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24th Pro Natura Fund Domestic Research

Analyses of environmental and benthic faunal changes of Ariake Sea
after the open gates of the Isahaya Reclamation Project

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

Since April, 1997, the inner part of Isahaya Bay has been isolated from Ariake Sea by a dike
for reclamation, however the court decreed to open the water gate until December 2013. We
periodically monitored water quality, grain-size of bottom sediments and benthic animals using the
sediment samples collected from (1) 16 fixed stations inside of the dike in 22 June 2014 and (2)
47 fixed stations around inner part of Ariake Sea in 23 and 24 June 2014. As a result, in the both
inner and outer parts of Isahaya Bay, the 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 1997 to 2001, and then only a few species increased from 2001 to 2002. However, from 2003
to 2014, 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.

Keyword : Reclamation, Bottom sediments, Bivalves, Gammaridean amphipods, oxygen deficit

water mass, red tide

Research Group for Conservation Ecology on the Isahaya Bay
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F2UHRTO-Fbo—F - 77 FBI BRI

FHIEHICAE T I St~y e Y T
(Lychnis sieboldii) Dig{nNZRRMED RS

FEREHIC B 2 AV 2RI R R T E IS
NIRRT - NIRRT W - BRI Bk

HAF RO FEIFFEIN LA 5 kst LK T, B R ORErk, B PHERIC X BB - T,
FEIBEA KIS LTS, TN TOMSEN S, EFHERIA A U TH S EFEAEMEY O M@ AR
MRS BETIE, BOEALTTINDHBT LMo TE. ZOWERITIE, EEHMOE I
I EENZREDE IS 2 L EZ LN, BICNZHPEICIE L hke%Z1T5> T LT, FRFHlENS
HbsekAE B ORI (B3 T & B RTREMEADY RV, ARIFE T, PMEEGHITSH VitiiERETte H B~
Ty /U dRGREE LT, BAAHEAERICB T 28RN Z RN 23T 2 2 & T, MikicBl %
AT OR DB ZMETd 5 C L & Uk, BRIF R OBIEMNZ MR, HETIR%RL
WEDEEE MR G & AR EOBFRZ R L, EEHAED U TH S EERREOBIZNZ R AME
T2 ETOMICHIBR DR A LT THMFEET 2ATHEIEAVRIE ST, BT, BiRobig LSS
1950 AEAFE THEEREHDAL ML TV I ED D 5, T, FER NI i LT3 1
HTHY, FRINKDNTUX S iIREMLOEWES RO AR B TRIEREN TV S H]

HEME R E 2 BTz, FIRESMRILIC 51 2 Hust B IKBE OB SR (R LTV Fedbicid, T Lt
AR B R 2 R EN BB LEZ DN
F—T—F I BALTY, MDA, LEBOME, REOBRIANT, FEHE
. IEOEREBN G OBESNEN T DRI E TR, TRETO

Bk oD [ SR EHE,  EIN TRBIERIC D H 5y
3 2HMHPBEEELTHE DR LoEH
PEDIEFICE V. LA L, FHEEORE, ik
IC Ko THEFF X T & 7Pk o SR LI,
REIC 1970 AEACLARE St ol BB BBERICHE -
THENKRIEICH L, 2 < ORFASREY)D
MG HEICIRE I N TV (BREEE AR ERES
JRyBF A A R 2000, REAUL A DB A B A YA
HEER2014). ERMOMREEETHZ1TS
B, SEEICRI AT RE AR R ER (PR - 97075
&) FERTHD, izt Thy. ZF0iz8
REEWZ RN T 5 7ed DIREFHAN

BIEIENGHHE, FEC & OfRE HEEORNHRN
DL > TV, TTT, REDEIE
ZARIEZ B 8 L T2 AR S D@ e E D
NTENZ, KO EDHHMNL, DORRNEIR
Rt OfREZE - RITBEC TS EISRICN L
TITH T EWAHEL 55,

INETOWEN S, EEREED KD LT
Mo, FEXC, WEYIOREZREMEME T Lz oA
A L7203 % ETIciE, 5044 ED
EWRA LS TWNFEST 2550 H 5 2 LR
MENnTWws (H 21X, Lindborg and Eriksson
2004, Cousins 2006). fEAAREDBARINZERIE,

LIRS 200U TR 3 ENCEREZET 4 (WP RZE 5 NPO IR ANRTHRIEETH 2 6: RRRing F 28 S0 I RE

2015.2.23 3Zf+} , 2016.1.14 3B



AL DI AN & 7% 5 FLE LT ORI
AP ORNRIC X % 5787 520 TR
T93LEZ5N%728 (Aguilar et al. 2008),
FEZ R AEL D04 L [FBRIC, AR AR
PICDOWTEHIBEDRERE EFHMOHNE) O
WEBRZIBGENDRETHENS (K D).
Z D8, HMEERAEYNC N % =Bt E
7o TWBEDRA LT T REREL, $HRAER
RZMET 5 9 AT, BN
MARA[IRTH%.

CNETOMEN S, Fftisiic B 55T
DEJFAREY OMATE L, BT GBED
AR ARG & AR EDBIGRMEZ R L,
EEHERD D U Th S RIS RIREED S
THETIKES0FLULEDRA LT TNH BT
EMHB TR S T2 CMINED 2013). DD,
HHEDOEEMZRERT 50HTIE, HIKOKF
AT Z T 2 EAREETH D, FUEFEL L
EFEERICIE, 2 < ORETHUISREIAE T
MRENVWEWVWS T ETHDB. T TAWIETI,
A H MR O I & EARREDTHR & DRI 2 A
Lo ThRRoonizxvE /U (Lychnis
sieboldii Van Houtte) Zxf5 & LT, 5RAFEA
HOBICNZERIE 23G9 5 C & T, Blfky i
HNTHE & Nz | RS O R4 AR DB SEIENT
ZIM LT 52 L 2HMNE Lz, BIRIICIE,

FELGEFHORED
(1950 ~ 19705 X))

RE

FeROMEAREOFRATREN: & BFEDMEARE DR
BINZERMEDRIRZII S MIC LT BT, BIHED
BIRNZ RN 2 oA % BN 7 A O & ik
MEEICEH U TR Le. 7z, BIfEOfElk
RV A X EBIBIZ AR & OBEfR®, BIENZ
BRIE DI AR D IC DT B MET LTz,

. M &ER=E
1. 05

WG, FEAIRICALE 9 % Pk D i L
s e Uz (K 2). Biggoyb gk, H
AEBOEFREANLN I TH O, WED
Wgeh 51, KRN S (F%bB 1 T4
WL HIN D) FFEAKNL L TW AT REMEA R E
N T3 (Kawano et al. 2012). BfhE X PFFEE
I Ko THERFERI S N TV 2 A REHIT,
T iR LI N B KPEREFM, HATIE
FfRDIRIC ULIVEER LisW S 52 < A F
LTW3 GiEHE1993). 1930 HEALLRGIE, 5
s D 75 % 72 HIRELHICAH Y 9% [ )
MNEDTNZEDO, 1950 FERN 5 1970 F4X
DI TZOmBIERICHD L, ZDOZ LN
AIICZ(E U (1K2). 2000 FARUTE, it
DEREDLI G D 25 % 2] %1% L % TlTik
YU, ERAREME TR A EM ST 2 EEY O
Z < oM RMICiEE TN TV»a (FE

[~
~

O

S0 W 3 B - S Y A

Extinction

B SRS RRICAA LT NEESTSH?

\\/

R el

(After Kuussaari et al. 2009)

1 S LA EBCR RN BRI D 2L L DRIICAE T % 2 A LT 7 OBESN. MEDEEMOIERICHE> T, FERET
% LEZ NS EECCERE O R Z THHOfE (extinction debt) | LIF5
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AR DR BRI R A2 2014).
2. IVE MY/ OERENRHY
AFEORNGHETHE Y E N Y /T,
F 72 AR (Caryophyllaceae) 0% 4FE: EH AR
WYchv, o, v/ UE Wchnes)
5 VT XIE (Silene) ITHiAE NI (K
2009). XVENLY/ VX, KREREGRETZ
EEZHN, HARTIEMERHIEIC DA MT S
IS A CH S G 1993). 7z, AR,
E L)L oftg il GhfaB 1) Icd
FEINTWVS (RS A RERE R LY
2000). <VE MY/ U OMREICB L T,
THROIPNELTWVBEED0, FEZSHEORHI
513, MR EE2 &I IDED, EF
75> — RNV 7 2{E B ATRETE IR RV T & 20,
{EDRICTEHRIISCETHD, ATHETF
HNHF I ENSIERETH S T MR

ENnTwa. i, HHIOEMRICLS L,
SV E MY UGB E SOERRIC K o THERY
EHINTOZFEREICAEL, s
HcE < HET 2D 5 ENEEINT
V5.

3. IVENEY UM T— 2
2000 RIS Bl O F PP REETEEI SR IC K
> THEME NTAVRE HED T — 2 %2,
BHEBRUOT— R 2D £ L DHIREEE UM
FRETHE D & OFFAl 2157z LT L.
PR IAE RIS DOV TIE, iR EoBnhd
HORTZENTERND, DT —4
72 S U TR ORI 2 )b B BRI, 5
km A w2 2 AT THGEIT S L& L. filfk
TN DB Z B2 59 2 BRO HLALIS DL
T, T EICHEY)REM AT —IVh T %
EEZLGNBEDD, BHFEHIETIE, 50 m ~

1950s (71.9 %)

0 10 km £
—

Fiih (Eih)
m FH

O ca.5km x 5km cell

X2 RGRULE T & 2 PRy LA F50F % LRI 025k



300 m DL EEEN T B 8RR 2 0T U 7o EHARE
ELTEEINTWVS (BlZ1X, Galeuchet et
al. 2005, Kitamoto et al. 2005). WRETH 5
VE Y /T, EEdE E O RREEHR
OFiTIERL, XM TFERNGY — RNy
7 e ESIRVATREMEN N T2, EARED 77 AL
DAT—=VFZFNZEILRL RN ENTHIEN
%. FTT, RWZETIEEBRO IR HT— %
Di/VZEBHAITH 5 100m Ay 2 o ZREHE L
LC, [T 100m Ay > 2 NICHHi S B A%
1 DOflAREE U CEIZNZERMEZ 7S 5 C
el <l O il
4. YTV

CINETOMRISH[ENTEIYEREY
/I DR TRIET IV CIMINZ D 2013)
ZHWT, FRROMEAEZ TRl L TR, 77
TEATEDHIT IR YD R 7 DY EMEARTEDTEE
TH LMot (K3). CTOMRZSE
ZC, 201445 HICBIMEH & Z 1TV, Hagky
A D MEREE CIMEARED 10 a7k AT
& U 24 AR, #E3d) R 7 DARNMEHARE (7
R AELAS 10 fEFALL L) & LT 12 fEfRRED 5,
OV T eE L. kRS0 3~
18 ik DR 2, 3KTDEREL, Y UAT
W W T RIRICH RS BT,
5. Einfibr

EARE C & DRI Z R Z 7T 9 5 728
RAD-seq {£ZHWT, ik & OEERS
T — X f#HT LTz, RAD-seq i IE XAy —
T RHANT, 7/ L0010~ 1 %zHEN
BLAHBOHRBTILETHD, €7 WVEY - IEET
VM OIS 2 S d % ik L LR
HFHZEDH TS (Peterson et al. 2012). CTAB
1% (Milligan 1992) 7 FHWC, DNA ZfiiHi L
7z 1%, Qubit 2.0 Fluorometer (Life Technologies)
ZHWT, #Y > 7 )LD DNA BEZERL,
FTARTDOY 7LD DNA EEEHHIA 20 pmol/

I,
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LIcx2 XD Iii# LTz, FA%&L=DNA Z, 2
FEEE O HIFRE% 2% Belll & EcoRI-HF TYJW L 7=
b, YT IVEMHOERR N G T 2T
R—kIA47—>3a Lk, PCRIET, TOD
7R TR —%& D DNA Wi D72 BEiE U 1= H
L, HiSeq Hiseq2000 (Illumina) % fAWVT, Y
TIVOLEEEY 2 gt L, &EFT, 189,812,334
) — RODNAWIFr WG 5Nz, Z o,
STACKS (Catchen et al. 2011) ZH\\T, CTh
SOKBEDOT—2h 5, ~HHRLZRIZHH U,
FONZROLH ZBILFHEDS B, HHER
FH2DT, ZROKEN 1% UL D%
ML, RALIC 65 BInFREDT— 2 Z W
TEIBNEZRIED/ST A—=2Z3H LTz, #Eix
MEREEDIRT A—=2E LT, ARBEC &I,
NT OESEOBIEME (HO), "NTaHEEE
DOHFHE (HE), Bs DTz D OXLEIET
# (Number of Alleles), > 7 )VECTHILE LTz
KRR F 2Rk (Allelic Richness) ZF1EL,

W iR (LERLLT)

W 1- 10f8{K

@ 10 — 100{E{K ﬁ

O 100fE{A L E 0 10km
B

3 RVEMEY YO THEERE . HiS T & T HIE A
B2 5km Ay ¥ a WA CHEE LT



#1EENZREMEEBOMIERIR. 13 Pearson OFPRAIBRIZ RS, KT RIS

HERBRTH B T & xRT (P<0.05)

Hg Ho Number of Alleles Allelic Richness
He 1.00
Ho 0.68 1.00
Number of Alleles 0.73 0.44 1.00
Allelic Richness -0.05 0.04 -0.39 1.00

NS OREL T HE DT A2 SRR RO &
L THWE.
6. MR T—%

SV E MY U OERFEARIC BT 2R
MNEZ M2 AT 28R E LT, 73 sE
A4 B GBI GICE B U TN 21T - 72
1950 4EAR 3 K T 2000 £ 5 777D 1 HiJE X
MOVER T Nz 100 m Ay ¥ 2 LRI 77—
272 T, (RRED /it 54 O [
mAEEI G285 Ui, BRI, kB
A S 500 m BRT 1 km DN T 7
—EFRETE, Zoho [T G y)
HERZBFEHLE 1D0D100m X w2 NICHE
BODAHSDTEET 255510F, 215 Offitk
BGat L, REMAKRENAZ W 1 DO 2K
Fpie LT, ZOEBAD Tt BEz585T
gHZLkELT.

7. T — R fithi

9, FEROMEEBEOFERATREMEIC X > T,
BHEDEHARE ORI ZARIE D 72 2 72 i 5
MCT B, THuE ) 27 Omm o EERE G
WO & THE Y R 7 OIRNEAREE (HERD ) &
DT, BENZRIEROTFEAEDEZ, 7
BT FID TR U7z, RiC, BIfEDBEEM
LR AT 2 BERZALMNMCT 5728,
ARED A S A4 E 1 ([Srih ) BlE CF
2500 m BRT 1 km PEN) ZRIHEE, %fE
DB Z R U HIAE L LTl Hr
ZiTo T, W, MEAREE A TR i
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B EEEREER TSI YV T35 &
T, BEOMEEEY A X LBIEINZ R L DR
1B, EWEIZ R ORI 7R D 12 DOV TR
FfL7z.

Il. #HwREER

ARG & UTe 36 fERRE DB Z BRI
Bl (BHE(RAS) (&, HE T 0.18 (0.02),
HO T 0.16 (0.02), Number of Alleles T 1.49
(0.13), Allelic richness C 1.39 (0.13) T & >
7z. HO & Number of Alleles |&, Z 1 Z N,
HE & OHBIRED 0.68 & 0.73 L &b o 7243,
Allelic richness & HE OFHBIFRES -0.05 LKA
o7z (£ 1). F¥7z, HO & Number of Alleles 33
& U Number of Alleles & Allelic Richness & DI
ICEAEGMFRENED 5Nz, 2 THEIE,
NS OBEICNZHRIEEROTR NS, AR
RS 5 N7 - 7z HE & Allelic Richness
DA 7z FIWW TN LT SR 2 HODIC RS 9 5.
1. fEHARER T ORI RRIED 725

Mg ) X7 O EERE R & T
WY A7 DARNMEREE (HEFF) ) & DT, HE
& Allelic Richness 0¥l 0 72 7% P U 7z 5
F, WITNOBEBICOVWTEAERAEETRDS
Nixhhote (K4). TORENS, Hgy A
T DEWEATETH > TH, gk X7 H1EH»
EARE & AR DB Z R L TV 3
BEhd BT ol
2. fAREDEURMZRRIEZ oA % S



BUEDMRABEOBEIZMNZ RN & 1950 FE0F T2ITE &, 3R ET 2 IAREOB I RRIED
KU 2000 FADELEBEHE G L OBEFRZH  ®OEEALNS. T—1 v/ S\OFHRFHA:
NTAER, HE &, 1950 fEARD4% 500 m N BERZNG L LI 51, oAz
KB B EBHEGE L AEREGRERRTCE ATOBAKETH- T, (EEEENOBIEN
Mool (K5). DD, 1950 FRETH ZHEMEEBITXTLTED, BEENZHEED
N EBHTH 2 LAKEHMNALS AH LT AKX IBMERBEOMANITL T ERIENT

8§ — - s
o ! — 7]
| -
o E | ~
N I : v o« 7
S g S—
Sed ]
w =
T 357 z | —T
L i i
©o T | E" E
; - E _ E < | 1
i -~
= | i @ |
R S e——
I I I |
i MR LiEh7A e

4 THOpE Y R 7 O EATE i) ) & T ) 27 O EGERE GERD ) I 1) 2 BIZM 2 ERIERR L (HE & Allelic
Richness) 7. HE & Allelic Richness i, [#ajf) & TR OB THEEZEIRDONGEI > T

S o © NS o
o o o o
o° ° °
8 o o o o0 8 | e} Z o o
o o %6
%, o
o e e i pm----o---
o o ” ° ° [e]
T T °
“9 (‘9 o] o o] CP
o p 1o Oo
3 ] <
o ° o | o
(o] o (o] (o]
T T T T T T T T T T T T
04 05 06 07 08 09 10 0.0 0.2 04 06 08
19505 R D EB500mBN D £ FhEE 20005 X D [E0500mBIIA D £ FhE| &

X5 SERMZ AR (HE) LJRAOEFMRG & OB . BRIEOBZNZ ML (HE) &, @A (1950 440 OLEHEIE
CHRRIEDOBRE 2R LT
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WA A[REMEAVREN TS (Helm et al. 2009).
ARFFEORERIZ, EBEHDEAD U Th S AR
WNOBIRINZERIEDNER T B X TORMICEH,
BINRWEZA LT TIMHAET 2560855 L
ZRELTED, FBRINICKDbNTLE S AlEE
MO E OB F RN —EOMEARHC BN TR
KENTWAAREEEEA BN, TDXH %
TEAREN D LTV B HIIC DWW T, fdtifEs
RSO E R L &, MK T—2h 51k
SN WVERBISMHC Db 2 BN AL, AL
DI DT, BRI ZRRMED SO EARED
FRENT X IERmZ i HMICHEE L T <R EE
H%.
3. EIEZRRYED @O AR 5 A 1K
WM 71 /8—F % 5 km A ¥ o BT
LT, AwyaNICHAT 5 EAREORIGH
ZRRMEDO A2 E I U 7GR, TRE AR e
BRI ZARTE & ORI IR BIRIEIZERD 5N

H.DF (B

Wi (LEELUT)
B 1- 10fEK
0 10 — 100f& &
O 100fE & LL £

0

o te (K6). BIEDORFEAL & B Imm
DR & OBIRIEZRNTRRN S &, AREKX
FRIEEED NG o72 (K7, ThH50
FERM S, BUEDMEAREL (B U IIFPRO T
AAE) D2VDE LEF 5T, &9 LEIEAR
DEIGINZHEE SV LIRS TV EEZ SN
%. RHC, Falferd i LRSI, RERAIC(E
ARE 10 fERLL RIS 92 T e Tl n
TWBEMARECTH > TH, BRMZARTER 100
AR EARE NS & FHlE N2 JLarHs & (A
B (B L<RZENML) E@0whahds
EhRENT (X 6). Byt LB,
1950 FEARE TR AREMMNL S i LT\ e
CEDDET, IR, AR E PR
CIC &b EH R 2R LTV 5 il T
tHs (KM2). To5LrMEICE, 2L
TOREICED, RISEIENZRIED m ik
BEDE NSRS N TV B ATREMED SV & B &

Allelic richness® 4

6 Skm R 2 NICE S TR E Xy > 2 WTOBIGINZAEIEIEEL (HE & Allelic Richness) O -/
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Conservation of genetic diversity of an endangered semi-natural
grassland species, Lychnis sieboldii

KOYANAGI Tomoyo, AKASAKA Munemitsu, OGUMA Hiroyuki,
TOMIMATSU Hiroshi, SEI Sumio and YOKOGAWA Masashi

The semi-natural grassland landscape is widely distributed in the somma of Mt. Aso, Kumamoto
prefecture, although the areas of semi-grassland has been decreased drastically by grassland
reclamation, cedar plantation and management abandonment. The previous study has clarified
that there was the long time-lag between habitat loss and population decline of grassland plant
species in the landscape. The target grassland species, Lychnis sieboldii, is an endemic species
in Aso region and endangered by grassland habitat loss during the past 50 years. The genetic
diversity in the remnant population of L. sieboldii was significantly correlated with the past habitat
proportion (within the 500 radius). This result indicated that there might be long time-lag between
habitat loss and decline of genetic diversity in the populations. Semi-natural grassland areas have
been decreased drastically in the recent years, especially in the eastern part of the somma of Mt.
Aso. The genetic diversity, which should have been lost in the future, will still remain in some
populations located in those areas. These remnant populations have high priority for conservation

in order to maintain regional populations of L. sieboldii in Aso region.

Key words: time-lag, extinction debt, habitat loss, conservation prioritization, grassland restoration

Research group for biodiversity conservation planning in semi-natural grassland ecosystems
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A FI OERBDIR D HelF, SR SRS Cl3 o
W GRARRE 2005), #HIRMITE B L TAD
F IR iEE I SIS DDA S 720
Lixode. THUE 1993 DR TIRfiE T
W2 (AR EYY2 1993). 2 U TREE
DL RF—%2Y A b TIEBIfE, IUCN HHET
EN OfftJffEiiEIcEE TN T3 EREEH
INMRAE R IR AR YIRE 2007).
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MO E DR E 7 & I3 B S LERES T E 24
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HFIIHTAAF VLA ANEET BT I
IRo e, T EEELOARFED FHAICFIHH
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LTV EHIEMITE, HELOEEMEA
FO Bk U 7z D BICHAED RIE T 2B F 8 A
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. FEEXR
FIFTIROAFF LA K (Patrinia
triloba (Miq.) Miq. var. takeuchiana (Makino)
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BE R A AR 2007).
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Population restoration of an endangered wild plant species, Patrinia
triloba var. takeuchiana in Mount Aoba

SETOGUCHI Hiroaki, HIGASHI Hiroyuki, NAGASAWA Junichi,
HIRATSUKA Kenichi and NIKUTO Hiroyuki

Patrinia triloba var. takeuchiana (Valerianaceae) is a vulnerable herb endemic to Mt. Aoba
in Fukui and Tango Peninsula in Kyoto Prefectures in Japan. Due to the illegal removal from
natural populations is a major threat to the persistence of this plant at Mt. Aoba. In the present
study, we firstly clarified 47 individuals are remained along rocky ridge at Mt. Aoba and mapped
their locations. Our analyses of 14 nuclear microsatellite loci detected high genetic diversity for
population Mt. Aoba, while much lower diversity for population at Tango. A high population
inbreeding coefficient for Tango might be attributed to crossing among closely related descendants
within a population. High genetic diversity in population Mt. Aoba would be due to their persistent
distribution as a refugium during the Pleistocene climatic oscillations. We collected matured
achenes from population in Mt. Aoba and grew approximately 150 individuals at Kyoto Botanical
Garden, and more than 100 individuals have been grown by volunteer activities in Takahama-cho

for ex situ conservation.

keyword : vulnerable species, conservation, ex situ conservation, genetic diversity, public

participation, propagation

Development of a network to conserve ,Patrinia triloba var.takeuchiana, an endangered plant species, for the future generation
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7 F T 1 2 OB TEI ORI & RIS B BT

RepFeIAEZZ T 2 M F— L
ERNHESE " - BT - TREG—8E - E i AD

BEINCATE T F7 A3 NEEE CTHER L TO RPN 2 T aiiit e U, 7F7 207
[ BN O EREZ RIS % 728, KAV HIBES 2 5t L4, Z DR OXUE 2 ik % B ot i £ 72 22 i
U7e. WPREHR A7 L (GIS) 2 W T BUL R OB S 2 it L, 77 377 0 2 O RV RUC B 7

RIEERERLTCWB T LR LE.

T ORRZENC, RS & RIS B 2 TEMR 01 7% TS

BAVAT 4w ZERETIVEME LR, 51, HRS/NEE (300 ) &I 1 HIED T F
THXIKHATEREL, EHLU TR U, ZLTT7F7 AT 2 1L CHEZ RIS R, )
B L T2 /KHE D 5 IR 10 km 35 X 030 km, £2255 7% 1300 m 35 K OF 1600 m O [ 50T 2 AN R R E N,

SR S (LN OB B DR S Nz,
F—TJ—FK

. EC&IC
WMOTHAZETEENICH SN F7 4
% (Sympetrum frequens) 1275, T TIEZF D
AR L, HIKIC K> TRIFEALR
BNHEWEREZAH S (FHIEA 2008, FH
2012). JRAEAIE, KEEEOBA I Z,
LSRG % IO ENE AN G LT
WA EEDNZD, RHOGEEO MR AICD
WX, 7o TRV EERS & S B R LR
FIOMEANER S L TWE T EMEMEINT
W3 (FEFIEH 2009, WEHHIEA 2010). Ch
5OWZAERMN S, bV RENY RIS TS
IKH DRGSR OBEENMRLZICRD O N, &
FHIRGEE R T 7% & — SO Cldokm i %
EEORBELUMNHmENZ. UL, EEMIC
W7 F7 xRS BTDDEEREEKDL
ZICDWVTUE, FEAEEREINTHR.
MO T EERE S U CRESHICHH LT

DR, PSSR S AT L, —fRAEERIPIE S E 7L, Mechanistic niche modeling

WIETF TR TH2H, BHOBEN I
TEHHMEIEDTHULNEL, BEBHT S0
m, EDOXSHIV—FTREITZSDh, ZL
T, EDX5GIRESMTHEMZEEL T
ZDOMERE LTARATHS. ThEk TlakH
TIME LTI iRAIicmc el L, EHEeE
Hc EEoFF/TL, BISHU/KEEY
RO T B VS TTEbERE N TS (k
HAEAE). BEifTEiZz & 2 HIRIEES D 5 DY,
RO — A0 TEikREbE) (FH1988) T
by, FERCEWREHERICETZNZHDA
FETELZRT L TWA 7+ 7 xR0
GG D, TERRICHSH, X3MBRITEIZ &
25U IMFET 2 HNER SN TS (G
1987). TOTENS, 7FTHFDKHICE 5
T, SUldA RGNS 5 BRI KA R
BREZDREEEZIONS.
WOTTFT7hADBELNzE ENZGATT

LHUOBRYE 20 IRV RYE 3 SILhif&i 40 OB AR AR
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BUETEZHER L TV A HilEh 5153 51200
M7r—2z& L, "OTOTFT7 HFDOER
HipH e BE)LV— FZBHSMNICT BT L ZHE—D
Hiye L. 7+ 7 Ax04EME LT, &
HERPS LT R O 2 a2 FE gt & L
fz.

A R ORI A BN IR SIS 4
WoLE, ZOEYOBTERN 072 TS %
F1#: & LT mechanistic niche modeling NER) T
HBLEDNTVS (Kearney and Porter 2009).
ZTCAMETIE, 7 FT A ROz
TR, ZOARDIEZ LA THEIRT D
IKHZRET BN R ZERT 5T L2H2 DH
e LT, —RALMIBIERSGET IV THREDE
Bl <Um 2 #HEE U, £ OTGB)IFES 2 GIS
TRUMD X LA GO, fFEE R0
iz bz b Uz,

Il EEFESURDHEE

Ak 2 RN O (i RJE o
IR 57T m), PSR (H] RO P45
w121 m), sl (s RUE D R 232
m) O KOKHEE, Pl Lrn
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E,1356mas.l) & 1L,8masl ~ 1628 mas.l. D
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UTHE LTz, NiENEHRZ D0 HEZOXR
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KB L HELRZIIT 5728, il L 7 Ekic
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ISEEE T TT7 7 7 R HDIE « RIE],
ABHZS R TSRS ) TSR AIAGR O 2 el ) TH
TSGR TH AR D 2 Fefli ] T H e &
FHE &SRO 2 il THRESR] THRK
S 2 Fefifi ) TR, T2 A LRI T6
H 1 H»S ORGEHEZEA U TRt 2170,
CORERD ST F T S FKBRDTE - AE (1+0)
ZREEILSTHMTZETIVEAICICEEZET
JVERTEB L. ZOTETIVHSTFT7 %
DIEMETEERZ R Le. B5UREHO 2
FMl2BEA UEE, 7F7 32 OBHE1TTHE)

£ 1 GLMM IC X B AR  ISEL Bz 177 %7 71 % ROTE « AE,

B L TIRDAD & 8 D il [FhEC A E TR 1
AILTATEIE SN THD, H25—EDXRT
DN T A EL BB AlREMED S B X T T2t
TH%.

fiEtr ORGIR, SRR TRAGGR) & 192
SGRD 2 3/l RIS &1, K D.

1
Y= 1+exp(-2.05x+0.05x2+21.2)

- (D

7“8, THERm R HRm<umRo 2 #iE]TH
AR T HERESGRD 2 Fefd ) TR (34
D EWIZOEAI L., sETT VSR
Tohb o, IFEMERMN 50 %L, 2R &ImIE 17
°C 5 27°C, 80 %LU &2 Rg Xk 21 °C o
523°CThotz (K2).

V. DT RIHRDIER

FHETIVCHM LzirEsiE &, FE 5
EERA Y v ao— Ry —ECAHNRNEAL TS
2010 FEOSURTEH Z Cic, QGIS (v.2.2) 7z

PR THIAGE] MR 2 FfEl, 5>

ZLRITE Te 71 O 5OREHE ZEA LT z1r- e

SHEREEM

HEEH an porey Py S hBR AIC AAIC
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+ 193.7 2B.98
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IE - FIE - + — 191.5 14.77
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- & A 1952 1B.71
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Species Distribution Modeling to Predict Seasonal Migration of the
Autumn Darter Sympetrum frequens as Conservation Practices for
Rice Paddy with Dragonfly

HASEGAWA Masami, UEDA Tetsuyuki, HIRASAWA Kouichi
and SUGWARA Miwa

The Autumn darter, Sympetrum frequens is said to decrease sharply as one thousandth of
abundance as those observed in two decades ago. Degree of disappearance varied locally due to
unknown environmental factors, so that it is hard to implement any practical means for conserving
S. frequens and it habitat without appropriate scientific knowledge on life history, seasonal mass
migratPion and habitat requirements. Seasonal migration movement of newly emerged autumn
darter from natal rice paddy to summer aestivation habitat in high mountains, and philopatric
movement of mature darter back from mountain to lowland rice paddy for egg laying have
frequently been cited without firm and quantitative data.

In this study, by choosing Katsuyama-shi, Fukui Pref. where the autumn darter is still so abundant,
we developed species distribution model to predict local as well as seasonal distributions of S.
frequens in Hokuriku district. We investigated life history, seasonal mass migration and habitat
requirements in terms of environmental factors such as air temperature at which the darters were
active and the topographic characteristics of the place where we found the individual darters.
Generalized liner modeling approaches to know suitable air temperature for adult darter revealed
that S. frequens selected relatively narrow window of air temperature (17-27 °C) for flight and
foraging activities, and this thermal requirement would explain seasonal migration between
lowland to mountain area.

Additionally, we conducted a mark-release-recapture study in order to obtain direct evidences of
seasonal migration by the autumn darter. Of ca. 10,000 S. frequens captured, marked and release
by more than 300 citizens and primary school children, two marked darters were discovered in
the mountains of northern part of Katsuyama-shi in August. This is the first firm evidence for the
seasonal movement of newly emerged darters to the mountain area.

keyword : prediction of distribution, GIS, generalized linear mixed model (GLMM), mechanistic
niche modeling

Project "AKATONBO", No Dragonfly No Rice Paddy
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Faic B 5k OR A SRRV S 5
BTG D KRR

EMLRBRFTE T IV —T
EkERE— e P

LEHTRIIEDY ) FF Y LI XA A UMD EL L LIFELTED, ZTOMEELEDbNS
TAED DI TS, AR T OB, X CHEOSMOREZISNCTZ LI, i
BHEAOBRNGROMRYZ BN E Lic., TEERIZED SHHIE NIAREDIE L A LIEFI TH 5 LHEHIE
Niz. XA DB X B2EMBEEHE TR LY /FoF e/ 244, BRUmBROEREZZT

FPHREE VNS 3 DD )L—TH

RSNz, MEFEDIZEAENFL THO, RUASHIC K 2 lHEAD®E

EFHERIIZEA LI ST, DT GEHDE F2 OFERE LRMOATREEARE S Nz, 2D o,

SHHCBILT, SROTET 20EDHS.

F—T— R AFLP, TV /FTFY, MM, X ALY, R

de =
B=

. HEEOEME
Wi T, BAFESBUCR & ANMTEB) O 7
RIS & O SORMEY DAZ A D ER & 7335 THREC -
TWa. HARTIIHRALRE, SkiYh B
L, HAROHEE AR OF 4 77D 13T
k) wTH 5 (HK2003). EHHIOER
BOZACIF R ORAZIE < (B 2007).
B ZNE KB 1 BEFE DRI AV TR DAZ A
WS NIBIND 5 (GEKIED 2007). HikE
ORANSEBGROE SR E, TEREYAND
2% H, FRERMEDZ b2k 9 A REME
NHz BA - E2002). Sk ORI
KOTEREYOEBERENHIRE NS L dH
NUX, TN & ORI Z TERK T %
C Lt HB (Coyne and Orr 2004). 4# X HAl
WCHHREMNE R E N T2 TR, 1REMERHEC
KB IEFiERZE 5| & 29 (Allendorf et al.
2001). HERDOHIE LT, HARTIENREL A

Y2 VRAREAERFE =R X2 R ROFID
K<HIGENTWS (J§5& 2006). FHEAMERED
FEAEIAE AL B OIS 5 EE Mk
(Allendorf et al. 2001). Y\ RAHEYI D2 A & 2ZHE
ICBIT B9, SHROBBRRICOVTHER
TV ECHELRDTZAS.

FRER L E N B O E i LT ENC X -
TTIHRTTFHTH O, HATEELVLEY
R ICAAET B HIBRIAWFIT H 5. HIAD
BN THLHICMATRBICED 2, =P
EUTHER 150 T AE DOBDCEN NS, £z,
0 2R ITHENTED, HamDFAE
LTV, B LRENZDITONTVS.
BifE, BOEEBHFE - WBG LHa & OHjlc X
> T FEicidAREDMZ A L TE T 5 IR0
ICh B, HRERDMEF: L BDCEIR & O 21
M5 LT, EEiTONREORA &I
T AHWUITRIRTH S.
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wSEHEEE WD, BIEOHR T AICHAITIRA
L, #¥IDIFILHEED RIS B TH -
T BUETIEAURED SN E THfizfik L
THOEERRMZ E, BELZZ)09 W5
Tk ABND (GEK2003). 1£RFED /2 A
Ao, tEEEARMND T - FFFIREDE
HICHM LTS, IEFETIREREOZIC K>
TRADLTETWVS GRS AR R A
Pk 2007). KEEICEIRE NTWV 2 2 O
MxEReE LT, EOEDEDHEE, WYAD
RAEEOERMNH TSNS (KL
1987). TV /FIFLREORICENDD,
EREDOHIRICARAZIHTTNT, AREREDI
V. FRUTH U/ A A TR OFERERIREE
2RO, HEO Lgiticiichsnso s 4
BLTHED, 2HOMEE HE X NZ AL R
5N3%.

TERFE & M ORMEO MR & R UAHES
% &, R Ik T &Mk OEE T
RBEDEC TS BFF 2010). 2072, B
REIEE D A S MR D LN D 0B n IR iR
AZHHd B i3 LNEEZDBNS. L
L, DTBREPNEFEZH NS ETEZ
NS OFAMAFEIC 72 . Amplified Fragment
Length Polymorphism (AFLP) £!%, DNA 7 il
[REEETHIREL, ZOHh SRE O 7%
REYIC PCR BEIE L T2 M2 ML I 2 50 TH
%. fRNTICMES % DNA BWVDETREL, T
— ZOFBMEREEEN G &S, AFLP
HERR AR I HRICE DN, MEOWZEC EFIH
TNTWS (Wuand Campbell 2005, Gaskin et al.
2014). AFLPIEIC K > T, MO, MO
A, R USSEO AR, SEin iR ADAHEZHR
N, JERE - FREL IS A5 T L TR OEEDE
VHIRZ1G25 e TES.

AHETE, T/ FoF L/ ZAFTD
M OMEREI L DFRE, BRUZFUC K > Tiligl
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FEANDOBILFERDNE T T Z DN ZEIH S I
THDIc, EEicBWT, AFLPIEIC K -
TV /FoFy, /ZAFY, RORMNT E
O 2 FER OMERRA RO E TR 2175 Tz,

. #RERZE

1. ek

PAEE, BERMRATO LEth (36°14°57” N,
137°38°5” E, 1500 m a.s.l.) Cf7 > 7z. B R,
BHeREEPER, bR R R T OVETO 3 #isT T,
IV FUFY, JEALY, WEOMENZ
ST LT W Tz, REFZFETIEZD 3 HiySiT
HEEToT7 (K3).

2. YT IV

ATEE 2 T TNz, 3 R CRIE
ML, ENAY Emth 27— 3 VL, 1l
EEED) ZnZ, EBF S5 MR (BHEEELE—
HSICHRE) oY) TR T YV
TWidE Dy CIREREN Sz LTz, 3
MO & & EAROFRHIERN TH 2 2
ez Lkl E K & U, {EZ2D0 T
BB DI LU TIIEDOEDOEDLHEE, Yk

U T3S > )ViE, EBICT ) A7)V TR
ey, (#MMELI.
3. DNA filily

DNA @ i i iC X, DNeasy Plant mini Kit
(QIAGEN) Z MW7z, S fR{F L7z 5 mm Y
FREEDY > TV 2, BRA&IIC 200 pl
O DNA filitliia iRz 137z,
4. AFLP (Amplified Fragment Length
Polymorphism) 7%
1) IR EE R AL

LUR OB T RS ZER L, 37 CT 1 i
130 79 S & T DNA Z Wi b L7z, B
FEEIR ST ORHRR. (1 5> 7272 D 25
ul) (& DNA HlitHiyA#R 10 ul, 10 x NE Buffer 2.5



ul, 100 x BSA (10 mg/ ml) 0.25 ul, EcoRI (100
U/ ul) 0.25 ul, Msel (50 U/ pl) 0.1 ul, DW 11.9
ul ZE ATV S.
D TRTRZA—DIA =3

DrMoflk Tz h Tt /2
%, 90 CT3 pMES, 10 7L F=EET
WE L zd D% ZF N ZF N D Adaptor Pair &
L 7z. Msel O Adaptor Pair (1 ¥ >~ 7 JU
Yz 0 25uM, 2u) O fH K & Top strand
(5'-GACGATGAGTCCTGAG-3', 100pn M) 0.5 pl,
Bottom strand (5'-TACTCAGGACTCAT-3', 100 p
M) 0.5ul, DW 1 ul T& %. EcoRI @ Adaptor
Pair (1 Y2 7)Yz 0 5uM, 1 ul) DAL
& Top strand (5'-CTCGTAGACTGCGTACC-3',
100pM) 0.05u1,
(5'-AATTGGTACGCAGTCTAC-3', 100 uM) 0.05
ul, DW 0.9 ul TH%.

TFOMK TS AT — a v RIb 7z ERK
L, HIREZUEZ LYY TSIV Fa—"T
ICEL 7. BRICHFR L7212 20 °CT—H,
TRTR—=DIT AT —a YRIEZITREy,
DNA Wi ic 7 X7 2 —ZfiaE gl bk,
TE 0.1 /Xy 7 7 —"TRJ&HE 10 pl 2 10 5 FR
L7z 100 pl DFRZIER LTz, 47— 3
VISR O (15> 74720 25 ub) &
5 x T4 DNA Ligase Buffer 5.0 ul, T4 DNA Ligase
(2000U/ul) 0.1 pl, Msel Adaptor Pair (25 uM)
2.0 ul, EcoRI Adaptor Pair (5 uM) 1.0 ul, EcoRI
(100 U/ul) 0.25 pl, Msel (50 U/ul) 0.1 ul, DW
16.55ul TH 5.
3) Tl RS S

DAF oMk camziRa L, LFOS&EMt
TPCR RS2 &, FligtiR sz 177% >
T TARSEIEE SRR DMK (1Y > 747
D10u) BHEMUIETAT— 3 ViEY 20
pl, EcoRI-A primer (10 pM) 0.25 ul, Msel-C
primer (10 uM) 0.25 pl, AFLP Amplification

Bottom strand

42

Core Mix 7.5 ul TH %. TltElE PCR KIH5&
1% 72 °C (2 min), [94 °C (20 sec) - 56 °C (30
sec) - 72 °C (2min) ] %20, 60 °C (30 min), %
D%, 4 CTHB. THLIFED PCR ST
LifeECO Thermal Cycler (Bioer Technology Co.,
Ltd.,, China) Z 7z, TR T 54 ~—&
L T EcoRI-A (5-GACTGCGTACCAATTCA-3")
&L Msel-C (5'-GATGAGTCCTGAGTAAC-3') 7
iz, [st, TE 0.1 73y 7 7 —"CTRIGH S
pl 2 20 fEICARL, 100 pl OIRHE #1587,
4) AR EIE S G

R B0 SOGIRIR DAL (15> 7)Y
720 6 uD) &, R U 7z T 2 SR8 e S5 PE
1 0.9 ul, Msel Selective primer (5 uM) 0.3 pl,
EcoRI Selective primer (1 pM) 0.3 ul, AFLP
Amplification Core Mix 4.5 ul T & 5. % L
T, UTDOZMTPCR KSZEITRY, HERM
WEKISZ TR o Tz, Hnwie 794~ — ik
EcoRI-ACC (NED) / Msel-CTA ¥ K U EcoRI-
ACT (FAM) / Msel-CAT T & %. R g
PCR JJig&fFi&, 94 °C (2min), 94 °C (20 sec)
- 66 C (30sec) - 72 °C (2 min), 94 °C (20
sec) - 65°C (30sec) - 72 °C (2min), 94 °C (20
sec) - 64 °C (30sec) - 72 °C (2min), 94 °C (20
sec) - 63 °C (30sec) - 72 °C (2min), 94 °C (20
sec) - 62 °C (30sec) - 72 °C (2min), 94 °C (20
sec) - 61 °C (30sec) - 72 °C (2min), 94 °C (20
sec) - 60 °C (30sec) - 72 °C (2 min), 94 °C (20
sec) - 59 °C (30sec) - 72 °C (2min), 94 °C (20
sec) - 58 °C (30sec) - 72 °C (2 min), 94 °C (20
sec) - 57 °C (30sec) - 72 °C (2 min), [94 °C (20
sec) - 56 C (30 sec) - 72 °C (2 min) ] x20,
60 °C (30min), ZTL T4 CTH%.
5) EXVkE)

BRI G EY) (FAM: 0.8 ul NED: 1.5
ul) 1T Hi-Di Formamide 10 pl, Gene Scan 500
LIZ Size Standard 0.5 pl Z#shnL, 95 °CT3 4



b —havZz2irkhocik 2, 3130
xL Genetic Analyzer (Applied Biosystems, USA)
I &> THESIKE 21155 7.

5. 7 — Xk

VI oY —ilkoTRLENKE —
7 h 5, fEH Y 7 b Gene Mapper (Applied
Biosystems, USA) ZH W TZ R =M L 7.
huckoTtlEonkzr—%2ty bzHY, &
12% 2 DDIETIARD Y S AR 2 7= 715
fz.

i ) I, Structure 2.3.4. (http://pritchardlab.
stanford.edu/structure.html) 7% fH\ > 7z. Burn-in
&% 50000, MCMC D0 3K LAk 50,000
EL, K=1~10%T, ZhZN10ETD
AR ZITo Tz, FetiZs K Ofild, Evanno et al.
(2005) I 42D < STRUCTURE HARVESTER 7%
> TR LIz AK DSV, AK Dt &
WEZDKMWRIEE K TH%.

ZRIT, Gene Mapper IZ K D 1§57z 0/1 DI
AF YV —F—R=HIC, WY 7 hR2141
2O TEREEHT (PCoA) Z11-> 7z (http://
aoki2.si.gunma-u.ac.jp/R/princo.html).

HE 4K 72 Gk Al 9 % 7z ¥, NewHybrids
(Anderson and Thompson 2002; http://ib.berkeley.
edu/labs/slatkin/erig/index.htm) 7 il U T fi# 7 %
1T > 7z. NewHybrids T, 5,000 [a] ® Burn-in
D%, 100,000 FIDRKEICK D, ZNZENDH
R LI 6 DOBETFRD I A (V' F
Fv, JRALAY, FI, B2, =YV /FTFv
EDRUHE, /BT L DRLH) D
RVEHE N7z,

ME A 4K 72 3% 51 9 % 7z 8, NewHybrids
(Anderson and Thompson 2002; http://ib.berkeley.
edu/labs/slatkin/eriq/index.htm) 7 F U C it #fr %=
17> 7. NewHybrids T {3, 5,000 [0 Burn-in
D%, 100,000 FIDKEICKD, ZNZNDOMH
KT LIC 6 DOBIETFRODI TR (Y /) F¥
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¥, /ALY, Fl, F2, =V /¥ FY
EDRUAHE, JZAL T EDRLUH) Ok
HFHI X 7z,

. %58

EcoRI-ACC (NED) / Msel-CTA T 42,
EcoRI-ACT (FAM) / Msel-CAT C 86, =f 128
DT 55X h=157z. Structure 12 K % ffik D
FEH, AK KD, K=2DHHcHREELIS L
TIAR) T EEINTWS e HE Nz
(4.

AFLP IC & %8 a5z BT U Te F B A
IZ&oT, fMAE 3 DD I A Z2—Imh iz
(K5). Hi1ghEFE2Hic k> TENZEN 194
%L 6.0 %BDRHMHHEN. ZNTEFhDY
T AR —IICRERIC [AIE & N7 A TR X
AN H- T, MEOZELEEZ 7T A —
0, =V /FoFoDr5252—18/5%4
FIDY T AZ—MOHRNCNIE LTV L
ML, TV /FOFIUNELLEEEZITAE—
LiZiE/ ZAF D 2 kN EEN TV /&
AAYDTFGAZ—METY /FTFY 1A
k& 6 fkDMEN T TN T Wz, MifdD s S
A=/ ZBAZF T 3N EZEN T
fo. LIeMoT3MIENETNT S RAR—72IE
KL TWAEDD, FERITIETEEL TWiah->
7z.
NewHybrids I & 2 MFEDHIRI DR, Zh
ZTNOMICIET 2HERIRENTz. JTEREICK S
T/ FUFT LT i ERcBE LTl
HAKERON TR THATY /FVFoThs &
FIWIE NIz, B AZ O &I E N
KICDWTIE, PEEIPEIC K Z[AE & 28
WKET5808Eh o7 3EEKICOVTIE F2
LHMTEN, LAKICOVWTRTY S FIFY
& DR UK T B % O RTREMED 30.5 % 17
fELTz. iz, M5BT/ ZAATDT S
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M4 Structure I2 X BMEHT (K=2). KL MEZNTNTY ) FF L) A4 Y OBRERT

AR —IAFAE U T MR A MERE 7 & A 2 —IC
FE LT/ B4 4 I E1KlE, NewHybrids I X
by 2 TR YAy Bak 1| o gl

V. E8

A B WTHRELY ) FoF v LT
Kfd ) ZA AT OIS ECTEED
D, WHEANOBENZGROATREIER D7D
W ol SkiETHETY )+
FUIRBERM O & 5 HHRELREIC L, TN
Wt UCTIERIRD /2 A F 7 I d BRI 7
L TW5S. SREDEELERENIC 0/ LT
BEVSHREZ CHEETNTLS (Vila et al
2003, Watkins et al. 2003, Takahashi and Miyajima
2010). Emih T, SO ODICHE
NEFENTED, TV FFONMHICTHE
UTCEREED ) B A F 7 DAid % BRI B L
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TERENT WS, ZDe, WD MHFOH
SIS DIE R S NS, £, =V /F
Fob /) ZAFUOMMIIHET - B Ik
PEMEL, F2 RUR UMD R REME I IER IS
TneEZ 5N, 9L T SMEKIZIZIEFL
THsT EMWRBEINE. TNHIED s
P RREIRIC & o TR RS SN, Structure 72 f
We 7 G ARY VT, FEEEESHTIC W THERE
FZENZTNOBEO RN EEEERUZ. L
M L, NewHybrids Ic X % @ 5i%, T -
{EMORRENSRBENTC L LIERETD, b
THEMNS F2 DIFEEDNERS N Fie, #
D5 B AR, HERIE30 % REESENED
D, RUZMONEEMED R E Nz, AWZED
K OTHHREDRMEMEL 5% &5 BIGE N <
DOMMETEN TS CRAIED 1995, Bz
2001, BFAF 2010, Herrera et al. 2012) . ASHf



A TVIRSFY
* JEA(FD
| = aE

1.0

#h

05 1.0 15

F—

5 FHERESHT (PCoA) 1T K BMAKD 7 5 AR > J DFER

TEONGFE & 6 UF > F 28N T OFE MM
FENZEAEFI THD EVIBKRIE, =V /
FUFILFTREA AT (Rumex nepalensis
subsp. andreaeanus) @D 32 Hf (¥ £ 2010) -9,
IV /FIFTEeFANFTF Y (Rumex
crispus) D3ZHE (Ziburski et al. 1986) T&
TNTVS. UEDS, =V /FyFre /R
AF T EH LT EHMEIEETSE0D, {EH)
BRUOMEFORMEMEL, TNLIROSMEAE
CHRHERIENEEZSNDS. XoT, =V /
FoFTE ) ZAL T OO R E Nz
MW, FEALDEG TREICHED, TN
DR UMM TH B2, Thicks
B ERIEHEEORME L TOMEDT 2%
NTEDTIFRNENZS.

AW BV TUITERE AN ZAEIC K > Tl
DR ZIT o Tehy, Z DR & P8R X
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FRAEAS RO DT a5 B LR
15 LTz, Structure Z W 7 5 A& V7,
F RS T, NewHybrids IC & kX T T,
T FF03M 2 L EIREIC KR N,
TERERIERA & D—BZ R LTz, ZhUcxL, B
REMRIAN S /) A A A D B X UM L HIrE 1
72 DICBE L T, WL Oh DS R 5Nz,
UL, TEMDIZRELSL ORI — DRI C
HBHTLICHKRT S, (EHIC K S 3 FOHHINE
JERICHKITH S D, ZThLINDORENEE T
I FFT M2 OB 2T S DI
WCNEETH S, AT (1987) IckBTY /¥y
FLEFANFIFY, RO/ ZAFTD 3
ICO Tz BBREANIZRICB VT E, REREDE
RELLIR K O EAEH DIERELLIR D77 1Y & O B IS
3 TE S EBRENT NS,

WAt & (KA & O OMERIER, KOZ



NIC K BB TIERICEET 2002801, WESD
NARFEMEZRT 2 L TERAEATHD, HA
BN TON TS, ARWFFE T IZ
EFLICHED, ThLRRZEE A CHET R
T eZRLTEh, R USHMERS F2 DI OAE
RIC X B U TIHERDERE N TV 2B
ENTWS. BRI, FAVICBTE7 75
FTRA XHZ VIBOMPTIE, RATEOIKEE
ANy Z dARY (Rorippa palustris) hM =z N9
% T LI K> TEAEREOF LA X T
(Rorippa sylvestris) & ORNCHEFENEL, 5
IR UASHEIC K 2 W BN D AR T A DV
WENTVS (Bleeker 2003). F/z, AWIZED
WG & [/ U2 TRAEYI DA 2 R (Fallopia
Jjaponica) FMFRNTRANMKETH D, FA
A % K1) (Fallopia sachalinensis) 7% £ 0T
fEE M2 T LT3 (Gaskin et al. 2014).
FA A2 RV EOMREIET A2 FU (Fallopia
x bohemica) &PEHEN, TN5 3 FDFEEEN
AN, BRI K D DR D HRICFFE
NTWBED0, HIIC K > T HE A S 3
ZHUBLETFHRAZS | ZE T LTS (Gaskin
etal. 2014) . WITAWFED K ST, M K->
THEUFI DARIEZ RIHILHRE SN TYL
5. A XTCREEMDIEDIIRMETETCTER
FI D ARETH B N CTURT % (H
F1994). TNE 2 DG, EEARTH
D, TEMOIREFEICESEDTHS. TV ./
FoFIE ) TAFTOHREICIBNTEEND
JEHE « RRPED B RSN TS 72, MM
ARRUT K o TR UAHESD F2 LI O 5
HNTVWAAREMIE V. L L, ARBIZETIE
HEFEH SR O ORI IER ITE M > T2 729,
MEPEARERDATREME L BETE RV, £z, M
DIFIAEDHER A DTERERA LK) - FirDFE:
ICHBZ5Z 2 ENDH % Gl 2001) 728,

AIWH T DNAIC KB 21175 T & Tl
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RS 5 T L ARRICIR S L Db 5.
HEBDEHO FEthic B8V T, EREROHER:
LRDEEIRE O 2K 51, BT osk
FEDIRA &M T 278 E AR TH S.
COWEN S, PHRNEIETH ST/
FF T LU RO AR AR XA A
T DR HTBIEIC 5 % B8R,
DIEFERHEESERZIEFEDEDTREEVED
D, KHONREMEDN DT D NRDH LN,
Fio, LEidEDeticH o, A TR TH
B TLEETED S, MR BDLRFE
BN THRREZES, TNUIZOE FhokE
IV FUFVCH LIy FNENE T b
BT 5. £, REVEERICK > THDIIT
Sl b e, (kD /) 244w
W LTe =y FNVKRDONE C EICENS. 2D
128, BOCEREMRRZWNL T8 27D,
ARER DG R A & I AR BHFEE T A A BT
B1EAS.

T

ARSI 1CHTz> T, BN EAICIE DNA 5
BICB T 2 ar B OBME, MFEOWMN A S, iy 7
PO L7 OMAEETCEL O L EIRELTCHE, &K
Nz UEd.
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Invasion and genetic contamination of exotic plants

against native plants in Kamikochi

TAKAHASHI Koichi and HANYU Masaaki

Exotic species Rumex obtusifolius and native species R. longifolius distribute in Kamikochi, and
their hybrid species are also found. This study aimed to reveal the genetic contamination of the
exotic species against the native species. The most plants of the hybrid species were F1. The
three populations of R. obtusifolius, R. longifolius and their hybrids were recognized by Bayesian
clustering analysis. This study showed that most of the hybrids were F1, and that the genetic
contamination between the native and exotic Rumex species through backcross hardly occurred.
However, we still need caution for the genetic contamination because we found the possibility of

backcross.

Keywords: AFLP, backcross, exotic species, Rumex obtusifolius, Rumex longifolius.
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48



H R AL B R i 3 vol. 24 (2016)

F2UHRTO-Fbo—F - 77 FBI BRI

M AR 7 0 R £ R OREZ B U A8 AR -
oAk - BIEE O

DAV =
FENZRRET - I * - WIESOR - KAHEN " - R -
A7 N AR B BYIER S

IR E RFE, HATRUEERCHEIERSBIC, HNTEEBOMBICORDHT SN LAY
BT, REEOL Y FU X N TG 1A FIME D 5N T 5. HiER DT RXTD 7 Bk
TE RFOEFHICE T, HAHNAE, FEMRE, HBREGEE, K - X - 2hEEOHE,
7 A LK, DNA it 217> 7. 7 R € RSO RA T 35.7 om, &3 R AT 18 m T,
EEENRELTE, BEEHN 4m CHEITBICR> TED, B/ EomBTHERMIZ 5R Ty
52X THB. WEEROKENMERORE FicE, ERORENESEETEFTLTEY, Fyv /T
WBREL I A XOMEBHCRE L TW0Wa., AFHTRI7aRYE REDELELTOBHNEL, A4
XY, YINVTHARTIREZREL TS, Vitlh, fEEd, IEAPGEHE IZHRIC SR 2D,
GIRAHORIRX & OENG AP TH 5. EFInInE, 2ERE 2I3mEx &, FIMLic]
WEHTH 2. 7 avA LN TR, RS- DRSO MEAREN TR R ZEEIZRD b s > To by,
bRyl & & BBUSESMIC 72 2 T ENHS MR D, ENZHIME ORI R 2 & DalErEA R
TN, JORTERFE, GKELORBELET, HILPHEECKE S, @RI hTcunizn
W DHREEL TN 3.

F—T—F KR, O, bREE A S, T R AU

. [EC&IT D& S G DRI —RISERAENMEL, LF

7R E R+ (Monoon liukiuensis Hatus.)
&, HERVIBONES, ERESEXTEED
HEICDOFHEETHN LA ROEARTH S
(K1, 2, 3). BEADOLY FUXRMIBNT
MO A FHICE DI 5N T VB IET T
<, MAMNCHTERMMIEFRICEEN TV S.
/e, FRTRERNBICAET 2H—DMT
HO, FEIIEDZEIWYEZ RO %,
REYHEERY: FYEH I NSOV EDEWVA B,

HZ B DAL L TV BIEANZ DT
FAFIC KD T2 KIHAELTLE S EafkicE 5
INTWVS. L Lans, ANETEEZHERL
T 72D SENRVEIFRDH O, Hd
NGRS 2 MR OIS & BFI T4 DN
S ERRE LOREGHETH D, T OHH
iDL, WmOFD, BIUEED K S I
KRR LTV D, Fi, BE¥FEDLEE-S
e ZIE LS T EMRETH 5. RIFFEIE,

L BRBROSE 20 KRR 3 [E R 4 MR IISEAT S SORARSE 60 KRR E R FEIRE +: BT el

YR
2014.11.25 %At , 2016.7.3 /33
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LNy,

T/ D7 TR € REOARE2AN - BIZFMN
FEZITY, T ORRMEPH DO Z b &
ST U, BSOS & NRTEEN ORI
EVOREIC, KDIEMICE DB LDTE
IR, REROMGHNCEAT ST L%
DETEDTH 5.

0. &AL

HiIER FEOTRTHOZ O RTE RFOLEFH
ZENSE L, HEES 7t (Iohl, I-oh2,
l-otl, I-ot2, I-ot3), % & RS & 2 » fp (HI,
H2), Rl 3 »pr (L1, L2, L3) ICaRS—F
ZRELZ (M4, £z, 70RTERFEH
EHELRNE T A LT 270 EFE DS
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3 7R UE RFOEFHONMER . FRADEFH, 7K
BSOS (R 2001, #7s « 1L 1998,
WA AT = 79 A b XD VE)
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ISR ZF T Tz, FRRETIE, HEMUT
WABNE DR S 3 32 RI—k (I-cl, I-c2,
Ic3), WIS T, 2EDE—OMETH S
fzsh, HEEHEE LTV AT, AEEE
HiEFE UMD 2 a2 RT—k (Hel, He2) &
BB 2 2RI — 1 (H-c3, H-c4) Zi%
L7, WETERX 2R a7/, a R
F— &, HUE-OREE DB AR #PHIC R E L,
MHifElE 75-225 m* TH 3. TNHEDART—h
T, Z7uRTE R ARG A, AT,
STHERERE RS ko, F, ARI—
& Z DA THEIBITHOY > TV > J 72175
7z.
EABERERHE L, IXTOIBRTER
FIZDOWT, #E 50 em LLF, 50 cm A5 100
cm, 100 cm A5 130 cm @D 3 DOREH CHEAEL
ZHhY L, 130 em DL EICDW TR EE
B LRfmZME L.
AP, 8BS 1.3 m DL FOARKOMES -
file - EE R 2L, &S 1.3 m Aol
EAREY) ORES & 15 % 2 Rdk LTz,
VIHERBEGH AL, WP, SatE - T
U - fli% 8 pH OJIE, Hosdik, tEt
oM R o Tz WIBHIEE, N—T v 7 A%
VT, FREEHAE > TZ OFMIlE THERK 51
IR &0, M2 cllE ZEN T, #
PR, JKCEEREE, (A ERELE. X, Ok
F— F ORI LR 2Rl Ue. #Ra
W, HIRIC D ZBAEOEGZHEHICKD
UL, BEEE, 1aRS—F3 <AL E
& 20 AICHBWVT, 106 cm DR HHZTHEE D )
THICELUAR, A-oFES Zidek Uiz, 1158
pHIZ 1 I RF—k 10 fUCBWT, fEi% pH Rt
ERHWTHE L., bd, BMOKES MK
FE T2l 2 3 5 %5 ) W A BT AL YAE - £y (2003
) IO E, HBOREESIEDERZ5E!
Uz, HEEEEOHHOY > 7V, FHEXN
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4 JuRYERFOEFHOMT . EEDMHANS,

DAJENS, 100 ml DEFLMFEZHANT, 57
i SERI LI DZREE TR BN A o7, &
Y 7viE, 2mm HO 550 i1,
PEZ I & IR S 0D & DL B2 b [l
BROEFECEVIZEANS, MO L DIZEEK
I, TNTNWZMKE L, pH, f%HEY >,
CEC, %#H, REXLIOVTHIIL .
BT OY > 7 Vg, HEEXD 69
1, PRI X O 55 A, X D 200 {4
DFF 324 A > T Ui, BhHIL TV
Z oI5 A RDKREVMAKIZ 7R H X FXTH
5, RAELHHNE T A LIS, AL SR
1 BERE U 72

7O L&, RV 7VIVT I RV
ZHw, EXVKE) (PAGE) I &> THRSZ M
itz o7z, 1S5 NIZBSIKENGE S L1
R, SEEICBWTEETFRZHAR - 2.
Popgene ver.1.32 (Yehetal. 1999) =M\, BT
LT BT B 95% FLHET D L RINE L T HEDE
A (P), BIETED 20 OV E 1
B (A, BIEINEONTugESE (H),
WrFE N5 HEaNTulsE (H) 2RO,

FER
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RN B i

FEINVER RS, TR, A

e, BIEFOURE (Gy) ZRDTe.

VU2 5 & B 0 DNA @t i > 7L 7% 1
YT INTOHWT RN 217572, HR
CTAB % (Milligan 1992) 12 X - C DNA Z it
L7z, Suetal (2008) D75 A < —%HWNT,
BEARADNA D tnl > - A Y « trnl-trnF jE
17 FRIfEE 3 & O tbeL @ PCR g 217 > 7=.
PCR MY 2 W U T1%, ¥ — V7 TV ARILZ
10, T2 —)VIBRIC K O BOBEYI 2RSS L
7=, F5811%, ABI 310 Genetic Analyzer (Applied
Biosystems) 7% {{i [} L & %vk# 211> 7. 155
NI PHE D 5 BRI D SRR 2 e U 7z,
SEES N7 TR £ RFOEERS & Xue
etal. 2012) TIREBXUFIHEI NNV LA
YRS B aRYE RRISERERY O
lid% %z &4 TC, CLUSTAL X IZ X > T~ILF
TIWT T4 A M e{Tolz., HlEEc D <
INT TR A T PE L, MEGAS (Tamura et al.
2011) 72 O T RBERS A IC K 5 Riilol 2 #E
Liz. 1,000 DT —hANTy TH TV
JICKD, RSO EENEZ M6 L.



. FAEHEER

IR E RFOLEEMIZ, MV ITEIENE
FERARASE WL 20 0D 1 HAY —LL A
BN (XY >a— R7—% 3623 {1/ 2012
£7H3IHM) EEickhu, WHEETIEEYN
BT MR K 72 3R A, RS
AT O HERL F 72 13 IEERHER S S T B
D, WYY gk GRETH S (K 3).
IO LB H X B VS O HVEL X 5 SEAH TEZR IS 45
poa7e i 2 2 EEENE CHh o Tz (X3).

KB OBIR 22 1 RY. FHRB TS,
7R E RF IR 5-20 m DEREFET I ~
35° AR LT\, EEOB
415 Sy e i QN == 171}l 9 ey e
BEDHERE L T e, JEAIREHINC R 7o AR X
&, 28 ~32° OpHE T, R _EEIC RIS
5SHEt OIS TH D, WaEkEaN D
B/ \EILERAN K< FEIREETIE, 55m
asl ORMM FICZ7aRYE RFOEFNA
SNtz RN g 2R R
=D=M FEE L, MU LD HE
L TWe ZOM7iE, BEOHOEMEED
DWHO, (KEMTbNED > TGEITH .
WHRE ORI, AEEH L RO i -3
XU, ZOERH FORIETH S, MW T
MR OZUE R, 10-60 m a.s] I/ LT
Wie, SNEIHERE & E 2 5N 3 LR D
5 OMENHERE U 7z E#ERH T, Y JMEE IR
LTW5. NEERVHIT, THEOHRN D
<.

THEX T, HMEEODl-ohl, T-oh2 i, #
kiggtat (BAmEH 1<, PEREOD Lotl, I-ot2,
T-ot3 35 K U HA R B o0 A4 5 i RE R S R o+
(BEC ) I n o (HEEEE
TBER R E L E R AR 5 77770 1 #E IR
TR FERAT A AL T 1998 4F). Bl 118X
FEATFTEENo D, BHHOBIZH 5 I3 EAE
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HTI7 74 bETidaneiisng. i
YO EO L, B L TH S ORFRTRGE
1T & & 75 > Tl R R DO VAR TA RN HE 2,
PHAMERLTWE, 35 ~4 JJHETL Y I
+, 5~55 HETT I T AhkkL, 95~ 10
AETT IRy YL, Z0%I 7514 ME
HOTANEEBL TV EENS (HH 1975,
7R 2001). 7R Y E RFEGFHNEZ O S
CHEBRMS LYY F~TIuy YL TH
ZATREMEDYE.

RIS ORI EX T, RSB X CTIEME
DU IRTE RFEFHITWITNE, FHIKR
Favd—avFa vy HFEHEICMEDT S
ncns.

PHEET, BT dorkatzaiL,
1963 4F, 1974-1978 4F, 2012 4F 0D 24 i 5 & 7
L, Mt Zznlioh (RO (2 H5]
Lk h, MERETI/ORYERFENEFL
TWAEATNE, Da< &b 1963 LMD
WL T BT ATHo . WREBDES
g, WECHO, MDD OB EHD
BEENTHPAS TOWEWIEITH S & HlrE
N5, HEEICOWTIEERNDIRVN, Fidkrh
12, HARWRIROBEMD R E Nz

V. BRELUER

L. fEHATERS S

R 1.3 m DL EOEAICDOWT, MEERe
Rt OBHRZ BARKIC LT S 1ISRY. il
PRI/ AT 357 em (I-oh2), #iE3HE AT 18
m (L) ThoTz. MEHEZRENS5 cm ICH Tz
WEATERE 12mICETBICEhhDb 5T
FEAEDMEAITBED 2m L Fick EE-5
Tz, ABEPOBIETIE, BEb M micE
L CWBAKRDN L DG, @A THHES
MFEL TV A RFIEEICA DNz (K6 /0.
DT ENS, HEVEEDRE TREE MK E R



EEN2720, BEhEEsZ eF#HLVO
TlriEWwheEZ SN, To3 & H2 TIX, W
EEEDNRKE AR E L, FEAED 10 cm
FTH-T=.

B R T — FNOERERE 0 Lt i 72
K7I1RT. ZFEAEDIRT—FTIE,
50 em LURDFEAEDN, ZHEMKRICEFT LTV
7o (K6, EREREIMIE, LyieRd
IRS—hE, ¥E—TDE->EDLAEVOR
F— BT, ZTOREEHAGDES L,
DFEENZSTL PR Mz d 50 RT—h
(L1, H1, I-oh2), 2) EEFZWVAE—TDIE->
O LAEVWakro—1 (L2, I-ohl, I-otl), 3)3E
WD E—TIDNIE->ED LEVWa RS —§
(L3, H2, T-0t2), 4) EAEN DI Lotk
T5aART—b (-ot3), LWVHRXATHH5B
TEehbholz DIXEERERNED S
KEETH D, 2)SEFHEEMEREN TS D
FERENCIEEHDRGE S 12 D AIHREARET
HO, NFEHLTONEWATHEEN S 2 fH
HWHTHD, 4 Z5BERGHEHDIEE S A

MDD B KR TH 2 L EZBNS. BIEIC
X0, BIANERR S Nz d MO EA DK e
£ld 41 em (HI) TH-o7D, o3 (M EHE
BH10em LLFDFZEAET, MIRICFENE
TEDiEholclbZBEZ5 L, BHUCEHINT
2 DIFFITEELRD 10 em DL EOA#{A & L
ENB. FHEXKNOZ7ORTERFDS B, |
FEERE 10 em DL R, 24EEmESFILTED
ITHhBEAETH-> . FHER,SIFT NI
hKEHsE0OD, 7ORTERFIE, IUCND
CR DEABEEHETH S D, AEAED 50
KT o L HEE SN BB CTH D55 I
brZErtH o, yaRTE RFHFDLT
IS L TV B T EAREHE D Lixo Tz,
IRI—FNZE25m A vy alcKY->T,
Aol EOEEEZ, YA XD 3Rk (K
A2 R 50 em DU, HERSE ¢ AT 50 em ~
EE 10 em, BOK © BEERE 10 cm DLE) TR
L7izb DMK 8 THB. FEDHEKBDEZ N X
WY 2 TRIEFITIRWZEB R 7 — )V TRAENE
HLTWEZ Ehbhb. X, BOROAE

£ 1 At

B4 ~ORYERE IRS—h2  {ERA Eeam  $EAH
R =} L1 37 60 N30W
TRIIER B L2 38 50 N50W
TERT g A= L3 41 50 N4OW
Bl =} H1 0 55 TR
RERR S =} H2 0 55 1A
AxRE ==} I-oht 25 15 S10W
BARE = 0} [-oh2 24730 15 S20W
RS =i I-ot1 9 20 S40W
ARE =} I-ot2 35 20 S10E
ARE k= I-ot3 20 5 S20E
REEE S *HHRX H-c1 0 55 18
RERR S XX H-c2 0 55 iR
RERE S xtHRX H-c3 0 45 bgic|
REREE TR H-c4 8 40 S20W
RS pafic]es I-c1 28 25 S20E
RS pafic]rs I-c2 26 20 S10E
AR xR X I-c3 25732 15 S60W




FEDBNA Y2 bERDZTEND, FEA
EDREDGOE FICHAm SN, HEdIC
FHEL TV B AREMED . HERE R LT
20, FEOmEIZT I LINSEAND >
To. HEHOBIERTIE, WaFv v 7 TDE
TG CORBOMENIEE TH -7z &b
(4 6 47), KN OHEREZDEY A ZITHIS LT,
RETE MBI EERMNT 2 EEZ LN
2. ERHE IR IX R

PERED 7 1R Y€ RFEFHOMME I 8-15

m Th-o . FEREETE, EEHOKEX
8-9m T, MK D 10-13 m ITHEARTRRE L,
BRODDA b L AMRELIC K > THEBERIOM
FMEL 72> TV A AREMDE A STz, Bl
T, 70RYE RFEBEHOME L 13-15 m
ThHoiz.

AHEME RO Rz, K~EARE (&
2) EEARE (F3) IKHIFTRYT. Z7ahy
ERFFOEFMTE, E~mABEICE7aRY
ERFVELL, BEAREICEZ7aRTE FFOD

m T, FEAPGEHICERT 7o IRKII MRS 10-14 HENZ o7, JaRTE RFOEFH, A
20-
18 O O olL1
16- oL2
<) A
144 O O O AL3
A H1
12 + o+0 o oA ° X
£ = = +H2
ug 10 + o ¢ .
£ . " . _ oA y el-oht
?ﬁrf 1 RO I-oh2
6 - SHCXOT X e X
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Qe 0 m[-ot2
DY At S A o A
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HIIHE L TW 2 it

=
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H50cmL T 50cmdY A&, DBH10cmsk &
Hit 1

DBH10ecmBLE
ait 504 Akt

FEmax 157 FEmax 25 FEmax 1
T-ot1 HEave 32 T-otl ElEave 6 T-ot1 HEiave 0
A B C D A B C D A B C D
1 0 17 70 9 1 0 6 5 0 1 0 0 0 o0
2 4 A8 157 27 2 0 10 10 5 2 o o [ o
3 144 28 11 3 8 5 3 0 0 0 o0
4 oo 2 2 4 0o 3 1 0 4 0 0 0 o0
AF 154 p
FEmax 26 FfEmax 1
I-ot3 I-ot3 Fave 10 I-ot3 Have 0
A A B C D A B C D
1 3 1 5 7 11 4 1 0 0 0 o0
2 2 2 14 10 | 23 26 2 0 ﬁ- 0
3 0 3 2 6 16 15 3 0 [
4 [ 4 T2 4 2 4 0o 0 0 o0
Aft 161 &ft 90 &% 3
EEmax 42 FEmax 23 FfEmax 1
I-ot2 Fiave 13 L-ot2 FEave 8 I-ot2 FEave 0
A B A B A B
1 7 2 1 6 1 1 oo
2 17 24 2 2 8 2 0 0
3 8 9 3 5 7 3 0
4 a2 4 16 7 4 [
5 19 13 5 |28 9 5 o 0
6 6 2 6 4 2 6 0o 0
&it 682 &5t 120 &E 6
HEEmax 160 FEmax 36 F EEmax 3
I-oh1 FEave 34 I-oh1 HEave 6 1-oh1 FEave 0
A B C D E A B C D E A B C D E
1 7% 5 1 4 6 1 20 16 3 0 2 1 1.0 0 0 | 1
2 [160 9 1 23 71 2 12 15 0 0 1 2 o 0o o0 o0 0
3 65 74 23 5 86 3 8 7 1 1 0 3 ) 1 0 0
4 9 33 2 2 1 4 1 3 1 0 0 4 o M@l o o 0
AFt 835 A% 370 & 13
FEmax 110 FEmax 56 EEmax 4
I-oh2 Elave 46 I-oh2 HfEave 21 I-oh2 Fave 1
A B C A B C A B C
1 51 (103 7 1 6 28 9 1 o 1 1
2 68 0 9 2 6 0 3 2 0 0 0
3 73 50 12 3 13 5 3 2 Wm0
4 84 | 95| 16 4 38 3 4 1 2 0
5 58 62 29 5 34 41 33 5 0 0 o0
6 1 12 [ 6 [ 6 0 1 1
AF 357 A% 338 A% 6
HEmax 65 BEmax 77 FfEmax 3
H1 FEave 22 H1 FEave 21 H1 #have 0
A B A B B
1 23 37 1 37 50 1 2
2 2 14 2 24 2 0
3 129 3 23 3 0
4 21 15 4 15 28 4 0
5 16 5 4 5
6 6 6 9 6
7 5 7 5 7
8 [62 8 0 8
9 4 9 0 9
10 8 10 1 10
1 65 1 2 1
12 9 12 1 12
A 197 AFt 84 A% 0
FEmax 50 Emax 20 #Emax 0
H2 HEave 16 H2 Ffave 7 H2 Have 0
A B C D A B C D A B C D
1 8 5 0 5 1 6 4 0 0 1
2 21 1119 15 2 200 10 5 4 2
3 136 3 15 12 6 2 3
#ZADBHIE8.1cm
A5 550 AFt 486 AF
FEmax 64 FEmax 57 FEmax 1
L Eifave 15 L1 FhEave 14 L1 Fave 0
A B C D E F A B C D E F A B C D E F
1 25 2 3 0 0 0 1 6 1 1 2 1 5 1 0 0 0 0 0 0
2 20 3 3 15 1 1 2 18 5 2 2 3 4 2 o [ o o 0 0
3 43 30 62 16 4 4 3 24 23 21 5 5 6 3 o 0 0 0 0 0
4 |64 31 36 4 11 8 4 |48 57 33 9 9 9 4 o o o [N o 0
5 28 21 5 3 20 7 5 25 28 6 4 15 14 5 o [ o o o
6 5 3 2 2 1 4 6 18 19 8 (21 12 1 6 0o 0o 0 0 0 0
&5 933 a5t 269 &3 3
FEmax 299 FEmax 51 BEmax 1
L2 HEave 58 L2 FEave 17 L2 Hhave 0
A B C A B C D A c D
1 53 [209° 71 45 1 8 16 10 21 1 0 0
2 18 93 95 45 2 10 [ 31 IS 7 2 o o 0 o0
3 13 40 44 51 3 18 9 7 3 0 0 0 o0
4 16 16 10 24 4 g 38 3 13 4 o [ o o
& 89 &5 104 ‘it 5
FhEmax 13 EhEmax 19 FEmax 2
L3 Hiave 6 L3 EEave 7 L3 Have 0
A B D A B C D A B D
1 5 8 71 1 1 10 10 14 1 1 11 1 0
2 10 043 3 o 2 77 12 1 2 0 0 0 o0
3 8 10 3 0 3 6 19 5 0 3 o 0o o0 o0
4 3 11 6 1 3 2 4 6 0 4 o 2 o o

8 FHAKNZE 2.5m Ay ¥ 2lcRKYJD, ZOHD 7 TR € RHEFRE . X 2 2 WABORKIED 8 HLL &2 BN+ LY,
SEEELL BN LV R L
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FREEIX ORAETIEIC X BAEMREE (B 1.3m BLE, (EAE ~ @A)

| YORDE RFESH

HERX

IR TN —

[ta [ 2 [ 13 |[ H1 | H2 |[1-oh1[I-oh2[I-ot1[I-0t2[I-0t3] |H-c1|Hc2HIc1|Ic2|Ic3‘

JRS— NEHE (m?)
O RS— hOHIRFER

225 100 100

15 12 11 9

100 75

125 113
9 6

100
15

75
5

100
8

100 100
9 9

100
37

100 100
21 11

JORIE RFEFMTIFHICHR

JO0RDERF
FAAIARED 33
OY=XF 291

2
10

13

1120 2241 2112 2164 795

1424 3902 533 1217 1038
15 922

BEROVORDE RFEBFMODH(CHIR
YIULT RO -
XIIA

FRXICHE
5T )* - - -
RV HZ)F - - -
YIv~xao9>

B - JRERRD - EEROREM(CHR

89

1376

400 191

137 390 8806

35

34 1089 569

35 21

IN\RAZED
AANF

9 hDvvE/\WY 93

59

13
388

- 25 392
1388 -
- 22 36

BEROMBE (FEARREHR) DHTHR
> bxUI -
RFIT
FAIN F
FAXARED
IdJJ+
AV IS
FAFFOTA
F3U3>h
SETOF
FALOINIV=Z)F
EXIXUJ\

JHhIF
RYILTALRED

HIRDHCHIR
145 /)F
AAND25>
9231 >F7YRD
O RDIAXU/N\ 40
Acalypha grandis 86
vl iwlvl e 1
=UAFITIH 41
FEfIE
UaoFa1 I8+
THAFTY
J20F
EOSFINF
(ATF&)

50
37

2088
47

25

22 897

48

A DTIRIX, IEAIR A DRI DV HICE
KSHBELZEDE, B~SAKETIEY 27F a2
IH¥, THTY, TUF, HAETIE, Va
UFXavhFd, JUXAE, a3/ ruavy,
FOYIVERF, NTHRTGHETH-T. JE
HPEDINRK TOR, B~FAE T~k
Ua, ’RFavIdh, BEAETAHAIIVY I/
F, YA XT, vauXy/F, EUay,
RFavVEENR LN, KA, ARG
ThNX /AT E RFEFHICE, MIRXIC

58

163 42

123 67

42

28

24 1

2704

59
7121 -

1 371
1 1

310
522 6

- 91 64
3 - - - 18

1012 316 697
161

106

586 103

21-3 34;3

t, B~@ABEIINIYAXEY, av v
ENYHBHB L. 3 DDEORT, Bl iR
HEDEEN TV D728, 70T DR LI EN
R EZONBD, WAL T
B, 7aRUE FFOEFBHOMAER,
D3O D— MR RELY > T IKE DR 2R
LT#HH (Miyawaki and Suzuki 1976), FEfIK
AHOREE L IXHRIC R T 57, LA L, Ak
AHc BN TR, 7aRTE RFOLEGEE
MK & DOMICHEAE DK EIx 21T B NIah -

-

(@



%3

ARAX ORAEFIEIC K AR & 1.3m KO T, FARD

[ JORDE RFESH || HERE
[ta [ 2 [ 3 |[ Hi [ H2 |[1-oh1[1-oh2[I-ot1[I-0t2[1I-0t3| [H-c1[H-c2][ I-c1 [ I-c2 [ I-c3 |
O RS— NEfE (mz) 225 100 100 100 75 125 113 100 75 100 100 100 100 100 100
JRS—bhotiRMEE 15 12 11 9 6 9 6 15 5 8 9 9 37 21 11
J0ORDE RFEBMICISE (CHIR
J0RDERF 1120 2241 2112 2164 795 1424 3902 533 1217 1038
FAAIARED 33 - 2 - - 15 922
v e 201 13 10
BEROVORIE RFEFHDHTHIR
Y2 IULTHAAFZD - 9 - 1 1376
RIIA - 400 191
SR (CHIR
HI7)F - - - 89 - 34 - 137 390 8806 1089 569
RV HZIF - - - - - 0 - 35 50 -
YIV<IAO5> - 3 - 35 21
B - SRERR - EROREMCHER
I\RARED 29 - - 9 13 - - - 14 25 392
FAANF 25 - - 388 1388 - - - 89
9 hDvvE/\WY - - - 93 59 - - 22 36
BEROMRBE (JERREH) DHTHR
> bhxU3 - 2 163 42
ARFITT 123 4 67
TAINF 8 - 7
THAARED 42 37
ITJJF 3 1
P AV S 1 13
AFFOZA 28 4
FIo3>h 1 1
SETOF 24 1
FAITUIIZ )+ 3 0
EXIXUJN 2704 469 -
ITh/)+ 44 - 59
RYILTALRED 7121 163 -
FIRDH» [CHB
1S5 /)F 50 189 2088
AANT2S5> 37 11 47
922 >FYRY 8 195 3
o) Nk {BVA\ 40 25 25
Acalypha grandis 86 387 -
AORIDRF 1 29 -
=UAFIIIH 41 - 5
HEfE
UaoFa1IhF 22 897 - 45 79 1 371 310 1012 316 586 697 103
THATY - - - 238 - 1 1 522 6 0 - 161 -
JU0F - - - 44 380 4 - - 91 64 29 - 106 -
EOIFINF 48 - - - - 3 - - 18 - - 213 46 343
(J;(‘F.’é‘mg)

7z. 7R E FFOfFEHIC HRigyHE U
HBL, Efamaﬁﬁfﬁﬁﬁ®ﬁmEk@
HELUARWEE LT, A4 17Xy, v
INVT HAKNTT, TP I AFHERBET LN,
FHERICIZIEFICZ VDI, 7aRYE RE:4E
FHTRIFEAEHBE LRWVEELT, 27/
FOREINTH - 72

3. vrHuERES

BB X CHIE U7z O T HhBREE S 21K 9 1
RS, HHEEpH IE, VAR E RFAFE R

59

TR ORI CAIE) Tl 6~6.5 R, 15K
ORI GEfIKE) DI 5.2~57 LKMo Tz,
TR, EEHS X OB OREX T
20 cm {iifE & HD o Tz (H2 DA FISENTTE)
, PHZREORERX Tl 40~80 cm FREE &
TaBleix, mETE, EFHo 17-75
% 10T UGBK TlE 0 %.  JIER & Ml cld 4
EHOBEEE1F 18~95 % @m0 A, IO
TAHBRIRATHS. L, AIKEHTE,
M~V — 745 T, IEAIE TR e

~9k



i~ SVl LRSIz BET A0
HBM, APpCEHTEEEXD, IFAPRERT
B2 W BIGEW G E o . Tk
FOMTITDWVTIE, BUEDHTH T X AR D
TWEWe, TTTHHIFTERY. Thb
Mo, AEVHE LT, AaEIEAIRET
DFEFPAE TN, EHEH L GICEH XIS &
HEOD Do T2 3 BOEBFHIZ TR TS
ZEUNHT, BEENEM o T BRI
FEMERHT, RHCEEEDENL S, HEL2320
ZVHITHB T ENRBEINT. JuRYER
FEFMO RIS SO~ e RO/ T E 18
MERT, HEREIROEMCH > . it
Fd g NOFHD R L 2R, S0
FOEMEBEbONL 28I ThHozC &
5, N &2 THFHOBRENHICHEEL T
WAAREMEE E X BTk,

4. HIZMZ R, BRI Ed K Tk L
DRI 7B

7 YA LT ORGSR, PRI &R SO
BIENZHEEEEDDTERI -T2 (D,
Bt d % &, WREEOD, BInrZhk
HENE DN EDBESM R Tz, DT
YA LTS BIEE T TH 5728, T
IERER T D P, HlO 7 aRy € R0
BNEZREEE EDHTEI o7z, 7aRTE
R FOBURNZRRIEDNIFR I E VW &id, £
NZNDEOREKREN DI WERE THEFF S N
TERTEZTRBLTVS.

Pa2R 5 & I IR S O O A5 T 0 (b AR5
(Gsp) 1% 0.0064 L IEHIT/NE L, BB
fEMFEEAERETWERNT ENHSMICES
Te. Tz, TGRSR TIEDZM, Tl
15 BIZTHEDS B, 2 DOMIETHEICHBNTH
KA (RS - WREE) Lo’ T#Es
s bR E Nz, —J5C, HEkkiA DNA
DIFERAIR) 2200 bp ZIRE LTz & T A, PHE

60

& B CTHRAERYPHA « R ECHRS
Nixhhotz. TNEDORERIE, FibkyE & iis
DI7URTEFFE, REICHES EELT
WERWEDD, ZNTNHIOEME UTHERFE
NTE ez "L T 5.

Wik 72 3 DTSRRI R ORER, 7R
UE RFWIET % Polyalthia J&DFRIK
At L7295 TdH % Xue et al. (2012) D7 L— R
2IKBT ARDOE LISy BRYE RF N E
XNz (X 10). Polyalthia J& 13 530 DI
KoTERMTHEZI DN TED, 7
L — R 2 D73 BRI H 721 Monoon J& & L T
PN T3 Xueetal 2012). FHEITHED
FEREX, HET V7SS B Enicosanthum
membranifolium (Monoon membranifolium) T >
e, UL, TNHORHRHIIFFICRER ST
W—=TTHY, JATHIIETH % Xue et al. 2012
TL Ry T) TR TETVEVED,
IR YE FFORMINEETFRICDOWVWTERT
BT E o ERFHME RN DB E T H
5.

V. BREER
HRPIRTO 7 O Ry € R EFHZHA
L, 2FEMICHET 2 800 < DS M
Tolz. £, WEKE B TOREOELD
5, EHEHMOREHIEIZTNT, MY > I
DOKEMTH -T2, £z, AEHO I,
{L2EIHT DFERE R T2 R P NSRRI TE R
LOO, THKE THEO pH JlE & L OB
X, LyYFr~FIav kit ch s aken
ME. AT, WS LB MK T %
5D TH-oTz. TS DEM2MKIHTT S
T T, BIENRAEEHOBIAII D B FEFEN]
RECHB. i, ZEHHFEOHGP I A
5, EHHIE, 2UERMSE#TH S LT,
NBIT K> TEREND T &a M ER: L
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I-otl
I-ot2

75%

g
218
1S
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TOZEIBEET ORI (%), A=EETREHID OFIN
SOE{R RS, HE = IRFENDPNT AR, HO =
BENTHINT nEG Y

N P A Ho H
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HBEHTE RO ML THED., R
REFME L TEHA AT BVENMEST LTS
W, REDIFEAEEZZDFITETFIETLE
5 B8 (Nakamoto et al. 2009), F& -1
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Fi&, HRMIC3DOEICULMEFET, R
fiEghrClE, REMTBERDBERE, W7 P77
149 % Enicosanthum membranifolium (Monoon
membranifolium) ToH -1z &, 7AW A Lo
M CHERS S & Bl C 13RI Bz > T e
TR END, REAT—NcEBNT, JFRIC
sk =Iic, Wr7 7 AN D, DazInS
TEIDTREEND. SEOFHIRELTIC
EoT, INSOMEMEPHMZEENEDEL S
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Research on population structure, distribution pattern and genetic
structure of Polyalthia liukiuensis (Annonaceae) aiming for
conservation.

SASHIMURA Naoko, IKEDA Akihiko, OHTANI Masato,
SAWADA Yoshihiro, SUGAI Kyoko, NAIKI Akiyo,
FURUMOTO Ryo and YOKOGAWA Masashi

Monoon liukiuensis is a rare woody species only found in calcareous areas of Iriomote-jima,
Hateruma-jima and Lanyu. Given its narrow distribution range, the species is listed as critically
endangered in the national red list of Japan. In order to gain a better understanding of its current
population and genetic status, we conducted the following analyses. First, a vegetation survey was
carried out in all known populations of the species. Environmental conditions at each population
were also assessed by field surveys and visual classification of aerial photos. Genetic variation and
structure within and among the populations were investigated using allozyme data. Diameter at
breast height of M. liukiuensis individuals reached 35.7 cm. Stem heights of large-diameter trees
tends to be mostly less than 14 m, presumably being affected by strong winds during typhoon
season. Many seedlings of the species were observed under the crown of large-sized mother trees.
In most populations, basal area of M. liukiuensis was larger than the other coexisting species such
as Ficus septica and Melanolepis multiglandulosa. Presence or absence of M. liukiuensis had no
clear effect upon species composition and environmental conditions, while clear differences were
observed between calcareous and non-calcareous sites. Although no allozyme variation detected
between Iriomote-jima and Hateruma-jima, substantial genetic differentiation was observed
between the Ryukyus and Lanyu, indicating their different historical backgrounds. Our findings
suggest that M liukiuensis prefers the calcareous sites with immature soil, under frequent natural
disturbance but unaltered by logging. However, such habitats were not always occupied by M.

liukiuensis. There remain questions of why the distribution range of the species is so restricted.

Key words : rare species, regeneration, disjunctive distribution, islands, soli, seed dispersal
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F2UHRTO-Fbo—F - 77 FBI BRI

TIEROMPEIEREA A I XX ORI IS

TR - I - REO=ZFHHEBEIC K DA AI AN T RET — L

B ERME— 7 - i

P WU - SRR T

HRFIEE ® « B RERYS - AR =T © - JAER] ©

2009 I THEILRM) (RIS R E NI I HA YV DIBA XAV IHiOMYIE, A AIAXArEL

THMRCHR L7z

AAIARZATECT AT TERMOAHELTED, Ly U THijfaHE 1B

g E N, THERYOEEMTE B 5. ko7 HIC FRE U7 MY SL S, somi i
I, NGRS CEIMRER LTV S, FATEBIEA R 2 XA 7 DRI
EMOBE L, SEE T —H— ORI, BIMER ORI R ED F. AIE 8 AARICA A I AL H 4 B
DIEART, 290 KD RIS & HIIAD 82> 7L b LTHRE L. ZN5I32T DNA fii

U 7zt 5. £z, BEED S LARZITY , MR OMZ - Tz

fitiise TR LESMr 22175 T 5.

C O ETIHS

F—T— K THA YV TJE Veronicastrum noguchii, BRI, IWOMESR

db
. B2

FANaRy A )@ Veronicastrum A
A1 I Hi Sect Plagiostachys 1%, W7 7
(HA, &8, WhED I~ RN HLT
B0, HREINTIRZINET4HEINENT
W, HAEHDO 2/ (VavFav AN
1 Veronicastrum liukiuense (Ohwi) T.Yamaz.,
J = A X H1 77 Veronicastrum tagawae (Ohwi)
TYamaz) HXT, HAELHEICTMT S 2
i (b= /% A XN Veronicastrum axillare
(Siebold et Zucc.) T.Yamaz., A X 51 77 VYV U
Veronicastrum villosulum (Miq.) T.Yamaz.) T3 5.
1823 4 ~ 1828 4F, 1859 4 ~ 1862 4F I H &
IZHiE L7z —R)V & (Philipp Franz Balthasar
von Siebold, 1796-1866) (& 12000 fixH D& <
AR RN AT VI BRD, £2<D

FEZFIEH L TWED, IS AAXATEAX
ATV IE T OREARZ TSRS SNz, R/
FAZHTIE =RV ERADBY Yy ) —=
(J. G. Zuccarini) &HZL TR L, XX ATV
E I 7 T)V (F A W. Miquel) 12 & > Tl
EN7z Miquel 1865). AR AV 7%, EHN
THILFRRABHISNTED, 1856 fEM 5
1862 A i & N7z BRIAREES D BUOKIXIF « H
HicsERENTVS @0F - B 1907). A
AHr YV I EC AR K o fioME e
N, HIROIEFZFF DN RE>THO, Y
RRKICEICIRREDNH B bbb, AN
TV OEioOMEEHET S EEZ 5N Lk
1953).
CDARAZXNTY DL, WRLEE, HARENO
HEHIWN R CH 5 72 WL OO T <

I FHEAE 2 TEEEL @ 3 TIEREYPEe diRRS V74 7
5 TIERNG AR toE by 22— 6 HiRRT VT4 T
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HHEANRONTVS EDOD, Wk [ A
bHHT, ZNUCSOVTHIFEARIE SN LT
W% (Makino 1906). Z®dD— 7T [IHFHE & L
TEEREEN—IcpmL Ts o, HEICE S
ALTWBT D, HEMDRRINZR
ZTNHARERTD 5 Dh, FIGHHEM, B
WUTZEMTH L 0DMEE > TS, £
D%, 1929 HIC I8 BUR T NT O ITFRN TERER
TN, 1953 FIT7x > TE D HER DR
HE Nz (F 1953). Thhy, Sk EIAREIC 7%
Sl OBEMTHS. LhrL, ik (1953)
&, TOFEHITDOWT &I MmAEH U7z rgE
PICOVWTERLTWVS. ZFD%, 1989 I
TSR (BD % X)) THiT R
RENzh (FE 1990), < OAEFHICHNT
&, HYNIAEROBINDEEDN . HEEEN
To ARG 2 AP T, EEBE D nT e b,
ARV M E IAJRICEE Eh TV
%. ¥iz, AXNWTVIHO) 2aT9F 2T AR
N BAEMEIR IAKE, F /7 = AT 34
WREHNFICHEESINTEBY, RAANTVY
P H ARSI TS D b T A AT 7%
FrE, SMMHEEBICEEEN TS

. 1RAZRAAATDER

A AI A7 G THERNTH R Y RE D HED
ZTEERNORIK 7 105 fHEOM@E THEIN
AT SN U T2 B I8 U 2009 4 5 H
4 WS BT O FEM) K T AR ORI 7% 3
RUTe. FHERNTHREYRE CHETORR A X
AV EHEL, RRO X S ICIERIR L EE
BRI UMHENMHIGEN T WM &
MH, ZOHEME LTHRE LR (FOEL
2009). W AT THEI N OMYIE, {E
OREREDIET 2RO T & 7 & OTERENRHA
AANTV T X LUTVB T &, AXH
TV EREEINIZEDTHS.

7z.
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LML, CTOBEFETHYHTIOT ORYIOE
A EREMZOD, SR L, L
e OB ETo Tz, BREHTHNIE,
?ﬁ”‘@%@%ﬁ% ELTRET 208N D B

, HIEHHOBH THIUTZF DLEIX IR, T
%/ UEYIZ R > 2 — IR0 sz ke
BN H > Tz Tz 8, 2009 4EKIC, LJFICHE
(LI ZARPERRHTIC X B ERE D RTRE T2 D D -
To. AREGMANEH U725, Emiic Ciy‘]*“@
DR E <, AT H2HEENOLEA
BRI ZARIENFED B N2 AT HEED & b‘éﬁ%
ZBHN5HDT, BIGHZEIEDMTIC K > T,
AEmoEy, BEERDZHRITE S EE
ATe. T T, TOWMYIOLERIDEILNZHREE
ZRio T AEEHTH 20 EM ZWGEET 2 7
%, RAPD #:FB KU AFLP IS & DI & %381z
RO 21T 72, ZORR, ERIND
B DB IKEN S 2 — D 2 A THEE
HHN, ZOEMIIEBDBIISN 22— 7%
FEOMERIMAAEL TV B T &b oz, Akl
REVIANERIE U72356, Hiok < SBURRIC 575 % 4K
EHEADEE L, FNCEET S EIFER
i< <, EFHINITEEDOBGRIN S 2 — 2 INMFEHE
TAHILiF, TOENMNEIENZEEZRDOR
PEMTH AN E LS, CTOMENBNT
HHEMZ, BFEEHTH S Ehbm Lz (B -
A 2011).

RO K S IEIBRIT DR T, WA
Mok e, DD AF UIRERO AL
AV T DEEIIIEREMHEN H 5 T LITK
DWWz, HPNE A XA DI ERIED R I
ENZL, WITHTOMRIEEN DR ENS
HIGT, Wl ZTEFWTE a7, 7
AN BRI O L, FREFHD A XA
Vo, BEREMO XYY, FOMFFR:

DOEFED A XA 7V 7 Hikiy & Bk A DNA
@ trnL-trnF 78 1, rps16 intron 5 &, #% DNA



D ITS 78I D DNA HEECH %2 ikt L, SRk
RER LI T AHIRMTH B T Ehbhrolz
(HFE7IZH 2012).

. $riEscE;

W HERMDERD A X170 LRI TH
B ES kL, FiidE e UCRldid 21Cid,
BARTH IR EREIIC K B RO KT VREIRE T
HBHEDILEZTTII AL, W ETHBE
DIEREIC BT B HiEZ AT H0E N D S, A
ATV T DEIFNE L, ELEFERDOIHZ(H
M UBEOHRTER T EE R, WITHE
M & Bk 7z RS, 1EERD2 MDA XA
79 AAEMHkROEA S 2221, &I
Wi s el Uiz 6 ARICIEME L &I
fELTeT &5, TEDREZFHIICEI%E L L
MEt U7z miZ e R CHEBTH S T &,
BRIEDIEIFZFD I D, FEREPINT A
MG A XAV o EAEENTA, FElA#E
DFER, 2 OILEINHEZFFDZ b5
fe. FTT, ATV R ~IGATVCHDA TV
REN AR YN S, A XAV OHHE
RO G2 AF LIEh, EERD2 N
&, I BRIEARARTEIT D X XA 7 FIAEE
O, HEIS—F v VAL (http:/www.
cvh.org.cn/ems/) 5 HIEPE(AAD T < HEEA
W2 1FTz. W HEMOERE 25 OfElk
SO G2 AN LEIRARET U 72/ R, W A i
FENIRIRE T D % & FIW Ui A A XA
(Veronicastrum noguchii) & U CHt5 U7z (Uehara
etal. 2013). A AIAXAT Lkl DBELE
Hre, LoD 72 8 D EIN S D TisdE D F AL
P 22 at by —5 7 7 v REIRRIC
FoBThxot (LFIEN2014). A AIAX
A OEEHNC IV B Ak, R & EEREA
ZRY (K1, 2, 3). A A AT IEERIK
DAEFZ2FFD, RIS TEREDIEF 72 Fr DRERI
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MEAZXAT YV IHORTE XK T DH
T, fthoEOEFIEHEESL L EH#EETH
% (Yamazaki 1957, Chin and Hong 1979, Hong et
al. 1998). Z D7 A AI AR DFLHICH
TeoTlE, RIKAZXHT VY & OME ST
Lic. A AIRAZXATIEAEFHERIRTH 2 5
AR K7 Ik Oh TcEME— A XY
T EEUTHEM, (L PEEOHMTERE T XA
TE5%. BREOH:EIIFKGH X (Uehara et al.
2013) IZRELL.

K FE D 24 &, Veronicastrum noguchii K.
Uchara, K. Saiki & T.Ando & U 7. /4413,
THEEOHIKT 0 ZEZ EFICHIZ DTV,
AR LTS LIBRGE RIS Lie., Fifald
AFEOHE—DHEMDDH D, 5%, ARFEORE
THEN CHELRE 248 5 THER W A hiuR
ZHWAAIAZIN T Lttt A AIAX
ATE VEROAHT, TERYIOEHHETH %.
FLHGRSC DFERICTIL D, BREARICKD 2012

I AXIAZHAT. A ik, B; fEFOHEK (Uchara et
al. 2013 X D #i5#0)
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2 ARIARNT IERMERER, A A XX O IFEHUE
FEA (Uchara et al. 2013 X D #i£i%)

IS HICHELINLY R7F—% -
Mo fE I 1B IciEE SNz,

FEIN T & &SR O BRI O MRS (X I8
&2, ZDZ IFBEHOKEYD, Al
BICKODZO—FFML R 275 8ICE 5. 1
AIAZAN T DXL H LA FERE
N3 EB3BLL, £, AXAhTVIRIRT
LT BEENDOZ A7 Ik, FELW»
ez, 2T SH D, EEM
EHBLHW LT, T, HRUCRHHET 2 T35
OHILD, BN EMZEEZ T E—IVT B T
LICEDIENDEEZONS. T TAEDH
R E ROV TH R 2ERAOERKZHiF L
To. WEBIOKRE, ARG X DFERICHDE Tt
FepiE (2013 422 H 18 HAeEMR A F]) ICidH
MEIREN, T2 RYI DI ERGE, 0

VAT
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1 RIRXDYT
Veronicastrum noguchii K. Uehara, K. Saiki & T. Ando, sp. nov.

K3 AAIRZXNTDRATrvF. £ A ZAXH7 7K
(Uehara et al. 2013 X 0 #iz#k)
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TORRICAAIV T ZHDE2HI9H~6
H2HET, MHFRTTERICT  HifEiy
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1, & AR, SHEGHSICEH S Nz ik
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WFECHGR S DIE D, HAKEY) 2R A5 12 6]
RETHRELR.
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HigLT& . ¥, A AIAXAhT kNS
W LZZDNA ZHWS A 70754 hx—
H—OREEDZ. L, EEO~S—h—
FAERR LTz A A2 AZX K TR Z RN
IRT = —DRFITIEE > TRV, JidRD
RAPD /£ XU AFLP IEICEWTIEFA AI AR
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77 LD 1 RO A 70y 75 A R EEO
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B~ 1HETH 5.
AAIAZANTIEY a— "D RICEMT 3 &
ZOWMMNSFBL, HETEY a— 2Bk
T BREEGRITS. TOOEMANICIE I 0
—UitkE 2. £, CNhE TOBLCHT
FEEAERLNT, LA TIEBAE 2D
KLU TEEHPE N, EHNOLERIZ DN
EEZLND. TOXIHRENDAAIAX
AT TEZNVPIE S BEICESRVWED LH
AbNlz. A4 7097514 b~ —h—DR¥E
WRETA AIAZNT TIER LT~ — A — 73k
BD ST A AZXHT Tk LTz & TALZTINGR
BoNZGEELH o, FTT, AAIAXN
TR L X)L D ZRIDKH T & %81
SN—A—DOFEZHEL, KL )VDZE
MR TE % T b > T &Iz FLOWERING
LOCUS T (FT) @Y D52 4 > b a v =g
§%PCR T ITA—DIENZHED TS, X
o, 478974 F<—H—IcDNV T,
KR DNA & —7 > —Z WV TV A
70 7 b= LEN T, SORREDOHiZ/a<
A YT I A b —A—EES 2 ER L,
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AAIARARNTDREKICEKD, 1 DULHEN
ARSI E N ATREMED D O, | LIEFRL
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BUIFRREH IR S AN O EE I NS RN
ERETERV. UL, REODITEL Y
RF—=2V RN, Ly RF—=%7w 75T
ZRENHD, FTORDIIHME L TRIRT
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DUV T E TWIRWVIRRETHE LD, TH
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Z—, THEESThREYEE L & &I RIS 2
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BCTEDLT Do TEREED, A AR
A OAIIE, HAEHORE L,
BEHNREEBI RS 2 ehEEEZDN
fo. WOMREDTDH DR L LT TERWT A
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W ATOKHPET RO 215 T PER ) &
n, L Z—McA XA A AR D=
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HAEYI O Fie AT RE R IEIMR = 2y BT — 7 O
). INSOHFECHID, A AIARAXNT
IZDWT & FHERINIR ET B 237 T e,
AFHDREEN, FEFREEDENAAIR
AT DX S MY T, BEMZD
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Conservation biology of endangered plant

Veronicastrum noguchii sp. nov., in Chiba Prefecture

UEHARA Koichi, SAIKI Ken’ichi, KATO Akira,
NOGUCHI Shozo, IWATA Mihoko, AKAMURA Masanao,
KURAMATA Takeo, KUBOTA Mieko and WATANABE Miri

The new plant of Veronicastrum discovered by Mr. Shozo Noguchi in Isumi City, Chiba Prefecture
in 2009 carried out a new species as Veronicastrum noguchii (Uehara Saiki Ando 2013). V.
noguchii grows only one natural habitat and specified as endangered species (EN) by the Red
List. It is also the first endemic species in Chiba Prefecture. V. noguchii can grow from a cutting.
We investigated natural habitat and developed a genetic marker. And we make preparation for
preservation of V. noguchii outside the natural habitat. We investigated intensely the natural habitat
of V. noguchii, and obtained the geographical information on 290 individuals of the population,
and we also took a small part of plant for the study of genetic diversity and planting a cutting.
We were planting a cutting all samples and now grown in the cultivated field in the cooperative

facility.

Key words : Genus Veronicastrum, Veronicastrum noguchii, genetic diversity, preservation

outside the natural habitat

The Veronicastrum noguchii preservation team by cooperation of a citizen, a local government, and a university
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Breeding biology of an endangered natural treasure, Emerald Dove

TANAKA Kenta, Ol Sayako, SAKURAI Yumako, NAKACHI Kunihiro,
IWASAKI Tetsuya and TAKAGI Masaoki

Emerald Dove (Chalcophaps indica) is known to largely range from India, Southeast Asia, Taiwan
to south of the Nansei Islands. Miyakojima Island is the northern limit of the species’ distribution.
The population in the Nansei Islands is considered to be an endemic subspecies C. i. yamashinai.
The dove is listed as Endangered in the Red List of Japan. It is also designated as a national
natural treasure and a special bird. However, there are few ecological studies of the subspecies
as well as the species. We aimed to describe a basic breeding ecology of the doves. The study
was conducted on Miyakojima Island from April to November in 2014. Their nest was a slight
platform of twigs mainly placed in Machilus thunbergii and Antidesma pentandrum; positioned
approximately 2 m up. Nesting success was less than 20 %. It was inferred that nesting failures
were mainly caused by depredation, especially the Jungle Crow Corvus macrorhynchos. Home
rages varied individually (ca. 2-18ha). A female always had a larger home range than a mated
male. Although their home ranges were largely composed by a forest of Pinus luchuensis, they
also included open-lands (crops field, pasture, and wasteland). To conserve and/or preserve the
population on Miyakojima Island, we should prevent Jungle Crows from depredating eggs and/or

nestling on doves’ nests.

Key words: redlist, Chalcophaps indica yamashinai, Miyakojima Island, depredation
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al.2002). ZNH, SORFEOR AESN RO
AT, ROZERTAM, (RMSEEAE O MR IR O S
EEZ5.
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WK IZNRT U DHARICEA - EET 5
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TNEOTF—=RIChA, SOKRMEZETL D&
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LR E 72> TWADRELWAERIR D> TH
59, AWFLAEOH R it oo SRR
ICHHTERLEEZS.

. A&
1. SRV A A Ok I f & 4R LR
SHARFAEL, 2013 4F 11 FICHHEMTH 2/
KEETHEM LU (K1, 2). 2005 FE KT
2009 FIATH FIHEFE LR CRA Y P BXTR
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ZHER LIz, XA b bTy TICEE - 7k
W U CERIN L B NI R B o 7o, BRTEEGR
TTEIOMERIE T V—F T A MRV, 7V —
FTFARERBERIm DT ITAF YT v —
Lic, {AfRzEA LZ DO G 5 HAPRIEE
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FBEFEC LI L TAS L, H1REOH
HEHSHE I EHOHEICNWEEET, EH5T
NRIETH 2 Y VAT ) DEBHNDOEEEIR
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TEFAAXTVIE2EH (2009 ) O
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22— 3 BH, EO7V TEIEHRIE—
HACBENT VS, FHERM OB TY S 16
R~ BIFICIRE Z S REETNzDIZ, TFA
F ATV Eo 7.

V., ER

K10 IS Do > THARREDIKT VY D57
it UCED, ZOMICENERIRO
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EEIERTLTWAZEAHLNTES T,
KSRGS TRE Y YA A X7V
MELE LTS, SRR TR IR RIRE
R A = 2 — VLU <, B DY L
V. ZOR, IWEEHIREDERE= Y F DI
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Temporal changes of alien ant distribution and ecological studies of
new alien ant, Peheidole bugi, in Minami-daito Island

SUWABE Mayuko, TANAKA Hirotaka, OHNISHI Hitoshi,
KIKUCHI Tomonori, GIMA Tomonari and HAYASHI Masayuki

The disturbance in native ecosystems and exclusion of native species by the alien species is a
major threat to the loss of biodiversity in the world. The ants, which have large biomass and
various interactions with other species in many ecosystems, are considered to be likely to have
serious impact on native community as alien species. In order to understand the mechanisms
of invasion of alien ants, we did the census of alien ant distribution during 2005 and 2013, and
investigated ecological feature of new alien ant, Pheidole bugi, in Minami-daito Island, Japan.

As a result, in Minami-daito Island, Pheidole megacephala, one of the most famous alien ants,
were constantly most dominant species on the roadside habitat whereas during 2005 and 2009 the
frequency of occurrence was temporarily decreased. On the other hand, the distribution of another
invasive yellow crazy ant Anoplolepis gracilipes was restricted to a small local area and at 2013
survey, was not collected on the roadside environment. During 2005 and 2009, the distribution
area of Pheidole bugi was dramatically expanded but during 2009 and 2013 conversely reduced
and widespreaded was reduced their distribution area at 2013 survey. Also, the number of native
ants were gradually reduced excluded.

Our results indicate that once alien ants succeed to invade the new habitat, their population can
maintain for long term stably though there are fluctuation. Therefore, the reduction of native
species can be caused by competitive exclusion between alien and native species. Also, from the
fact that the new invasive ants, Pheidole bugi without unicoloniality can invade and expand their
distribution area, other ecological factors such as the empty of niches or natural enemy release

may be important for the process of invasion in ant’s community in Minami-daito Island.

Key words : big headed ant “Pheidole megacephala”, oceanic island, nestmate recognition, long

term survey of ant distribution, alien species
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zBE0avE VM, R DEAMKIETY €Y OAERIRIISDONT

FER BBV A=
BRI e B OIRERS

MR TH2Y 2V F a7 7 avEY LV VVRA ST aTEY O, BG5S
ZigH DR 5 E LTHM L TV 2RI RAZ <, LROBUIRICE U TABHZREN TSN T
B, Z0D, REPRBICHD B EFERMISNTORVONBIRTH . KL, MFLHE
FO2ENC)F T oz, TORRE, VavFay Ty 7aveicdnTid, JLBo Rk I,
FPERD =51 - R - #iEd KO MEE X LS, S0 SRR 2 LIS O [ AT ERD R E e,
R HHINE, B - A « BIARDS ZHHOBET, HBICRSSZEZ T, i - WiaEHi 6 A
A~ 7 TFHT, 8~ 11 JUTIIBRFFOEMMDIERE N, HIZAGHR ISR & $ 1208 L CHMAERIC
ABEHEZ BN, KR O 11 AW TH 7. —FH, Y2oUbRtFe ravel i, =®TEm
AlER & CAERDERE S N, ZOMOHIK T ERDHEREE S Nah o e, AROAFKIZRS N,
AR Dl e pREN, WEOLERIKICENTE, SBEMRRICED, EAHEOEEN 27 ¥ —
W BRENDHS. WEEITEVHICOVTEHEL, TN5DOREDERIRIUCOVTEE K L.

F—TO—F:1VavFavyrrravey, YLKt avEY

. EC&IT
e BIiE, WEtkavey e LTcaxssHn
> %EY (Rhinolophus cornutus ; fifi4 1)
AAF T HYZaAYEY R coorii), EEIUH
a7 &Y (Myotis macrodactylus), V) 2.7 F a
A F A AT (Miniopterus fuscus), #r
MPEawEV ELTY VLR A T O E
U (Myotis yanbarensis) £V 2 7% a5 7
a7 %Y (Murina ryukyuana), % U TIEZM%
9V ELTOT7 75 a7EY (Pipistrellus
abramus) Ot 6 I TV HDVERL TV S (|

FHIZ A 2001).
Fric@ st aw ey 2 M, WSRO
Y 2N VDR T 1996 4FIC [AIRFIC FE L X T
i & N7z (Maeda and Matsumura 1998). i
i, HAOEAE CHupbGHMEICS > 7 &

N, MHEOEMEERNEBLCHEZE i
2000, REEA 2001) DR SNz BICERL
TV, BRASPHESZ R ORSE & LTH
AL TW2H RSN Z <, EROFURICE
U CARRNGREN 2 EN TRV, Z07,
PRAEDREICED ZEABERME SN TV,
DNBIRTH 5. ABFETE, HeHzile
LT, Zrincek, HAIMICK 20, K,
VauFaurr7ayE i onTidT X
AT bTw T (B A 2009) & FE(E
IS KB ERBEHOFTEZIT, RSB OF]
FIIRI, B K Ot OR M2 IH S
LT, BRI f#EEICB T 2 B8R 2T %
LHlc, REDTHOEKNTIEEZT ST L
ZHIE LTWA.

iz, WYV EICOWTEBLRZHE

I RS ERSRS:  2: 1)V PROJECT 3 BRMKR G IFZEAT
2014.11.4 £}, 2016.1.15 2368
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B 2O EREZHEL, Ny T T
2 — 0 E A2 R U TR Ok 7z
BHiLz. ZNHOMENS, mAFEDY 27
FavatiHavxry efifgty) M aFsH
voavxey (LN, AfEaFsHrIavE
Y& UGl Z2aTimEEay ) HORE
ICDOVWTEENT 5.

Il. AEMRERAEAE

BT B O TS ERE S, HRE
D EWALEB O RKIE A A I (DR, A),
o =50 (LUK, M), KHAfi&E (LK, D,
HE (LR, ) BXUmMmELL (MLF, S
M, FEEBO B X LJEAMIE (DUF, T) T
b5 (K1), AT OEHHTH 2
MEBED20134FE 11 HT~1SHEEFD 8 H 25
~9H2HD2ENCH T TITo Tz, #EEH
A3 (AR :6mx4m& 12mx4m) I
X % fili ¥, Pettersson Electronic AB (Uppsala,

0

_—

128° 50'E 129° 00'E
1 ZRAAIE 7 B U B OGRE e & SRR A R R AL

e VaUFausry/aAUEY, AIYYNLRA LSO
UEY
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Sweden) DNy b T4 T2 — (AVEY
FIARFI2S © Pettersson D1000 bat detector)
KB EF DS 2ITo Tz, W AIMC K B
T, NTHNCTERRE NI Y BV O S
FaAE—H—THL, avtzZiFad 5
& Hill and Greenaway (UK) #I0D Acoustic Lure
(Sussex AutBat) 7Z fif F L 7z. & A Dk T
&, ZA LTFZ3Y g 2 (time-expansion
mode: AU T F )LD 1/10 DHEFICZH1) I
v bL, TYRIAERY—ICiEk LTz F
7z, WD EEZEST 57281, Pettersson
Electronic AB 8 o it ¥ 7 # A #% Pettersson
D500X 72 RziE L7z,
VavFayrrr7avey) OfERE T
&, HAIMWCKBHEICINAT, THRXATY
Y7 (Mallotus japonicus) OFEAKIAIZT 71
AHTT STy T (g, 2009 B LUF,
kw7 BT 50 WERIER L T, TN
5 72 # 20 ~ 50 m [HIBE THIED 5H) 5 ~ 10 m
Ao Te il O DI F i 1~ 2 m OREFIC 1
5L, TNHZBHERMICF v 7 LT, <
5 & UTHHA LT A AtkZH R v b Tl
1 U CARO A BT T8 s 2GR Tz,
TR Y BV FHOFAE T, JEEBOREH
WgEYt, /NS, A LRI, TR LI,
HFAFEALN & & U= oSl 2 & L7z
(B 2). WABEEICA, YHRAOCEF RS
I K BHEEMOHE LA DAY >V s 2l
W, B HARINCIALT T 2 A S O 2 AR 7.
WL 7280, SR Fin - P> %5
IKREZFHX, TANITA 8EFAREHEE 0N T o
221476, RDHEEOD g THREZANEL,
AT SIERTR  F 2 (KSM-15,  5/)NH 7% 0.05
mm) THikiE% & DNBIEREZ R IE L 7215,
RIS Y > 7 7% 35\ TR i C ek
Lz, FEicDOWnWTid, fREMfiobE o
NI OWE SR IKE D), HETIEREERO



YA R, METEAFCAMROFEEREZ T = v
7 U, WK, dipEkEs KU RERDX n7Z21T-> 7.
ik ZBEE S % 728, 2013 45 11 A ORKFE
Wi 6 fEfk (i 2 Mk, M4 18k, BFICiE
3l f& () IC Blackburn Transmitters (Texas,
USA) BIDFE(E28 (025g) ZHE LK. £z,
2014 8 ~9 HOEZFIZIE 3 itk (M) 1<
FROFEERZ I Uz, FREES AR OB R
DR SDOREER, i 7elcHX3 HTFDNL
Y Z—HLIRE\KRY 7 F (CM2HRY) &
Yaesu BU3Z{Z#E (Yaesu FT-290mkID) (] L 7=.
FFE & N7z Hifid Garmin % GPS (GPSMAP62)
M U TSRS 2508k Ui, sl Licg s
D iR HT1&, Pettrsson Electronic AB 4 Bat Sound
3.1 software Z (il L T, & OFEHA (b
2010) Z{r-o7z.
s, AFEITEREEE NG BRET R AT
5 SERIIEFT ATEE (CF A 24 2 58 11-01 5,
R 25 AREES 11-67 +5),  HEUL S IR AR P

N
A

A
HZIE

128° 50'E

129° 00'E

2 EE YY) FHOMA & S FEOE SR . A LA
FLEEYT, Bi/NGH, C:t LEERLIE, D miesETLE, E:
HFEASELLF, FmEH. o:aF 7 HYSavEY, AV 2
UEavaeFHavey
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M HEAEK (BRFEK) O AMFFATEE CER 24
EREEEEE 120 75, SRR 25 FEHETEEE 898, 899 5)
ZETiThbniz.

. FHEER
1. WEICET % H A I HIC X B %
(e

ZE 1L H 7 HIC M TH R IMIic X%
BaRATHOEME, VavFaurryr/avE
U RERED R S N7z, F iz, 8 HORMIK T
WRNCaAF 27 HSavE) OFEH (PFHE :
1112+ 1.39kHz) &¥ >/ bkAeravEy
(PF fifi : 65.4 +3.10 kHz) ZGd&kL7z. 7235 PF
HEIXE—TABEBDOT & THD. ARIKTIE
SHOHMICaAF Ay oavE) &) avF
2T avE) (PEA{H : 58.0 £2.37 kHz),
MIcHF 3 10 HEBOFHET, aF7Hv 5
aOYEYDOEM 2R Ul SR IEARZ 8
HicM, 9 HICI, 11 HICH, 12, 13 HIC M,
HHIZCINKEL, MTaOF/HyoavE
JeYavyFavarrHavey (PFE:
56.2+1.03 kHz) DFEE RS L.
HZ8H25HE 31 HICM THEBEICA XX
MWERE LD, VT 2T ST ENT
Xhhole, HEELT, aAFI/HYTaAVE
U, VavFavurry7ave)BLUVY N
IWRAvrayey zickk L. YULOEHE
HOMRMNTHIB (B 2010) L7zFk « EZRIC
BIF B8O 2, M1ICXKEDTURLE.
2. TARAHTT I TIC&LB)avFay
727 a7 Y ORI

kZw TORBEICOWVT, #ZF 11 AT
A Hitis i 22 i, M 20 M, TI1C 33 B &K T
HIC 10 ffifiE LTz, £/z, EFE8HTIEIMIC
10 i, T1C 301, K I 10 i35 X T S i 10 {
RiELlc. SFOMET— 2%, &1, 21TR
Uiz, F7z, SR NizX 11k
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Lz, TNHOREND, BB (EHMK
ZHTHIED A, HEHOM--H-1S,
HOTTHERLTWS T ARSI N H
BENTAMRICDONT, REHOMFETIE, H
AR ESFT 1580, M43 CTH -7 GRD.
RCEREE CIER AR LT, FHER 71+
0.67mm (n=18) THo7z. —7, HEMET
FIEMBIO L Tz, SEMZER L T 241 &

LG, MTILH 13 HICHEfE 28, TTILH9
HIC 16 B0 (RCBRIME 10 85, A picHRME 3 86, dipk
BRIE 3 8H) Th-olz. MFICBUT SRR A
Behrsdl, 205, H178HTH- 7.

BT, HIMEERDHESFT 11 55, Hf 8 55
Thote (R2). MR THZ LM 15 5,
W21 B CTH > Tz, BEREE TGN ZEM L T
Wz, =75, BRERME TR LI ZEME L TV e,
FEHZER LT HlE LT, 1T 8 H 29
HIC 10 B (RCHRME 4 55, R RRCERIME 3 B, HHpK
BRI 3 55D, AT 9 A 1 HIC 6 S (i BRI 3 95,
MpEAME 2 56, TEREREE 1 80) Th-oTz.

3. VavFavsrravE) OmhiEEik
IZDOWT

K 1OHEM R (R, RE) ZEIC,
Google ¥ v 7 FIcid L, Hu s[5 oD B ik 72 L
H U7z, BCERIEE N > R No.T218 1, M il T
20134F 11 H 10 HICHiEE N, 3SHHD 11 H
12 HiICHEE Nz, ZOBEHEEHL 20 m T
Ho Tz, REREE T200 & M CTlEIEE 11 H 7 HIC
fi¥ch, 11 A BHICHBEIN:Z o
FEEEEE 390 m Td o Tz, BCEREE T201 1, 1
T4 11 A9 HICHBEE N, 1 HI15H
g E Nz, ZOBIIERIZ 48 m Th-o
7z.

X2 OffIE R - B 2T, [Fkk
IZ Googl <~ 7" Ficad L, HiusSROMEEEZ B
U 7. FRERIE T207 & T204 1%, dic 1 ©
2013 42 11 H 9 HIcHliE (REFEEHIN) &
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2014 4 8 H 29 HIC e (REFEEMAN) T hiz.
ZOBEIEEEX 146 m TH - 7=, REHE TO19
&, 1 T201249 H 11 HICHEE N, 2014 4
8 H 29 HICHIEE N, ZOBHEIEREZ 63 m
TH-oTz. T, AMEKE 8 A 31 HICHE
I, Zh5OBEEEEI RO
SARMEICHEN ST 17T m TH-o . BERHE T205
& T203 1%, HLIC 1T 2013 4 11 H 9 FICHE (5
TR TN, 201449 A 1 HICHEHE (B
THEHAN) iz, ZOBEHEH 140m Th
-7z,

4. VavFavrr7avelickia%E
BRSO BINC X %42 < SR

MEFIC BT B FEREE KD SFIH
ZhBl, HEICRSLZZAZTED (K3),
Lhs RSSO E T TSNS, B,
BEE (LIERCE MY 2), MEE (77 X1 E,
FARZTR)IRE), VR (BEE) OEED
KO ICHEMANDZ R Y 2RI LT,
A ORI © DR KB EIEEEHC DV T,
AfAfk (CEKIE T204) 178 m, B fElfA (HfipicEL
1 T216) 1% 163 m, C{E{k (ERHE T205) (%
25m, DA (EEREE T201) 43 m Tholz
(X 3).

HRICBT 2HEREE KD < S Z
HB L, MEFELAKICHICRSOZAEZ T
o (M4). RSHOMEE, BhF, AIE, B
HOREE, Y HADERLZRTH ST, WD
I S D IR KB ENEEEEIC DWT, E filfk
(R ERIE S387) 1F 45 m, F{E{k (BKEREE S386)
147 m, Gk (RREREE S385) 178 m TdH
-7z (K4).

5. Mg T BN & BB

Y'Y O, FIC 2014 FEHZEF
WKiTo . ZOFEE, 8 H20 HIZBWTHIE
FLEEYIDATDNY v T T 7 2—1ck?
PET, TAXFTHYSATEVIZ 18 K43 571
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15 Nov.
¢ D
15 Nov.
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3REE20134E 11 HIZB2Y avF a7 7 auE ) OREHESIADBENC KX 25RO ML, A L T204( 5
R ), Bt T216( HiREREE ), C @ T205( BEKIHE ), D : T201( BEREE )
N
F
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E 27 Aug. \
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2 Sept.
G
2 Sept.
100 m 27 Aug.
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A7 EVIZENT 1982001 KA Z BB L,
Z OBWHINC B U T AR 36 Bz Rl LTz,
FERIC 8 A 28 HICH T 2/NEROFE T,
OF KT aATEIX 18 K 45 73 HiAZ B
e U Z D% i LT AEF 4 B2 A
Ml =75, VavFdFavatrHavxey
19 REIC HRBALG L T &t 868 Sz lEk L7z,
PIH 29 HIC ) % B EEFLIF O [Fl Bk D i A
T, AF AT aATEVIE 18K 7 I i
ZHa L, AREMEREET 41882 Y > R LTz,
VagFavabFHarEyid 18 K 3571
iz L, Gt 409 BiZGlER L7z.
FAILEEAIFTIE, 8 A 30 HOBRRICIAN
PHEZITY, AFIHYTavE) 1EHOER
iR Uiz, [AIH, SRSzl OMmN Tl
IV EVEZEIRT S &N TERho Tk,
HFEAFEALFOWMANEHEL, 2HDY 2
FavavrHaye) ORMEREBZRL
Tz, O HOEBNC RO TR A2 71
vy hL, aAFrHYIavE) oG
1835 ) CARMNYBAZRIBR LTz, )y, Vo
UF v FHaTEY OB 18 K 45
53 TRt 144 SRRk U Tz,

V. £

1. 2RI 2HM Y€ Y

D VavyFayrr7avey
CNETOMET, RO R DR

M, RSO =0, REfAE, #HEB KU

REA LM, O B A LR A D 9T

O T EEMNHEREE NIz, Th s Ol T

W BEREE LT, XY A 75 EOHRILEER

FEKE LA TSHS. T LIt HRERES

ik, #BRREZVWC N TREINS.
AKX, HE5DRSEELTHIHT

T2 M, RYE BEE, YHXEMNEETH
%. Min#EL, A4 FY desia polycarpa),
7 AN J F (Symplocos cochinchinesis), 7 71
/& (Schefflera heptaphylla) (Fh(Z H» 2013,
H - finii2013) % EDETHS. [AEIRHRD
a5 Y7 avE Y (Murina ussuriensis) & ki
1E, B Ez B DR SHATNCHIH L TW
% (fRBk 1998, A% 2002, Z17 + ik 2002,
Hirakawa and Kawai 2006, /1] 2007, fii#iZEHn»
2009).
fEASERORERN B IE, R HZHBICER
TV EMHAL. &5 LIRTR, £
COHMMEaYEVHFHICA SN S (O’ Dnneli
2000, Willis and Brigham 2004, Barclay and
Kurta 2007, #1fd 2008, f#iEAH 2009). %7z,
Z OB EEREfEX 100 m §if% T LI >
7o, TO5 LI HHHICEd 25, s
DA77 AvEVICEALNS (RBUZD
2009).
ARFEOEFHICTDOWT, 6 Al faEREEiN A
BLOYED I S N (i h 2013). —
7, BT AHANCI3 LR FEE U 7 @ik Dl
BENnT»2 (EiHEIED 2001). 8 HIIEAE
MEDFLIR « HLPRILICZERTL TR D, B ORS
BHLZEML Tz, B9 HICBREHOIERD
bk o (fiRBUZA 2013), 11 HIZIZKHROER
P70 mm T EL TV, —75, kT
FEDBII LTz, Lieo T, HiE - WiEh
Mids~7HEHESN, a7 7avEVo
6 AW~ 7 H MNCHNTEL, ffkicX->
THFERHDKIRCIN TR EEZENS.
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24th Pro Natura Fund Domestic Research

Bat fauna on Tokunoshima island, with special reference
to the forest-dwelling bats

FUNAKOSHI Kimitake, YAMASHITA Kei and WATARI Yuya

Threatened species of Ryukyu tube-nosed bat Murina ryukyuana and Yanbaru Myotis Myotis
yanbarensis were surveyed on Tokunoshima island from the autumn of 2013 to the summer of
2014. The tube-nosed bats distributed at the regions of Amagi-dake, Mikyo, Inutabu-dake, Hage-
take, Shinrei-dam, and Tobu-dam. Their day roosts were various objects, in tree cavities, in dead
leaves, and in foliage. They frequently changed their day roosts on the basis of radio-tracking and
trapping methods. Parturition occurred in June to July, and mother-young colonies formed from
August to November. After self-supporting stages, both sexes roosted individually. Copulation
may occur in November. On the other hand, we confirmed M. yanbarennsis inhabitation by
capturing or analyzing echolocation calls, only in Mikyo. Their distribution may be restricted
within narrow limit, and the population much more thinly distributed than that of M. ryukyuana.
Further conservation is needed in the habitat of the two species. We hope to enlighten the

inhabitants of the island in regard to the importance of the threatened bats.

Biological Laboratory of the International University of Kagoshima
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24th Pro Natura Fund Domestic Activity

Conservation studies of Lagopus mutus japonicus in the alpine regions
of Japanese Northern Alps

MARUTA Emiko, UENO Koru and OMURA Kensuke

Group for conservation activity at the alpine regions of Japanese Northern Alps
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Annual Report of Pro Natura Foundation Japan vol. 24 (2016)

24th Pro Natura Fund Domestic Activity

Conservation of cherry salmon in rivers in Hokkaido such as the Sanru

ONO Yugo, HASHIMOTO Hiroko and SAKAKIBARA Daichi

Save the Cherry Salmom!
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24th Pro Natura Fund Domestic Activity
Create a booklet on the efforts towards reduction of neonicotinoid

pesticides of various regions of Japan.

MIZUNO Reiko, UEDA Takenori, NAKASHITA Yuko,
MISONO Takashi, KURODA Youichiro and TASAKA Koa

Japan Endocrine-disruptor Preventive Action
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Annual Report of Pro Natura Foundation Japan vol. 24 (2016)

24th Pro Natura Fund Domestic Activity

Self-sustained recovery of ecotones damaged by the Great East Japan
Earthquake and dissemination of information through continuing
education programs

TOMITA Mizuki, HIRABUKI Yoshihiko, KATO Megumi,
HARA Keitarou and KANNO Hiroshi

MINAMI-GAMOU Ecotone Monitoring Network
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24th Pro Natura Fund Domestic Activity

Workshop—Eradication of Introduced Rats from Small Islands
in Japan to Protect Breeding Colonies of The Rare and Declining
Murrelet
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Japanese Murrelet Population Survey Team
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Awareness-raising activities on conservation of KAKKOSOU

(Primula kisoana var. kisoana )

YAMAMOTO Yoshimasa, FUTAWATARI Tadashi, IMAIZUMI Shigeru,
SAKAMOTO Noboru, KOBAYASHI Toshio, HOSHINO Kazuhiko,
HOSHINO Takeo, KIMURA Kouji, SHIMOYAMA Keiji, TAJIMA Thuuiti,
AMADA Sumii and MURAOKA Tuneo

Non-profit organization Meeting which keeps Narukami's nature
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Annual Report of Pro Natura Foundation Japan vol. 24 (2016)
24th Pro Natura Fund Domestic Activity
Feral cat control for the conservation of endangered native species in
Minami-daito-jima

NAKACHI Manabu, NAKAYA Yumiko, YAMASHIRO Sugako, IITSUKA Fuyuko,
OOSHIRO Sugao, KINJO Michio and NAGAMINE Takashi

Conservation & Animal Welfare Trust Okinawa [ CAW Trust Okinawa]
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24th Pro Natura Fund Overseas Grant

Participatory Vulture Conservation Initiative in Koshi Tappu,
Eastern Nepal

Tulsi Subedi

Three species of resident Gyps vulture in Indian subcontinent are grave danger of extinction due to the contamination
of domestic ungulate carcasses with non-steroidal anti-inflammatory drug (NSAID) diclofenac (Oaks et al 2004) and
observed rate of decline is excess of 97 % for White-rumped Gyps bengalensis, Indian G. indicus and Slender-billed
Vulture G. tenuirostris (Prakash et al. 2003; Prakash et al. 2007, Pain et al. 2008). Studies conducted in Nepal also
found massive population decline for those species with complete loss of the breeding colonies in the eastern part
in 2004 (Baral et al 2004). After 4 year back, breeding vultures were reappeared in Koshi Tappu area as an isolated
colony (Baral et al 2011).

With the aim to conserve isolated population of globally endangered vulture in Koshi, through the operation of
community managed vulture restaurant, population monitoring and education campaign to discourage the use of
diclofenac this project was conducted between Oct 2013 and Sept 2014. During the project period total of 56 safe
carcasses were fed to the vulture in community managed vulture restaurant. Breeding ecology was studied from Dec
2013 to May 2014 and 31 active nests of White-rumped Vulture were recorded in Koshi Tappu area and breeding
success was 74.2 %. Three species of tree; Saal Shorea robusta, Indian Laurel Terminalia tomentosa and Silk Cotton
Bombax ceiba were used for nesting and 65 % of the nests observed on Silk Cotton tree that was followed by Saal
and Indian Laurel. The observed maximum, minimum and average height of the nesting tree was 40 m, 19 m and
29.32 m and nest was 39 m, 17 m and 25.06 m respectively. Total of 118 events on population monitoring were
conducted in and around feeding station and two species of the vultures (White-rumped and Himalayan Vulture
Gyps himalayensis) were recorded. Based on Jack-knife technique the estimated population of White-rumped
Vulture was 55 and Himalayan Vulture is 65.

Total of 81 veterinary shops were monitored to access the trend of NSAID used and 4 workshops were delivered
to approximately 175 community and veterinary peoples to discourage the use of diclofenac. Also district level
workshop was conducted at Sunsari district to declare the district as diclofenac free zone. Education program was

delivered to approximately 2300 students in 16 schools, 200 local peoples and 80 veterinary technicians.

BACKGROUND Indian subcontinent as a drug of choice to treat

Three species of resident Gyps vulture (White-
rumped Gyps bengalensis, Indian G. indicus
and Slender-billed Vulture G. tenuirostris) are
threatened with extinction in South Asia due to
the contamination of domestic ungulate carcasses
with the drug diclofenac (Oaks et al 2004). Starting

from mid 90s diclofenac was introduced in the

pain, inflammation and fever associated illness in
livestock and decline of vulture population was
noticed from the same time. Since early 2000s
observed rates of population decrease noticed
among the highest recorded for any bird species,
leading to total declines in excess of 97 % for

White-rumped, Indian and Slender-billed Vulture

Recieved 2014.11.15, Published 2016.7.3
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(Prakash et al. 2003; Prakash et al. 2007, Pain et
al. 2008). Studies conducted in Nepal also found
out the massive population decline with complete
loss of breeding population in Koshi Tappu area
of eastern Nepal (Baral et al 2004). Due to these
declines, all three species were listed as Critically
Endangered by IUCN (Birdlife 2004). Recent
studies in Nepal shows the 14 % annual population
decline of White-rumped Vulture (Chaudhary et
al 2011). Similarly two other species (Red-headed
Sarcogyps calvus and Egyptian Vulture Neophron
percnopterus) are listed as critically endangered and
endangered respectively (Birdlife 2007). Recent
Himalayan Vulture Gyps himalayensis and Bearded
Vultures Gypaetus barbatus are also uplisted as near
threatened species due to their moderate population
decline (Birdlife 2014).

Large-scale surveys of domesticated ungulate
carcasses (the principal food source of vultures
in South Asia) across India indicate that 10-11
% of carcasses are contaminated with diclofenac
(Cuthbert et al. 2011b). Other causes of mortality
include deliberate and accidental poisoning
(Margalida et al. 2008; Hernandez & Margalida
2009), as well as human persecution (Subedi 2013).
Although the production and use of veterinary
diclofenac has been banned in Nepal and India since
20006, illegal use of human diclofenac for livestock
is still a problem (Cuthbert et al. 2011a).

Recent research findings have indicated that
meloxicam; a new generation Non-Steroidal Anti-
Inflammatory Drug (NSAID) is safe for vultures and
other scavenging birds. Although the production and
import of veterinary diclofenac has banned in Nepal
and production and distribution of safe alternative
meloxicam started by the time; illegal use of human

diclofenac for livestock is still a serious problem

because of easily availability of 30 ml vials of

human diclofenac which is relatively cheaper in

price.

Nepal is leading in-situ conservation of vultures
in South Asia through innovative approaches such
as community-managed vulture restaurant and
declaration of safe areas for vultures. Primary target
of in-situ conservation is to discourage the use
of diclofenac and other harmful NSAIDs, habitat
conservation and increase awareness level among
the public on the importance of vulture conservation
to their life support system.

Dead livestock are the main source of vulture food
in Nepal so that residue of drug diclofenac enters
into the vulture after the ingestion of livestock
carcass that is shortly injected by this drug. To
minimize the risk of vulture exposing to diclofenac,
since early 2013 Himalayan Nature has started
participatory vulture conservation initiatives in and
around Koshi Tappu Wildlife Reserve in Sunsari
District of Eastern Nepal. This program has the
community managed vulture restaurant where
vulture are fed with safe livestock carcass free from
diclofenac and other harmful contaminants. Beside
the operation of vulture restaurant there was a need
of activate participation of community peoples on
conservation activities including monitoring of
NSAIDs, vulture population and nest sites as were
as on education and awareness activities. Therefore
the project has set up the following objectives for
the vulture conservation initiatives in Koshi Tappu
area of eastern Nepal.

a) Continue operation of the community managed
vulture restaurant in active participation of local
peoples.

b) Mobilize local community conservation

leaders, site support groups on vulture nest
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survey, population survey, NSAIDs survey and
awareness raising activities.

¢) Discourage the illegal use of human diclofenac
for veterinary purpose and declare Sunsari

district diclofenac free zone.

PROJECT AREA

Community managed vulture restaurant is the core
area of vulture conservation project at Koshi area of
eastern Nepal which is situated on 26.708454 N and
87.121838 E. at the elevation of 78 meter from sea
level within the Ramdhuni Forest, Sunsari district
of eastern Nepal. However this project covers two
districts (Sunsari and Saptari) of eastern Nepal with
the total land area of 262,000 hectare. Ramdhuni
forest covers approximately 2200 hectare of land
with tropical hardwood Saal Shorea robusta forest.
Within the premise of this community preserved
forest the components of vulture restaurants are

established and running.

PROJECT ACTIVITIES AND RESULTS:
Operation of Coppppmmunity Managed Vulture
Restaurant

Carcasses of domestic cattle are the main source
of vulture food in Nepal. The main aim of the
operation of vulture restaurant was to provide
diclofenac free carcass for critically endangered
species of vulture in Koshi Tappu area of the eastern
Nepal. Cow is a national animal in Nepal and also
a sacred animal for the followers of Hindu religion.
Therefore killing a cow is punishable by law. Thus,
when cattle become old and unproductive, they are
often a burden to farmers. Community managed
vulture restaurant collects such cattle and provide
good care and facilities for them until their natural

death. So this place act as a rescue center for the old

and unproductive cattle. If the diclofenac is injected
the residues of drug excreted within a 10 days of
period and become safe for the vulture feeding.
Dead body of the cattle from the community
managed center offered for the vultures to feed in
the vulture restaurant. The vulture restaurant also
provide information on vulture population decline
and conservation measures to the visitors through
the operation of information center.

Operation of the community managed vulture
restaurant has been conducted throughout the
project period. For the regular operation of the
vulture restaurant an agreement was done between
Himalayan Nature and Ramdhuni Community
Forest User Group. The agreement supported to
upgrading of the information/visitor center in vulture
restaurant, purchasing of the old cows, cow feed
purchasing, appointment of care taker, monitoring of
vulture nests and population through the community
mobilization and preparation of hoarding boards.
Total of 24 unproductive cows from the surrounding
villages have been purchased to maintain the source
of carcass in the vulture restaurant. Presently there
are still 19 cows remaining in the center. Total of 56
cow carcasses have been fed to the vultures within

this project period of October 2013 to Sept 2014.

NSAIDs Survey

Non-Steroidal Anti-Inflammatory Drug diclofenac
is the main cause of vulture population decline in
the Indian Subcontinent including Nepal. Therefore
NSAIDs survey was conducted through the direct
visit of each agro-veterinary outlets throughout
Sunsari and Saptari district. The survey was
conducted repeatedly in every one or two month
for the effectiveness of monitoring effort. During

the survey discussion was conducted with the
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Fig 3 Discussion on veterinary shop and NSAID survey in Inaruwa, Sunsari district
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Fig. 5 Trend of different NSAID used in the project area. This comes from the Nov 2013 and March 2014 survey through the direct visit of
each vet shop (N = 34) in Sunsari and Saptari district eastern Nepal.
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81) in Sunsari and Saptari district eastern Nepal.
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Fig. 8 Trend of two vulture species (White-rumped and Himalayan) population observed in the vulture restaurant, Koshi from October 2013
to September 2014. Vulture population for each month came from the population estimation using Jack-knife technique.

Fig. 9 Vulture nest monitoring by field scientists and local community in Ramdhuni forest Sunsari
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Fig. 12 Participants of vulture conservation community workshop at Kushaha, Sunsari- Feb 2014
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Fig. 14 Sunsari district diclofenac free zone declaration workshop

Fig. 15 Chief District Officer Mr. Chandeshowr Pokharel declaring Sunsari district as diclofenac free zone
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veterinary technicians through the direct visit of
their veterinary outlet about the importance of
vulture, role of veterinary use of diclofenac on
vulture population decline, safe and alternate drug
to diclofenac and conservation measures. The
main purpose of the discussion was to motivate
the veterinary professional to use safer NSAID
meloxicam for the treatment of livestock. Vulture
poster, leaflets and other relevant publication were
also distributed during the visit. If the diclofenac
was found during monitoring it was taken from
the shop and requested them to use only safe drug
meloxicam. Total of 34 veterinary outlets were
monitored during the first half of the project from
November 2013 to March 2014. Diclofenac was
found in 3 outlets in November 2013 and we did
not find diclofenac in March 2014 (see Fig. 5).
On that evidence Sunsari district was declared
as a diclofenac free district on following April.
Furthermore extensive survey was conducted in
the second half of the project and covered total of
81 veterinary outlets. During this time diclofenac
was found in single outlet. Beside diclofenac other
NSAIDs which are neither tested nor proven to
safe for vultures were also recorded including,
phenylbutazone, analgin, nimesulide, paracetamol

and tolfenomic acid (see Fig. 5 and 6).

Vulture Nest and Population Monitoring

Vulture nest monitoring was conducted on
monthly basis throughout the breeding season
from Dec 2013 to May 2014. Nest were accessed
through the direct visit of field scientists on the
possible areas on the basis of previous experience
about the nesting colonies. Beside this community
consultation was done to identify possible nesting

sites. Each nest was monitored on monthly basis

through direct field visit and optical equipment like
binoculars and spotting scope were used for the
correct identification of the nesting status. Total
of 31 active nests of White-rumped Vulture were
found during the field monitoring and out of those
23 fledglings were successfully raised. Based on
the active nests as a primary units the breeding
success was 74.2 % in the breeding year 2013/2014.
According to Postupalsky (1974); an active nest is
the one in which eggs have been laid, an occupied
nest is the one in which eggs have not been laid but
some nest building activity must have taken place.
We found three species of tree (Saal Shorea robusta,
Indian laurel Terminalia tomentosa and Silk cotton
Bombax ceiba) used by vultures for nesting. In total
65 % of the nests were observed on silk cotton tree,
19 % on Saal tree and 16 % on Indian laurel tree
(see Fig. 7). The maximum, minimum and average
height of the nesting tree was 40 m, 19 m and 29.32
m where that of nest was 39 m, 17 m and 25.06 m
respectively (see annex I for detail).

Vulture numbers visiting to the community
managed vulture restaurant and its surrounding
area were regularly monitored throughout the
project period, however in June 2014 carcass
was not available in the vulture restaurant so that
monitoring of the species was not conducted during
feeding activities. Total of 118 monitoring events
were conducted and during our observation two
species of vulture were recorded among them
White-rumped Vulture Gyps bengalensis is resident
breeders in KTWR area and Himalayan Vulture
Gyps himalayensis is winter visitor to lowland area
of Nepal.

Beside vulture species Steppe Eagle Aquila
nipalensis and Lesser Adjutant Stork Leptoptilos

Jjavanicus were also recorded on carcass feeding in
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vulture restaurant. Population trend of two species
of vulture recorded in the vulture restaurant and its

surrounding area is given below in Fig. 8.

Vulture Conservation Awareness

Education campaign was conducted to the local
community, youths and students to relay the
vulture conservation message to wider audiences of
project area. Objective of the vulture conservation
awareness was not only to aware the target
audiences about vultures but also encourage them
to participate in conservation program at their own
level. Education program was conducted in 16
local schools in Sunsari and Saptari district, several
veterinary technicians and local communities around
vulture restaurant. In the school education program
presentation/talk, group discussion, question
answer session was conducted among the students
of grade 7, 8, 9 and 10. Whenever possible short
documentary on vulture decline and conservation
activities in south Asia was also presented.
Education program was mainly focused on the
status of vultures, their decline, environmental and
cultural importance and role of community, youths
and students on vulture conservation. In total the
education program was delivered to more than
2,300 students, 200 local peoples and 80 veterinary
technicians. List of the school and education
program delivered to approximate number of
participants is given in annex II. Vulture posters
and 3000 copies of brochures were published and
widely distributed to raise the awareness on vulture
conservation.

Total of 5 hoarding boards about community
managed vulture restaurant were designed to
place on various locations. Those boards provide

information about the vulture conservation activities

through the operation of vulture restaurant and its
main attractions to promote vulture restaurant as an
ecotourism destination. Hoarding boards are placed
at various strategic locations in Sunsari district at
Kushaha- the KTWR headquarter, Jhumka- along
the east west highway, Ramdhuni Temple, Inaruwa

and Chakraghatti of Sunsari district.

Discourage the use of Diclofenac and Declaration
of Diclofenac Free Zone

Total of 4 workshops were organized in Kushaha,
Mahendranagar, Ramdhuni and Inaruwa of Sunsari
district with the purpose to discourage illegal use
of human diclofenac and other unsafe NSAIDs for
livestock treatment. These workshops were actively
participated by several veterinary institution
and pharmacies, cow farm owners, community
forest user groups and community peoples, local
conservation organizations and groups. Total of
around 175 peoples were participated in those
workshop. Similarly diclofenac free zone declaration
workshop was organized in Inaruwa to declare
Sunsari district as a diclofenac free area in the Koshi
region of eastern Nepal. District based government
officers from various government organizations
including Chief District Officer, Local Development
Officer, Custom Officer, Superintendent of
Police, District Livestock Service Officer, District
Forest Officer, Chief Warden of KTWR, District
Public Health Officer and several other related
organizations were participated in this event.
Diclofenac free zone declaration committee was
formed on the chairmanship of Local Development
Officer. The committee finally declared Sunsari
district (1257 km®) as a diclofenac free district on 23
April 2014. This news was broadcasted through the

several national and local radios and printed media.
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The list of members of diclofenac free district

declaration committee is given in the annex III.

DISCUSSION AND CONCLUSION
Out of nine species of vulture recorded in Nepal, 5
species are listed as globally endangered and three
species are near threatened. Due to the ongoing
conservation measures the population declining
rate of lowland resident Gyps species is lowered
down however birdlife recent reviews indicated
there is moderate population decline of Himalayan
vulture Gyps himalayensis and Bearded vulture
Gypaetus barbatus therefore both of the species are
now recently uplisted as near threatened species.
Although diclofenac is a major threats there are
other threats like human persecution, accidental and
deliberate poisoning, habitat loss etc. that could be
addressed for the long term conservation of vulture.
Community managed vulture restaurant in Sunsari,
Nepal is an effective conservation measures for
isolated vulture population in eastern Nepal, which
address all the above threats and issues through the
direct involvement of local community on vulture
conservation and monitoring activities. Extensive
monitoring and awareness program to check the
status and use of diclofenac and other non-tested
NSAIDs are the effective activities that lead to the
decrease on illegal use of human diclofenac for
veterinary purpose. Therefore various sensitization
programs are also very important tools to discourage
the use of unsafe NSAIDs. Production of 30 ml
vials of diclofenac for human is making the illegal
use of this drug on livestock easier. Diclofenac
free zone declaration and its strict enforcement,
lobbing to reduce the 30 ml bottle size of human
diclofenac into 3 ml vials is necessary to save the

vulture population in the wild. Networking local

stakeholders and establishment of community based
vulture monitoring mechanism and strengthening
local community on vulture conservation activities
is very important which can be achieve through the
trainings and engagement on regular monitoring

activities.
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Annex I: Details status (A = Active, F = Nesting Failure) of White-rumped vulture nest (breeding year 2013/2014) in and around KTWR area
eastern Nepal. This comes from the nest monitoring study from December 2013 to May 2014.

Tree Nest Status
Nest Speci | Tree | Nest Nes.t ‘
No es Ht. | Ht. | Positio | Dec | dJan-1 Feb-14 Mar-1 Apr14 May-14
(local | (m) |(m) |n 2013 | 4 4
name)
1 Saal 29 28 Trunk | A A A A A Fledged
2 Saal |28 25 Trunk | A A F F F
3 Saaj 25 23 Trunk | A A A A A Fledged
4 Saal 19 18 Branch | A A A A A Fledged
5 Saal 32 29 Branch | A A A A A Fledged
6 Saal 21 17 Trunk | A A A F F F
7 Saaj 23 19 Branch | A F F F
8 Saaj 20 18 Trunk | A A A A A Fledged
9 Saaj 20 18 Trunk | A A A A A Fledged
10 Saaj 25 23 Branch | A A A A A Fledged
11 Saal 23 20 Trunk | A A A A A Fledged
12 Simal | 25 20 Trunk | A A A A A Fledged
13 Simal | 30 20 Trunk | A A A A A Fledged
14 Simal | 40 35 Trunk | A A A A A Fledged
15 Simal | 32 30 Trunk | A A A A A Fledged
16 Simal | 30 28 Trunk | A A A A A Fledged
17 Simal | 32 26 Trunk | A A A A A Fledged
18 Simal | 30 25 Trunk | A A A A A Fledged
19 Simal | 32 28 Trunk | A A A A A Fledged
20 Simal | 25 20 Trunk | A A A A A Fledged
21 Simal | 40 39 Trunk | A A F F F
22 Simal | 35 26 Trunk | A F F F
23 Simal | 30 25 Trunk | A A F F F
24 Simal | 34 30 Trunk | A F F F
25 Simal | 30 25 Trunk | A A A A A Fledged
26 Simal | 35 28 Trunk | A A A A A Fledged
27 Simal | 32 25 Trunk | A A A A Fledge
28 Simal | 30 25 Trunk | A A A F F F
29 Simal | 40 32 Trunk | A A A A A Fledged
30 Simal | 30 27 Trunk | A A A A A Fledged
31 Simal | 32 25 Trunk A Fledged
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Annex II. List of School where the awareness camps were conducted in Sunsari and Saptari district around Koshi

SN | Name of School Class Approx. #
covered of students

1 Shree Janak Secondary School, Mahendranagar 9 and 10 150

2 Shree Sishoo Jyoti School, Salbani 8 30

3 Shree Saraswoti Secondary School, Rajabas 9 90

4 Shree Adarsha Higher Secondary School, Chatara 9 150

5 Shree Jwalamukhi Secondary School, Bishnupaduka 9 and 10 150

6 Shree Basanta Ritu Higher Secondary School 7,8and 9 | 300

7 Shree Koshi Secondary School 7,8and 9 | 200

8 | Shree Mahendra Higher Secondary School 7,8and 9 | 210

9 Shree Prakash Higher Secondary School 7,8and 9 | 250

10 | Shree Mohan Secondary School 7,8and 9 | 280

11 | Shree Jagannath Dedharaj Janata Higher Secondary School, | 7,8 and9 200

Kalabanjar

12 | Shree Ramdhuni Higher Secondari School Lalpur 9 and 10 120

13 | Sharada Higher Secondari School, Bhokhara 9 and 10 70

14 | BhaSaRada Higher Secondary School, Kalyanpur 9 and 10 70

15 | Shree Buddhilal Bidhya Munar HSS, Bhagwanpur ( Badhari) | 10 50

16 | Sree Janchetana Higher Secondary School 10 50

Total 2370

Annex III. List of Diclofenac Free Zone declaration committee

Chairman

Local Development Officer

Members

District Administrative Office

District Livestock Service Office

District Forest Office

District Police Office

Koshi Tappu Wildlife Reserve

District Custom Office, Sunsari

Himalayan Nature

Koshi Bird Society

O [0 | [([O |0 [ || D[

UCHEP Nepal

—
[e]

Vulture Restaurant Management committee

—
—

Nepal Para-veterinary and Livestock Association (NEVLA), Sunsari chapter

—
8

District Veterinary Association

Ju—
W

Livestock Medicine Association Sunsari

—
'S

Ramdhuni Forest Management Committee

156




I SR ORRE D R Ak R

FUHRTO-Fbo—F - T7 2 NBIRL BB

4t vol.24 (2016)

B 73— )LD Koshi Tappu IZ T B ERSINONT T (R4
AE B 78

Tulsi Subedi

SHOEEDNT T Y (RVHFIVNTT Y
RNT T 3 G. indicus,
INY IRV NG T G tenuirostris) 1, PioSIE
H(NSAID) Y /a7 = F 7 EBHEHED
SERDEEIC K D MO fEHICH L7z, 2000
FERGIAD SNT T DIDHRD SN, HK
TIT % BEDPWPICE-T. /=)L THIK
MRS 2N\ T U INKRICHD T B HREN
RSN, 2004 FICIF I CEIH IO = —H
HIIRRE L I o Tz, T ORY, =B
TiE, HSERPY 707 o) 7S0(bEE
ZEREVERIEGRZRMET S INTTv L
ART V] VD EHN RS RE N RE
TNie. FOREE, 2009 FICIEH R S—ILD
Koshi Tappu I3\, 4 EHITHK 600 km #i
B O — D ST N T VN HIBE
L7z, exIVERRERRE, oMLK
an=—ZRET 57HOIEFICET L, 2013
FFIEEROSIMC LS NIV LA
S BB LE. co7aY oy MEIExS
— )LD Koshi Tappu ¢ 2013 4F 10 F~ 2014 4£ 9
HIHE X Nz, ERAE, HlERIC X 50
TIYLANT V] OFE, NTTVOERE

CHOEZZY VT L0 REFHNDERD
2, NSAID DfffE= 2V > 7, HE LEH,
Sunsari #iX B2y ra 7 cF > - 71—
MXESTHS. TOOHE S HD L
YERZHAEE U, Sunsari & Saptari D5 a1 81 DR

Gyps bengalensis, A >

EHESG 12B1F B NSAID (HHDE=ZY V7L
RENDY 77 T 7 OEFIAL O IE%

70, TOMMIED L. NFT > OBhiAt:
%%mw&nwivmmisﬂw,ﬁinu

Z—DOEHEBHLZUC K DA L, Koshi Tappu T
aﬁ%1®«/ﬁwA?UVQ¥%%ﬁ%%é
Niz. BHERINRIZ 742 % THo Tz [NTFYD
YLANT V] BICBISEE 118 MDD
ZYTWCEKD, XUHINTT eIV
INTT DR E NIz, FOHEGHEIZENZE N
55 & 65 P TH oIz BREREAERZ S &
Lz ¥ru7 7 oEkM AR IETEE T,
Sunsari D 4 HIX TT—2 ¥ 3 v J72FAfEL 175
ANDBIWRH - 1. FIBUFRTEDOSNE H
D, YrudzFr - TV—J—=Uh2014
F4 HICES SNz, HiFER & EFHORLZ
@B, FRAT T B E IS % Sunsari
& Saptari D 16 DR THAM L, #2300 AD
AL 200 AOMER, 80 ADBERER hi#E NS
Lz, BETTT T LIERZX 2 —=EDHIRIY
RHFICX > THEMLE., coyayz s
&, NFIYLA NS YOS g R X
LY, HARNN—UCBT R AT— 3V
105 TL BN\T T Y OEEEONE, Sunsari
X coyryurrtr - 7JUV—E5, HiEF
Roffeimsh~osh, 2L T, XDILHFHIC
B BHEBIEHOREHAND Xy L —I % FHET
5T ENTER. (Ll = 3R

157



158



Annual Report of Pro Natura Foundation Japan vol.24 (2016)

24th Pro Natura Fund Overseas Grant

Leopard cat (Prionailurus bengalensis) conservation:
farmer-animal conflict reporting system, animal damage prevention
and control, and conservation education

Yu-Hsiu Lin', I-Han Chien', Kuan-Fu Lin', Masako Izawa’, and Jian-Nan Liu’

Leopard cat (Prionailurus bengalensis), an endangered species in Taiwan, is facing serious threats such as habitat
loss and fragmentation, road-kills, as well as illegal hunting and poisoning due to farmer-animal conflicts. To
conserve leopard cat population, this project aimed (1) to establish a farmer-animal conflict reporting system to
reduce the potential mortality due to the conflicts, and (2) to promote leopard cat conservation through education.
From December 2013 to September 2014, we interviewed 13 chicken farmers. Among them, nine were able to
recognize leopard cat when we presented them a photo of leopard cat, but only three of them felt that the leopard cat
population was declining in the last two decades. Three of the 13 farmers reported new or suspected animal damage
cases during the study period. By using remote cameras, one of the three damage cases was likely to be caused by
a feral cat. In another case the researchers recorded feral dogs, feral cats and leopard cats near the farm. During the
study period, we hold four conservation education sessions specific for schoolteachers and another 13 education
sessions for both teachers and students. A questionnaire designed for teachers showed that most teachers tested are
aware of leopard cat. Only approximately 14 % of the teachers, however, realized that feral dogs and cats is a major

threat to leopard cat. There is a need to continuously conserve leopard cat and promote the public awareness of

leopard cat conservation.

INTRODUCTION

The leopard cat (Prionailurus bengalensis, Kerr
1972) is widespread from Siberia, Korea, Japan,
China, Taiwan, Philippines, Indonesia, Malaysia,
Thailand to Cambodia (Sunquist and Sunquist
2002). Due to hunting and habitat loss, some island
subspecies are currently included in the [UCN’s Red
List (Sanderson et al. 2008).

In Taiwan, the leopard cat was first described in
1870 (Swinhoe 1870). The species was abundant
and widely distributed in the entire island in 1930s
(Kano 1929). McCullough (1974), however, found

that the leopard cat in Taiwan was distributed
primarily in lowland area but the population became
uncommon in early 1970s. An island-wide survey
conducted between 2001 and 2003 to investigate
the distribution of the leopard cat showed that its
population was small and was distributed only in
lowland areas of western Taiwan (Yang et al. 2004).

The population of the leopard cat in Taiwan
has dramatically declined in last few decades. It
has been suggested that a combination of several
threats have contributed to the population decline,

including habitat loss and fragmentation, hunting

1: Endemic Species Research Institute 2: Faculty of Science, University of the Ryukyus 3: Department of Forestry and Natural Resources,

National Chiayi University,
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and accidental road-kills (Pei 2008). Studies also
reported that in a few occasion the leopard cat
attacked and killed semi-free ranging chickens and
caused conflicts between the farmers and animals
(Kao 2013). It has been reported that some farmers
tried to use leg-hold traps or poisoned baits to
remove the animals (Kao 2013). Unfortunately,
several leopard cats were reported to be seriously
injured or even dead in last few years (Lin,
unpublished data). The leopard cat has been listed
as “Endangered Species” under Taiwanese Wildlife
Conservation Act since 2009. No measures,
however, have been implemented to reduce the
mortality from the threats. Additionally, most people
lack the knowledge about the leopard cat and do
not realize its population has been in a critically
endangered condition. Thus, there is an urgent need
to conserve the leopard cat before it goes extinct.

The objective of this project is to conserve the

leopard cat through reducing human-animal conflicts
and increasing public awareness of conservation.
To achieve this, two approaches were adopted.
First, we established an animal damage (farmer-
animal conflict) reporting system. We actively
visited chicken farmers and interviewed them to
understand whether animal damage occurred. We
also provided assistances to identify the animals
that cause the damage using scouting cameras and
inspected the injured or dead chickens. Meanwhile,
we required any illegal traps or poisoned baits to be
strictly prohibited. Secondly, we hold a number of
conservation education sessions in local high- and
elementary schools as well as in village meetings
to promote leopard cat conservation. Our goal is
to develop a leopard cat friendly environment and
create a win-win situation for both farmers and

leopard cats.

Fig 1. The study area, Nantou County, in central Taiwan.
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METHODS AND MATERIALS

Study area

From December 2013 to September 2014,
we conducted this project in Jiji and Zhongliao
Township, Nantou County, in central Taiwan (Fig.
1). These two townships cover an area of 196.4
km® with human population of 27,322. Two towns
are surrounded by scattered secondary growth
forest, orchards, and betel nut (4reca catechu L.)
plantations. Leopard cats have been photographed
by scouting cameras in this area; the population size
in this area, however, is unclear. Conflicts between

farmers and leopard cats were reported occasionally.

Animal damage reporting system

To establish the animal damage reporting system,
we started with a “leopard cat conservation:
animal damage prevention” meeting. The meeting
was hosted by Jiji Township governor and the
participants included all village leaders. The
participants provided us the contact information
of chicken farmers and some of them introduced
us to the farmers. After the first contact, we had
an interview with each farmer to understand (1)
their ability to recognize the carnivores and their
knowledge about the behavior of the carnivores,
(2) whether they suffered animal damage on their
chickens before and how they dealt with it. For the
ability of species recognition, we presented photos
of five carnivores, the leopard cat, the small Chinese
civet (Viverricula indica pallida), the Formosan
gem-faced civet (Paguma larvata taivana), the
Crab-eating mongoose (Herpestes urva), the
Formosan ferret-badger (Melogale moschata
subaurantiaca), and one raptor, the Asian crested
goshawk (Accipiter trivirgatus) for identification.

We encouraged the farmers to contact us

immediately if new incidents of animal damage
occur. After interview, once the farmers informed
the researcher that animal damage occurred, we
set up remote digital cameras immediately to
identify the species of carnivores in nearby area.
We also inspected the injured or dead chickens
and looked for any tracks or feces to identify the
species that caused damages. For a few farmers who
were reluctant to allow the researchers to conduct
investigation, we remained contact with them and

kept updated by phone.

Conservation Education

We actively contacted high schools and elementary
schools to seek for conservation education
opportunity. In some schools, we hold sessions
specific for teachers and developed a questionnaire
to understand their knowledge about the leopard
cat and the threats to the leopard cat before our
activities. In other schools, we included both
teachers and students in our education activities. In
each 1.5-2 hour education session, we performed
lectures, group discussion and competition, games,
mask painting and film watching. We also developed

different packages for different aged students.

RESULTS AND DISCUSSION

Animal damage reporting system

From December 2013 to September 2014, we
successfully interviewed 13 chicken farmers with
experiences of animal damages, including 12 are
current chicken farmers and one is used to be
a chicken farmer. They raised chickens for pet
markets or food for domestic and commercial uses.

Among the six species those photos were
presented, the leopard cat and the Formosan gem-

faced civet were the most known species, followed
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by the Asian crested goshawk and the Formosan
ferret-badger (Fig. 2). This shows that most farmers
are familiar with the leopard cat and are able to
distinguish it from other sympatric carnivores.
Among the 13 farmers interviewed, two
indicated that they captured leopard cat before,
one had experience of rearing leopard cat, and six
encountered leopard cat in the field in at least 3-4
years ago. Four of the 13 farmers interviewed felt

that the leopard cat population increased in past

100% -

two decades due to human activity decreased in
mountain area, three felt the population decreased,
and six could not determine whether population
declined or increased (Fig. 3). This result does not
reflect the fact that the leopard cat population has
dramatically declined in the last few decades. The
plausible reason is that although the population of
the entire island has decreased the local population
in our study site remains relatively stable or only

slightly declined. The leopard cat inhabits lowland

Formosan Ferret-

Badger faced Civet

Foemosan Gem-  Crested Goshawk

SO% I I I I I l
0% -

Crab-eating Small Chinese civet

Mongoose

Leopard cat

mknown Eunknown

Fig. 2. Percentage of recognized or unrecognized the six species by 13 chicken farmers interviewed.
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Fig. 3. Perception of the trend of the leopard cat population change in last 2 decades by 13 chicken farmers interviewed.
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forest area. Unfortunately, the increased human
activity in lowland area has resulted in severe
habitat loss and fragmentation. The leopard cat is
very likely distributed as a metapopulation and our
study site, Jiji and Zhongliao Township, might be
an important source patch. If this is the case, much
attention must be paid to determine and protect
the source patches and implement the measures to
increase the connection between the patches. More

importantly, the effort to reduce the mortality caused

70% 31
60%
50%
40%
30%

20%

10%

0%
Lowland area
altitude

Lowland+Medium

by road-kill, illegal hunting and animal-human
conflict should continue.

When the animal damage occurs, six of the 12
farmers pointed out that they do not need assistance
from the researchers because they felt that they are
able to prevent further damage (such as to build
fences) by themselves or they felt the farms are too
large to prevent animal damage; others, however,
will accept assistance from the researchers to

reduce damage. Nevertheless, all 12 current chicken

Medium altitude High altitude

Fig. 4. Percentage of teachers’ perception of the distribution of the leopard cat in Taiwan (n = 48).

100%
50% I I I I [
0%

Habitat loss and
fragmentation

Stray dogs and cats

Illeagal capturing

Road-kill Poison baits

HYes ENo

Fig. 5. Perception of teachers’ perception in the threats to the leopard cat.
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Fig. 7. The students enjoyed the mask painting activity, and shared the information about leopard cats to their family with the painting mask.

Fig. 9. The leopard cat umbrella painting activity.
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Fig. 8. The mascot named The Leopard Cat-A Hu.

farmers allowed the researchers to set up remote
cameras in nearby area in order to investigate the
fauna and whether leopard cat present in that area.
The leopard cat has been listed as “Endangered
Species” under Wildlife Conservation Act in
Taiwan. Hunting or trapping is prohibited. Some
farmers might be worried that their animal damage
control action might violate the law and thus are
more reluctant to work with the researchers.

Only three of the 13 farmers reported new or
suspected animal damage cases during the study
period. The first case occurred on 26 February 2014
in “Jiji Farm”. The researchers arrived at the farm

and found a chicken carcass. By remote cameras

with a chicken carcass as bait, the researchers
recorded a feral cat biting the carcass, suggesting
it is very likely the cause of the damage. On 27
February 2014, a farmer reported a case that a
leopard cat approached his farm. The researchers
set up a remote camera in his private land but got
stolen. The third case was on 17 April 2014. A
farmer found feline feces and reported a case of
suspected animal damage. The feces were confirmed
as leopard cat feces by DNA analysis. By remote
cameras, the researchers recorded feral dogs twice
(2 and 10 individuals, respectively), feral cat once
and leopard cat once. The farmer owner indicated

that there is no need to implement any damage
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control measures. The incidents of animal damage
those occurred during our study period is way below
our expectation. Previous study (Kao 2013) in
Miaoli County, Taiwan, has shown a relatively high
occurrence frequency of damage by leopard cats in
contrast with our study. We have maintained a very
good relationship with all the farmers interviewed
and have kept in touch with them during the study
period. We believe that those farmers did not hide
any animal damage incidents on purpose. Therefore,
damage caused by leopard cats in Nantou County
might not be as severe as in Miaoli County.
Nevertheless, mortality of leopard cats due to
animal-human conflict did occur in our study area
before. We should continue to communicate and
cooperate with farmers to prevent any mortality of

leopard cat.

Conservation Education

From December 2013 to September 2014, we hold
four conservation education sessions specific for
teachers. A total of 48 teachers participated in our
activities. We developed a questionnaire specific
for teachers to understand how well they know
about the leopard cat. In 48 effective questionnaires
received, all of them indicated that they recognize
the leopard cat and four of them said that they saw
the leopard cat before. Regarding the question
about the current geographic distribution of the
leopard cat, approximately 60% answered correctly
that the leopard cat inhabits lowland area (Fig. 4).
Regarding the question about the threats to the
leopard cat, approximately 94% of the teachers felt
“illegal hunting” as the most severe threat, followed
by road-kill, habitat loss and fragmentation, and
poisoning. Only 14% felt that feral dogs and cats is
a threat to leopard cat (Fig. 5). These results suggest
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that although most people are aware of the existence
of the leopard cat, many of them lack knowledge
about its ecology and threats.

Additionally, conservation education sessions
were held in seven schools within our study area
and 265 teachers and students participated them.
And they were held also in six schools outside our
study area and 650 teachers and students joined
them (Figs. 6, 7). Both teachers and students learned
characteristics, behaviors, geographic distribution,
conservation status and threats of the leopard cat
through games, discussions, film watching and
group competition. To raise the interests of students,
we created a leopard cat mascot named “The
Leopard Cat-A Hu” (Fig. 8) and it first showed off
in a leopard cat umbrella painting activity on 26 July
2014 (Fig. 9). Our conservation education sessions
substantially raise the awareness of the importance

of leopard cat conservation.

CONCLUSION

The leopard cat population in Taiwan is in a
critically endangered condition. Threats such as
habitat loss, road-kill and animal-human conflict
continue to threaten its population. Measures to
reduce the mortality due to those threats are needed.
In this study, we interviewed 13 chicken farmers
and found that chicken attacked by leopard cat did
occur but in many incidents the damages are likely
to be caused by feral cats, dogs, other carnivores
or raptors. Many farmers are willing to work with
the researchers to avoid the animal-human conflict.
Thus, more efforts should be invested to maintain
the farmer-animal conflict reporting system in order
to reduce the mortality of leopard cat. The results of
our questionnaire showed that most schoolteachers

heard about the leopard cat but lack the knowledge



about its ecology and the threats to the leopard
cat. Through conservation education sessions,
we convey the messages that leopard cat play an
important role in lowland ecosystems and should be
protected. The effort to arise the public awareness of
leopard cat conservation is as important as all means

to protect the habitat and population of leopard cat.
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Vegetation at Tree-Lines of Nepal Himalaya
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A study was undertaken to assess the upward shift of plant species and prepare baseline on biotic inventories
in Nepal Himalaya. The study was conducted between November 2013 and October 2014. Field surveys were
conducted in three protected areas: Kanchenjungha (east), Rara (west) and Api-Nampa (far-west). In each site, tree-
line and species limit were recorded and belt transects laid for sampling. With focus to Abies spectabilis and Betula
utilis, their height and diameter were measured and position noted. A total of 717 tree-cores of five species, viz. 4.
spectabilis, B. utilis, Cedrus deodara, Picea smithiana, and Tsuga dumosa were collected. Laboratory examination
of tree-cores was done at NAST Dendro-Lab. The tree-line species composition was almost similar, having A.
spectabilis and B. utilis in all three study sites. The tree-line position decreased from east to west Nepal; In the east,
A. spectabilis was found at 4118 m, in the west at 3870 m. Preliminary results showed that this species was shifting

upward at 2.4 m/yr. The oldest tree recorded was 7. dumosa of 357 years in Api-Nampa. Tree-ring growth presented

negative relation with pre-monsoon temperature, but positive with precipitation of the same season.

INTRODUCTION

The rate of temperature increment in the
Himalaya is reportedly high and its impacts are
expected to be much evident at tree-line. However,
there is lack of empirical study and baseline data,
for which IPCC (2007) has termed the region "white
spot". In Nepal, climatic records provide evidence
of an ongoing climate warming at the rate of 0.06°C
per year with more pronounced effects in the high
altitude regions. However, biotic inventories of
many key sites are lacking, and loss or gain and/
or changes in species abundance is hardly studied.
Recently performed few dendro-ecological studies
reported upward range extension of key plant taxa
of tree-line ecotone at the faster rate, particularly of

Abies spectabilis shifting upslope at 1.5 to 3.4 m/

yr (Gaire et al 2014). Since tree-line determines the
lower boundary limits of the alpine belt, any upward
shift of the tree-line will restrict the overall alpine
area and impacts the distribution of alpine species.
This observed upward migration of tree species may
provide some fundamental insight in assessing the
climate change scenario in the Himalaya.

Many dendro-ecological studies have documented
that trees at tree-line often respond to climatic
warming with increases in recruitment as well as
upward advances in the tree-line (Bradley & Jones
1993, Kullman 2002, Camarero & Gutiérrez 2004).
Upward migration of tree-line has been reported
ranging from 0.12 m/yr to 5.7 m/yr in different
regions of the globe. Past studies on tree- ring

indicated several species including 4. spectabilis,

Recieved 2015.1.7, Published 2016.7.3
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Betula utilis, Picea smithiana, Tsuga dumosa from
Nepal and India Himalaya are promising for
dendroclimatological study (Bhattacharyya et al.
1992; Cook et al. 2003, Yadav et al 2004, Sano et
al. 2005). Recently, researchers have carried out
dendroclimatological and dendroecological studies
covering different parts of high altitude of Nepal
Himalaya (e.g. Dhakal 2008, Udas 2009, Bhuju
et al 2010, Gaire et al 2011, Thapa et al 2013,
Kharal et al 2014). In high altitude of Nepal, the

climate change impacts are expected to be more

pronounced.

OBJECTIVES
The objectives of the study were:
1. To conduct ecological survey and collect
ecological data such as dbh, height, seedling,

sapling number of major tree species in high

altitudes of Nepal Himalaya.
2. To collect tree cores of major species from three
protected areas: Kanchenjungha (east), Rara

(west) and Api-Nampa (far-west); and

3. To assess the impact of climate change on
vegetation shift and reconstruct the climatic
history of the sites.

MATERIALS AND METHODOLOGY

Study area

Three study areas were selected for the present
research: i) Kanchanjungha Conservation Area,
ii) Rara National Park, and iii) Api-Nampa
Conservation Area covering the eastern and western
Nepal Himalaya (Fig. 1). KCA, established in 1997,
covers 2,035 sq km in the Taplejung district in
north- east border of Nepal. Annual rainfall of the

area is 1775 m. It ranges from subtropical vegetation
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Fig. 1. Study Sites, Kanchenjungha Conservation Area (Taplejung),

Rara National Park (Mugu) and Api- Nampa Conservation Area

(Darchula). The road connection via east-west highway is seen, but not in scale.
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in the lower mid-hills to alpine grasslands in the
high hills and mountains. RNP, established in 1976,
lies in the north western Nepal covering parts of
Mugu and Jumla districts. The park is Nepal's
smallest protected area, with 106 sq km. Its main
feature is Rara Lake at an altitude of 2990 m. The
elevation of the park ranges from 2800 m to 4039 m
(Chuchemara peak). Climate of the area is temperate
to subalpine. ACA, established in 2010 is located in
Darchula district in far-western border of Nepal. It
occupies 1903 sq km of area and the altitudes range
from 539 m to 7132 m. The climate here is generally

characterized by high rainfall and humidity.

Field visit and data collection

Field study was carried out in April
(Kanchenjungha), May (Api-Napma) and June
(Rara) 2014. In Kanchenjugha, the studied tree-
line sites were at Ghunsa, in Api-Nampa at Chheti
and Ranghadi, and in Rara at Chuchemara. These
sites were situated at an elevation ranging from
3700 m to 4200 m asl. Vertical transect plots (10-
20 m X 100 m) were marked out in the tree line
ecotones. Individuals were enumerated into three
classes: tree (height > 2 m), saplings (height: 0.5-
2 m) and seedlings (height < 0.5 m) following the
classification given by Kullman (2007) and Wang et
al (2006). Census was carried out inside the plots for
A. spectabilis and B. utilis. For every A. spectabilis
and B. utilis individuals within the plot, location,
size (diameter at breast height, height), and growth
form was recorded. Age of seedling and sapling
of conifer was determined by counting the branch
whorl of the all the individuals.

Three MSc students of Tribhuvan University
were included in the study: Bimal Sharma, Sanjaya

Bhandari and Rup Raj Timilsina. A five-day training

workshop (Feb 3-7, 2014) was organized to enhance
climate change research capability of young
researchers. Altogether 15 researchers including
research team members were benefited from the

training.

Tree-cores sampling and procession

Tree-cores were collected from A. spectabilis and
B. utilis, from base and from some tree at breast
height (1.3 m). Cores from the larger A. spectabilis,
B. utilis, Picea smithiana and Tsuga dumosa trees
not restricting in the plots were also collected
for dendrochronological analysis and climate
reconstruction. Collected tree increment cores and
cut stump samples were proceed for laboratory
analysis at Dendro-Lab of Nepal Academy of
Science and Technology (NAST). The collected
cores were air dried and glued into grooved sticks
with the transverse surface facing up. The specimen
details such as site name, date etc. were written on
the mount. The surface of these cores was cut and
polished with different grade of sand paper ranging
from 100 to 1000 grits so that rings get clearly

visible to study under the microscope.

Measurement and cross dating of the tree-rings
Germination date was estimated by taking out a
core from each live individual’s main stem as close
to the ground as possible. Core rings were counted
under stereo zoom microscope. The ages of seedling
and sapling was estimated by counting its branch
whorls and scars along the main stem. This age
estimation was validated comparing it with the age
obtained by counting the tree- rings in basal disks
taken from a subsample of trees located outside but
near to the plot. Inner- ring dates were corrected

using age-height/age-diameter regression. After
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dating the tree-ring sequences to exact calendar
year of their formations, the width of each ring was
measured to the nearest 0.01 mm precision with
LINTAB™ measuring system attached to PC and
the TSAP package (Rinn 2003). The alignment
plotting technique of cross dating was used to date
all properly mounted tree-ring samples. Collected
tree cores were cross-dated by matching patterns of
relatively wide and narrow rings to account for the
possibility of ring-growth anomalies such as missing

or false rings (Fritts 1976).

Error detection and Chronology development
After the measurement of ring width of each dated
sample, the dating of each sample was checked using
a computer program, COFECHA, a computer
assisted quality control program (Holmes 1983).
The corrected ring-width series were standardized
using the computer program ARSTAN (Cook 1985).
Various statistics such as Mean sensitivity, Standard
Deviation, Autocorrelation, Mean series correlation,
Signal-to-noise ratio, Expressed population signal
and Percentage of variance explained by the first

eigenvector of the chronologies were used for

Climatic influence on tree-line dynamics

The tree-line expansion was studied with the age
of individuals’ in the tree-line ecotone following
Camarero and Gutiérrez (2004). To calculate
the rate of tree-line shift, maximum elevation of
live individuals with stems at least 2 m high was
determined (maximum tree-line elevation). The tree-
line shift rate (m/yr) was calculated by dividing the
change in tree-line elevation by the time elapsed.
The tree-line advanced (rate > 0) or remained
stable (rate = 0) during all the considered periods
at the studied sites was determined. To describe the
climate-recruitment relationships monthly climatic
data (maximum and minimum temperatures, total
precipitation) from nearby meteorological station
were used. (Detailed study on tree-line dynamics is

in progress).

Climate relationship and Reconstruction

Study of climate relationship and past climate
reconstruction is in progress. DENDROCLIM2002
computer program will be used for response
analysis to examine the relationship between tree

ring growth and climate (Biondi & Waikul, 2004).

analysis. The significant correlations obtained between ring
width chronology and climatic variables will be
1000
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Fig. 2 Monthly Average Precipitation (with Standard Deviation) in nearby stations of the Study Area.
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taken as the basis to develop the transfer function to

reconstruct the past regional climate.

RESULTS AND DISCUSSION

Climate of the study area

Monsoon dominates the climate of the study
area with 72-88 % precipitation coming during
monsoon season of June to September. Fig. 2
presents the monthly precipitation in the nearby
stations of the study area. July received highest
precipitation while November-December received

lowest precipitation compared with other months.

Position of species line/limit and treeline

Table 1 presents the position of tree-line and
species limits. A. spectabilis limit was found at
3870 m in Chuchemara of Rara and 3763 m in
Deuthani (Chheti) and 3768 m in Makarchuli
(Ranghadi) in Api-Napma. Betula tree-line and
species-line was found at 3953 m in Chuchemara
of Rara and 3845 m in Deuthani area and 3802
m in Makarchuli of Api-Nampa. The variation in
the position of the species-line and tree-line might
be due to difference in latitudinal position and
associated topo-climatic influences. This position

will be the geo-referenced baseline position for to

study future tree-line shifting analysis with climate
change. In a study, Gaire et al (2014) recorded the
species limit of 4. spectabilis was at 3984m (GPS
e-Trex), and B. utilis species limit at the same aspect
in 4003 m in Manaslu Conservation Area in central

Nepal.

Structural parameters of Betula utilis

In Kanchenjungha, the average DBH and height
of B. utilis was 7.1 cm and 3.1 m respectively,
and the average age was 40.5 years. As very few
A. spectabilis were present in this site, growth
parameters were not calculated. Fig. 3 presents the
size class distribution of B. utilis in studied transects.
The DBH and diameter at base class distribution
of B. utilis was slightly an inverse J shaped in
distribution indicating continuous regeneration
of the species in the forest. The height class was
dominated by 3-4 m height class indicating that
the forest was in growing stage. In elevation
distribution, younger age trees were found with
increasing elevation indicating an upward shifting
of the species. From the preliminary analysis the
upward shifting of this species was found 2.4 m/yr
during past over 130 years.

In Rara Site 2, the average DBH and height of

Table 1. Position of tree-line (m asl) in Kanchenjungha, Rara and Api-Nampa

Kanchenjungha Rara Apli-Nampla
Taplejung Mugu Darchula
Ghunsa T1 T2 Chheti Ranghadi
{Deuthani) {Makarchuli)
Abies sp limit 4136 Below 3850 3870 3763 3768
Abies treeline 4118 Below 3851 3870 3731 3738
Betula sp limit 4132 3953 3905 3845 3802
Betula treeline 4132 3953 3893 3845 3802
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Table 2 A. Descriptive statistics of growth and size parameters of Abies spectabilis

Kanchenjungha Rara Api-Nampa
Statistics Basal Basal Basal
[[l E:; diam. ‘,I-rlnt\l ?gr? [DC E;]"IH] diam. (m) ?g: IE?T: diam. (t:) j.!\gr?
femy ™ T {cmy) Y ‘ {cm) W)
Mean 3.4 6.8 1.2 143 37.6 44.3 8.9 80.0 8.9 9.0 2.3 252
Standard Error 0.3 1.2 0.4 2.8 6.7 7.0 1.3 141.3 1.6 1.9 0.6 3.2
Standard Dev. 0.6 3.0 1.0 4.9 26.1 27.0 5.2 45.2 5.4 7.7 2.6 13.7
Minimum 2.5 1.1 0.2 1.0 7.0 5.0 1.5 26.0 3.0 2.0 0.3 7.0
Maximum 4.0 9.0 2.5 20.0 104.0 108.0 17.0 169.0 21.0 32.0 8.6 54.0
Conf. Level 95% 1.0 3.2 1.2 123 14.4 15.0 2.8 24.1  3.44 3.97  1.28 6.8
Table 2 B. Descriptive statistics of growth and size parameters of Betula utilis
Kanchenjungha Rara Api-Nampa
Statistics peH B8 e age  pen DB e age peH BE e ager
diam. diam. diam.
em) SEN Mo em SRl em) SEE (ml )
Mean 7.8 9.4 3.1 40.5 29.6 35.3 6.9 107.6 15.2 19.4 7.6
Standard Error 0.5 0.8 0.2 3.1 1.7 2.0 0.3 18.5 1.6 2.2 0.6
Standard Dev. 4.7 6.7 1.5 25.5 20.0 23.0 3.0 69.3  11.7 15.1 4.1
Minimum 0.1 0.5 0.4 7.0 4.0 5.0 1.8 26.0 1.0 3.0 0.6
Maximum 28.3 33.0 7.3 130.0 96.0 105.0 12,5 275.0 46.0 80 14.0
Conf. Level 95% 1.1 1.6 0.4 6.2 3.3 3.9 0.6 40.0 3.26 4.4 1.18

* In progress

A. spectabilis was 37.6 cm and 8.9 m respectively
(Table 2). All the average growth parameters of B.
utilis were low in Site 1 compared to that at Site
2, which indicates that in Site 1 has regenerating
trees. A. spectabilis was absent in Site-1; In Site-
2, its DBH class distribution was multimodal
indicating sporadic regeneration. However, the
DBH distribution of B. utilis in both sites was
almost an inverse J shaped distribution indicating
continuous regeneration. Fig. 4 presents the size
class distribution of Abies and Betula in studied
transects. Stand observation in the field indicated
that there were more matured Betula trees than that
of Abies. Most of the Betula trees were 30-70 years
with few old individuals.

In Deuthani site of Api-Nampa, the average DBH
and height of A. spectabilis was 8.9 cm and 2.3 m

respectively (Table 2). This indicates the dominance

of the young individuals and recent regeneration.
The DBH class distribution of both the species,
B. utilis and A. spectabilis showed slightly an
inverse J-shaped in the Deuthani area indicating
the presence of the young individuals and recent
regeneration. The decreasing trend of the all the
growth parameters of the species with increasing
elevation indicates that the tree-line of the area is
changing.

Gaire et al (2011) observed an inverse J shaped to
bell shaped distribution of A. spectabilis and slightly
bimodal distribution of DBH of B. utilis in tree-line
ecotone of Langtang National Park, and recorded
the diameter up to 115.5 cm for the species. From a
study of high altitude tree-line ecotone of Khumbu
region of eastern Nepal, Bhuju et al (2010) observed
bell shaped diameter class distribution of A4.

spectabilis and inverse J shaped distribution of B.
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utilis at tree-line and vice-versa pattern of diameter
distribution of these two species at timber-line. The
same study recorded 99 cm DBH of 4. spectabilis
and 63 cm DBH of B. utilis. The DBH distribution
of A. spectabilis was an inverse J shaped to bimodal
distribution while DBH distribution of B. utilis
was unimodal bell-shaped in a tree-line ecotone of

Manaslu (Gaire et al 2014).

Tree line shifting

Distribution of seedling, saplings and tree
individuals of A. spectabilis and B. utilis in Rara
presents that there is a decreasing trend in age with
increasing elevation. This indicates shifting of the
species in the past (Fig. 5). Similar pattern of tree-
line dynamics is seen in Kanchenjungha (Fig. 3),
in Api-Nampa it is more prominent. Recruitment
is among the most critical determinants of the rate
of forest shift to climatic change (Camarero &
Gutierrez 2007). Other studies have also presented
differential recruitment and shifting rate for Abies
and Betula in different tree-line sites of Nepal (e.g.
Bhuju et al 2010, Suwal 2010, Gaire et al 2011).
Gaire et al (2014) revealed more matured B. utilis
(max. age 198 yrs) compared to A. spectabilis (max.
age 160 yrs) in tree- line ecotone of Manaslu. (B.
Sharma is preparing MSc thesis on species shift in

Kanchenjungha).

Site chronology

A total of 717 tree-cores of five species were
collected from their dominant stands below the
tree-lines in the study sites of three protected areas,
Kanchenjungha, Rara and Api-Nampa (Table 3).
The species included 4. spectabilis (total sample
176; max. age 310 in Rara), B. utilis (total sample
290; max. age 311 in Rara), Cedrus deodara (total

176

sample 60; max. age 312 in Rara), Picea smithiana
(total sample 102, max. age 361 in Rara), and
Tsuga dumosa (total sample 89; max. age 357 in
Api-Nampa). Figs. 6 and 7 present site chronology
statistics of 7. dumosa and P. smithiana, which were
collected from Api-Nampa and Rara respectively.
Site chronology of 7 dumosa presented an extension
from AD 2013 to 1656, that is 357 years. The years
1677, 1741 and 1965 had narrower rings but the
years 1685, 1738 and 2006 showed wider rings.
Average annual ring growth of 7. dumosa was found
to be 1.68 mm and 1.43 mm in Chheti and Ranghadi
area cores from Api-Nampa. The mean annual radial
growth of 7. dumosa was found to be 1.61 mm per
respectively. A chronology of 357 year of T dumosa
was developed by using collected year. Based on the
tree-core samples of P. smithiana, a site chronology
of 315 years extending from 1699 to 2013 AD
was prepared. Mean radial growth was found 1.44
mm per yr. This chronology shows several periods
of high and low growth in it. The growth pattern
shown in this chronology is similar to the growth
pattern obtained by Thapa (2013) in the Khaptad,
western Nepal. S. Bhandari and R.R. Timilsina are
defending their MSc thesis on T. dumosa and P.
smithiana respectively.

Fig. 8 presents correlation analysis of tree growth
climate relationship of 7. dumosa. Temperature
and precipitation data of Khalanga (Darchula) as
well as temperature data of Mukteshwar (India)
were used. Monthly temperature and precipitation
variables from month September of previous
growth year to the October of current growth
year were used as predictors and tree ring data as
predictant. The ring growth response showed a
significant negative relationship with temperature

of the pre-monsoon months March, April and May.
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Table 3. Summary of the core collection from the study sites.

-

SN Site Species No of samples Max age (yrs)

1 Kanchenjungha Betula utilis 20 224
Taplejung

2 Rara Abies spectabilis 106 310
Mugu Betula utilis 90 311
Picea smithiana 102 361
Cedrus deodara 60 312
3  Api-Nampa Abies spectabilis 70 NA
Darchula Betula utilis 120 NA
Tsuga dumosa &9 357

However, a positive relationship was found with the
precipitation of same three months of pre-monsoon
season. But the growth of 7. dumosa showed slight
negative relationship with the both temperature and
precipitation of previous year September, October,
November. Growth responds positively with the
mean temperature and precipitation of current year
January. This indicates that moisture availability in
these months limits the growth of 7. dumosa. Strong
solar radiation at high elevation, temperature could
increases drought stress by enhancing evaporation
resulting negative correlation between the growth
and the mean temperature of pre monsoon season

(Sano et al 2005, Dawadi et al 2013).

Bhattacharya et al. (1992) and Cook et al (2003)
had indicated that 7. dumosa can be used in
dendrochronological study because of good cross
dating characteristic. In this present study 357 years
long tree ring width chronology extending back to
AD 1657 was developed by using cores samples
of T dumosa which were collected from Api-
Nampa area. Cook et al (2003) had developed
1141 years long tree ring width chronology using 7.
dumosa, which is the oldest tree reported in Nepal.
Thapa et al (2014) developed 362 years long tree
ring width chronology of Abies pindrow, extending
back to AD 1650 from Khaptad. Similarly, Sano
et al. (2005) had developed 283 years long tree
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ring width chronology of 4. spectabilis from
Jumla, mid-western Nepal. Likewise Gaire et al
(2014) developed 229 years long tree ring width
chronology of 4. spectabilis from Manaslu. In the
same manner Dawadi et al (2013) developed tree
ring width chronology of 458 years of B. utilis from
Langtang.

Comparable response of tree ring width growth
was found in the study of Thapa et al (2013) in 4.
pindrow of western Nepal Himalaya (Khaptad).
Sano et al (2010) also reported that growth of 4.
spectabilis was limited by the pre-monsoon months
in Humla, north-west Nepal. Similar the growth
of B. utilis in Langtang was positively correlated
with the temperature of March, April and May but
negatively correlated with precipitation of same
three months (Dawadi et al 2013). But the growth
of A. spectabilis in Langtang showed positive
correlation only with total monthly precipitation
month March and negative correlation with
minimum temperature of month May. On the other
hand Gaire et al (2014) reported weak correlation of
A. spectabilis with precipitation, having significance
negative correlation only with February precipitation
in Manasalu Conservation Area, central Nepal
Himalaya indicating snow accumulation delays
the growth initiation, shortening the growth period

and ultimately resulting narrow ring.

CONCLUSION
The study observed that the position of tree-line
decreased from eastern Nepal to western Nepal.
Species composition in the tree-line is almost
similar in all study area depending on the aspect
of the slope. The size class distribution shows
the site specific and species specific regeneration

pattern. The elevation-wise size class distribution

shows the dynamic nature of the tree-line in all
study areas. Preliminary results of A. spectabilis
showed that this species was shifting upward at
2.4 m/yr. The collected tree cores samples shows
the dendroclimatic potential and these cores can be
used for dendroclimatic reconstruction. From the
Tsuga samples past climate for over 300 years can
be reconstructed. The response of multiple species
to climate will have an importance for the forest
management as well as climate reconstruction
with high precision. It is feared that the species
shift towards alpine meadow will have bring direct
impact on livelihood of the high mountain dwellers;
thus the present study will also have policy
implications in exploring livelihood options of these

people.
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