, 500 flyers and 200
T-shirts, and conducted 15 sessions of turtle
conservation outreach programs with scholars, kids
and local communities to promote Africa’s turtle

conservation.
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Fig. 2. Project leader: Mr Tomas Diagne in grey shirt taking the weight of Kinixys homeana specimens at Cotonou Z0o./ Benin Photo credit

Nature Tropicale ONG
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Fig. 3. Pronatura sign at the Rhodin Center, our turtle Fig. 4. Map of the project sites.
Breeding Facility in Senegal/ West Africa.

1

W :
Fig. 5. Head-started specimens Pelusios adansonii Fig. 6. Adults confiscated individuals of Kinixys homeana before release into

ready for release in the Senegal field site. our project field site #2 in Benin.
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Enhancing Recovery of Indigenous Critically Endangered Singidia
Tilapia Population

Olwa Richard', Nkalubo Winnie', Nakiyende Herbert',

Muhumuza Elias', Basaa Samuel' and Anthony Taabu-Munyaho'

Singidia tilapia (Oreochromis esculentus) is critically endangered native tilapia fish species endemic to lakes
Victoria and Kyoga basins of East Africa. However it disappeared from these main lakes majorly due to
environmental degradation and predatory actions of Nile Perch (Lates niloticus). This project provided updated
information about population status, critical habitat and spatial distribution of Singidia tilapia in Lake Kayanja, a
satellite Lake of Uganda. The generated information could contribute to guiding stakeholders to undertake
appropriate actions to conserve this threatened fish species and its habitats. Fishermen and research collaborators
were engaged in fish surveys, mapping of nursery and breeding habitats, and awareness creation to achieve project
aims. Singidia tilapia was abundant (44 %) relative to total numbers of its competitors caught; Nile tilapia (20 %)
and Coptodon zillii (36 %), however the three fish species were recorded in areas mapped as breeding and nursery
sites. Main project outcomes included (a) ecological maps of breeding and nursery habitats of Singidia tilapia
generated and made available to the public for use, (b) enhanced commitments and enthusiasm of fishermen to

sustainably use and conserve fish fauna and their habitats, and (c) increased knowledge of Singidia tilapia and

conservation needs among fishermen, local communities and other stakeholders.

INTRODUCTION

Singidia tilapia (Oreochromis esculentus) is
critically endangered indigenous tilapiine cichlids
(TUCN Red List, 2006), endemic to lakes Victoria
and Kyoga basins and used to be Uganda’s key fish
species for both commercial and artisanal fisheries
in the 19" and 20" Centuries. This fish species has
suffered a large reduction in extent of occurrence
and is now restricted to a few refuge impoundments
and satellite lakes such as Kayanja of the Victoria
and Kyoga lake basins (Ogutu-Ohwayo, and Balirwa,
2006). Many researchers have documented factors

attributing to the decline in the populations of

Singidia tilapia and these includes; the aggressive
competition for food, spawning, and nursery grounds
with introduced Nile tilapia (Oreochromis niloticus),
predatory actions of Nile perch (Lates niloticus) and
environmental degradation like pollution, habitat
modification, fragmentation and loss for projects
such as dam construction like Bujagali Hydroelectric
power dam, one of the projects supported by
Japanese government (Njiru et al. 2008; Chapman
et al. 2008; Dudgeon et al. 2006; Balirwa et al. 2003;
Lowe-McConnell, 2009; Ogutu-Ohwayo and
Balirwa, 2006) Since this species were assessed and

published as critically endangered by IUCN in 2006,

1: National Fisheries Resources Research Institute (NaFIRRI), Uganda
Received 2017. 11. 28, Published 2018. 12. 20
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no active research was carried out to learn more
about their distribution patterns and population
status in Lake Kayanja, therefore considerable
additional research was needed to provide basic
baseline data to support conservation actions needed
to halt the extinction of this species in the wild. This
project was aimed at providing updated information
and data on population status, critical habitat and
spatial distribution of indigenous critically
endangered Singidia tilapia (Oreochromis esculentus)
in Lake Kayanja through engaging fishermen and
research collaborators in fish surveys, mapping
nursery and breeding habitats of this fish species
and awareness creation among local communities
particularly fishermen about the need to conserve

Singidia tilapia and the its habitats.

METHODS AND MATERIALS

The project was implemented on Lake Kayanja
(Fig. 1), one of the satellite lakes of Lake Victoria
found in the Sub-county of Bukakata, Masaka
District located in the central region of Uganda and
lying west of Lake Victoria. A reconnaissance
survey was conducted to identify the sampling sites
within the Lake based on local knowledge of
fishermen and key habitat characteristics including
lake depth, vegetation cover and human activities in
the vicinity. Out the four locally known sites on
Lake Kayanja, three sites namely; Kawunguli,
Kasanje and Bugiri were selected for fish surveys
(Fig. 1) to collect primary data for Singidia tilapia
and its competitors. The habitats of Lake Kayanja is
dominated by wetlands and riverine forest which

provide structural heterogeneity for fish to escape
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from predators, and thus having special significance
for conservation of Lake Victoria's fauna.
1. Fish sampling and mapping of spawning and
nursery areas

Fish surveys were conducted at pre-selected
experimental sites for collection of primary fish data
(Fig. 2). Experimental gill- netting techniques were
used at each site with three fleets of graded multi-
filament gill nets of mesh sizes ranging from 25.4
mm to 139.7 mm at an interval of 12.7 mm and
sizes 152.4 mm to 254 mm at 25.4 mm intervals.

The fleets were set parallel to the Lake shoreline

towards open water in the evening (1700hrs-1800hrs)
and retrieved at dawn the following morning. At
each study site, coordinates for each location where
Singidia tilapia and their main competitors namely;
Nile tilapia and Coptodon zillii were caught or
sighted was recorded using GPS. The retrieved fish
specimens were removed from the fleets and
identified to species level. The collected fish data
was analyzed using excel spreadsheet to determine
percentage abundance of Singidia tilapia relative its

competitors.

Fig. 2. Team Conducting Fish Surveys
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2. Mapping of spawning and nursery areas of
Singidia tilapia on Lake Kayanja

Scouting of Lake Kayanja was carried out together
with research collaborators and fishermen to identify
and map spawning and nursery grounds (Fig. 3)
using Global Positioning System (GPS). These sites
were identified using both traditional knowledge of
the fishermen and technical skills of research team.
The criteria used in mapping of these sites were
based on known indicators such as presence of both
mature and young Singidia fish, and characteristics
of habitats such shallow muddy bottom, presence of
breeding substrates like water lily, river inlets and
riverine forest preferred by Singidia tilapia.
3. Awareness creation about the need to conserve
Singidia tilapia and its habitat

Local communities of Lake Kayanja particularly

fishermen were engaged on various conservation

related activities to increase their knowledge about
the conservation status of Singidia tilapia and its
habitats. Landing sites talks, distribution of
awareness materials like maps in addition to direct
involvements of fishermen in fish surveys and
mapping of critical habitats were the approaches
used to convey conservation awareness messages to
local fishermen and public. Traditional leaders were
also given the opportunities to share traditional
practices vital for the conservation of fish fauna and
their habitat (Fig. 4). During awareness creation,
research collaborators were shown cultural sites
(Fig. 5) within the vicinity of Lake Kayanja by
traditional leaders. The relevance of these sites to
fish conservation was eloquently explained to
research collaborators by the traditional/ cultural

leaders.

Fig. 3. Mapping of Breeding and Nursery Sites
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Fig. 5. Traditional Leaders Demonstrating Cultural Practices Related to Fish Conservation

RESULTS AND DISCUSSION

This project contributed to providing information
that could help all stakeholders to undertake
appropriate conservation actions to revive the
populations of Singidia tilapia in the wild. Major
project outputs and outcomes include;
(a) Distribution, occurrence and relative
abundance of Singidia tilapia in Lake Kayanja

Presence of Singidia tilapia (Oreochromis
esculentus) was recorded in Lake Kayanja. They
(Oreochromis esculentus) were majorly found in

areas identified and mapped as breeding and nursery

areas. These critical sites are characterized by
known indicators like shallow muddy bottoms,
presence of waterweeds such as water lily, river
inlets and riverine forest. The surveys also revealed
presence of introduced (exotic) tilapia i.e. Nile
tilapia (Oreochromis niloticus) and Coptodon zillii
in Lake Kayanja (Fig. 9). The presence of these
introduced fish species could be attributed to human
activities such as cage culture of Nile tilapia (Fig. 6)
on this Lake and /or natural currents of rivers.

In terms of numbers, Singidia tilapia (Oreochromis

esculentus) was most abundant in Bugiri followed
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Fig. 6. Cage for Nile Tilapia Fish Farming on Lake Kayanja

by Kawunguli sites compared to Nile tilapia and
Coptodon zillii (Fig. 7). Coptodon zillii and Nile
tilapia were abundant in Kawunguli and Kasanje
respectively (Fig. 7). The variability in the
distribution of Singidia tilapia in Lake Kayanja
could be attributed majorly to habitat characteristics
for example; Kawunguli and Bugiri sites are
dominated by shallow muddy bottom, breeding
substrates like water lily and river inlets which are

preferred habitats for Singidia tilapia.
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(b) Spawning and nursery areas of Singidia
tilapia on Lake Kayanja

All the areas identified by research collaborators
and fishermen as breeding and nursery sites were
mapped (Fig. 8) and maps generated were
distributed to various stakeholders including fishing
communities to guide them in protecting these
critical sites of Singidia tilapia. Additionally, a total
of five (5) cultural sites namely; Jaaja Wanema (god
of land), Jaaja Lubowa (Askari of all Jaajas), Jaaja
Mukasa (god of water), Jaaja Kiwanuka (god of
heaven) and Jaaja Dungu (god the cloud) located

B Oreochromis esculentus
Oreochromis niloticus

® Coptodon zillii

Kawunguli Kasanje

Sampling Sites

Fig. 7. Comparison of Singidia Tilapia Populations and Its Competitors at Different Sites
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within the vicinity of Lake Kayanja were mapped, These sites are characterized by shallow muddy
and this shows how Lake Kayanja is of great socio-  bottom, presence of breeding substrates like water
cultural importance to local communities and public. lily, river inlets and riverine forest (Fig. 9). Presence

Breeding and Nursery sites of Singidia tilapia and Its

Competitors
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of Singidia tilapia and its competitors were recorded
in all the areas mapped as breeding and nursery
areas
(c) Awareness creation about the need to conserve
Singidia tilapia and its habitat

Landing site talks were organized and hosted in
addition to direct involvements of fishermen in
implementation of project activities to create
awareness about the conservation status of Singidia
tilapia and its habitats. During awareness creation,
local communities and public were highlighted
about the threats namely; habitat destruction,
fragmentation and loss, cage fish farming as result
of uncontrolled human activities that could
jeopardize the ecological integrity of Lake Kayanja
in supporting fish fauna and other vital aquatic
resources. Additionally, Local leaders (Shrine
Heads) shared their traditional techniques related to

conservation of natural resources. Research

Fig. 10. Research Collaborator Briefing Traditional Leaders and Fishermen

collaborators, fishermen and Public (Fig. 10) were
shown five shrines of gods locally known as Jaajas
namely; Jaaja Wanema (god of land), Jaaja Lubowa
(Askari of all Jaajas), Jaaja Mukasa (god of water),
Jaaja Kiwanuka (god of heaven) and Jaaja Dungu
(god the cloud), located within the vicinity of Lake
Kayanja. Out of the five Jaajas, Mukasa is the god
of the water, responsible for giving people peace,
controlling numbers of fish caught and keeping
people working on the Lake safe, which explains
how protection of these cultural sites are important
not only for the socio-cultural values of Kayanja
people but also conservation of fish fauna and other
aquatic resources. The local cultural leaders
explained to us that whenever they talk in tongues
to gods and do rituals to appease gods they always
get favours such as good health, rainfalls, money,
and protection of their resources such as fish, a

major source of their livelihoods. These practices
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were in place before the start of the project; however
it was not actively applied in nature conservation.
The project contributed enormously in reviving the
applications of these practices in conserving fish
fauna and their habitats through incorporating
traditional knowledge and skills in identifying and
mapping critically habitats of Victoria tilapia.
Additionally, the local communities particularly
fishermen believe that the gods always guide them
on the right fishing time, thus promoting seasonal
fishing which gives room for the populations of
threatened fish to recover.

The main outcome that accrued from the
awareness creation was the increased commitments,
enthusiasm and changes in attitudes of local
communities particularly fishermen to sustainably
use and conserve fish fauna and their habitats.
Additionally, they (Local communities) agreed to
continue supporting programs that could help to
revive the populations of fish stocks, a major source
of their livelihoods and wellbeing. The cage fish
farming of Nile tilapia on this Lake was stopped
through an understanding between the owner of
cage and fishing communities. Additionally,
awareness also resulted in to increased chances of
reviving traditional practices previously used by
local communities to protect and conserve

threatened fish fauna and their habitats.

CONCLUSIONS
Singidia tilapia (Oreochromis esculentus) which
has disappeared from the main lakes is surviving in
Lake Kayanja, one of the satellite lakes of the
Victoria and Kyoga basins. This lake is therefore
acting as functional refuge habitats for this critically
endangered fish and other aquatic resources that

support the livelihoods of millions of people in

Uganda. From the outcomes of this project, fish
habitat modification, fragmentation and loss, and
presence of introduced or exotic fish species were
noted as the major threats that could jeopardize the
ecological integrity of Lake Kayanja to support the
conservation of endangered fishes in future. The
following recommendations need to be undertaken
be all the relevant stakeholders to halt the risk of
extinction of this fish species and other vital aquatic

resources in Lake Kayanja

RECOMMENDATIONS

1. Continuous involvements of fishermen and
government agencies should be encouraged to
protect, conserve and monitor critical sites and
threats to the habitat of threatened aquatic wildlife
that support the livelihoods of many people in
Uganda

2. More awareness creation should be conducted to
improve on liaison among various stakeholders
including fishermen and government workers to
promote collective actions to conserve fish fauna
and their habitats

3. The mapped spawning and nursery grounds of
Singidia tilapia should be zoned off to establish
critical fish conservation zones to act as havens
for not only Singidia tilapia, but also other fish
species, water birds, reptiles among others; thus
fostering conservation of other important water
resources that support the livelihoods of many
people in Uganda.

4. Singidia Fish Conservation Committee (SFCC)
comprising of fishermen and local leaders should
be formed to promote and monitor the recovery
of this fish species and reporting environmental

threats to its habitats.
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Community Based Human-Snow Leopard Conflict Mitigation
in Nepal Himalayas

Gopal Khanal'

Retaliatory killing over livestock depredation is a key threat affecting survival of snow leopard, an elusive yet
highly threatened large cat species, across its range in Asian high mountains. Retaliatory killing over livestock
depredation is one of the key threats affecting snow leopard populations across its range in Asian high mountains
including Nepal Himalaya. Reducing threats of retaliatory killing of snow leopard is thus urgent and requires
implementation of appropriate measures to mitigate attack on livestock or sufficient compensation to cope the
livelihood loss incurred. In this project, we aimed at documenting the livestock loss pattern at household level and
identifying the landscape context (e.g., features and locations) and livestock herding practices that are more
vulnerable to snow leopard attack. The overarching goal was to help protected area managers and livestock herders/
owners reduce livestock loss to snow leopard by providing them with necessary scientific information on different
aspects of livestock depredation so that they can launch appropriate mitigation measures at right place and in time.

We interviewed 236 herders/owners for assessment of livestock depredation by snow leopards. Almost 85 % of
the respondents reported livestock loss to snow leopard. Average annual livestock loss to snow leopard is 4.23
animals, which is equivalent to USD 320.86. Per household livestock loss was found to be higher in Shey Phoksundo
and livestock holding size was also higher there compared to Kanchenjunga. The livestock depredation rate accounts
up to 10.5 % of the livestock holding. For Kanchenjunga Conservation Area, we identified areas of greater potential
risk of livestock depredation based on previous records of snow leopard attack on livestock and herding practices
adopted at the time of attack. We first extracted landscape characteristics (elevation, terrain ruggedness) and herding
measures (presence/absence of herder, availability of corral) of 150 verified locations of snow leopard kill of
livestock. We then modeled the relationship between number of livestock kill (response) and landscape
characteristics/livestock herding measures (predictor variables) to identify the major predictors that better explain
the risk of livestock kill. Our results showed that highly rugged areas with relatively higher encounter rate of snow
leopard signs and wild prey blue sheep were more likely to have greater number of livestock kill. And as expected,
presence of herder had lesser chance of livestock kill. However, presence of corral did not have any influence on
livestock kill rate.

Based on these findings, we mapped the risk of snow leopard attack on livestock across the protected area
landscape. We have also shared ‘depredation risk maps’ with the protected area managers to help them incorporate
into their annual management planning. We also conducted informal outreach workshops for local herder
communities on ways of using ‘risk maps’ as a guide or tool to adapt their livestock herding practices. We also
trained 12 local herders on snow leopard and livestock depredation monitoring techniques as ‘citizen scientists’. We
have expected that our collaboration with protected area managers and outreach workshops and training for herders
has helped build local capacity to make effective use of depredation risk maps into livestock grazing management.
This we hope would reduce livestock loss to snow leopard, and hopefully preventing retaliatory killings of snow

leopards in revenge.

1: Centre for Ecological Studies Lalitpur Nepal
Received 2017. 10. 22, Published 2018. 12. 20
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INTRODUCTION

Snow Leopard Panthera uncia is one of the
significantly important yet highly threatened large
cat species of the high mountain ecosystems of the
Asia (McCarthy et al. 2017). The rugged
mountainous landscapes it occupies are also known
as the “water tower” of the Asian continent. More
than 1.5 billion population of the South Asia directly
and indirectly depends on these snowcapped
mountains and the rivers that originate there for
fresh drinking water (WWF, 2014). Conservation of
snow leopards and their habitat has thus been an
urgent task not just to secure the sources of drinking
water for millions of people downstream but also to
protect ecosystems of critical ecological importance.
However, snow leopard numbers have been
decreasing due to concomitant threats of prey
depletion (Berger et al. 2013; Mishra et al. 2004),
poaching for their pelts and body parts (Li and Lu,
2014; Nowell et al. 2016), and habitat loss and
degradation (Heiner et al. 2016; Wingard et al.
2014; Zaller 2016).

Retaliatory killing over livestock depredation is
one of the key threats affecting snow leopard
populations across its range in Asian high mountains
(Snow Leopard Network 2014). Marginal pastoral
communities share these mountains with snow
leopards. Although livestock is not a main prey
item, snow leopards kill livestock whenever
opportunity arises. The economic loss incurred due
to livestock loss then results in their retaliatory
killing. For example, In Nepal Himalayas, economic
loss incurred due to livestock loss creates such
levels of intolerance that local communities view
complete extermination of snow leopards as the
only solution (Oli et al. 1994).

Reducing the livestock loss to snow leopards or

providing sufficient compensation to cope the
resulting livelihood loss incurred is key to preventing
the retaliatory killing of snow leopards. While
approaches like community-managed livestock
insurance schemes (Gurung et al. 2011; Hussain
2000) and incentive programs for conservation
(Mishra et al. 2003) have helped to reconcile human
snow leopard conflicts in parts of the snow leopard
range, these methods are costly and challenging to
implementing over large landscapes. And most
importantly, they do not address the sources of
conflicts leading to livestock depredation by snow
leopard. Innovative and practical tools are thus
urgently needed to mitigate human-snow leopard
conflicts. One of the most cost effective and efficient
solutions to address the sources of conflict would be
to map the locations in a landscape where snow
leopard is mostly likely to kill livestock based on
previous location of livestock depredation and use
such maps to guide livestock grazing (Treves et al.
2011).

In this project, we set out to investigate the
underlying drivers of spatial patterns of livestock
depredation by snow leopards and map locations of
elevated vulnerability of livestock depredation. The
overarching goal was to help protected area
managers and livestock owners reduce human snow
leopard conflict by providing them with necessary
scientific information on different aspects of
livestock depredation so that they can put appropriate

mitigation measures at right place and time.

OBJECTIVES
The specific objectives of this project were to:
1. Assess the effects of ecological, landscape and
socio-economic variables on spatial and

temporal patterns of livestock depredation by
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snow leopards.

2. Develop livestock depredation risk maps to be
used as a tool for reducing livestock
depredation by snow leopards.

3. Explore possible ways to integrate livestock
depredation risk maps into human-snow

leopard management planning.

STUDY AREA

Established in 1997, Kanchenjunga Conservation
Area covers an area of 2035 km® (Fig. 1). It is only
one community managed protected area in Nepal. It
is also one of the best habitats for snow leopard in
Nepal. Previous studies have shown that human
snow leopard conflict is severe in this area, and have
recommended for further studies on underlying
drivers of human leopard conflict (Gurung et al.
2011; Tkeda 2004). We selected four sites Lelep,
Yamphudin, Tapethok and Olangchungola for our
work.

Shey Phoksundo National Park Conservation

Area (29°15°-29°45' N and 83°08’-83°31" E) lies in
Dolpa and Mugu districts of western Nepal (Fig. 2).
It is Nepal's largest National Park covering an area
of 3,555 km’. The Shey is subjected to multiple
forms of land uses, including livestock grazing and
collection of medicinal plants. Livestock constitutes
key food source for snow leopard and livestock
depredation is one of the main source of human
snow leopard conflict in this park (Devkota et al.
2013). We selected four village settlements Rigmo,
Pugmo, Vijer and Saldang for conducting household
level surveys to assess the nature and extent of

livestock depredation by snow leopards.

METHODOLOGY
Our aim was first to conduct research and then
use the research findings to inform human-snow
leopard conflict mitigation measures. So, the project
work was divided into two parts:
1. Data collection and analysis

2. Planning and Management
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Fig. 1. Land use map of the Kanchenjunga Conservation Area
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1. Data collection and analysis
1) Study design:

One of the main objectives of this project was to
assess the relative influence of different ecological
and landscape variables on rate of livestock kill by
snow leopard. We thus needed some sort of sampling
units to measure the response and predictor variables.
We divided the study area into 4 km * 4 km square
grid cells. After removing the areas which are
deemed to be unsuitable for snow leopard- below
3000 m, we had 111 square grid cells (Fig. 3). Each
grid cell was considered a sampling unit for data
collection and analysis. Grid cells varied in the
number of villages, households and suitability for
snow leopard and livestock loss.

2) Household level survey to record actual livestock
depredation

We conducted questionnaire surveys with local
herders at household level in different villages in
each of the study grid cells. A total of 236
respondents were interviewed, out of which 136

were from Shey Phoksundo and rest 100 were from

Kanchenjunga. For each respondent, we recorded
detail information on livestock depredation by snow
leopard (time, location, type and age of livestock
killed) in the last five years. Socio-economic
characteristics of herders/respondents (age, sex,
income, livestock holding size etc.) including
livestock husbandry practices adopted by each
household at the time of snow leopard attack on
livestock were also recorded. The questionnaire
form also included questions regarding the
respondent’s knowledge and perception towards
snow leopard conservation and their socio-
demographic characteristics (age, sex, household
size, livestock holding size, experience of livestock
loss to snow leopard etc.).
3) Focus group discussion and training

To facilitate our field work and build rapport with
local communities, we conducted focus group
discussions with herder communities in two village
settlements to understand their collective view
towards snow leopard conservation and to seek their

view on how to best manage/reduce livestock
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depredation by snow leopard. This exercise helped
to figure out herder communities’ needs and
priorities for reducing livestock loss and consequent
better management of their livestock production. We
collaborated with local snow leopard conservation
committees (SLCCs) established at local level for
community-based snow leopard monitoring. We
also trained 12 local herders on monitoring
techniques of snow leopard distribution, prey
population and livestock depredation. The
motivation for this was to build their capacity as
local citizen scientists. They helped us in conducting
livestock field surveys.
4) Field data collection on kill sites

Based on livestock loss data available from the
household survey, we conducted field surveys to
record GPS locations of livestock kill by snow
leopards (Fig.6). At each livestock kill site, we
established 20-m radius circular plot and recorded
habitat and environmental features such as elevation,
slope, aspect, cover type and terrain ruggedness etc.
A total of 150 verified livestock kill site were
recorded from Kanchenjunga Conservation area.
Verified geographic position data of livestock
depredation events were not available from Shey
Phoksundo and hence only household level
information of livestock depredation was analyzed
for this park. We summarized total number of kill
sites for each grid cell. Some of the field photos of
field work are provided as Fig. 4 to Fig. 9.
5) Snow leopard sign survey and blue sheep
population count

Previous studies have shown that the rate of
livestock depredation is also determined by the
relative abundance of snow leopard and also by the
availability of wild prey blue sheep (Suryawanshi et
al. 2013). We therefore conducted snow leopard

signs surveys in transects to quantify the relative
abundance of snow leopard for each sampling units
(grid cells) in Kanchenjunga. We walked maximum
of 8 transects of each 1 km in each of 16 km” grid
cells, where we recorded number of fresh snow
leopard signs (e.g., pugmark). Transects were placed
along ridge lines, trails, cliff tops and other land
form features where snow leopard is most likely to
leave signs for marking with sharply defined edges
and shapes (Jackson and Hunter 1996). At least two
surveyors conducted the surveys in each transect.
Surveyors recorded only fresh snow leopard signs
such as scrape, pug mark and scent marking.
Although we record seen putative snow leopard
scats, we did consider scats for the analysis due to
the ambiguity involved in identification of scats
without genetic analysis. During the transect
surveys, we also counted the number of blue sheep
seen, using binoculars and spotting scopes (Schaller
1977, Shrestha and Wegge 2008), to quantify the
encounter rate of blue sheep as a proxy of wild prey
availability.
6) Extraction of landscape covariates

Landscape context (e.g., elevation, terrain
ruggedness etc.) has also been found to influence to
livestock kill rate by large carnivores including
tigers (Miller et al. 2015) and snow leopards
(Suryawanshi et al. 2013). We therefore extracted
elevation, terrain ruggedness, using Digital
Elevation Models (DEM) in QGIS.
7) Regression Analysis

We aggregated locations of livestock kills data at
the grid cell level. Since the response variable was
count (number of kill sites/depredation events) per
grid cell, we considered several plausible
Generalized Linear Models with poisson error

distribution and log link function to identify the
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ecological and landscape variables of greater
influence on livestock kill rate by snow leopards
The socio-economic and ecological variables that
we considered in regression models were ecological
(encounter rate of wild prey, snow leopard sign
encounter rate), livestock husbandry practices
(presence/absence of corral, presence/absence of
herder) landscape variables (terrain ruggedness and
elevation). We did not build additive and interaction
of different variables in the same models because
we had low sample size and we were particularly
interested in comparing the relative influence of
each predictor variables. These variables were
standardized to z-scores prior to analysis, which
allowed us to interpret the model coefficients and to
compare effect sizes between alternative models.
We defined eight a priori set of models, including
null model. We ranked models using the Akaike
information criterion adjusted for small samples
(AICc). We used R package “AlCcmodavg” to
perform model averaging of all candidate models, to
estimate 95 % confidence intervals for each
variable, and accepted statistical significance at o
=0.05 (Burnham and Anderson 2002). The relative
importance of each predictor variable was
determined by summing the Akaike weights of the
models containing this factors. We also examined
the model averaged beta-coefficient (slope) of
covariates to test the significance of their effect on
response variable. Confidence intervals that included
zero indicated no significant effect of the site
covariates on kill rate of livestock per grid cell. All
analyses were carried out in R 3.1.2 (R Development
Core Team 2015). Regression analysis for building
livestock depredation risk models was only done for
Kanchenjunga as verified geographic locations of

depredation events were not available for Shey

Phoksundo.
8) Results

i. Pattern of livestock loss

A total of 236 respondents were interviewed for
assessment of livestock depredation by snow
leopards. Almost 85 % of the respondents reported
livestock loss to snow leopard. Average annual
livestock loss to snow leopard is 4.23 animals,
which is equivalent to USD 320.86. Per household
livestock loss was found to be higher in Shey
Phoksundo and livestock holding size is also higher
there compared to Kanchenjunga. The livestock
depredation rate accounts up to 10.5 % of the
livestock holding. The highly depredated livestock
is goat, followed by sheep, yak and horse. However,
in Kanchenjunga yaks are highly depredated as local
herders there generally do not rear goats and sheep.
Winter (Dec-Feb) and spring (Mar-Apr) season were
found to have relatively higher number of livestock
depredation than summer and autumn. Majority (80
%) of the respondents suggested improved herding
practice (e.g., predator proof corals) and
compensation payment for reducing human-snow
leopard conflict and retaliatory killing of snow
leopards. Kanchenjunga had relatively well
managed system of livestock insurance system
compared to Shey Phoksundo.

ii. Livestock depredation risk models

Our results show that areas with higher relative
abundance of snow leopard and higher wild prey
availability were likely to have higher rate of
livestock 1088 (Buow tcopara = 0.16 £Adj.SE 0.02;
Buitaprey = 0.17£ Adj.SE 0.02). Similarly, as expected
presence of herders reduced the rate of livestock
loss to snow leopard (Byeae = -0.051+ Adj.SE 0.01).
However, presence of corrals did not seem to have

any consistent influence on rate of livestock loss
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(Beomat = 0.07£Adj.SE 0.04). Elevation also did not
have any significant influence on kill rate as 95 %
confidence interval overlapped zero (By., = -0.24+
Adj.SE 0.14). As predicted, highly rugged areas
were likely to have higher rate of livestock loss (B,
= 0.48+Adj.SE 0.04). Among eight plausible
univariate models, the wild prey model explained
the data well as indicted by the least AIC and higher
model weight (Table 1.). Kambhachen, Lasikyap,
Lonak are Yamgma areas of Kanchenjunga are
predicted to have higher risk of livestock

depredation based on results of regression models.

iii. Spatial mapping livestock depredation risk

Results of regression analysis provided us
predicted risk of livestock depredation for each grid
cells (sampling units). We then mapped the
predicted risk of livestock depredation by snow
leopard for each grid cells in the study area. We
called these maps as livestock depredation risk
maps. Livestock owners can use depredation risk
maps to avoid livestock loss to snow leopards by
adjusting their livestock grazing in areas with less
predation risk. Predicted risk of livestock loss to

snow leopard is presented in the figure 3 below.

Table 1. Poisson regression models describing the rate of livestock loss to snow leopard in Kanchenjunga Conservation Area (Fig. 1), ranked

according to the Akaike information criterion adjusted for small sample size (AICc). Model parameters include Wild Prey (number of blue

sheep encountered), Elevation (m) and Snow leopard (encounter rate of snow leopard signs in transects), Corral (presence/absence of corral),

Herder (presence/absence of herder). K is the number of parameters, AAICc is the difference between the AICc value of the best-supported

model and successive models, and Wi is the Akaike model weight.

Model K AlCc AAICc loglink Wi

Wild prey 2 151.41 0.00 -73.53 0.58
Corral 2 152.06 0.65 -73.85 0.42
Ruggedness 2 197.20 45.78 -96.42 0.00
Elevation 2 198.02 46.61 -98.83 0.00
Snow leopard 2 200.99 49.58 -98.32 0.00
Herder 2 202.70 51.29 -99.17 0.00
Null 1 203.51 52.10 -100.17 0.00

Livestock Depredation Risk Map

Legend

Study Area
Depredation risk

] low
[ medium
[ high

| Il very high

5 0 5 10 15 20 km
[ E— S—

Fig. 3. Livestock depredation risk map prepared based on regression models built on
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2. Planning and Management in collaboration
with local communities and protected area

After preparing of risk maps, we organized a
stakeholder meeting where we shared our research
findings and depredation risk maps with the
protected area managers. We collaborated with the
Snow Leopard Conservation Committees (SLCCs),
established under the Kanchenjunga Conservation
Area Management Council (KCAMC) as major
stakeholders for this project. These SLCCs include
local livestock owners/herders as members. First,
we organized interaction meetings with four SLCCs
(Ghunsa, Yangma, Gola and Yamphudin) about our
project goal, its objective to address the human—
snow leopard conflict issue and sought their help in
using risk maps as a tool to guide livestock grazing.
We also conducted two informal outreach
workshops/meetings for local herder communities
on ways of using ‘risk maps’ as a guide to adapt
their livestock herding practices. We discussed
about potential ways of making effective use risk
maps and integrating maps into day to day livestock
grazing. About 60 livestock owner/herder
participated the outreach program. Kanchenjunga
Conservation Area Management Council and
protected area managers from the Department of
National Park and Wildlife Conservation (DNPWC),
Government of Nepal accepted the conservation
recommendations, which we developed based on
the findings of our research. We also discussed
about the ways we could help management
authorities and council members in integrating
livestock depredation risk maps into an annual
conservation program.

We expect that this collaboration with protected
area managers and outreach for herders has helped

build local capacity to enhance use of depredation

risk maps into livestock grazing management. This
we hope would reduce livestock loss to snow
leopard, and hopefully preventing retaliatory

killings of snow leopards in revenge.

RECOMMENDATIONS
Based on the findings of our study, we offer
following recommendations to mitigate livestock
depredation by snow leopard and prevent any
retaliatory killing of snow leopards over livestock
depredation.

* Areas with high predicted risk of livestock
depredation should be avoided for livestock
grazing to the extent possible.

* If avoiding livestock grazing in high risk area is
impossible, livestock herding practices should
be aided with experienced herder and predator
proof corals.

* Livestock depredation risk maps prepared by
this project can be used as a tool to guide
livestock grazing management.

* Livestock insurance and livestock loss
compensation payment system should be
improved and made efficient so that herders
can cope the loss incurred.

* Conservation education program should be
implemented to impart conservation message

about snow leopards among herders.

FUTURE PLAN
We plan to continue working on the same
landscapes to empower local communities for
conservation of snow leopards and their habitats.
These habitats are the source of fresh drinking water
for millions of people downstream. We feel using
risk maps as a tool to guide livestock grazing is not

panacea to the livestock depredation problem. Some
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level of livestock depredation by snow leopard can
be inevitable even if we have very appropriate
depredation presentation measures such as predator
proof corrals. In such cases, good preventive

measures coupled with compensation measures are

vital to develop positive attitudes towards

conservation and foster human snow leopard
coexistence in livestock grazed landscapes (Mishra
et al. 2003). We also realized that strengthening
local capacity on technical aspects of snow leopard
monitoring and empowering local communities with

necessary ownership of their local resources and

Fig. 4. Poor livestock pen/corral

Fig. 5. Free ranging livestock

Fig. 8. Study area landscape

Fig. 9. Nomadic life of livestock rearing
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biodiversity value of the landscape would be crucial
in ensuring continued support of local communities

for conserving these fragile landscapes.
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FU7HTO-F bo—F - 77 NBIRL BABIAL

FIN—)V s EXTVICBIHEERFATOL R &
2t 57 & ORLBEOR

Gopal Khanal'

a3 gv (Panthera uncia) 137 )V ZA LIRS < VLIRS TD 12 7 ENCH i L, EREAE
BUI SRR T 4,080 ~ 8,700 S L HEE TN, HBEAARHEEE QUCN) IC KD 1972 fFiCHapa I
feEEn, BERREETE (VU (Q017) LENTWV5. BRARENOEN, FKELOHAIILD
HEOD, FHEE LT OBRERE L1 & o THEBBURHEIK L 2.

FIS=)V s ERTVICBWT, EHEICETE T 2 EROAEIKETH . hETld1Fe g
TSR BFEWENFFEL, FKEDRE 12%ICDIFSLF L a VIcKB5EDEL (SLN2014) A
EINBRE, FEWHBREIMDTHLTH D, HERIC L > TE, 2F a7 OERERDHE— DR 57k
EWVIEZ N RINTHS.

ATy FOHMIE, IF a3 VI KERENOWHIEZHS ML, TOWGURRZE LI,
[REWEERE~< Y 7 ZVERKT %75 S8R L ek, b a7 & MillEROEEBEZERL, W
OHAFEHIET L THS.

TV MERNS—IVEHDO A Y F 2 Y a VAR TEM L /2. FEHE 4 km X 4 km D5
U RIZRYID, X TORMEICEBNTHGF 236 HOEFOOHISERD S, WL 5 FEMOIFe gy
I K BREWEDOFREIRVPME, REORFAPAIERIE, A, AT EICDOWCHEMICIE Z HD
AR U, Fe, HBFERE OBGEEEL I, EKICHEE, 2+t a v OBRAED
DRAPRIETH ZMATRETH 2 MOV Tl 210 12 BDMHEEGT, coymay ey ML
THfE LTz,

HEWMOICEDEONZAF L 3 VICKBZREWEOREFLHC BT, R AU, Biio
171575 EERBESAF QRIS DV T 150 RN DWW Caill Rl 29 Lz, AF b a vick > b &
T ENZHBHYITH 2D blue sheep (Suryawanshi et al. 2013) OERIKHE, ZFeavnT v
TR RYESOFRROBEIC OV TERXBE LICHE L. CThEOMEEE LIC QGIS 2 Vi &
{4 Digital Elevation Models (DEM) 72 W 2HTE: EDNER L, LF b a VIC K B5EHTFDFE
iR & DBHRICDWNT, EOEENEL HD > T2 NN T LTz,

fRMTAS SR Z & 21C, VAV 2 4 BRSO LT [SREWNEGMIE< Y 7 ZIERLAL L. HEEIC
BOTHERZHML, [FKEHRHERES Y 7 2L LICEDX S AEFRDILF b 3 VT X 2 FKEHED
FET BV X TBEONREZ i U, PERIRO 2 ORI N 72 tesh Iz

OFb 3 VICKBFREWRFOREE, 2MERTHIME LB ERDAES D> Tha T bbb
Motz Eiz, FEONFELEL TWRWEES, JREEMO 7 —2 — T OEFERNZWEIT TR, #HE
BZFB)ZATMRNT EDRHSE IR T, (EEE  RIL%e  F0

1: Centre for Ecological Studies Lalitpur Nepal
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Conservation of Endemic Camellia Species

in Lam Dong Province (Vietnam)

Luong Van Dung'

The situations of the habitat for three Camellia species, C. dalatensis, C. dilinhensis and C. inusitata were

surveyed. Based on the plot observation, number of Camellia trees, those size and GPS data were obtained and

habitat condition was evaluated. C. dalatensis grown in the closed evergreen forest occurred at the altitudes between

1,400-1,600 m. Distribution area was 35.1 ha. Estimated individual number was 25,974 in which only 1/4 was

matured tree. Thus concluded as VU. C. dilinhensis grown in the secondary forest invaded by bamboo located at the

altitude lower than 1,000 m. Habitat was very small as 29.27 ha. Estimated individual number was 2,416, mature

tree was only 1/4. This habitat was affected by deforestation, thus concluded as EN. C. inusitata grown in the

subtropical evergreen forest in the mountain at the altitudes of 1,500-2,000 m. Distribution area was big as 171 ha.

Estimated tree number was more than 186 thousands, but highly shaded thus mature tree was only 6 %. Therefore

concluded as VU (Ministry of Science and Technology, 2007). For the conservation of these three species,

propagation methods were investigated. Air layering gave higher rooting ratio and shorter time for rooting compare

to stem cutting. In situ and ex situ conservations are ongoing.

INTRODUCTION

Last few decades many Camellia species have
been rediscovered or newly found in Southern area
of Vietnam. But ecological features of each species,
such as life cycle, propagation method, are not
known well. Even though some species are already
facing to the risk of extinction before investigation
because of deforestation. In order to conserve
endangered species, it is important to understand the
habitat features and environmental conditions,
therefore in this study the situation of three endemic
Camellia species i.e., C. inusitata, C. dilinhensis
and C. dalatensis grown in Lamdong Province was
surveyed. Also propagation methods and

conservation strategy was proposed. Location of

habitats for these three Camellia species studied in
this research was shown in Fig. 1 with reference of
each species. Four sub-regions of Lam Dong
Province separated by altitude were shown in Fig. 2.
Morphological descriptions for these three species

were presented in Fig. 8 as supplemental data.

MATERIALS AND METHODS
1. Plots setting and habitat observation
Explore natural habitat in order to evaluate the
distribution of Camellia trees and study the
environment. At each habitat, establish sample plots,
record GPS data of each tree for preparing a
distribution map and collect leaf and flower

materials for morphological and molecular analysis,

1: Dalat University
Received 2018. 3. 30, Published 2018. 12. 20
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Fig. 1. Map represents where is Lam Dong Province in Vietnam, and indicating three habitats studied in this research.

@ : Habitat of C. inusitata (Orel G. et.al. 2012).
@ : Habitat of C. dalatensis (Tran Ninh et.al. 2012).

© : Habitat of C. dilinhensis (Tran Ninh & Luong Van Dung 2013).
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Fig. 2. Lam Dong Province is divided into four sub-regions based on the difference of the altitude. Sub-region I is the lowest place the

altitude is lower than 500 m. Sub-region II is most wide area located in the center of Lam Dong Province, the altitude is higher than 500 m

but lower than 1,000 m. Sub-region III is an area which altitude is between 1,000 m and 1,500 m. Sub-region IV is the highest place the

altitude is higher than 1,500 m. Habitats of C. inusitata located in Sub-region IV, those of C. dalatensis and C. dilinhensis were in Sub-region

III and in Sub-region II respectively.

collect branches for propagation.

In order to get the permission of the field research,
discuss with staffs of Bidoup-Nui Ba National Park,
Lam Vien Forest Management Board and Hoa Bac-
Hoa Nam Forest Management Board. At each
habitat, two types of sample plots were established
as follows. Select surveillance line to determine

distribution areas. Plots were set up in distribution

areas based on the Modified-Whittaker method
(Campbell et al. 2002). One of two types of plots,
the plot level 1 (20 x 50 = 1,000 m’) was used to
determine the forest type. Component woods bigger
than 10 cm in diameter were identified their plant
name. Their tree height and canopy diameter were
measured. Camellia individuals bigger than 2 m in

height were considered as adult trees and identified
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their plant name. Tree height was measured and
number of trees in each plot level 1 was counted.

The second type of plots, named the plot level 2
(1 x 5 =35 m’) established at the four corners and
center of the plot level 1. The plot level 2 was used
to identify tree regeneration by counting tree
number smaller than 2 m in height. Based on this
number, total tree number in the plot level 1 (1,000
m’) was estimated. Observation was done to identify
how trees were regenerated by seeds or by bud. The
condition of forest floors (herbs) was observed,
name of trees, their height and life forms were
identified. The plots level 1 spaced a minimum of
100 m.

2. Propagation

In order to establish the propagation method to
conserve three Camellia species used in this study,
efficiency of cutting and air layering were
examined. Air layering was performed at the natural
habitat during the exploration in June, early rainy
season. Stem of 1-2 cm in diameter was selected
from young and healthy plants, especially hard
branch or oblique above the canopy was used as a
material. Peat moss and phytohormone (100 mg
IBA or NAA / 1 kg of moss) were used as materials
to induce rooting from the branch.

Cutting was performed at the nursery established
at Dalat University, 8 Ward, Dalat City, Lam Dong
Province, Vietnam. Plant materials were collected
during the exploration. Non-woody and healthy
branches were selected. In order to induce rooting,
100 ppm of IBA was applied as a phytohormone.
Clean sand was used and humidity was kept near
saturated. Temperature during the growth was 23-27
°C and light condition was kept at 50-60 % of

natural sunlight using black nylon to cover.

3. Conservation

In this project, I try to establish in situ
conservation methods. Both of in situ and ex situ
conservation methods aimed to ensure increasing
the number of individuals and expanding the area of
habitat and distribution. Generally ex situ
conservation was composed of propagation and
culture in the nursery. On the other hand, in situ
conservation was done using propagated young
trees to transplant to a new place in the nature in
order to create and expand an original habitat.

In case of C. dalatensis, propagated 60 trees, 30
by cutting and 30 by air layering, were transplanted
to zone 169, Lam Vien Forest Management Board.
In case of C. inusitata, propagated 60 trees, 30 by
cutting and 30 by air layering, were transplanted to
zone 91, Bidoup-Nui Ba National Park.

4. Molecular evaluation of each species

In order to evaluate the diversity within
population and between species by using DNA
markers, we try to establish the DNA extraction
method. Then applicability of extracted DNAs for
PCR amplification was examined. SSR markers
obtained from tea plants were examined their

applicability for Camellia DNAs.

RESULTS

1. Habitat condition for each Camellia species

1) In this research, three natural habitats were
investigated. The first one was a habitat for C.
dalatensis, in Lam Vien Forest Management Board,
sub-regions III (Fig. 1, 2 and 3). It was evergreen
broadleaved forest or Mixed broadleaved-coniferous
forest, located at the altitude of 1,300-1,500 m, main
tree species were Castanopsis echidrocarpa,
Quercus langbianensis, Pinus kesiya and so on.

Pests and farm enlargement caused the habitat
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collapse.

2) The second one was a habitat for C. dilinhensis,
in Hoa Bac, Hoa Nam Forest Management Board,
sub-regions II (Fig. 1, 2 and 4). It was mixed wood-
bamboo forest, located at the altitude of 700-900 m,
main tree species were Castanopsis pyriformis,
Knema globularia, Bambusa procea and so on. In
this habitat, C. dilinhensis was endangered by low
seed regeneration and habitat collapse.

3) The third one was a habitat for C. inusitata, in
Hon Giao mountain in Bidoup-Nui Ba National
Park, sub-regions IV (Fig. 1, 2 and 5). It was
evergreen broadleaved forest, located at the altitude
of 1,400-1,900 m, main tree species were
Calophyllum rugosum, Lithocarpus laotica, Quercus

poilanei and so on. C. inusitata was also endangered

Fig. 3. The distribution areas of C. dalatensis at LamVien.

. indicating three transplanting sites.

CAMELLIA INUSITATA

Fig. 4. The distribution areas of C. dilinhensis at Hoa Bac, Hoa Nam.

because of low seed regeneration.
2. The status of each Camellia populations
Results of field investigation were shown in Table
1. In case of C. dalatensis and C. inusitata, some
individuals occurred closely as a group (Fig. 6). On
the other hand, individuals of C. dilinhensis
scattered independently (Fig. 6). Details of status
for each Camellia species were as follows.
1) C. dalatensis distributed in evergreen broadleaved
forest or mixed broadleaved-coniferous forest.
Those forests were highly shaded thus low sunlight
condition and high humidity. Those were suitable
condition for insects, pests and diseases to develop.
The habitats were affected by deforestation because

of expansion of coffee cultivation. There were two

populations (Fig. 3), estimated mature tree number

/i o

Fig. 5. The distribution areas of C.
s inusitata at Hon Giao mountain in
Bidoup - Nui Ba National Park.

| . indicating three transplanting sites.
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was 6,057 indivuduals (23,32 %), regeneration by
seeds was a little. Therefore concluded as VU
(Vietnam Red Data Book 2007) (Table 1).

2) The habitat of C. dilinhensis was affected by
deforestation, caused by collection of secondary
forest products such as young bamboo. The number
of population is only one (Fig. 4), estimated mature
tree number was 1,838 individuals (76 %),
regeneration by seeds was very rare. Therefore
concluded as EN (Vietnam Red Data Book 2007)
(Table 1).

3) C. inusitata distributed in evergreen broadleaved
forest. It was highly shaded, thus low sunlight
condition and high humidity. That was also suitable
condition for insects, pests and diseases to develop.
The trunks were twined around. The number of
population is only one (Fig. 5), estimated mature
tree number was 11,984 individuals (6,43 %),

regeneration by seeds is very rare. Therefore

concluded as VU (Vietnam Red Data Book 2007)
(Table 1).
3. Comparison of propagation methods

Results of propagation by air layering and cutting
were shown in Table 2 and 3 respectively. By
comparison these two methods, air layering showed
shorter period for rooting, and the ratio of branches
with root was higher (Fig. 7).
4. Field trials of in situ conservation

Field trials of in situ conservation was carried out
for C. dalatensis and C. inusitata by transplanting
20 trees for one species, 10 by air layering and 10
by cutting, for one place. Finally three places, those
were distantly located from original habitats, were
transplanted by propagated young trees for both
species (Fig. 3 and 5, respectively). But in case of C.
dilinhensis, propagated trees were still too small for
transplanting. Next year, C. dilinhensis will be also

transplanted for the field trial of in situ conservation.

Table 1. The status of Camellia population in Lamdong

C. inusitata C. dilinhensis C. dalatensis
Acreage (ha) 171 29.27 35.1
Density (trees/ha) 1,090 83.33 740
Total individuals 186, 390 2,416 25,974
Young trees (%) 93.57 24.00 76.68
Mature trees (%) 6.43 76.00 23.32
Potential population development risk of recession development
Distributed group randomly group
Regeneration by seeds very rare very rare a little
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Fig. 6. Difference shown in distribution pattern of three Camellia species.
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Table 2. The result of air layering

Species Number of Period required Ratio of branches
branches used for rooting with root
(month) (%)
C. inusitata 100 2.0 90.42 + 6.05
C. dilinhensis 50 35 85.00 £7.99
C. dalatensis 70 35 95.00 +3.14
Table 3. The result of cutting
Species Number | Period Ratio of Average | Average | Index
of required cuttings length of root of root
cutting for with root | the longest | number | (%) (*)
rooting (%) root (cm) | per one
(month) cutting
78.33 6.96
. inusi 500 2. 1.04 £0.2 .
C. inusitata 5 L1073 04 +0.20 1123 5.66
e . 55.00 3.05
C. dilinhensis 500 4 +12.96 0.97 £0.35 +1.01 1.63
60.00 4.69
. ] 500 4 1.43 £0.3 4.02
C. dalatensis 11276 9 1133

g i Fig. 7. Comparison of newly appeared

-4/ roots in C. dalatensis.
it}

Left: air layering, Right: cutting.

After transplanting, the survival rate and the  University, Japan. Dried leaves were kept at 4 °C

growth of young trees will be monitored. Also we  until use. DNAs were extracted from these leaves,

will try to observe and record the situation of  according to the method developed by Kobayashi et

transplanting area to prevent from the ecological
change. The field trial is considered to be successful
if regeneration of seedlings from seeds can be
observed in new place.
5. Molecular analysis

Leaves were collected from 10 individuals of
each species in order to extract DNAs. Those leaves
were cut into small pieces and dried by silica gel

then carried to the Botanical Gardens of Osaka City

al. (1998). Extracted DNA concentration was high
as 86.5 to 120 ng/ul for C. dalatensis and C.
inusitata. On the other hand that of C. dilinhensis
was low as 32.5 to 52.4 ng/pl. The quality of DNA
was examined by agarose gel electrophoresis and
good enough to apply for PCR amplification. Based
on reports about SSR markers developed for tea
(Taniguchi et al. 2012, Jian-Qiang Ma et al. 2010,
Sharma et al. 2009), 15 markers selected from 104
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candidates seemed to be applicable for Camellia
species. SSR analysis is now ongoing to reveal the
genetic diversity within populations and between

species.

DISCUSSION

There was only one population for C. inusitata
distributed at Zone 88, Bidoup-Nui Ba National
Park, Lacduong District. The endangered level was
VU. The percentage to rooting was 90.42 % by air
layering and 78.33 % by cutting. There was only
one population for C. dilinhensis distributed at Zone
690, Hoa Bac-Hoa Nam Forest Management Board,
Dilinh District. The endangered level was EN. The
percentage to rooting was 85 % by air layering and
55 % by cutting. There were two subpopulations for
C. dalatensis distributed at Zone 171, Lam Vien
Forest Management Board, Dalat City. The
endangered level was VU. The percentage to rooting
was 95 % by air layering and 60 % by cutting.
These results strongly indicate three Camellia
species are all facing to danger of extinction, thus
conservation is urgently needed.

The value chain of conservation for endemic
Camellia Species in Lam Dong Province is
investigation, propagation, field trial of in situ
conservation and study of utilization. By this
research, the habitat and population condition for
three species were already revealed as mentioned
above. This is basically important in order to make a
plan for conservation. Important points for the
conservation are increasing the number of
individuals and expanding the area of habitat and
distribution. Thus I proposed a new field trial of in
situ conservation by transplanting young trees
propagated by cutting or air layering.

On the other hand, we have to observe very

carefully what will happen in transplanting area
after introduction of Camellia species. Because this
is a trial to establish new habitat for endangered
Camellia species those are difficult to grow in their
original habitats, but this trial itself may affect
surrounding flora and fauna. Therefore very careful
observation and evaluation should be done
continuously. Because we are not allowed to make

other species endangered by this new field trial.
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Fig. 8. Supplemental data of
morphological features of three Camellia

species investigated in this study.

a. C. dalatensis: A-Branches, B-The

upper surface of leaf, C-The lower surface
of leaf, D-Young twig, E-Bud of flower,
F-Sepals and gynoecium, G, H-Flower,
IK,L-Capsule, M-Empty capsule, N-Seeds.

b. C. dilinhensis: A-Tree, B-Young twig,
C, D- The upper surface of leaf, E-Bud of
flower, F,G,H-Flower, I-Sepals and
gynoecium, K, L-Capsule, M-Seeds.

c. C. inusitata: A-Tree, B-Young twig,
C-The upper surface of leaf, D-The lower
surface of leaf, E-Bud of flower, F, GFlower,
H-Sepals and gynoecium, I,K,LCapsule,
M-Empty capsule, N-Seeds.
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FU7HTO-F bo—F - 77 NBIRL BABIAL

NRFL - T LR YBT3 Y AFREGHEO RS

Luong Van Dung'

AKFE Tl 3 OV NF @i 7B, C. dalatensis, C. dilinhensis 755 O C. inusitata D 4O
RNZRE Lz, 70y MREICEDOTHEAAEMICEBT 2 Y N\FEBAROE, Tn509 17X (Bm
LEED), GPSIC KB AEEIMZIFT, HAEMOIREZRG L7z, C. dalatensis 135 1400 ~ 1600 m
DOFIBHHRMEARICAE LTz, 990 35.1 ha, HEEMHAEULE 25974 KT, ZhBD 5 BAIRDT
M1/472>7z. &->T Vulnerable (VU) (Mt DEEMNEER L T2 FE) LW L7z, C dilinhensis &
i 1000 m LR O AMZAL TV B “RMKICAEE LTz, AR 29.27 ha L HE<, HEEMAAELE
2416 KT, MARIEDIT M 1L/472o7. TOREHITHEMREROMEZZ T TED, ZhidZ Endangered
(EN) GEWIPRIC B 2 T8 TOMIMOERMEN R LR Uz, C inusitata (3R 1500 ~ 2000 m
DB DRI ET LTz, ofailild 171 ha &IAKT, HEEMEAENT 18.6 TARLLETZ 5 7273,
EEICHEEINTED, TR, BARIEDTH 6% o7z, Ko T Vulnerable (VU) (it DfEfh
RKLUTW2E) & ¥W U7z (Ministry of Science and Technology 2007, Vietnam Red Data Book, Part II.
Plants). CN5D 3 MOREDDITHIETEZ MG Uiz, ZORE, #UKNICEHAN, BDOARTHREEE
W, KRN ETOMME M- 7. WIETERG TR O NI AkZ BAR L LT, FRENE
5 I A BEN TOREDOIWD HANETHTH 5. HEEE - R THE 30

1: Dalat University
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