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2002 4F 6 A5 2003 4F 11 AICHANT, vo—
R4 R s X LvEgaa ey
Z0Ric Uiz ERHSMICIE -T2 (K5).
ZLT, 201246 HOREMETE, HifEE
TLFBROHEIMA RSN TS, 2004 L[
&, BHEEICKHBGHEBRDFEEL TS T
EMHERENTED (RIEH 2007), T D%
TIRABYIRHE D ZRRIE DRI A Lz &
BEZbND. ZDl, HHMEREETIE 2012
6 HICH % X CIEABY ORHREZ [ e &
HENTWAERVODNIIRTH S.

V. SOFA

RS LRI U T RS9, BREOD
BRETEHBRAIIITDN TS, ZDREMN RG]
W, WBENTHEES Y LTIHTHS. Th
5 OFRERER L DLz BT, 5B O R
PO EEBYIREZ L2 TIId 5 &, DUROD
K25,

X9, WEBOWRHMNHES &, R
MADOKE NPEZE) DEENS. Th
&, WBEHTRTE, SREYEORIFHMEA T
LIGEEHTH 5. T LT, WRCEATIEVE
BN DTSN A DTN A D A A THE
9 5. RAEBORBIBHMHERICH S NIZX S
I, FIIRMKEARE r H THEmAICE S
RAIARIAZFHARRAV 7 Ay X LVIRE
DVPBOMEMNEZ S ETHIENS. TNHOM
&, AIHEREER O I EICERL, i
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<, EHIMIEEIC BT, EAEBYIHICK
EREDEL D ETMENS. BIPILTEHE
KM S KEDHERE NIRRTV
DN, FIEEUNHKNEA T NS T & Tzl
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2728, SRS OEEICZENE T2 &
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Fy =77 U RICESEHOEZRLUET.
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Analysis of environmental and benthic faunal changes of Ariake Sea

before the open gates of the Isahaya Reclamation Project

Shin'ichi Sato, Mikio Azuma, Masatoshi Matsuo,

Hiroshi Kondo, Toshihiro Ichikawa and Masanori Sato

On April 14, 1997, the inner part of Isahaya Bay was isolated from Ariake Sea by a dike for
reclamation. We periodically monitored water quality, grain-size of bottom sediments and benthic
animals using the sediment samples collected from (1) 16 fixed stations inside of the dike in 10
June 2012 and (2) 48 fixed stations around inner part of Ariake Sea in 11 and 12 June 2012. As a
result, in the both inner and outer parts of Isahaya Bay, number of species and mean individual
density of benthic animals have been still smaller than the past. After the shut-off, benthic animals
rapidly decreased from 1998 to 2001, and then only few species increased from 2001 to 2003.
However, from 2004 to 2012, 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.

Research Group for Conservation Ecology on the Isahaya Bay
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TreFhy—F T 7RI 22 8 BIRUREEE (2014)

TR THICICHRRENTCA XY T fikE o
AR & R4

il |« RPAD=FHEIC K B ATV I IRET— L

BT

PARME— 7« LR !

2009 4RI FEER WS AHOHEM/IRIBICHRR N, AZX T VY LRE S NI OV, HH O
BURNZRRIEMENT 38 K ORI 217 5 T2, B4 DNA, % DNA OBEMENT OFSR, < ORYNIIEK
DAZXHrY 7 L BRI L L RMDEZ D T e b otz £z, sHl7RIEELLIE DR R, T D%
Ok LS, ROV 713Z < OWENRD bNiclzw, Hillid AI XA A7 & UTRERT

BT kEirolz.

| . FEETHLICRRENCAIATY U

WY DECHIRT & R
TREENT Y T, TR AN O 7
0S5 OffAEMED TE, chFE Il

W B, KZEN, SkriiofENMrbnT
W5, lEICRT YT 7 LTSMLETO
1 2009 4 4 FICW g Al O SR IR T A%
NI 2R L, BEtORRAX Y™
(Veronicastrum villosulum (Miq.) T. Yamaz.) & [dl
EL, ZTOFEME LTHE Lz (g,
2009).

AZXHTV I, HEEBERCHT ST H
AV IBARN TV IO FLEREATHS.
HATIRKILARMO 55N, BB ab
NTHO, HIAKEOEAKEIC LRI NT
W5 (BE - 85 1907). iz, AfEIZY—R
JVEBHARDN S AT > ZFB - 72 & < B
K LICHGSEINTZEDTHS Miquel
1865). TOXIICWVWL DO DilEkEH 5 &
DD, HRICBWTEHEMNRHATSH > 72
(Makino 1906). & D%, 1929 41l B IR e Ff

BT O HNTERE S N, 1953 4EICE>TZED
FAEH ORI E Ntz (2 1953). LAl
ZNETHEMBPRHTH > F2zdh, TOME
HICDWT &R AR U 72 ATREMRIC DWW T
ShENTVS (LI 1953). ZDT%, 1989 4
ICFERIR YT (BID% W) CTH I REMD
FRENTWVS BEE1990). WIFNOEFH
t, FAINIRHCIIEEERTH 20N, K
BN, BEE U 2B TH B HYEE &
ToTW5.

AARNT I D EZL T AV TBAXN T
vHEiE, HAEHPEICKI10ESMHLTED,
INETHAREHNTEAZANTVY Y, 5/
FAXHr (LbicHEEHAICHT), BX
G, VavuFavXZXhr, ¥/ 0ZAZXHhT
(AAEA) DS TV (Yamazaki 1957,
Hong et al. 1998). TDAZXH TV TIEZ AR A
o @i & g U CTHER D ERE R C &,
EREICEDNEZ TV B R ENEE->TED
il iz R WRR AR Th 2 LRBEh T
7z (e 1953). W A CTHER E Nz T DA

I THERPRZBRZ AR 20 TR A iy iy
2012.11.25 %2ff, 2014.5.31 280
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Wi, 1E@-eBRIE D efr2tiD C &7k EDRE
IMAZHTI T ERHLTWSZ b, AR
ATV EREINTEDEEZENS.

RO K 5 78T A XAV o ld B IR
THEINTE, BHEMOREDRDONS. T
DIz, 2009 FDE, TREREEVZHEMLEL >
Z—Da ALY FFEA, T ORYOEMDE S
MR MRS N, Shid, T Ok
ARG MOBHIC K BB D, HRENNZ R
sh % BB - 1272 ThHh 5. nnnﬁ‘f@uﬂj
U736, B —TH 2 nTREME AV E
HAET 2B EEMOL S k@@h%%ﬁﬁﬁw
DOENZAREED RN EEZ BN, EInNEEE
PEDENTIC KO, GO H D, HALR D
DHRIMAREL B Z BT, £T T, TOKEY)
DEMMNEIENZ R Z > T AEENTH %
MEN 2R T B 728, FELIZY T,
B In T 2 A €2 7 FETH % RAPD i
I KB EICNZ ROt 2 ATz, £z, [
il RAPD A K D BN & <, K O E#ME
DY AFLP WD £17 5 Tz

8 1z 1 iR A1 i B W 7z RAPD £ (Random
Amplification of Polymorphic DNA) (& 10-12 ¥
HOSVRELTIA4<—H\nTInELHT
B 1) 7 55D &R 53 IS B & N 72 iR I %2 PCR i
LEREDOFEZ1T 5 FikTH % (Williams et
al. 1993). AFLP 7% (Amplified Fragment Length
Polymorphism) (& DNA 7 fillfREZE Tk L,
Z D HH 5 REE D W 72 #RIYIC PCR il L
T2 BT 2800 T, 1 BN TE5H
HIEMENZ L, 7a—UREOm % &1
ROFANC VS DNA 7 ¢ Y H—=TV VT«
YIHME L THMEEZEASN TS (KL
2001). THABLDFEEFATLT, K OEHME
MWE, XM —r o —Z2Hwiex 1 on
Y774 b—A—OREEIT>TVED, X
FIIEFDOBENZ IO F RIS DOV TR Z2

ATz,

RAPD 1%, AFLP EDfRHTHER & &ICEMNA
DEAEKEDEL KB N> RISZ— TR D %
A TDEAENRBED LN (K1, K2). ZOf
RS T OERMICIIEROBIEN SR — 2 2
oﬂ%ﬁf?bfvéz&ﬁbﬁoh ESA I
Yt Uc sy, Hok - SBIRMIC 5275 2 4hE
@%#ﬂﬁb,ﬁ%%kia?%gau%zk
<KL, ERHNICEEDBIE S 2 — 2V IMAET
3T llE, TOEMMNEENZHEEZFFDAR
HMTH DA RN EV. T OREN S C OfE
YO, BAENTH 2 Libim L.

CORWEM ORI hETHEN TV
ARHTV T L, BEOWHER EICHEDNRD S
Nizizs, BRIDA X777 & OBIENRE %
ZIASMCT 20BN Uz, 22T, BEIO
HAREMD R XA vy, g UCRiEd
A, BXU, EANOEHKMREIC DWW THE
ik DNA 35 & U'F% DNA O ER S 72 figght L,
IR TR ZER L, ZN5OBFREZIHS
MCT BT kil iz,

MRNE, T OEFIOMEEDH, AXHr Y™
(V. villosulum : 8 BIED % EW), +F /4 X

AHr (V. axillare © FJIRZEEENT), Vo
F a2 T AXHr (V livkivense . JEB VB IH 458

KED, F/U=ZAXNr (V. tagawae : FIFIL
EH BT 2RV Z203h oz
TS Z A LTe AZ ATV I BRKTY 2
UF oV AXNT, WEIEED Y ALYV VR
ARNT ) IR OSSR, THAVY K
Japonicum), V. virginicum (JEETFNTTYVINT
REPIEARES) DED, BIRTFT—2N—ATR
il &N TV B HEHEBLYE U -V 7z,

B4 DNA O ITS fglkiy, XLV b —o T
YAITE D, #9500 bp OYGEECHIZHEE Uz,
INZT A AV T B E L &I L
4 i TERERM U, 1A ATrV Y
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1 RAPDJEIC X B HEMANDEIENZ . RAPD IEIC X %
BENZERRH,. YA X~ —71—, &k TESKES
2 —VIHEDRDENS.

{72 cHRLHG, 15 4, OO
BB XUCREHD AR TV I DIHT
e U7etd 9 AT CEA DA DNz, 2 b
Z /A AZXNTICBNTE EHANT 4 & DDBI
WS ETEIEY TR 7T A TERENA LN
To. S NTBHIN B IR Z M8 L 72
L TAERRBRURZEHDAZX AV IHL
JL—RlilixsfeoicxtL, TEAXATVY
HEMIZERAS 7L — Rl Wk £ h5
JFAXHTICBOTE ENEEfEE DDBI A
S HRESTIXES V L—RICBT ST &
ootz (K 3).

TERRA DNA O trnl ~ trnF FEB{IC DOV T E X
ALY h—=T T AT, #7700 bp DI
Ry R LTz, ThETIAAV T B E
LEICHIEEATL, 12 i CEARZ R L.
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X2 AFLP JEIC K 2 HEMANOBIBAZ R, AFLP 151 X %5
EMZRRH. 73T A X~ — 51—, Sk CRA k) S 2 —
VICHENRDHNS.



NSUAZZ N BR

E{ KNS AZZ DT B
NSIAZRZI DY #E

AXHTVD &

RZNTVD B8

VaDFaDRINYT #E
AZXNTVOERE FE

V.stenostachyum DDBJ

~SJAXZXHS DDBY

DDBY

Vairginicum

Lagotis

oot

3 ZHAYTEOITS RERE. 1TS G X 2 Rkl (8
FET = ATy TH).

N/ARX N BR

W5/ XN ENI

o|VakaRRNY Bl

NIIXRXNY Hik

atyFasZZhy £

v wE

X0y BB

L on

AZNrUiERE E

*/9=AX N HEL

9547
‘; V.virginicum Itk

Out Group

X4 7HAYTED trnl ~ tF FEIECRHE. tmL ~ tmF
TEEKIC K 2 Hbik BFE T — R A b T ).

/42X BE
542 Zhr EN
vankanaznr g
N/ RXN Btk
YaoFahAXhr E%
V. E

ZXNr)Y B
Ay #

AX WUl B
F/9=2Zhir MR

IHA)9
& V.virginicum 3tk

-Out Group

5 U HAVTED rpsl6 intron FHIKIC K 2 FRAKS. 1psi6
intron EIKIC K 2 HRHik BFIET— R X b T ).
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EIAZXN TV OHITTHIER LGS, 64
Flr, C ORYIOHEH LS XUTERZEMODA X
TV T DB THEE U T5E 3 AT TEA RN H
ST, 135 NTBAD B RIUTERMS 2 fEEE
Lizk T, KEATNV—=TInhniz. #f
BRREZEFHORXA TV R LY L— Ric
BT aDIcHL, TEAZATY IHERE NS
JXAZATR) avFaTARAAA T ERELCY
L—FR&ZEo7z (KA.

BELRA DNA O rps16 A > b & VA IC DOV
TEXALT F =TTV A%ITW, £ 800bp
OERBSEEE L. TNETIA AV T
%&b IR L, 16 7 FT CA R 2 FH
Ule., £TAZXHT YV Iz Tl L
&, 6 T, TOMYIOER L HES K URE
D AR I DFH T Uiz 5E 6 I T
ERDH LNz, 1G5 NTBFD S RIERM
MR Lz A, KELATIV—=TITHh
Nizc. HEERBICRERZMD A XA TiERH
U7 L—FRICET 3D, THEAZIA Y VEM
BT/ AAXATr ERLEZ L—RIZELTW
7z (K5).

A XN T4 RIfENT U728 DNA O
ITS i, IEik{A DNA O trmL ~ trnF fHiE7R 5
TN 1psl6 A > I VHHIBO TR TICHBWN Tl
SRR &R I [F — 7R D0 L C DR
HEEHRES 7L —FEEolz. THIZTOMH
HICBWCHEEBANICHEEBED A rV e
ORYDRIFRM TH D T L BRLTVS.

X/ b T /A AN TICHEOTEENFED b
) FAZX AT RE—DOENTH-T=h, Th
5 & DDBJICEEREN T /A AZXHhT T
I ITS T DR EL > TWB T &b -
7z. DDBIICE GRS Nz T — RZIGHEED b
S F AN TrEEZENDT D, HEEH
RTET S AAXHT OERGDRAETHS &
EZ Nk,



WA AIAZ A
Veronicastrum noguchii K. Uehara, K. Saiki & T. Ando, sp. nov.

6 HiFARAIAXNT.

psle 7 > b VEEEIC BN T, ARXAT
VTSN 6 DFTDZEED S B D 5 hfk
M RO R XAV IIchHkT 5T &
Woahoiz. TOMYIOER, 5 /A AXH
r, VavFa v AAATICBOTEEINCK
THRARIIASNT, ACY7L—RIKEL%.
3DODFEHTARAN TV OFEE & T4
AR F1 7 o M THRE RS D 75 % 55 RS
b, TNENDRIRMKICET ST EHnh >
fe. LA LEERERSNIEEARSDOEEIE 500
bp~800bp /2ot bt Hb, RATELE
HEIIDE L, RMBOEEMEFEROAER L
Eolz.
AIFETIEHAEND R XAy ks
HUDNSIRT AT o Te s, A7 Y B RED
RTBERICOWTIE, 1F5NzESINE 7207k
W ENLRERICIHLMNMCT BICIEES RN >
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Veronicastrum villosulum (Miq.) T. Yamaz.

K7 ZARXHTVY.

Fo. UL, 3fEEIE BIC T OREYIOER & 1H
BB XU MO XA VD LId R % R/
THsT ehbholk.

DI, EBXUTEOEDEN, 7 T%H
IR ORERN S, CORYIOEHZ, HED
ARXHr Vg, BRUEREME LU THbET
BAANTV I EIZRIZZEDTHDEEER
Te. Z T TEDBEEZ i T ORI O%EHID
itk e, FEEO R X7 IKDILREZ FHE
IR U7z (K6, X 7). ZORR, THEH
ORI E I L, #ifEA AIAZXATE
LCid#& L7z (Uehara et al. 2013). £ A3 AR
AT TERYIOEARETH O, #HEHR T B
CHHEND T D, S5%OAE DK
EHEHOMRENRDENS.
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Conservation and genetic diversity in new habitat of endangered plant

Veronicastrum villosulum in Chiba Prefecture

Koichi Uehara, Ken’ichi Saiki, Shouzo Noguchi, Mihoko Iwata,

Takeo Kuramata, Mieko Kubota and Miri Watanabe

Genetic diversity and molecular phylogeny were investigated about the plants of the Veronicastrum

discovered at the Chiba Isumi river of Isumi, Chiba Prefecture, in 2009. We compared individuals

of Chiba population and other Veronicasturm species which were known in Japan until now. The

genetic analysis of the chroloplast DNA and nuclear DNA sequences showed that individuals

of Chiba population differed also from Veronicastrum villosulum from Tokushima population,

and related species. Moreover, many differences were recognized as a result of the detailed

morphological comparison between Chiba population and Veronicastrum villosulum Tokushima

population. We described the plant of the Chiba population as new species Veronicastrum noguchii

K. Uehara, K. Saiki & T. Ando.

The Veronicastrum Preservation Team by Cooperation of a Citizen, a Local Government, and a University
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TreFhy—F T 7RI 22 8 BIRUREEE (2014)

KHGESOEEEYIZLZ 254 o Ea T 0
TRAEICRE S 2 R E

RAGHESEYIIE 7 )V —7

OHEHET | - A RIEE

AN N R L EER T I

I AREBLY - YETTAE © - i RK - Rl

KRFFHBIEROY R Z A by ey 3RHGEEORMOB HFETH S, L L, EF, Jhko
ZAT AT B LY ORFBECE > THRAVGEHFEZZT TORHRENSZ D, AT VAT
LY OWHDRE, XA by vOtiE, kI E OMRIC DOV THEZIT> /. TORIR, XA
FyEBRYIE 10 405 3 AR TOREERBIEL TEY, MiEov oy LR TIRMNRENT &,
AP OERUEEA L UAATTEY, A FTIASNRY, BA TR OERHGER OO
EIGICEERREZRICLTWB I ehbh o7z, BIE, MILKREBE IS, 24TV AT FLVICE
UG RENECTHD, MELOHNRMIEARZ ENTAE YL ia> Twic. £z, MARE

orvavuns,
N,

. IEC&IC

KAGE SISO E TR IR, OB
B CHE—DUREERTH 2. WSO H
TRBELEREICIR STz Ve, KERE
WBREZZOEERE I =— 7k EREE
5. WHEEOEEROGVMEEZ, ERNOE S
— DR TH 5 /NGRS A 70E
FEICBEENTVA T AL EHERITES. K
KIS T REZRLIC 24 Y] D%z
L7 < OlEAHE, EAH#EDN ML TR,
KEFEBIEE 5 —D, LR MEZRFD.
MANETH - em KEEE, 1900 40 A KK
ICEDIF & A EDREEDYI0 BN, RO
IBICEDREDNY hyFEMER->TLES
T, AEKBETIE 1903 40D AN RS 47 R
DS BOMEENEE>T2E DD, ZOk%EW

CNETHANTRED BN oV VHOERTH B H 7 LT ZNLY OERDER
CHEDEMNS XA My oy OH#IC T CORE 21T 7.

PESEIZY bR CAEEAEZELL, MAKREL
FOEEZE STz, ZOWET, XA bV
Y7 7' A A Cettia diphone restricta, XA ~77 3
YA Troglodytes troglodytes orii, XA k¥
N AT Parus varius orii 75 £ 2 < OFEAFELHE
LTz

—71, NAIEELDER, WAENKE SZE
LU7zR R T, B4 oA 4 avEY Preropus
dasymallus daitoensis (|E N7 W5 4 YT,
EHeE KRR, HfaHIA gD, X1 b
73/ INA Y Otus elegans interpositus (i fa
HIA$E), XA 7 A)N)VE¥ I Euterpnosia
chibensis daitoensis (kG H 1¥EH), X1 k
Y7 X ¥ 1 Zosterops japonicus daitoensis, X 1
k7 v 3 RV Hypsipetes amaurotis borodinonis,
XA k7T R Crepidiastrum lanceolatum var.

1 BRER A EAAEE EAREARE 20 BREROCARUBNER 3: BRERASAICABERE LA 40 KB RS ERI A A A R

50 KBRS RAEBEREAIERE 6: BRERAEI B AR

2012.11.28 3213}, 2014.6.17 Z3bd

7: PRI R R E AT



daitoense (Higfatd 1A J), XA P UtA TR
% Excoecaria formosana var. daitoinsularis Gifiji
fERITED) &, 2 OGN ESIE
UTERDEFEIREHETHS. HHIEEICD
TS TewR, FU—3 M, Riltho Bz
EZFHALTERLTVS (FHF 1992, {FE
(&7 2003, HAREREINIFEE > 2 — 2003, P
VSV BRI B IR IR R 2005). KBHRGER D
A ERRRZ MR T 2 MR E > TV B DY
VRO XA N7 ¥ Livistona chinensis (Jaq.)
R. Br. ex Mart. var. amanoi Murata. nom. nud. T&H
. XA RUERYIECOYOLHET, KHH#
BICEfAEENS (R 1990). EANICIE
HHETHO, Tie, WHIPETH 5 RIGEHER
ERDOVTEH ok tBRIz TN TR,
A, T T TRAittio oy EXHIT 728,
KFHBICERT 20z /oo u e
MRS, XA b ARBICE TS
MBI TH O, AMERTEKREMRTH 72D
EkAH B (WL 2001). AHUKOFEA OERE
RemPHE, LD S BOESFETH >
XA boenvicZaoNT0nbdEEZLN
%. FMARHREE, BUEED 60 %L AV &
20, AWETNCBRERZH > THle XA+
Cavidb IO EERIIREN TV EDATH
27, BIELMF D S IR E TZ < D%
WA A roea Ty ZRHLTERLTWS.
LTAD, BUERIN SV 2 BET 5505k0
RAT VT kI Oryctes rhinoseros hY K
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AL P ey ORMZEEE 2L TH
5.

2. XA b ATadiike Lo

Avao | fiff, X4 UAvalk, K
BICERICHTT 5/NGTHD, foHifEL[H
UL, RIS HYy TIRODD B> TTET
17759 (JEH#E 1952, Horie and Takagi 2012).
2004-2012 FED XA+ 7 AT OELEFE N 5,
AR Z A 7Y ORRE S Ok
FHREMELTHWD Z ENERIN TS
JEIL KFER). ZA T HT N LY DORFE
IZfE- T, Bt X4 b o vidBEOE
BicE5ENTED, —ZBICHEMLR LIS
BIEZA b AT O OBIEEENCE KT REY
ENTREINS., AWZETIE, XA boAVn
DEMNAZREEL, XA T ATODHME
LTORA boeay OEEEICONTELT
5.

D Ak

2012 4E 34 AICH A T AT BDRDOYR
Eiriko . g, X0 hvvayong
WNED B B EFREIE (B & A AR (5
FASRER) O 2R T, FROME,
5524 hoyeauhbizhot, EZYIR (B
JERER), ErhRowiffhazSE Lz, Th
DISNE, #iFdiE L UTHh AIHEO/BIM T



i “"““J’/“”‘j O

HBHE2 [FIUEZA R ATOOROF. a: X4 Foeay oMzl e Lz, b £V <A 70/ GRED %2 ¥
D—HELTRALES, c:VayFausyolE (RAD ZHEMO—iE LTHA.

FEFE O BRERRZ TR > TE.

XA LU ATaOITEIE (B 5 R 20-50
m) (Horie and Takagi 2012) D5 5, HMED
ME LB SNBHEPH GO SEE 20 m) (i
LARKEL IKEZATVEEAL e YOR
Baehor L, BMOMMKEOIRIZE L.
¥z, BRUESHRICOWT, Eh5EWVIEC
10 ADHE A oo Z2®EG, BE Oy
TNETNEI LTz, ceh s, mbialicdh-o
AL ooy £ ToOE (REEo Uik
B, BXU 10 ROV 2R L CFEe
D, HEAM ORI A hOfERE Uk,

FER U7 BUERL T L EIN U THIPE AR B it
D, HWE- N ES - RS ZENTNGHIIL
T, BHHPORICOWTIE, BN D
FHEDNKIT 572 L, BOFHDED>TH D
M Z1 775> fz. BN L7284, Kb 5E0 74
LIRICEHEE 22D, HANIHHEZHE 20
KOITHAL, WMORIEICESDT. AT

28

WM O L A5 (X4 Fyeay - su
Y 7 Arenga engleri O, €7 <4 DOEIR
D/INEE, U 2D F 2R Pinus luchuensis @
e H7 Y 2 <)V Ficus microcarpa O Fi VSR,
F 5 X Imperata cylindrica + A A F Miscanthus
sinensis + & =& b A A Cladium chinense + 77
0= /Y a i Scleria sumatrensis DFEF
KU -5 ZREL, WL RN DDEE
Lz, MAHAEXTRETE R >REDREIRET
DEEE Ulz. MALIEMIIFEIC 21T T
WKL, ThENEI ZE-> . MHEDHD
TETHRETE R >E8 MIE TR & LT
HIZE-.

Hxfenwme LT, HEE (EEICHWS
TEDR - ADOLZHR) 1T 2414 b
v Uit OR G (%) Z2REHL, Eh5HEE
20mNOE B UAL, REYOYHEE
Yoy ik & OB %% Kendall O NERLAHE]
JINT CERT LTz,



K1 FANTATOOEL

EXZ) FIUHESL ¥ E &+ SD (g) WP (2) PEJHHRS B £SD (%) FH (%)
JEDN « RO~ 21 0.17 +0.08 0.03-0.36 8.01=0.06 0.72-21.49
ZARTE ay O 20 1.99 +1.14 0.42 -3.80 72.13+0.14 44.55-92.05
7y 7 Ok 11 0.06 + 0.07 0.003 - 0.25 3.74 +0.05 0.19 - 14.74
ETFTO/ME 11 0.09 £ 0.07 0.006 - 0.21 2.30+0.02 0.16 - 5.92
HYa~ O 3 0.02+0.01 0.001 - 0.03 0.63 £ 0.004 0.06 - 1.09
Eo— L bE 3 0.01 +0.003 0.008 - 0.02 0.38 +0.001 0.29 - 0.49
Yoty ary <Y DLE 2 0.11 £0.07 0.04-0.17 2.81+0.02 0.97 - 4.64
AR OFH 2 0.63 +0.67 0.006 - 1.26 2424 +0.24 0.38 - 48.09
AFFHEAROFFLLE 2 0.27+0.13 0.14 - 0.40 14.7 +0.09 5.34-23.95
YV YR O e 1 0.38 - 14.50 -
EN] 21 0.45+0.22 0.14 - 0.94 19.64 +0.11 6.47 - 46.63
2) AER vawiEs (==-0.09, p=0.58, n=20), T

20124E3 16 H~4 H 5 HIC27T HEFHRA
L, TD5 520 BaEI L G 12 3, %
FHE B HL). ZNICA CHREMNIEN B H
1 RoORMEZZT, AFF21 B 5 BT —
2Lz, BOKEE (CF¥3+SD, n=21)
&, 4% 6.83£0.48 cm, N 5.45+0.48 cm, &
& 5.17£0.66 cm, FEX 4514044 cm TH - 7=.
P E R 2.7941.19 g, ERTEREMEAR
HzEHT I 24T THhHoT GE1, BHE2).
AHZRRE, 1 B—HTZDITHON SN TWIHM
2A T 357122 A T THO, kL%
WHTIE 6 XA TOFEMZRIHL T,
XA Moy OMHENEME LTHWS
NTWEDIF 2L W20 Tho7 B, F
F2a). XA bvtnuBhHuLN TV
WL, X4 hveayie vyt
(&S 2HET, TOHROFRHEMIEAAFOR
(48.09 %), F1°v U 7 U RO IRHPEREY) Ok
He (1450 %) Tho1 (HBHE2d). XA+
vawEHME LT\ 20 Tk, HH o 50
~90 % MNEA FEOaY O T EDSNT
Wiz GRD. A 2 REARDOMNIEED RHI D
20 % ZBZ THWSNTZGED 1l - 7275,
TN DEM I EEM D 15% 2R 5 &
\FEhoTe.
HoMxeovald, N5 FEE20m D
v A (=015, p=040, n=20), HHE

29

Yo iEEE (t=-0.04, p=0.83, n=20) OV
TNE L HEEGMEEIT Ao
3) B

XA P AIVTIGHEM L UTHEBOMY) %2
R L CWieh, s TRDT 2 1 BzkR
220 O ELRHEMIEZ A b ey Ok T
Holz. XA bvenoyOMHEIEM O 7
e Ko TEh, ZOMOREYIEEREM D
128EEDBICEEE ST

2004-2012 4 D EHfF A I BIGE U 7z B2
OITEDS B, EMNEX Tl TE 7z 114 1]
DOWiRIE, XA b oo OHED 50 (=], ]
SHORHEDOY AN 47 [\, 7EDHRH 17 [ &,
GRS T Ve A o g A <A kv Tel (FE5¥ s @
o (BRI RFE). AZAFFEHIRZ D T L
B OMEICEEBE LTV EH, &bidD
DFFICEA by 1 AT dbu, R
AFOMZHEME LTS T &idah-oT. £
fe, 7OV IREIIAY, VavFauvy
&, BN Z <L TV 3ICEBD 5
TZORHMNBENIE Tz eh b, BA Y
AVHF NS OREYIHEL D & 21 FU D
7 D2 BT HM & LT O 2 ATEENEDE
ZbNle. i, BEMOX A Fyeayo
AEER, WO X A by oy £ ToOHE
BED, PHMIfEDbN TV aEH
BiBENEholzc D, XA U AVO



WA A Py OREI X ki o
A FZENHLT, X4 boeoy Oz
RENTUEE L TV B ATREMED D 5. IEREIC I Ath
DHEMMNE DRREFIEL TV RN EFNT T
DOREHRETH BN, XA b ATOice -
THA by envidmd BRI BEAMHAIR?E &
EibNhiz.

flitthigod X P OHEMITE, 1 FREAROK,
NIEDLOTH, AAXAFORKE, BLNEMD
SNz (W 1952, =1 1970, BEEB 1991,
B 2000). 2 bHDH B, RAAFO/ME D
) YR ORI DOV TIX, FMAHEE
OB TEIN LUz 1 ROFERFEM TH -T2, &
A4 reayOELEWEHTITE DX R
BHM 2 O TEINAIREE > e e, X
A YAV RE ORI G U THRM 2R
YO B2 6N5 R ENE. 24T Uh
T LVIC KB WENGFLNC IR S T HAICE,
BUSIZHM % 2 A 7 a s OfED 5 okl
YIHEIC YD 2 5N B ETREIND N, R
FRF AV 2T A A RHEYIE T IS - M
HICHET T 270, BIREONENICAZDIED 2
EZ BEAICEFIF Lic < w. [k, Ay
U 9 R oEHEREY) & MoK ES (I Ui
BLTWEWD, FHTE35MMNREEN
5. TDSH, 2AT AT FLTDIRAL,
Y eixr XA botnvoRERELT, X
A b A DT OEGEATREB DR/ N0 A IG5
LWL, HEMARIC K % BHHEIE /s & 5| &
B IAREMED D 5. £z, RBEMOEIC K >
TIEHOBEMETF L, BEDOZVEKHEET
BERINENRE S IS AREREE A BN
3. BT L > THOBOEMIZAEAT R &
BFETHY, XA boAvaicB0TidaS L
UL BICEBTHS XA b hEEEE
e LA BRIz >TNWB EEZ BN

3. ZOfhDEYNC X 2RI

A hyenvikzofict 2 < OFPIcH]
HEntuns.

£21C, ARERICHILKRETHX A o E
Y ANDFEM RS NicfliZRd. T TR
MERICHEDARETE DRI ZRLTNA.
MELRH 2 M, SR, Rl M, Rdiio
NS E Nz, "4 7 avYEY Hemidactylus
Ifrenatus 2[R T XN TOTED % WD IEAE
MORENHER I N, AHTT IV EY
Lepidodactylus lugubris 1377V >R HSEZHE L
TWVBLENTVED, [EFEZBXRS T LHE
B E U LTIRIE SN TE
»  (Perry and Ritter 1999, /NpKIZ A 2010), A
W E XA b0y OEZZD TN DN
BmE .

XA MIAFATERVNZA by Ot
ZfHER & UCHEBICHIMT 5 C L I3eITioe
TLHEENTWVD BEHIEAD 19924, b, Ak
(&5 2007). HEYIAH D Z AR DAL S TR
MoOBELETHD, TROERLET S
TEem Y (FHEEIENAFER), XA bt A
OTEVICE > THESHERTHS LEAD
N3. THIC, WO X A 7oy ORITE
T/ ud—E XA by AAaTEVICEST
A byenyOREREEZRDTND. A4
7V FHOMEEROEA LK & L THEP/NY
T—UWRKEGRERGZ, LK TEH
AAARED MR X A —D 22T % T L3I
51 TW3% (Mickleburgh et al. 2002, Craig et al.
1994, HIAIEM 201D). ZhiZ, 5REIC K ZHE
IR X A= L Z DBDERRIC K B [
BHHCEZ20THS (hAIEN 201D, X
A4 bryenvidERHOs EICET ST &I
&0, BECREICK AN EZMO L LTHE
BETHHILNEABNS. e, XA MTUF
FaATEVIIARARGHELTEX A by
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MALKHBIC BT 2 XA b ey O {ET.

H o g EZ3

T FLAR

BFEH FAavEIF ZANTAAayE) Pteropus dasymallus daitoensis Kuroda, 1921

#EH A FAIE Vs YN Rattus rattus (Linnaeus, 1758)

ARXAH AV ZART AT Zosterops japonicus daitoensis Temminck & Schlegel, 1847
€ th 25

FHikA YEUE A7 ayE) Hemidactylus Ifrenatus (Dumeril & Bibron, 1836)

HiEH YEUE A A UTYEY Lepidodactylus lugubris (Dumeril & Bibron, 1836)
B i

X7 UH FHYPUTIXT VR FHHIUZIXTY Pycnoscelus surinamensis (Linne, 1758)

IX7YH IXTUE EUENEE ) Periplaneta americana (Linnaeus, 1758)

IX7VH FXN\FIAXT VR JALZHAXTY Onychostylus pallidiolus (shiraki, 1908)

NHILTH P BANPI LT AUNYPILY Proreus simuland Stal, 1869

M E HAL T FNYNRKT AT ALY Plautia crossata Scott, 1874

fimA ERYERS SR TBAVERNERF Asota heliconia (Linnaeus, 1758)

fifim A Rk B HBIIF N Trigonodes hyppasia (Cramer, 1779)

WA /s RRvuAe o> Chrysomya rufifacies (Macquart, 1842)

A VR A WA a7 N A7 Protaetia orientalis sakaii Kobayashi, 1994

5 E HIFYLUF Voo AN Ceresium fuscum Matsumura et Matsushita, 1932

MzFHLTws LEbNns. X1 hveny

7,

VTV ERNET ST ENHSENTYL

WRBHEDN R T2, EERBISE TR 5 L
BHLWD, FTVF T v F 2 TREICET 2
fiE 70y P BIE, FHRRX A Mook
TREOKEL TWBAJREMED mn T & DR
ENTWS Bl - il 1992, {kilk 2009).

7z, 1B (1951 BHEILPIUNFEETO
BZp L LT, b X R HT Zosterops japonicus
simplex X 2 A4 U >~ > W@ 5 ¥ T Pycnonotus
sinensis formosae, Y 3 KU Hypsiperes amaurotis
R EDENE Y DRFZRE T 5 LT
W5, XA hvenvid, ERFTRREL
RUGESICER T 2 BHOMERE LT, &Y
Micble h HERREZR- LT3 EBbh
2.

V. 2ATVHT bLY
1. ZAT VAT b LUK B0
RAT 2 HT b LU, TEEERD SR

% (1944 75 8). AR, NAWNEY
DORBIC X B BB 2R 2 Sk L
TE. HATRYICAEDOERDHERE Nz
DIFAEET (& 1922, KK - BLE 1980),
Z D%, RNEHIC ) Z LK L7z (Chujo
1959, =52 1968, Ak « BFJ5i 1976, 3 1989).
T 51T, 1990 FRICx > T, WEHEPE R
FICBEAL, YYEICHERECTWS
HFHT « 2 1996).

FILRHEBICBWTIE, TNETEAT A
T LUK BV VHOWEEIME TN TV
Moz, PHEIEA (2010) AVHEHE L 7z B HUE
DFfBEICE ST, RATUHT RLVICKE R
A MR INORENERE I N, £T T,
S, XA NI EKREER RIET A
REMEDREWRZR AT VAT R LTI DOWT, Fik
KB TRIFIRIICE T 2 BI & 2 20 L
7z.

DT RRVHDELTIE T BAA XL 1) Jiik
MORHTHZ. A, 2av>Z2ECHE AAEIE, FERHEBTIE 201242 H9-11 HE

LY VHOTEGEERT, YHOMICEY
FOFRE, A F YTV, NFF, VavEy
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HH3 A4 MY eny OIS RN EE

¥ OWEFIRI & BHAGPTNC DUV T OFRE & Rt
L7c. BNZHTRE LGNS ERD ST
B4 T EOTDEICDNT, XATUA
7 h LYV KB RFEOMEE (FE3) &
HEIC K> TR 5 L & &I, AFEOZGEY;
ATt & 72 2 MJE R X Tz N AHER (9 b
TFECOHEO MM LIzE D), il
B, fEYEH 7 & TR OiERZITE S T,
FEdAE L ERNCS, BHEY =/ aY—iEIC
WD 2 A~ Ery 300 {#E{A L
fEO YTy 300 HAICOWTERE Y 2%
Tz o7z, BRHETIX 2011 4£ 12 A 26 HA
52012410 H 29 HEX TOMIC 4 [, PPHEE
T, 202FE1THI0H2S 11 A 1L HETD
i 13 EOFEZITEL, FHREMEAIC DOV
THHRHICKD XA T AT FLYRRICK M
FHOGMZHR LT,

2) WREES

IEHRIC X B HFEARFEIC K T, AROM
FIEIMARENCILRHEDIZIZEHICH T 5
FHRRAR X A b OIS A TN D T &N
HEMCE-72 (K6). X4 b emrofh
I, NEPRFICEKEEIN TS aav IR
kY 7)Y E RFTEIMFEI RS Nz,
PHORIE LT, FHKEMLTWEED

32

K6 JLRHEEEHARBICBIZ2AT T MLYDE
B @: XA T VAT FLVICKBINERDH S XA b
Oy, A ZATUNT LY OYRDHERS NI A A
rorow,

—#E L <IEENC, EDRER OB TR
INBUIAATZ T2 DI U T BED RIEGSPIERT D
TR BENTED, MERE THEDRTHH
MEMLUCERTE WAL hotav e dho
fe. B MO Y ORIERAZ RS &, #HitE
DEEENRNTzDh, ZAT T MLV
RCHUC K B INEDKERICET 2 EiIC D ERH
LTELDEA by eay THREMADINED
mEEENTIHD, FTERICTHIE L f@kiE D%
Molz. UL, EHEOKHEIC K> THIKICH
EHIND, HoRUNEZZF0T3T L
TEFHLEAA M EaryeEdhHh, cnks5k
fEHATIEODTHIIES B AJREMEN VB D EE
ZbN5.



RAT VAT b LY OEFEGATIC T 2R
T, MRS TOERIRIL L FIRRIC, Y hDUF
D FENC TR A E T Tz N AHERES A4
U S, BRI & & BITETHADOL AR
Bt~ icgiani (58 4a). £, M
DFEPNCERMEINIY b Y F EORHEEDE B IE
7% & ORIYIFREDNEARE U TG0 B & ) b
mEN, AR E N HERE-O R
EDARD FEZFREIE > TWVB T LM
SMcTEoTz. Fiz, BAhovenvik, K(E
ICPE S TEEMRIEL TR E, BEMER D DEERIC
5% 0 JEREYI DS EERR O ARER I HERE S 2 i
NdH5. KT, EIMFEOHZ XA o
T, TOXS BB MNTZEWNE DN
HICIHEDKE L T2 DD RSN, KIEL
TVWEWRAL oA e ZA T T N LY
DOREW/ERDZTENHSNICE T (BHE
4b). TDIFh, ZATUHhT N LT OMEIL

Ko THBEL & HENIE A XA by T D
BOBE LT E EZHOYNANHRT N
7z (BHE 4c).
MAREICB T ZEME T ZAORE, il
ERIED D 2012 4 6 A £ TIEHEARDOEIEH

0% THoTeDITH L, 10 HIZIE 49.8%
EHWILTED, ZATUHT LUK BH
FHEWMERTHHEMICH S LhREN (K
. [FETE, B CoEEROR N 2
ATUNAT FLYORBERZZTI TS LICE
3. R TIZ 23.7-29.0% DIEA TR AT >
T b LUIC X BWEN RS NI, FAAE
ZEUTREEZL#IEL, MAHBOXIIC
WFAADEINT EmE RS NEh -7 G
ICEFILTE DI, MARBICBWTRST Y
NTNLYOBEEZTZZA bR YDL
CIEFWEENRIMICE EE->THBD, TXTOMH
EDNEBICHBEICN =5 DI Tlidawy. LA L,
CORNZRELTEAT AT FLVICKD
WENE SIIERTNE, X7 vy vots
B IR B R 52 5 T LRSI N5,
2. EYRVUYA AT ML OERE LN
YA AT s LY (Oryctes hisamatsui
Nagai, 2002) (&, KEIDA T b LY OMET
HBICEND L TIEFEICE > CidilE Nz
KEEOEERTH % (Nagai 2002). TN FE
TICHRENTAAZ D TP, ZD4E
R ERIC OV TR 2LAILNTWEY (H

HBH4 ZATUHT FLYOYHL a A AME» S0 E N sl b 2 b ey ORI AR ORI

e, o KMFEL =X A b e oL 724 .
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60
50 -
3 m’/,_————_////////
§ 30 |
5 o
20 —BRES
Al --- RS
0 T — . T T T . .
@ﬁékﬁékfék§§%§@%§
S S5

K7 FARREENHSICEIF22AT AT P LVEER
D2,

JINE A 2003). ARWFETIE, AREOREITHE
BAERNIRAESS 20, Fe, 24TV AT
b L OERBRIEZEDBRIC, EREMICHEELIL 72 A
FEDERE NRVK S, MO 72 S 5
I3 eZHNE L THERTTRS T2,

D 75k

PR COAERIRIUIC B % M E O i
EWHFDIEART — 2 72 O T2 SR O FE AT RIC
Mg 2HEEIM L. e, 2AT2hT b
L2 DRI DWT, SNTEREDR il
Nz, BEAMEICE, MAREXS LI
FFENTOT 6 itk & FRERREREE (R EE)
IR & Tz 4 EADEAZ FV 2.
2) YUY ANT FLYOERBICONT

YV A AT b LUISEREA AT AN
T RLIYREAT VAT b LY OERED HHES
T2, AFEOBAL YR EDY RO
Yoz E LU, YR X1 hoeny ol
YR BRTEBELTVEEDLHREINS.
S, MAREOERD LB SO AEZTT
o T AR, 30 L L Eiic RO LK E T
MBRTIRREIC R o T2 XA F B OB
WYodHhs ey~ YA hT ML EEDbN
Bk Z RS LTz & Oz 60 %D B M
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RNz £z, 20 ERilc, HEICH
HEhTwids hoea B sEL, 2B
NIRREL 5T XA by ONEL 5, b
PRVYAHT M LY E BN KR Rz
HEERE L7z L OIEMRZTS . 25 OfEAD,
RAT T NLYTHozrREEBEZ BN
20, FRHRICHEARE TRES N X 1T
NT DMLY OEARICNETICHAINTEDS
T, WINELEDKERAT VLY THo T
EDTENBEYIIY A AT NLYTHSA]
BEEMENEVWEDEEDNS. DX S RHEEH
DIHFBEDHRNSE, AENZA MUY D
FFEAR TESH L TV 5 AlREFE IS D TEWVWE D
LlEbNns. —7, BET—2ZDMMRESATY
To 11 RO RIADERERE, 6 H1H, 6 A8
H,6 H21H, 7H22H, 7H23H, 8 A2 H,
8 H (HAREH), 8 H (HAREH), 9 H 5 H,
9HI15H, L1 HISHTHh-oT. ThHOHE
THwRA 5, AMORHIE, BHiC6 A LA,
511 HRAICH I TIEEILTWa D L b
N5, iz, PREHLOREMAS 7 6 ik
IKDOWVTIE, WINBENREDOXA b wik
FATITKICTRR LU IffithTH - Tz, Tz, %
BOROMERNE, HED 5 EATHED 6 ik TH -
7z
3) eYIIY AT NLAVERAT AT R
LY DA

RAT T ML eIV AT MLY
&, & &I Oryctes JBICIE T % LLER TR 5
THONBREE XLTVDS. KR, e¥w
VYA NT S LT ONEDOEATIE, WSS T
RO RO R D KRG G EH 5.
FHCHARHREB T, YIHOERTHZZAY
VAT MLV ERFBNCERLTED, RN
RAT AT S LT EERRT B, ety
P ANT ML EBRS THIRST 2 RS &
V. 22T, Sl FEoedvg ATk



EYIYATRLY

EYIVATRLY
==

8 2AIVHTRLY BAIUHTLY

Ly ORSEAR 11 A8 & i s e U KRS TR
HENI2AT T b LY OREA 30 fiikz
HNT, (RN TE ST MEICHEZ T
X5 K5, N RRDREZIANTz. Z DR,
TR TR E TR TIRETH 5 T LMWL
Mz o Tz, FARDZ < W 381 2 M
HERETH 2728, B TOMNZIIT 57
WIS, ZAT VN7 b LY OEEEARRR A
ALz —T7 Ly b EER LT

a) MfEZmASRZ &, YV 1A
TRLYEEAT VN T E LR TRICE
BB, MBS E<E D B> T3 (5
H 5a).

b) MEDKIERDTEIC B B HT/5IC 59 < 22 &
NS IpgeklE, ZA T AT MLV TIE D
THZHMN, LIIVTALHT RLY TR =DH
% (GH 5b).

o) HEDOHIERD P IROESZID FIA TV
HWIRDIBWIEX, XA T HT N LYTEEST
TRYNSED, LIV TAHT R LY TIIE
W% (BH 5b).

d =YY h T MLviE, MO
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C sqounTrLy i

HFHS5 bYIVUPA AT L ERA

a: fllimm» s o
ERTEHED LS, b @ HEDRFIE sS4 & i
GRALERSY) DS, ¢ eI =wd A HhT
b L DT B % Kiig 75 O GRALES
53, d: WOLE O, e REINR T
HDOEICK B ZA T HT b LD
i GRALERSD).

HDRTHRICRITTEDORVEHRDDH S (FH
50).

e) LD SLNE, e Y AT NLY
TlEHD < FTHDYERIZRAND, ZA T HT
b L TR RLIDH S BEAOYER D g (FH
5d).

CDED, ZATUHT LV RUTETIY
YA AT ML EEIC, MEEORIBNCIZ R
T OHBEOELEEDENH NS T ENT
&, HTRHEEENEIXS TH2MMETIIEE
LT3 (HH 5e).

3. XA bR

SEOWMETIE, XAT AT b L OINE
KHOPFEDIRIC, XA rveuayzinEd s
FHRHUCOW T RIRHCHREZ E L. D
R, MILKREDOX A Foeayhs, 241
T2hT N LY EET 4 EONER RO
T&E. LM, &FIHOME L IERMIC
DNTHND.

1) AT 237 NI>  Oryctes rhinoseros

I3 L FERORES « JERIRE - AESELLR D BiBR

G« BV « WL - WPIERGES - /R 7 27 -



Za—FZT T4V NTARE.
RAD K SIS, AFEFKFFERBICBNTEA
rry eI iAEREE 5 A TEY, FHCH
FDHERZ A~ ey A DRNIER
BBV, BEAEDX A MR TN
MHEENTED, REEHRDRETHS.
2) YA A A Y VT L Rhynchophorus
ferrugineus

T3 PRRRS < PR « PHEIAS « U 25 i -
W7 DT « AT =7 O

AR, WY I TICIRL MS 5 VD
HAFRT, HATIE, 1975 FEITHHET
EANCFERENTLEE, JUNDSFEHAD
RClRANCRENEREN TV S (RS
1995). THH5OHIKTIE, BHICEHRE L
IR ENTZA TV =V R ETHENELT
W3, RdUE, R 30-40 mm Z X T, KIER

T L, ARG TROILEIASH D,
A ROTHS. KB, VEOBERNT
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Ecological survey on the Chinese fan palm and native ecosystem

for the solution of urgent conservational problem in Daito Islands

Masako Izawa, Takeshi Sasaki, Shun Kobayashi, Tetsuo Denda,
Masaoki Takagi, Sayaka Horie, Ryota Usui and Takeshi Goto

Livistona chinensis var. amanoi (Arecaceae) is a palm species that is dominantly found in the
forests on Daito Islands. Because L. chinensis var. amanoi is recently underwent serious damage
from a outbreak of an alien coconut rhinoceros beetle (Oryctes rhinoceros) infestation, we studied
the ecology of this palm, its interactions with native and endemic animals, and status of damage
caused by the coconut rhinoceros beetle attacks. Our results showed that L. chinensis var. amanoi
bloomed for about half a year from October to March and this flowering period was longer than
that for L. chinensis var. subglobosa on Okinawajima Island. In addition, L. chinensis var. amanoi
was used by many native animals such as the Daito flying-fox (Pteropus dasymallus daitoensis),
Daito scops owl (Otus elegans interpositus), and Daito white-eye (Zosterops japonicus daitoensis),
and it played an important role in the lives of these animal. Through surveys, we found a lot of
seriously damaged trees on Minami-daitojima and Kita-daitojima Islands. The major breeding
habitat of the coconut rhinoceros beetle was the bulk of compost around the sugar cane fields
and remains of dead palm trees. Additionally, an alien leaf beetle (Cryptolestes ferrugineus) was
identified as a pest of L. chinensis and was first recorded on L. chinensis var. amanoi on Minami-
daitojima Island. On the basis of these results, we suggested methods for the protection of L.

chinensis var. amanoi on Daito Islands.

Research Group on Biodiversity of Daito Islands
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O+ bv—F 772 RPKICKDHSMIC
FoTwauy it 7 7R
& LT, AIREAIR © 2 < oMt s T
7 r7avOtERBEETo .

Oy 7Oy 77y LBHOEE A S
N SENTE O, ZHEITEEHD 2 A
HRICHR X 5728, 2 < OHEIZREEIC K D H|
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ENHTHD. 07 F—LHFEKES - A
SF (B TREET AT I M) 03
DEHE, 202F3ANE S AIIMITT, FIC
INHE T IEERD 7 L — it 3 K O R A 1
A D 2 M TR E R E 2T 2.
A @ O VUEREREI D A 72 597, #HA bk
Fw 7, A ==YV EREMELT, Bt
Fy SR 0RUENSILHICIT >z (5
52, BHE3). ATV 7 L=V IBX
e/ ~DEEMTEBEHECARSNS
B, PEICIIHTT N 2 — D172 1% .
07 F— LI K D SO HEE 35 K UHFE
Zii-o 1%, SHTANS 6 A LA T,
HAMNS <7 7uvEiefifb oy 7in
W TR RO S B ATTE, BXUY YT
IVERHEH S OLFZERNZ L, S4B THO
21T, MEOIMIKTE B2 BRI L 7.

Il FEHRER
1. BGfEREe YTV T

KD EFOEIGREDORE, iE7t
DT LT — T 2 #ik, oA ) AT i
T3HEOY TV U JICI Lz (K3).

L7 L7 =5 TliE 8 DOV ERER L 7=
M, BHHICHI L 72D Am-So D 1 DN D
AT, WEIZ 1P TH-7 (K4, 2TV
VI BNI B ERTOM R O 2 T RE T — LR
U7z, 582 7T OMONEEEDEWVIHEZIT>
TE BB FE S N o T2y, ZD%<
WFERERIID D BRIz & b s, Xz,
AFREHRPICE e bbb o< T 7 a7k
BIEhRME 5Nz (Am-am), fiAHZ
FRELL 7z.

FEA Y A TlE, 3 OBV TNE K
SEICHED L, 81 R 2 DA (O1-Mt, Ol-
Mn), 8% 1 DA (01-Sd) Tl 2 FDOEEN
RENT (K5). FREGEIEDOFICHEIZEEA
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X4 7LT—HE. ROV 8 DN THEERENE
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M5 200 m (F EEEN TR OR FIck D (BE
4), BT QELTHE R L TV, HEEHRTH
Fid, (ZIEFEREE, FREOAADERMEI D
12 HEF o 7z

NS ST B2 FUOICET 5 HiE 6 fEfR D i
TR LT (BES, £D. ¥/
[AIRFICHERHE ERIVZ 1T - T2,

2. HHBREL
MR & AR, A RROBRES, HHKIC
DNTHREZTTo 72,

7V AU A O1-Mt (A A 544 10 km 1

7 A

HHE 4 RSB EZROYS. HoRE Itk R TT
HBH, PEITPRMEUEND D, WD HiddtiEEO A
ENURSEIAN

HE 5 R

i L, HSTONEZRK20m TH . HE

HHZME 500 m ~ 1 km, AR S 30 m (23E
TBNIV=L, Ra/F, FAK, vFFE, N
V) F TR T HILEBMTHZ (FH6).
FINGBEHEDE L, U7 A, TARX, ¥~
ADEREI N (BHE 7, BESR). MEERAAIC
HKZEEDMFERD O, =770y DPEN
MAEINz. ®EEI AP EFRE TS
T, bR HIckos Tz, HEAR
&, WIS 40 mISNiE S % e ERE 80.6 cm
DRB /T, HF6m sy TN ERTEE

HE6 OLMt HIEAKERS.



EHALED)I.

HHE T Ol-Mt
1 VUTI VTR
Hirtzk g TV
1) 77 Hiusk Ol-Mt  [#1
O-Mn [l
01-Sd Bl 2
7 17— i, Am-So [ 1
Am-am  [EHGER ()
aal W5 - S 1

HH8 OL-Mt ‘ERHITH SN WY 71 0l
T, 0L 2 Y A DEBERIE N, £, Y
Az lfon.
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59 OMt HHA (Fm/3$).

&l

GHE 10 01-Sd Hrb#t. W bmofHEd ICEmNG HE 11 01Sd < B OfIFE. Fhmm Rl HE >
W, BINEHET 2 i 25T L TREIT 5. IKDZ L, BUFREREHIAICE > TV 2.

RS HIEFHAFKICES T EMZ 0. R ORI (E &

AEMIAF SO IMICIE> TV5B.
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2 UXT7aUDRH.

Rl
pui

HH 13 Olsd HEA Owv=Ll)

51

TEHL Tz (B 9). W BERRE LI I3
TR EEHIDNE N > TV .

1) Fi g A O1-Sd 1Al 17 5 25 km 1<
N L, HuSTONEZFKI20m TH . fH[lf
PR ERE 1 m, &30 m DEARZ ST,
Ro /3, V=L, YFFOILEBMKTS 5.
FIREARICHE S 2RI IEF 3 v I3 o2
BEIRXT T T, BT BH%D 2 PR
RACBICL TV (BE10). BHE FEBICIETE
IKEFROMFMN DO (BHE 1), <771
DR (FFE12) RPENEIEL Tz i
T ftich vy, Ayvavy, rIkE
DIEMEER N, ADADIABDDZNNS
M, SEOBEMBZ NI TH -7z, HEA,
WD 100 m ICH7{E S 2 M 85.7 cm O
INVZLTC, HiE 10 m BRI R E NI R
TEHEL Tz (BHE 13). JEICI3 e
WL > TV A DNEIETIEFAHEN TR,
K7z, RROHKE XML T B8, Bl
ERFE TR OBMAER I T DN TR,

) A {55 O1-Mn & 1 175 5 %9 50 km
WREICALE L, JIER 15 m o Ra /3% Tk
&I BT TH B, HEAR, WIS
10m ICHES 2 MmEmER 83 1em D Fu /
T, il 12 m B THN I FRTEE CTE L
TWiz, TOAERELE D EERBDHEML,
DR X 5728, JEAD R TIE SR 2
UK ER DA T 2.

Hiix{ Am-So (ZI I 5 5 km )& L, |

E 10 m OIRTEHS Tldh 7z O /INSEE R 1]
THs. ko /F, rrauvvrFexked
MM THZD, ERFESNTHD, &4
D/ OAERIC K 0 EEEM IR T T
. EEAZ, WD 5 100 m ISOE T B E
B 99.0 cm @ R/ ¢, Hi k5 mEnTH
NEEREBTEL L Tz, L ORI
SRR & BRI A M B A LD D 5 72,



x2 HIUK

[T E R T T FAN=YD)

(cm) (m) Bk (m)
OI-Mt rFo /% 80.6] [} 40
0O1-Sd V=L 85.7 10| 100
OI-Mn Fo/F 83.1 12 10]
Am-So ro /& 99.0) 5 100

FERADHMRIGEIRDNEA TS, 272, =X
HWELTWa 7, 3 TITREHEME LTIl
lF7x0.

HHARDO—ERE 2ITRT. APHE CHERE
Nay7OEERARIRO /F3A, IV
1 AT, BEELEZ 80.6-99.0 cm TH - 7274,
HATOEEARZ VW=, S XFF, ¥/
F, hYVITEEZHRT, ThEigd % & Wil
B CH -7z, 5B, HATEFR/F0D
HHEAGBR A CRERENTOHRY. &
RFFEFA YA X TH o Tz,

3. AMEREL

O 7t s T, IR ORI
AT K DA D 500 m FIEEAR E R > TV
. ARERGIE FITRHRFE RO m O LD 27 Y
THIRYR L, EIOHEMTHS. £
Tz, FHUER Y TLEBEEHD MDA > T2
M, RO AR T bRt T DRI L,
BE T3 A A O/ INFISE 7 B I EYI A 32
hKThHo, L FMEEHER> TS, iz,
A G T UL, W)RER X LNFEAL
F#E Lisnize, HokofEmitic s 5z
JIRRO ORI T, LSRRI TN
TV,

LRLOIRIE, RGO A E T B
T IAVICE > TIIHE D EEEZRLT Sk
WEEZLNBD, TR, oy T7RFEORE
JEDREMN LA BICDN, MG/ TOS5ER:
RPHIRIR EOAFIHEH L LT, A4

TSRO TR D HEA TV S, K 7z,
IR DO FRR BRI, 5 TP DOFAPIERE R
DIEE, PREERZR E, BN & o
IR O IlIc RN T D, HHLNLT
&, 2000 FELUEDF 10 4T HIRE D EWO R
FRIZZ2ICIAD LT 5. dLiEED 1970-80 4F
ROIRPUCEHELLL T D, BIERE Tl 488
RO ENFETH ST~ T 70y OLBEEICE
BINICKEZRFEEIA SN TRV, S5%0
EREE ISP S 2UREREIO B TR E < I&
*ENB.

V. S&ICEITT

AFEWIETIX, YTz A - oL,
HE&D <7 71D DNA s HID—D
ELTWED, s ar 7oy TV
iRl TR ML L T3 T 8T, ABIK
WRIC g3 g TEaho%k. Ll
WS, YV RERIKRETHREEATY
B18, St IV oln Al BSEAUIE,
WAZITWERZITS TETHS. SlHDH
T IVEBUZFZRIZE 217 2 1Iid T Tld s
n, SETHYTV VT OWEEE DENTITH
NTZkhholz, HEED DNA LIEHIZRICHE T
TERTEWRIEFICEETHS. ItV BICHH
EMCHe %, SRIOY T IO NSRRI IR
L7z,
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Ecological survey of the Blakiston’s fish owls in Far East Russia and

the comparative genetic study with the Hokkaido populations

Takenaka Takeshi, Masuda Ryuichi, Nishida Chizuko, Omote Keita and

Sergey Surmach

One of the sub-species of Blakison's Fish Owl in Japan, Ketupa blakistoni blakistoni, distributes
in Hokkaido, is specified as Critical Endangered bird and the current population is estimated as
140. It is the world largest owl and has fish-eating ecology. Another sub-species Ketupa blakistoni
doerriesi distributes Far east of Russia. In order to evaluate the status of Japanese population
based on the genetic diversity, the comparison to the Russian population is important. In this
research, we had success to collect the blood from 5 owlets in 4 sites. The nest trees were poplar
and elm with the diameter of 81-99 cm. The forest logging to the riparian habitat of the Fish Owls

and surrounding area seemed to have impact to the ecosystem directly and indirectly.

Research Group of Northern Bird Diversity
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Taet =TT 7 RBK 22 BB EE (2014)

JE DB D BN A F 9 % et PR sa A O
REUR AT

Rt 7 v —7
AN AR - Nt N - RSB E 72 - (i T

JE AR — I3, VK E T RTEI & KN SRR REAE T 5. ARIZRE, Th
5 ORI EH S 2 /i) 11 FEOEUAMNZ B2 S5k DNA ¥ — A —Ic &> THIR L, FidanTn
ZATOEPTHME Ry FARY b)) Z2HREITLLzHNE L. BROME, NTmaxAT0
IANCHIBI A X L X0 2L DML AL N, TOHIcE, HBOHBAY 2 —2 269 2L DN
FENTW. FIZE, ZHEAE E BRIRESEEBOM TR, FRBICK2RcLED 5, 3/
KB THBEDONT T 2 A THHB LTz, EIRLIR TR T 5N TV 2 REFIR i & I S I s o
TY, HBORICB O INT B2 THRHEEN TV, NT X TOMBEZ TR Y B ARy
MR LIz T, mAENTaRA TS, ZERIE, EEVE, B X UERIRILHE~ R
INSOMAIE, BIRMZHEIEZT 5 2D DOfR2
M REXDRE, BRUBRBHELZEICHNTESLEALNS.

FORI TSI TR T BTG 2 IAIc H - Tz

. HEDERLEN

B & 2 ORI, (Zh O Tl
JZNSF aRAAY I C7/ PAAE A = A R\ 1 =¥ g
T3, ZTOTEREEHIPSWETN TV
A, Hk (1966) 13, YT O OHEAE E A
ICRFPES B2 TIEPEAE SR LERL
T, COEERRFOFEZ —RICILSHIS LS
. TNHDS5 5, W IR RIS
2 KeICE A, &L <BAOMOHLN
b rHYREE TR MEESR] & X5 (WH
1989). WiREEERCEIATINATAVY
(Veratrum stamineum var. micranthum), Y /
R X (Berberis sieboldii), > R K 7Y
(Eriocaulon nudicuspe) 7% £ 15 FEOIGHIMEAEY)
NEENTVD (BHE1, 2, 3, 4. LHL,
ITFEORFIC K > TEBHOZ I HAL, T
MEEEDZE AL, HIEOEEICHEL T

W5 (BREEE 2012).

Wil R OB T H 2 Kiethd, Ot
B2 IO IS FpEATIC 069 5. fgiho
KIEFEKICEK > THEEIN, THRETDH
D, JEROHERIZA DN, TS, il
EDmBEIREe, PIEEEIC A 5N 2 (KE G
JREBIRAMIC FE K CTH D (FHHT 1994,
2002). gt T A, bR IR

YT VOFRER R (R,

FH1

LBRRENIRY 2030 EROE 3 HARY T AT V=158

2012.11.29 25, 2014.6.30 23[H
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TN BENER L T 5. bt
ZE ICEERMTKIREZDL D, BETEL
WD BUWHAR, KIEHIADNE B S il T & 7z
ZFDT WM ZL DEEMZ XU T H, HiFolE
WEDK S 7%, FHE7nI0BREEEL L
7zDTH5.

U LilEtE, K& R & 2 a4 T
KIBIRBAFDEIT L, B2 AHELT
W3 (FEHT 1994, 13720 & KDZ22003). —D
—DDIEHIIMD TNETREDONEL L, DT
BE~BE A=V EWVWS A7 — )V CRHIET
%. FTDD, TNSOMEMMNENIEEZ &
RO REMROMGRE I NG T — AR LN,
F U Clthftz — A9 % K 5 R EGH
X, FEAEREIENTT b ol AR
£92 K5 mEGH - ZDEOEFETHSICE
Wrbbd, T HHSNELEARELTOZR
MITTAAEL, BUFRALERICET L TS0
M, B O KB TH 5.

AHFETIE, TNEOFEKIEHICERT 57
DRI LT, 1) BT LNV TOZERIED
LR R =2 RS ML, 2)igiho O
REIME L OMGRZTT 5 L Z2HINE T
%. ThUCK Y, &iitho LA, A,
55 IR EBIREICH MRzt L, &
(BINZ AR 57 % T2 D DR HNTDREX DO
R, BXUBRBHAGEHOREMICHETDITSC
ErRBNET .

. MEERE

rRb IR, REPR, R, R, —HEIE
IZ A9 % #Y 60 fE T DE KR (1) 1
BOLC, 11 O MER DY (R ATNAT
AV, NE/RKRITX, TAFRYY (Hosta
longissima), 5 XK TY, IHTIXH
< (Pedicularis resupinata subsp. oppositifolia var.

microphylla), 71 % %)L < (Clematis patens),
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HHE A4 YIRBTTY GERREEREARA S ET).



I hF Y (Utricularia bifida), ~YF/ 3
713 7Y (Utricularia racemosa), I %
2 I HhFTY (Utricularia yakusimensis), Y3
v (Habenaria radiata), Y7 b X7 YR
F* 5 (Vexillabium yakushimense) 7 $3#8: U 1=,
YUTIVEIE, 1 FEICDE 26 ~ 146 flfkE L
. bW THB L BSFER, FRIFIRL,
WINED—ZREONGR L LIz, Yoo<e
ATV RA YT v OEFHHRICOVTIE, Jt
IR (2009, 2010, 2011, 2012) ZHBEL L.
RELIY Y TIWET ) AT IV THIRS
etk FBRBICFKEDBIRY, CTAB L (Doyle
and Doyle 1987) & 7z 13 DNEasy Plant Minikit
(Qiagen #f ) Zfli> T4 DNA ZHii L7z, Z0
%, BHRADNA DL N—Y )V TS5 A —t v
k2 ~ 4 %1 (Sang et al. 1997, Tate and Simpson
2003, Popp et al. 2005) & f# >, polymerase
chain reaction (L. N PCR) T & > T #7300 ~
2000 HEEL 2 R U7z, SEfk{A DNA 72 B4iE 9
31007 T A4 —1y MIIIHL EHBED
EOMEIET B8, AR TN DEY > 7
V7 e s (A7 V—=27) %17
W, EIROZENE M T E T a2 BRI
LTIRELT. ThbDTI43—tw M
Ko THEE N 8L, —RIC, BIRER

~
~
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I K 28225018, WEYID AR DETE
ZHETHDICHLTWVWAHAEEALNTVS
(McLachlan et al. 2005). J& & A ks IC 7049
B iaiFE, 100 FEZIBR %A — X — Tl
LT, blzLizbid, HERA DNA O
Ko7%, nTFELEEDRNY—H—Z2HV5
Tlicky, e L EITHBATERTHAS
RPN DD AZBDELICDONT, B TEZD
TREHEWNEEZT.

PCR &, Nova Taq (Novagen; 0.1 uL) , 7
T A =AW (10 M ; Fw 35 X U Rev %5 1
uL), dNTP A D /Ny 7 7 —1Aik (2xAmpdirect,
SHIMAZU ; 10 uL), ¥ & U milli-Q 7/k (7.4
uh) ZRA LY AZ— 3w 7 ABIRIC 0.5
uL @ DNA VAR Z R G S ¥ TIr>7z. PCR D
FEIE T A — 27 7% iV Tz BRI & -
T e , IR A & S5 N7 PCREYIE
ExoSAP-IT (USB) Zffi->THE Lz, ZTDRE,
BigDye Terminator ver. 3.1 I X > TIXY 5
(labeling) Z17\>, Z DEYZEEET U Y
LET R/ —)VOIRBRTHEL R, v—
7 > Y — (ABI Prism 3100 Genetic Analyzer ;
Applied Biosystems) 17 7T A L CTHiH: A4
ERE L., =T VAL KX>THRLNSY
VTIVOERES| T —21F, EHY T MYz
77 ChromasProVer. 1.34 %2V CHRE L, MEGA
ver. 4 (Tamura et al. 2007) Z{fi> TN OIEHE
B DEZRERR LTz, NTazxA4T GEIET
) oftiE, HEEGER, AR (in-dels),
—HEHEOR D IR LEDE (cpSSR) DETD
ZRERZHN T To 2. ST ok
A 7 OHIEEEHIE ArcGIS ver. 9.3 (ESRI #1) 7
FAWTEML, DfAKIcE Dz, NTakAf
T DB R FRRBIFRIC DV T, TCS ver.
1.21 (Clement et al. 2000) 7% I\ TRHif)/ N7
OXA 72y NT—TkZRELE. 51,
WY IoNT Oz A T ORI Z RN S 28,

=8
Pty



VT bU 7 HERGHELZE (it 2008) 2 W
THE T i LT ax A ToOH Rz
WLz, LonTaza7eid, HBEBEEOK
WhibianTazs 7ok Tthh, Efich
7o o TRERMEERBEDHER E N TV BT,
RO & R L CTHe L 7oA RHC 0 L
RTNEEZISENTNS (Petit and Aguinagalde
2003). AWZETIE, HEBUEE S % LLTFONT
QXA THELT7NTaRxATERL, SHS
KBV TL T NTa XA T DMK
() &Y 27 )VE (m) OIS INTLES
O Z HBIER OHEEM E L TRIH L
fz. BlZIE, HAHLICBNT, SHEkOY Y
TR, 5 BL7NTaxA 701 fEkH
RUEE, BNRMEEIEE 15 =02 &
4. LhL, AHFEDOL SIS, 1HiGHZD
DY > TIVE 1~ 10 itk & D niEIcid,
HOMBIEIGH D ORANKEL BLT LMY
Wz, 22T, SEAKFANTZS BO 1 fEk
ML T NTaRA T LIz RN, BOHBIE
GrRO~1ENELIZEZTEDXIICEHTS
METE L, ZOIEN Oz HBiER &
Bl ll. TOHE, XYY TIVD
Bo(m) BREWVIZE, HBIRERIE RN
HElE wm) IKiklxs. I7%bbH, Sk
FART VRN L T NT a2 A T Tho GG
DOHBIERIZ 029 L7250, 10 EARXT 2
AN L T NTa R A T8, &0 0.2
ISV 025 £ 5%, TODXHIT U THREK
T HBIERZEE L6, WMERMEA R L THE
X RickR U7z,

. #EREER

1. BAWZ R OHPER S 2 — > O FLifig
ftiatio 7z L FEOITRXTH S, HERER,
FARK, EFREHEOBVELOETD
BN E D LEDRINE NI (Saeki et al.

58

2013). [#EZ < ONTa XA THRIEh
DY I 2R 7Y (19), S AFRTY
(14), BRI AINATAVY (12) TH-
fe. —J5, NTOXATOEDViEhoTzbD
BYFVy @, AT7N< 3), BXKUIA
TIAHT 3) Thole. IR E LIkl
YIBHI AT, EEEMSEBEROL Y KV A
MR EN TV BT THS. ZNH0D
T, IO ANT B X A T O RN RO
D > 7= T LIXRFEEICAT 5.

WFeSREOHICE, AHEDPEENTNS
KEMNDBT, muNTaxs TEERE
DENAS NIz, ENEEAMIEICIE, B=k
DO OENS, Dixd Ld 200 JHEZBEA S
R, WM EL TV EEABNT NS
(HEHH 1994). SEPUACIZOKIN & DK D 3K
ENBEEEH DO U OKIZ o 72y, (ZHhfE
ML 7 a—y7 (EVoOREEEAD & U TEE
L, Wi HERCREINSG S TIE LMY
BEFINCAEE LT 5 T ENTE . Eik
DNA DZHMOEE I, o ORI,
Ui AR DI OB B 2 b5 C
EaL, B XD ETAICLT, ToliEic
EWHAR, 5 Uk CEnaettzrmm LT
W5, SATHIFRIC KR, > a7 Y (Magnolia
stellata) “°I)N7 /3 (Acer pycnanthum) 1ZF
TE, ThZN 13, BXUIFEHONT O X
A ThHHENT WS (Ueno et al. 2005, Saeki
and Murakami 2009).

ZEMRIB I NI, NI Tz A T O
ICHIRINE E DDA LN, WD DRETIE
HFO/IR 2 —hRENT. —HIRIER & B
WEELEOMTIX, PEBICK5MRECE
Mbb5d, SATNLT AV T, NSRS
A, RAFRY Y, KYPF/IIAFTY, L
FHFIIAFTY, YFVID 6 FEITHBNT
HEONT T XA THHB Uz, £z, EHBL



R CRAT 5T 2 REFIR FE i & i U s
WTE, YT NV RETE e
TOMICBNTHlDONT T 2 A TH54 LT
Wz EARLE, #4960 ~ 80 JAERTIC K 2 1
COFELORNLIRT, ZHHREET SH1C
&, BEDOAKEIKRD s & KE/ 71
WKMFT, REZNNDFEN T EHERIENT
W5 (WS 1995). FEHBLJEAE AR m O
WA DO5R->TED, ZOWHEHDMRE T,
fEFHAAICE LD EETRBMNHBICH S L
BEZDBW. ZFDjz8, mto 71z 1
TOIHEME, BIEOBEFREICE DD
Tid <, TLAHBMRER AR KL T
WaHEDEEbnG. LMD, FFSAEHE
OiEtPE R DRI O IE, kA DNA D%
FUCBWCHBOMPI)S X — 2 2RO & DN
HY, ZONX=2EZIHT LEHAEASN M
JERIRREEE FHEAAY B 5 & D TIX AW T EAHS
micE Nt
YIUREAT ) RA VS UVBXUYFYY
IKOWTIFENEN, MEIEEIE, HIREED
L ENT v A TOMBOLE 21T T &M
T&7 (Saekietal 2013). Y7 <b X7V
RAT T NCDNTIE, FEPESEHIEE & b
HIEPEL T, N7 T2 A TOMRNET B 1H
MNA SNz, —HFYTICONTIE, At
2% CRMT U 7 BER A DNA OfEEIC BV T, &=
U pE DB & [F]— DIFHEELS | 2 5D & DD
Ehnic. SUBOMEYIE—iIc, Frda X
WSV, PEEENIDENEEZ BN T
% (Arditt and Ghani 2000). 3V 71BN,
KERMEBRSNIEh >0, TOREYIH,
FT D7 E7Z 3 U COERIGER FRE 2175 T
B0, PR EZ D DI o Ak
HWEZENS.
2. vignTaz2ALTDERy ARy b
YIIUREAT Y RA VS UBXUIATY
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FH DTN 9 FHICOWT, FREHNT &
WKL7NTaR A TORmiERZRIN L. %
DFER, L7NT TR A T DORHERD E O
Wid, M ric s ENAALNT. AT
NATAVY, YRV Ui EiE, BRI,
5 RIS EH I T, LT a kA
MEFRLTHBIT 2D A SN, —7F, N\
C/RIR, SAFRI Y, WP TN~z ld,
BEFELELETOMBIERNEN Tz, VT %
SRRV IY, KYF/IIAFTY, BXUL
FHFIIANFIVIEEEROMARHIC BN T
L7NT a2 A TOMBIERD Eh - Tz
HHZ < OFTHRY h ARy b EizoTw
TEREIEER, R O RERICHIE L TH
D, HEE S REED S O & Bix B N T
O A THEEFELR Tz DEEZLN
3. FTOKHICIBW T & &R LLERERE T 5
W PR EENEYNC & > TR ERMAARBEZHERF L
RFTVIRBENFIEL TV 2O E LN, =
FIROEKY F ARy MEOWTE, BELED
r— R LIk, HEIRYRREEC X > TEA DN
TR THMEET ST & el alREMD S
2. I R EGR T < SRR Hh LA i DL
Tk, BELTINTORATNEL T %D
h, FTOMHKENTIEEY. LML, Thb
OHIFIIBIIE T & Figi 2 < OBk E N T
B0, 2oV REEMEMICHRESN, LY
NIz AT RS 23 M LIk > FonlhE
HWEZENS.

V. R2lc@|irT

AL, HEAKERE VS HEONE 2y b
B EOTDHPIBACDOWT, 4EkkA DNA < —
71— O CEIBNZHIED R 2 — 2 D X 2 fif
Mrztivy, B b ARy bz Uk fhki
ThHs. ThF, SETHLRICRELTE%E
FhHEnY & SRR Z A G DY, F/2h0



R B EMZ RIS 7z et 3 572 D7
Tu—FTh%. T5UkFEE, IFE TR
B8 5% (landscape genetics) | & W95 WFZ% 50
FELTHHELTETWS (Manel et al. 2003,
Holderegger and Wagner 2008). JXAHEIC 51T %
REDE TOICHBNT 270D, (FHEXR
3V R—DFEICBWTEYORE) - 73O
RO OREEI Mt cE 5 2 &, Tt
BCERZHINKIC K> TERHTE, fiR>IrReED
A= —¥a YOG THNEY =)V
EZDSBERENS, HHEFNEZ T
CEDLEDLNS.

Ay P ARy FOME, REICHITBZ L
DTIBTAEARTNIDPELNT S L E, &
FeICIRE T N 2 23k d 5 FiE& LT
KL FIHENTWS (Reid 1998, Myers et al.
2000). LA L, EinFLN)VTOMHZTT-
ez L A LR, BRREDHEEN A
WFERD 55 HRART V7 0 7T HiR
ROEYFICE > T, BEIENZHRIEICET %
T—RIEB T EDHLWERTH 5. 5141,
Ay F ARy FOAMED, O LN)VDZEN
2t EDEKRy ARy b ED XS RBIfRIC
H20h, FIBAOTHFIHOWEAE— R
WL, ENSHVDIHELI A7 28 ->TW5
DNEEICDNT, BELZRD.

COP 10 73l fi & 7z s ik T ld b % 7,
BB DRI BT ROBMIRE R
{OODBHRTH . 7z, FLFEBOTICS
T EITHDMFAE T 2 R IR HH i o PRI e
Jfiza L&, V=7 il OmfA 7]
W= EE->TED, MmtDREDOREEN 2%
BT E=IVLAETNR RS GV, ZD—7,
ROV > T IVERE D —DTH % Kl finth
GEMEEET) A%, 2012 T LY — ) )Ligih
ICBBRENSEE, HIORETEENH T 2R S
HPIBWZTE W5, FEELHIE, R TER
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SVENGERERD AT 5 T OO FHIAH
DOV, $22ZLDANIHI->TEDY, U
WTIEMZRRIER AR Z VDL LTHEED
RIS DR > TIE LW EH> TV 5. 1HKkiE
i, wOWYINZAHLTND VST
T, ZNOPHETELVS ELZ2HE -
TEZWFHETDHT EHRLTHD. TNHE
HIREY) ORI ZARIEZIH S MCd % T ik
D, EYEZHEEEIEVWE EERTEAENT
MIDRZDHENED VS EEEEA TN &
EBIC, BIEFLNVOERE S DL
Rz (RAEBIRE IRt 2 2 & T, 1@t
HEICHFGLTWVWERVWEER .

A

KMFEZE XK, HEHEHIE X, SEENEX, &l
HHEE, MRS X, THBZEE, RHRE
F, HALEESE, MEREE, A CaEE, B
TS X, BAFHMES X, @SS X, BRI E
X, FEFEERSE, YHERN TR, BHIVIE,
A S &, R, MEBE X, K "L
X, HAEBE E, BHESHLE K, REFRis X, kY
PIRE X, IRBRIAE X, WEARE X, PIEEE X,
EAFRE X, BMLTE, RAIEZECE, NET
HE X, EEBEE, LGS RIS, AHRICS

WTERESHhEWZEEE L. 2T A K0 EE
AL ETES.
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Landscape genetics of endangered wetland plants

in Satoyama area around Ise Bay

Ikuyo Saeki, Fumito Koike, Asako Kitazawa and Yukiko Yamaguchi

Central Honshu Island, Japan, is known as a region where unique wetland ecosystems have
existed for millions of years. The origin of the wetlands is very old; they have continually
appeared at least for two million years. In the present research, we determined phylogeographic
structure by overlaying multiple phylogeographic information of the endangered floristic group
which occurs in low-land discrete wetland ecosystems of central Honshu Island, Japan. Leaf
samples of 11 endangered plants were collected at ca. 60 wetland sites, and one to four non-coding
regions of chloroplast DNA were sequenced. For each species, 3 to 19 haplotypes were identified.
Based on the haplotype data, I calculated probability of occurrence of rare haplotypes per site,
created interpolation maps by GIS, and overlaid them to make an integrated hotspot map. Three
hotspots were identified: Atsumi Peninsula, Mie prefecture, and Tono to northern Aichi District.
The Atsumi Peninsula is located near southern coastal margin, and thus rare haplotypes have
likely remained by geographic isolation. Mie prefecture may had also been isolated. The Tono
to northern Aichi District is a highly-elevated inland area where relatively large wetlands still
remained. This method, as indicated by our results, can be applied in planning preserves which

focus on conservation of genetic diversity.

Satoyama Wetland Research Group
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TreFhy—F T 7RI 22 8 BIRUREEE (2014)

X OINTEA A A ORI Y o< /2 (RURD O
RIS 2 ELEENIRR A &0 S BRI O 70 KA [T PR O Rl

SRR L e

*

WEE] HNEAEA - NERIEA © - IR

VIR ZTEHEDORFIEHE LBEICORSH L, NG TH D, MEEGEIEE (NT) &
ENTWIED, 20124 8 FIFERDBREIAT 4 XLy FU X FTIHMAER BHICHEEE N v~
J B D53 L BURZ RS B Ie DICKEARRT A T K OB A 217> 7o, BAREORKR, v~ /&
& 1901 LA, REOERIL, HE, AULEL, EEsXTERO SIS THEREN TS, Ly
Lah s, HHFHAEOHR, HEILT 72 Mk, FET 16 @k LaMETEd, ALY, HEsX
O DL T AEAZ HERE T & adr > 7. BTERISEERILD 4 (IADH TH o Tz, W</ Ry
LTS (LTWR) B RINEAEDSOW IV IF I T AATHROp e —H L (B
Z2FR<), W 110 4RO BRI NN Y 2~ ) R QARG NN TS L EZ BNS. Tk
DNA 5 X U ITS S OISR Z2IE LTz & T 5, BERILE RO NN T B S L U 1 AR
DIRLEDEWDHE SN, R - ARERIE TN hEa OBIZNREZRD T LAVREN T,

=l
. 5=

BLUEH

W ¥/ R Tilingia tsusimensis (Y. Yabe)
Kitag. (3 ./ = L. ; Ligusticum tsusimense Y. Yabe)
E2 VY BOZEAFAT, E3I& 20-60em F21L,
HhoMICh I TIEZM M E 2 (BE D).
NTRERBICOHIML, EICREEREBIC
Mg eEND AU 1968). XL TIEHE
e (B 559 m) %k (518 m) DLTAR I
DEs Gafai) FIOMKICERL, XD
TEHABDZ <RV EDNFENTNDS (PR
A 1993, Pk 1997). AWHFERGIRHIC BV T,
VIR B BEEEAD 2007 Ly FU A B
THEMOIEIRRE (NT) 15> 7SN TEBD, T8
R R CLEARIERREIZ AN E WA« « « | L ETHifh
TNTWe LHL, R A T N—D— AN
2009 FFIC ERAEFEMTH S ELEFRTY
X R DBRRRITo BRI, BERILTIE

BCGREA (BEEMR) DB & ARZEA (R
HEIEDH D) DAL,  E5R T EAREMEA
BT TE 12120 Th > Tz (BaRI,
201248 H 28 HICERIEAM AR LT 4 XLy
FUZX TR EE B E (EN) 177 &
nro.

BE1 VY /27 GEERID. Mxo/NSWEkTh B (F
LHY 8 cm).

1 R REBEEPATZSRE  2: I IR RS Rt Fe iy
2012.11.28 %2{+f, 2014.6.30 23

30 RBREE RABE AR
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ME L, ZOERICBOT, EFEOR
AR DI & T 13 A B OFi NV EEH
INBM, VIR ETOLSIEEHARS
N, THHhDE L LAV DEOERICDN
T, WEBHERERAAR OB EN R E T
Wix TH, RTINS 2 EREAEICT 2
25MESID, HEMUDKEILTHEL T &I
HETHD. ZOEDICEH, VIR /EXTOH
RZEELTHEL G EETHS. THICUE,
SCHRSOREAKE R 53 2 100 R O/ iRl i
ZE L, WMEICBIIoMAEZASMMC LT
T, ZhEBHEO N E 2 5 ki
X0, DA OK N > THWBDNE 5,
Vo EICELUTEHLMCT ST EIFE
BWTHA9.

ZTT, MENSBRIEICBIZY VR /R
OEEH, BIFEMOMEAERERIRN, BX
BRI RIS RIS 2 BRI R OIS H
IS, ROK S IRREMEZIT- 2. 1) STk-
FEAREIC K Z2BECBIZ Y=/ Zrot
BN S 5 IHHRINEE. 2) BiFHAIC X 5%
LR OBIE (EEED LRE BIEMEAD
HERMEAORZE) OFE. BXU3) KE
M OBIRINZARIEDRHE. £z, Y~/ X7
EREEICE DT 2L INTVBED, iz,
Ohba (1999) Tl&, Y~/ R iZHARICEHE
EENTWVS. ZCTT, 4 MEOYIR /X
rEEEOY YR A (EENTWSED)
& DB F— BN E S ML TE
SCHR + BR LAV TR 2 T T2, 2, xof
SR VIEANIEDT (EATE) ZFEL T
B LRBZOMOREWIEZMETT 595 2T
LEFERILEEZBNDLTHS.

. VI /ETrDEER - EBREBICET S
XAk - AEAREE
1. kANl S M EBHIOZBIZ OV T
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BB B Y=/ X rOEE ZERL LT
WA ERER 2D, Gl eBE Lz, £9
A4 L = BRECAY 1980 4EIC ik L 7z TRIFHIEAEY)
FEl (O 1980) 1C KB VYR R IET
Ho, B E UTOHEORRIL, A5, 5,
B 4 HS AL EN TS, ZD 9 FRICH
fiRE N7z TRIFROEY)) OEMT, & R
KiZ B o) 22 L (81 1989), A
Hic Ty o=/ 2713 AfEERILTHRS
N, AREIFZ <GV AR LTV AN, fH
AENTWVADAEEICIZEASH EERILODIED,
RELBREBDONZE4 7RISR N T
W5 (B 2HMAICET Badidid e, RS
EEIRICBE LTk BZE 5 TRIREMYEE Z
E Lzt Bbng. JHES =KIZEERL
OIEEBMROREYI 2 AT 2 E<AT>TZ
7o by, B (1997) IcBWT, Vo~ / 27 id T
Bl & Ut OILTER D 7 7 S N B % Wk
RO NS. EBFERIEIDVEV. ) EBXRTE
b, B EROXRZTIHTBIET, THRE, X
B LB GEHE  BIFDOT LEA5) I
LHETDHEED] LRLTWVS. ThHOER
e, VIR ZTHERILEARICAERLT
W5 T EIFREWERWT &R, SMLHERD TE
FEAEYIEE) TRELBRICBEFTL TS L
UTARIANF O e D> T Lish o7z, B
BB th e ] oD =iiBIC B B, HPERY 2.5
km DIENETHS. Fiz, BEidBZ5<IH
g (F 72X O & T, wERI
RO (W) TH 2 (Rt EHT 72 TR
B, EBE50EMcEEm0IlnSZbIT
372 < Q00m L), BIfEDY </ X7 D
AEREE (BERL - IO ILTERT O B EERGHE)
WHEZDE, RYEFLTWVS W) ©
DEEEIDER S T2DT, 53 HAEEIT->
7z.

VIR R ORI UTRENSSET S



D TERHIEAEYIEE D (P41 1980) )5 TH B W,
Z O 4 EFNCHR S Ntz THBOEY) o,
SLER EAMSERIC K % THE O @SR H
fr) MERENTVD Ghl - bk 1976). 2
DIEMT, Y=/ ZEERE, ERIL, Sk
DIHHICH B LI N, BREORLH TR
MUK TERERYES) T RB IV ERH
& LTHSG LIOMNEIARHEED, REORAIC
B9 % Sk (DHREIE A 1986) ICid Yy~ /&
T OREEEV. Tz, BRKACHEINT
WaMhaL sy gy (ELEER) ohhb
VIR R OFAZME LD, ERILEE
BTRESNIEA LD L, BRENDERRES
NERIIEZN o7z, TheDT ehs, TE
IR ARYIRS] DR ORLRUE] S MO TENIC
KAHHHIALEZENS.

—F, SIFCOWTTHSH, HEOKEYIH
KBS 5 E5ICHWERZIIND &, 1942 4
(HEFT 17 42) IThES—BKIEEN £ THE DX
RS THAE L 723,000 sl e OREYIREARZ & 212,
IS SRYIEE ) (R 1942) Z2RELT
W3, TOREMNT, VIR RTOLFE L
THREE BiIRo 2 i Zsd LT\ a. T2 T
DTHEIGOHLHES L, FidDS kB RHS
B2 BIRGOFKIE, (FANERETEE 2
BLEOTIERL) O 5D5IH & Eb
N%. HERE DS ESWHYEE TR OGN T
RELIEADEFES LI LTEBD, ThH0
EABNBELHEIL 7Y 3 > & LTIUNARE
KRESNTVWET e ->7DT, Hhiga
LoyavalEl, BiRTHRESNIEARD
fEMCY VR AT THBT LR L.

SEORPMICBE L TE EDRE H VY
Mk 1 SRR R DY 1904 4EIC 7628 U 7z TFlorula
Tsusimensis] (Yabe 1904) THA5H. V< /
B NSNS IERICHTE . L CRES N
DRI TDXERTHS. TORT, Y= /BT
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OAEH (PR =FEfE) & LT TR
W EEMTVS. BREOMHNY > X
TOEERE UTEST 201, ®RICEkICE
Z @ [Florula Tsusimensis] 7217 TH 5. Fidd
BHRERI T E > 7z R &0 5 A D
L7V Z &0, BiIE YRS 5 & S O L
ThHsrehb, RIzUTZEDK S RG]
G nc ARSIy o= S RV EB LTV
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J R OEREHEI TR, v/
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3L, FNLBENSBIEL TlE, Sk (F
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BAGRZ IR L THID THO M A TEE
HTHs.

3. IR/ ZRTOEFEME (YT F
ST AAVEHE) LOMF

KRIGTHERB K5I, BUERTEREY I~
J A OEBERNEEE R L E 5o ILTES RO
HTHs. L, BRGNS IZZNLINC
LR EE I Y IR/ ETIZEBLT
W ENHSNMCEST (KD, ThbD
AEEIEE SO SR E TRBIcE-> T
2T &0, BHREEN T, AHE AR
EMEVIBFICH B T D, VIR RTIE
tEE LHIER DN XS RINTEBMERZ T T
%<, AR 2 BTN BN AT E L T
LTWEATREEDNE Z BN, ZNDKEE &
BT < L, #RELUTHHRA
5NBAT GUTEER) 1OBEFEMIICIE> T30
TRV EEZLNS.

ZTETL, VIR RTIRED X S I bkE (i
) IKWEBLTVWEDTHA 50 ?EEEILOR
ERMROMRICKD &, YIS/ XTIV
ROUFI—TAAVEE B OMKE 7213k
FICHBENS LD H S (FHEIZA 1993,
ik 1997). 2T T, mHOMAET—2 (Bl
£ 1999 ~) MHEWBICBIZIVYIIFI—
TANMROG B ZREH LIz A, 2V
RUFI T HAVHRERETEERLB XU
ZOREY, H#BBIUCZOREY, HE (MHE~
MG~ IR E R TR, £
DiEMic, Az, ARLERM, KR ILEIIC
INETEMDRENT VB T e b7 (K
2). ThHOEHT FHCHT =) ERE TR
EHAREDOEOHEMDNEENTNWS LT ATH
5. ZLTC, YIR/EZTFOINETICHIGN
TV 5 DOD4EM GERIL, B8, GHLE
a, HiE, Bk 055, BRZERL 4 D04
BTN ITNE IV FI—T UMD



ke —HIT B ehmholz. DED, V¥
</ 2 OEBRIE IR O @O E A BEBTA
THEIVIVFI—THAHREERICEIR
LTWEEIICHAS. TOT EIEFWIC, Wk
IV F I T MRS NI Sl
WCBWTBREICY VR ZETrMEREN TV
VSTl MOTEBRFICEIVIYIF
— T I TME T ZNTEV HREDOEOFR
MBFEL TV EZRLTWE 0 E Lk
V. i, INFETY IR BT OEEDER
ENTOVAERWER, KELEAICE Y </
RrhlEIc (58 ?) AFLTWIATEENES
EibNb. ZLT, bL, VIR /EXTDE
B IV F I 7 A BENEREICH
RLTWB TN, YT FI—THhHHY
W BT OMEEBMMOMEZZDE Y >
</ 2B DEBHOEEZRLTWS T LIl
%1259,

. WHAEICLZD Y/ 2T DRI
BRESCRE R B X O & < EEADRAE DR
R,/ 2 IERED 5 DOBRT- K (5
Rili, B, ARLERL, @, S IC4E
LCWeZ ENS MR- T2 BERILE 5
IZDWWTIE 2009 FICEBE 2R LTZ). Thb
DEGFNCBWT, BIIELEFT L TWE N E 5D,
ABFELTWSETHIE, EDL 50 OEEEN
FFELTWB 0 EIESMNMTT %7 DOBIHER
HEITo Tz (B OWTIZ BRSO H
BNz o e T & L RIRE KO EA
TEO, WHEHBMDRY TS EN>TzDT
frolhot). Fi, Bdlicksicyy =
JRBTEIVIVF I T AR BRI
FBRLTWVWE X2 bNEZDT, Vo /X7
DEFREITZVD, IV FI—THAY
M2 & SNBRANLBRXCRBILELTE
VIR B OBE R I
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BERLILITIX 2009 4RI (LTEOD 75 £ HIT A DO Fk
WD 1 rAmc 1 EFIZRER LTz, 2D & EIda
LLSFREL TOWRWD, BIEEADEBIEA, &
AL 10 BUEAREE TH > Tz LU L TV
5. 202FDTHEIHICFEIEMATY U<
J BRI DRFREITo T8 T A, [A Uik
RRETBHEIITE RN, L, Bt

A— FVBEN TGS THiTzicy o< /) 2
DEMERDIZ N TER (BHED. H
NI TH B H, 2009 4FFHIC 13 i A E2
LY U=/ B EW SO SRR R S iz
m,

S B OFMEERFITIE, 2009 R & FEANTHE

S AROY WU VR

HFHE2 HEERILLUESEOMANOR T (ZIEFECHAD. &
2009 4, RISy </ A ORREMEAR CRERD | E LT
FMCRRBMEAD R Z . 4 12012 4, K HIENREE O Hiff
MELSLAZEN

Py  wFH
HH 3 HERIITO[EKD< Y €T DRk



BEOEINEDEZL, HEHAE-7 RAk
WIRITH O, MIKMEOEAREYIZE 72 &
SoTVWEERGNEM- 7 (BHE2).
WNZHIDINCHERZI T 12, KRy o~/ 27
WFHRONST, HHRORMINCREIT 2 /2Hic
Matize 2 AT, Vs /2T OEMEHA
L7z, T OMBERD THTICE DD > 7
DVTW, Zftko~= v Y 7 %70, B (E
%) OFE, [EXOEE, WAEEDOR, RAME
DTENEDOREE 2L (B 3). 20
mx5 m OHFIFIC 2 (AR TE, ZDS5 54
fAENER (EX) ZOF Tz (K3). v

=/ A OIEEIIEL T 20 cm ~ 60 cm FEE
DEECZBM, SREDD S FZBEME A
WINEEEDEEH 8 em FLE T, T 82
em THholz. T, WEEDOKOFEGIE 25
K, BRRFEDTFNED K E E D FIIEHEA 13.8
mm, K98 mm ThHolz. BE L TICHED
RETHE L TWB Y~/ B offikix, 16
EO@EHHKI 35 em, AT S K, BAED
TH/NED K E EI3HE 31 mmx 17 mm TH D,
2009 FEIC HOh o T = X OFIEE
EHEBEORKREESTHoERE LTS, OF
, FEIEDM S RO Y </ 2 iE

P
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BONSWEEKIEH O TH O, Bl TH 5
FLTHRE LRI Z OO TId W e Eb
ns.

1 55k T & 2009 41 1LTE O 75 £ 2 1 o bk

HH6 AL OKA ORET
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WIC 3 ZIER LT (WS hEfEFEL).
201240 7 HE 9 HICHE UEATICITo Tz & C
A UAKRUNER TE o Tz, TORZH
NS EIMNZ R LIz 25, #50m e
HENTZMRNICBIEL TV A DEFRT ST N
T&l (BE4). [T GE 16 flkZ D
J2TEMNTEREN, BEMEE G-z (K
3). AT 24 K, BRREDOTNEDK
E X OIS 13.2 mm, B 9.2 mm TdH -
To. TS OFUEIZHERILOMEAD I LIEIE
—HTH 5. EHEORITHEILIZETIIEL,
DUHHATEH LTV, LA L, MRICIEE
AREXIEE AT T,

HEE Y o=/ 2 oEEE LTidmsn
TWED ST, EATEDORR, EEMTH
5T oG TthsS. Linl, ks
FAL SR (453 m), s (479 m), “F-iE (465
mBRU 458 m) DJEICHTR B (L& DFRFRT,
ZOBERMIK15kmIZFEDH S, EADTN)L
KixENE M) L LhrEhNTEST, B
K GATE AR TH S, £ T, 201247
IS HEEED B FEEICHT T, 9 FdIEED Silf
ST, VI / BTOREE{To7. L
MUBRNS, VIR /Ay eHETZ LI T
ol MNOIRMIZHERILEFTT, &
BEOBRMEYH O, MIKIIFEARYIZIE L
IERBNED Tz (BHES).

AL (558 m) DIITHIREFED LA > TH
D, ElMETHEIGINC EEH D, KRS
LM > TWBH, [l (EglEAm) v~
VEI=TAHIHEDE S TWB EENS. Z
TT, TRICY Y= Ry OWREIT> 12H,
HOF 2T eNTE b o7z, TOEMEHEEE
ISR, FRERICIZIE & A & AR A
Rohah-oTlz(BH6). iz, K7l (649 m)
OITEILR], KE L 348 m) A SHICHK 1 km
OIS I VIV F T H A M- T



WaEEN, THICRKRZITDTEWRRTE R
Mmolz CREIFEHIOM NGB R DD 5 FH
REWZL). WIThOEMEEbENZ L,
MRERICIZIZ & A EEARREYIN R S NG5 T D
N, HRNTHS.

FoER LIdm 2 110 FOR, XHHBND 5 A
I CHEBMNHERSN TV < ) B2,
201247 HE 9 HOME TIEEERILE HED
2 e 5 3EF 88 AR D Y 2= ) K 2 R
5T ELMTE AR Lhd, ZDEL
BNEWNEATH O, FHEMEARIZFERILO 4 {3
OB TH-Tz. £z, BIEMEONTNE D
INE L, 2009 FEIRFIC LS N7z PRig iy R R (B
3 30-50 cm FEE) DOBA{EMEAZ RO 5 &
Bah o7 BT, 2009 4 & FERTHNOE
BIEOBRMDZVOMNHIGIT, ZDOEWTHIK
MHOEARYMHBETE %L > TWVEDTIE
e Bbing. EHENRE N, i
BT AEOCks L, Tl / ZrhiE
HI250E LNV, B, ACHizIcHD
o TZRFIIMNTED, EBHEOBENDIRL,
FTH L 7zthificy o= B BB LT FzH]
KB B, VINUCE X, L AL
TV T eEiRH 22455, Fiz, e
E&HCRIEICE>TW0WE Y h (1Y)
DRFRBIC K MK D EGFNDENE S
o TWA MR LR s Ry, g
BV TIE, HEE T 33,000 SHRREED S H AV
BLTWS &I, HERN AR IEE R0 3,500
NSRS EMHEIRETH B L, HMOT
JEREAHDEEN L > TV LI N T3
(FLHRIEH 2009, MR- 2012). FERLSPEIE,
= CHRIRICEAREYIMNE E A E RSNV D
oA EBEBFEFOBVNE LAV, ik,
B L COBERSEEAR L LT, SRS
Nz o=/ 2otk Ene/hE <, R
BB E TEINE Do FzDIEEZTH S.
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CHUIB LD LTS U AIC K B HERENFEL
TWVaEhELNEY. TNHICBEHLTHMEL
THETHT L TZOFEEPSMITL T
BN ELRNWEAS.

VIR B OEEMEEEICEBRLTVLS
EROLNBE IV TFI T HATHZHILIC
PFEZRIT- 1D, TNENOLFTtIvY~<yF
ST AR 2R L b TidR<,
iz, VIR BTN ZFEZFEIVYIVFI—
THAZHMRDOIREBT LTS LIRS &R0,
Stk HE R B 2 Hil)r % T & T, B
BlF 2=/ 27 O AaHHE > ER O ZH)
BIUZDIKN, FBHEICHH)D B ERELRIC
BLTOLTEHSMNMIL TV T ED, K5
R A IBHICIRES Ny o< /27
TIRETBIDICEETH 5.

V. VIR /Ry DBECHSRERE

VIR 2 OISR M B K OHEEINOE
LIZRRIED EDRER S5 N2 D725 M
LTHBL T LR, SHBROMHNIEZMEd %
HIATCHEXIELTHD. T T, SHED
T2 ENTEIERILEARDOY VY /X
7 &t 88 A D BRI Z BRI 2 it U7z, #Ein
MR ZFIND T2dD Y —)L & LT, HERkA
DNA [ OIEFEEH] [oml £ > b1 (5373
B, trnL-trnF &A1 HEE (404 SREL),
trnH-psbA & fn - (237 SEEX]), rpsi6-
trnK GG TR EEK (840 HEHEEN) 3B K T matk
BAR T O—E (576 A ] B X TR ITS 1
(640 g5 DIEAEYIORE, BXT
RAPD (Random Amplified Polymorphic DNA)
M 72175 72, BERRA DNA OFEFIE—HEAYIC
ZERDVRIROD, U RHEYIC B T LR
BEINZNT DT> TS (Azuma et al.
ARFEK). RAPD i Z DNV RIZ—2D
FHMEICHERS 2 L N TWED, FZNT



BRI OFER 21T, HBIEDHERE NS B SEEDOWT T (5 mmx5 mm F2E) %
DHZEHND L THHEERRTE S LD WL, YUATIVTEBREEE, RBR=EICH
N5, FHS, MMODNAY—N—X D{KI A +T, Bl#oiz. —i%N7 CTAB i47% fiV T4 DNA
MOMETH 278, EHMBICERANDE Zil Uiz HEHEFRSIRE D728 O PCR K
GINZ R 2 RS 2 HINTAMRICEWTH B XUT T4 —m57x ED—HDIEEIZ
Wz, Azumaetal. (2011) ICHEU 7=,

B4 ZEfkA DNA AT OFSR. BERIER & RN EG ONT a2 A 77255 | fERILE RO ORI IR E#
Fr CRON=) 1RO DR LBODEWD— 7 T (HWN—) $B T E2mRT.

72



BER AT K UL ITS FEIK DI ERL S DIRE T
X, I, ERILNS 48k, AR5 4
fEkz 3, &8 Atkzxtgic, Eidd 6 fHEsg
DOBEHNERGE Uiz, ZORER, nl 4> by
I VRO OIR UEBDZ T (AAAAAA F Tz
& AAAAA) I3 1 7 i, rpsl6-trnK SEAR T
WA SRELE S 1 7, marK JBARF RIS HE R
BN rARONTE. ThEDERIZTAN
T, BERI4 Ak E E5t 4 kD OEWT
R DELY), BERILD 4 Ak & T 5
D 4 AR TIRER I > 7z, 580 D 3 i
(trnL-trnF 35 X U trnH-psbA 8 {5+ R EIE, %
ITS ) 1S DWW T 8 IR TR T Iah >
To. RO ZEMKEMICEETHE N E
S W EEDND B FdIc, EERNR SN 3 fHEE
IZDWT, 5D D 80 fill{kd X Tz L.
ZORER, MUEMN (OO ERILERIEH
) OEARZIANCHUEYZE 5, fERILE
KUHBOEHBOATERIIR SNz, DX
D, EILEABDY U=/ Zri3EnNZhnE
HOBERMADNA 2147 ONT B2 AT) ZHF
DT Mol (K4, TOEVHARKEWD
DINEVDMNEFERN D B & TAHEH, VT
nce &, ERILEARDY >~/ 2 idzn
ZNEAOBIGNREZRFOENTH ST LM
RENTz.

RAPD f#HTICIZ A X1 > 4D 10mer 75 A
~— (100 4&) Zfviz. PCRKZJSIE 94°C 5
I DZ I D%, 25072 94°C 1 70/, 7
Z—V YT % 35C 15700, EZ72°C2 70
TI1YA27)VEL, ThEWOY A7 )ViTo
fe. 754 <—I13%& PCR C | @ T ZHW
7z. PCRIWEPEYNIZ 1.5 % D7 Aa— A7)
(SeaKem LE, Z AT /)8NA4F4) TEXKIIL,
IFIILTUYA RETHREL, UV ETA
YERRZ—=vmt Lz, 23R UHIC, FER
2 fEfk, E5k2 @RO5E 4 ikZz AT, A
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BELT2 100 AD T 5 A< —7 T PCR Z1T
WV, Y —TBNYEIBRENETTAY—D
BRI 2 ToTe. EMICE & D & LY
RRRSNTZ1I0AD ST A< —72 R L 7z,
R, BIKLITTA<—2H, 488 ik
RGBT PCR 21T\, NV RS2 — 2 O
o TWV5. WM 5, FE 8-10 A)
DMRT, B TIVERELIZONIHT
HoTl-DICHFF I TIEIT TETLMKTLT
WRW. BIEREIEEZITY, WD THERZH
ELE.

V. VIR B rOREFNERMICDOWNT

REOKG LT HMMONEAINE DT (H
MEDILRER « RIRRVRFIEDFIP) 2B 5 i
95 LIIMREHIRZMETT 5 FTHERI L
Thsd. DFD, TOMDIE, MifdL XH]
TEZILRERINKH, mbimarm (Witkhe),
Z U TR E KGRI RE  (Gilikie)
LR EDFER TS TVEDM, Lol &
ZTofEL TEREND 5.

Ohba (1999) I kN, v~/ & 7idt
BEGHE (=HARBAGRE) TH5. —7, b
JII (1968) Tidxiks L EERTICIMdT 2 L &
NTWa. ziE, LY =/ 27 hiEEm
EICE M % & UTaRlE, SEURAAEASE
(TD I E N TV e E TRES N2 72
1 ROEA (LDBRFEEDOATIEFEL) %2
VIR BT THB LW LD THD. £
T, Uy~ Xl UEETRES
NIERZHAN, VI ZTrTHHZDOMNE S
WERMBE Uz, Vo< /X oirigiie LT
RENCIZ 37 5+ 2N Tilingia nakaiana &\
IFENHIENTWS. INEZDFAEZ T A
729 2T, WEEORBEOEAN T A IV
NTREELSY I~/ 27 L Tnsd Al
1968). W</ ZICHART, avsA43IY



HHE WVIN /X DOEERIC 2 FIR 5N B R

NFENKEL, NEOYIIUARDEL, il
OIS — KM TH 2 L LTS, &
SICHEDRAITERIED 2 FICW SO a7
FTAIYNORRE LT3, MEOEAZEH
RIZL, EOHRIIY IS/ ZTILUTVS
W, REIRBEHEORNTIE AT T4 VNI
MR ER>T0E e 0wa 3 (BET) i,
7T A IYNORE U TET b N30k
ICHERIED 25H % EVSDE, FHEITIZY v
R/ZTICERONAIEETHD, aUTA 3
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Al A
[ e T

INERT T 28D TRV 8oz
(BEQ). Lieh->T, vy~ /2 rk
FE LI EEOBARTBZ5avI 143y
NEEbNDE. DFD, Y=/ ZrhEEIc
EMET B &S el 72 2 REIUE BIRE A T ld 7
WEWARBEAS. WTHICE X, BUROKE
DIFREIZZERICE R, O EANY Y /R
FTREVWEEATZELTE, #ECY Y/
2 DMEAE LI W0 E WS 9 % OB Tl
LW, 51, SEFEORY RS D THL
HipAZ [N F 7z T, 9BAm - [RERIEGRE
EHALEEL, TOIAT, YVII/EZTD
DRFNEA TGS 2 R EN D .

i

RIGESE OB SRRy o~/ X IicBd
MR IEE, EREMREICLHIVEE
We, RIBRZAOMTEShE RIC & e A & U4
=L 2 v g YOMEIICEEZM > ThicfZni.
JUNKFHR AT O = BRI, TR AR
B O AT, E AR U AR DAY
EEAR, REUCERETIA OB MRS XU
KA TG, ENLRE Y A T SR 1] D 15 & 5T
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Conservational study of Tilingia tsusimensis (Apiaceae) in Tsushima

island, Japan, with systematic evaluation of the endemism

Hiroshi Azuma, Akihiro Kakezawa, Haruka Komori and Junko Okazaki

Tilingia tsusimensis (Apiaceae) is a rare plant species found only in Tsushima island, Japan (and
South Korea). We conducted herbarium works and field surveys to understand the past and current
distribution of the species. Based on the herbarium works, specimens of 7. tsusimensis have been
collected from at least five areas in Tsushima, Mt. Taterasan, Mt. Ariakeyama, Mt. Shiratake,
Mt. Mitake, and Toyosaki area, since 1901. However, the results of the field survey, we could
find only 88 individuals from two mountains (72 from Mt. Taterasan and 16 from Mt. Shiratake).
Of which only four individuals raised inflorescences. We could not find any individuals from
Mt. Ariakeyama, Mt. Mitake and other areas we surveyed. We sequenced chloroplast DNA and
nuclear ITS regions of all individuals to show genetic diversity among the two populations. Then
we detected two single-base-substitutions and one simple-sequence-repeat polymorphism between

the population.

Tsushima-nodake Research Group
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TreFhy—F T 7RI 22 8 BIRUREEE (2014)

FEE S E AR (MHC) EIs i & %
HEfE AR A b D OBEIIRIE « 2RO
NUOBENR R SR AMNRERORE S

A b UERRRENZ Y hT—7
AWEE I i TR v ol 2 /A W 016 =i I O

Y7 RHEA P RENRAROBOKETH D, SRy KU X b THidEEME U tEdiIntw
%. KT, A b7 ORGHIRGE N CZREMEICOWT, SRRSO T RS 57 T 5 12
MESHE AR (MHC) BIZ 2T %2 T L TSN L, REEEFIEUED D, K DMEYIRHEEED
VRICHG TR ERAMNE Uz, AT, AGmENI: B GREREFET 2 17 [EREE 291 @k DONT
Fhi L7z, MHC class 11 B =27V > 258 {n 1 (251 HiHEeh) Z2fidht L7zAs, 13 MofEsEsY 1 M R U
5EIETAMEREI N, £z, 2TOEAEMMPIEFABERTH O, HINEROGHEE Ztest I X 0 1
EUTAER, [EOBERERANRB I Nz, MERI N 25 BETDS B, 12 B EFIEFHEDMIKEEICE
HOBIET -T2, SEAEHICI T 2H0DEETH, FAEYNDEGTEE, ZThZh, 1-10, 0-27%-
Tz FRATIEAARECDY 7 AR LL |72 5 7z 11 {EHRERIC DU T Allelic richness, N7 25 BE O BHSE M O HATE
HZFH LT A, TNEN19-53, 0-0.86 KT 0.22-0.81 2oz, KEHOMEAERE (8/11) I
TN—T A ~TAVN=T PN ORZERINNRDEN, INLMAKROE TR RIERENZ k>
Tz, AR OBEMULIEE Fe) 1ICDWTIE, £ < OMAREE (41/55 X7) THEGERD
MHiE N, ERPKRE GATORIEEE 10 km DUF) /KRN ZHBICHBT 2 ZWERLMILE N T
NOOFREN S, BLMBED DA MU EEYNCHEET 2720113, SRR XIS 2 MR O R E
Hifie LTI, MR ERELR - T 20808 H 2 LEZ2 Nk Fi, AUIKHLELNTE
MHC {5 7 OBRIEHENE (HENLEE TR, T aESES) LREINRE (AEER 1 ) ZHld

BHEBT LT, BENBNE TR EOREDEIEIC OV TR S 2T 2.

. EC&IC

A~ (Hucho perryi) V7 B4 N U@l
B9 5 ENRARDBKEATHD, HAZED
YN T BYSEA, Rc e EE LT
W3 ORKF 1966, 27V = > 2iEh 1974).
NTE, DOTIEFHERE L ATFRO—E DK
KEERLTOED, ThbOMEEHIBICH
WU, BUEIEM O3 KO H &g 2 5R
AUBEEIC A MNIREEN TV S (HHI 1957,
EHNZ N 1976). A P UEIZI—F 27 KFEIC
IR AL, ARSI, oY TIERT S
T I—IVA 7 (H. taimen), WEBHEHL EFio O

IIA4A4 Y (F¥F) (H ishikawai), 5L
IR (H. bleekeri), K7 7]110D Huchen (H.
hucho) @ A FEMNHISNTWS (Holcik et al.

1988). HAICAERE TS bUid, fio4FL
R0, We—[EHEEZET S (IR IED 1983,
Edoetal. 2005). %7z, fh4 MK OEENKZEL,
TIRMSEN T2y (o b7 1110 ~ 125 F4, Al :
150 ~ 200 #) (RAJ 1966, Holcik et al. 1988).
fthod HAPE Y 7 BHFMN 2 TR PEINS % DI
XU, A b7IEME—FICHEINYT % (Edo 2001,
VLA« 32002). 7z, Yu¥rEFE—EowE
YU CHEEZ KA 2N e LTHIDN S

LSUUT 20 KEREIIYEE > 2 — « P PIXOKERTZEAT  3: e BUFIT1%Y;  4: HuchoWorks  5: JEARHREL A #E

2012.11.30 323, 2014.7.17 Z3BH
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n, A b oIGHRIRR BAE LB EIA T, 20
R AR E, BENCYE D IR D RS, A

ryRAAEIENC ETEAEAT, RED 1
mZzA 5T D, FE LTEAKDE.

A bk, ARMNTEBOCHM L 72H, i
EICBWTE ZOEEEZE LD EETH
5. BUE, A FYRREAL Y FU X L CH
fafl T B (BREE#E 2007), dtifgEl v BV
A N CIAEWERIGEESN TS (ki
2000). X 51T 2006 1T, FEFEERGHEES
(IUCN) Lw FURART, dHEOBEMRMED
mmWE TN S CR (Critically Endangered) (1 j3
TSN, MEDER I NG A NUED, IF
OILFEEIC BT B EIRNFICE T 2HED
5, FREICHIKIC & o T EKREO Kb 2K
X, T, BEIZMEEEHOZICBNTE,
ZHEEAR DD IR L TV B T EDHL D &
Ko T3 LAENMARET—5).

AR EIADIRIE NI S5 MR % — /5,
PREEN DA Z AR PE OFE AR RER DB 5
RO AERR L, A b OBEMIEEICET
HIEMIE, TNETEFEALHSMIEINTT
Ieinolz. Eie, HARHC X > TIEESEE KD
BB HEENTVE08H0 (L7
EDAFKET—2), Z 5 Ul i knE
Tld, BEMZERIEOEIICIES, 554
W) AT DWABBEINE. ZDe, #Eia
RS ORI, AFEIARHC 3B 2 8 m18l
MhLORRIRERSS 5 2T, 25 TH5.

HEEE D&, 55178 (2006 ) KU 19
1 (2008 ) Y- F by —F - T7 VR
Bz T, 41 bYDOI a2 R 7 DNA
NU~A270Y% 754~ DNA Zf#fi L, A
DIRVBIZNZ RN & @ OB EE 2 H S
M Uz (JLF &/ 2008, 2010). =L T, %
NSDRERICHDE, AEOMREKE LT, &
fEHARE OKFRUESGR) ZHR O LR E BLHLAL
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E U, REEHEAEICEREIME R B R
fiid 20 5ih %% T &, iR E AR
TOfEtkOBAR 2 FAELIE L 95 C L&
"E L.

UL, TNETHENLUIEEY——13W»
FTREMECTHNITH O, (AREOTFERTEE
MRS « (L 7 Ot TG ERE S LTV
V. EISEEICE ST A BREEIA T2 RN
X, DR T TR E NBE RIS & IR
BRAERPMHEEI NS NE L. HlZE,
A B EEARTRC K O RIS RERTIAN S D,
Fiz, BOMCTHNZIEE D SFHEO K E
WIS IE T, BRSO 2 R 75 BRI E
JISLAHLTWA. 295 LIAERREDERD
FAEICE DR SR Tz 5 | E i <9 ] REE
LdHO, FEBREOZARIEICIS Clen g s+
IR 2 BRI - ZRIEDRINE NS
LN, EHIC, FEROBREAT D@L
ATREMESY, TR DI REME I DWW
TE, FmehiEonsg 2 ENAFENS.

NS DORICHF, AW TIRELICHN
Tlda<, REEO T ESKEEE 7 TH 5
FEMME S E AR (MHC) EIETZRHTd %
T & T, EABEOIFERTRENE RS - (LT 0
Y R 2 BRI EHEE - ZRRIEDFHIZ
kBB, ARBFZEOHMIE, 1)MHC #5177 H
WizdLEE IO A & T ARAREO B SRS -
ZRMEOREIH, 2)MHC BEix I B3 % A%
R AEEY—A— (R hary Ry 7
DNA KUY A 7754 F DNA) hHiE5H
NIRRT, & SICEAREY 1 XEDA:RE
AR E DT, K O@ETMDRENZEA b
REROIIR, TH5.

Il. BAZRAHE
fighiid, 1994 FELIRERERE L CTUIURL T & /e
ALHEE N O T2 B2 0 A2 HaFE 9 % 17 Ml IkEE



R, 2501, /)1, BRI, a )l
AR, FRB, SERII, IE, =I0,
BRI, ARSI, S, BIEEDA)1, PRI,
YRR, EGH)D 291 RN B SNTd VT
WaENGICENE Uz, B T IARED 21
Mef) i L7zBicix, fgfgo—
DI EERIL L, EAIRE D I I U 7= 85T
IR Uiz, FEIRIRZEREE T 25 51CE, 1D
OFEIEN SERIOF L L, [d—ZHNO S
PR B IEBH S IR ¥ 75 % B 0D A 72 BIE A
HROY Y TV LTk 7. RELRY
T 99 % X/ —)VT{#1EL, DNA filitt%
1179 £ T3°C TR1F L7z DNAH#itHd, 7
TFH—E K EFLw I A (Chelex 100, Bio-Rad
) ZHWTIT> 7. flit L7z DNA & 300uL
D TE Ny 7 7 —IiAh L 3 °C TIRF LTz,
AWFFLTIE, Pavey etal. (2011) 1 X D %5
ENTVBE TSI A~ —7=fH L, MHC class Il
BTy 2BIETFDOEAEN 21T > 7. MHC
AR T O AR HH]E, PCR (Polymerase
Chain Reaction: ;R X5 —Y5H#H <)o) -DGGE
Z
FIRFE AR )V ESIKE) ER T —7 1Y
ZIEC X B HHEFDOREIC K DT, &
7z, GC 75> 7 (Sheffield et al 1989) 7 —7
DTFA—D5 Il 9, PCR
I & O HBE FEOEIEA 1T -5 /2. PCRIC
&Y —=< )Y A 25— (Veriti Thermal Cycler,
Applied Biosystems) 7 >, Taq Polymerase &
L Tl& Ampdirect (G ERT) & U GoTaq Hot
Start Colorless Master Mix (Promega) % fifi fil L
7z. PCR ZJilZ, #% Taq Polymerase OHESE 7 1
kLI, 25 UM DB/ T T A —, 1.5 mM D
MgC12, 0.5-1.0 uL ¢ DNA 7A#k, @ik zhnz
Teaat 10 uL OZMTITo Tz, WERMFE, X
9 92°CT 9% (Ampdirect) & L <1243 (Go
Taq), RIC94°CT30F, 55CT30%, 72°C

(Denaturing Gradient Gel Electrophoresis:
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T30 #7235 m#EDIRL, RIZRICT2°CT 107
kL.

DGGE &, fHiii - /5412 3# DGGE ¥ X 7 L\
NB-1480A (HAIA F—) ZH\, IXTBE /3
T7—=RKRU65%37:1 77UV T IR LR
T7ZVVT IR FIVTITo T, MR,
0-80 % 7K°F- gradient 7 )L 7% W P BB AKEN 21 T
W, EERED BN 20-40 % & L7z (Knapp 2005
S, 7o, ROEZKIIRRHZ H 97D,
BB O AR D 16 8% Bz 2 vk B
TR LIKEI U7z (1 RERI%IA 3 B~ 11
HEED) 5 ZFOH5E, #9900 Vh DL FicHBWT, N
Y ROEEREMNHEIT b Lol D, &K
W% T 120V 8 I CykEi 2o C L & LTz
VKBTIV Gel Red B4R 7 VA il (715 A
TOR) ZHOTRE LI, EIOCR T
ftl, &N\ RZYOHI L. £, FIVEIC
B 2B EE T ORFZE T 27280, %
TIVHICBIT 52 TOREZNVF (Gt 209
NV R) 2oLz, TENY 7 7 —&HWn
T, YoM L7\ RS DNA ZIEH E ¥z
%, VA DNA O — %7 I A7 ABI PRISM
BigDye Terminator ver. 1.1 (ABI: 77751 R\
AFVATLA) ZHOT 1>z, =01V
AIZ1E ABI PRISM 3100 Genetic Analyser (ABI)
Rz,

WHREHRY 7 N 2T 5728, 4peaks
(Nucleobytes Inc., Amsterdam, Netherlands,
M O
Molecular Evolutionary Genetic Analysis (MEGA)

http://nucleobytes.com/index.php/4peaks)

software ver. 5.1 (http://www.megasoftware.net/;
Tamura et al. 2007) ZHAWT, HERFHORE
Zitole. iz, 7/ BOZ LDV
REREOL, 7/ BOZzMd S IERZRE
BOTTNELERZZIT T, Dn/Ds<1D
BEEEDOHEIAD, Dn/Ds > 1 DE I Fi{k
{HIK7: EOQOBIGERDINTHZ EEXEND



(RRH + 7= —2006). Dn/Ds D E 2 U I
BIRO AL, MEGA Z R, 0K L%
%2 1000 [A] & U 7z Z-test 12 &k 0 HE L 7z.

BAEHARE OB IR LUl T B 728,
FH6F A7 8 5 B (A), Allelic richness (Ar; El
Mousadik and Petit 1996), H WA E A F
Npy), NTOEEEOWRME Hy) MUEL
i (Hy), N—=T o + TAIN=F P50
TNEHH L. ThbORICIE GENEPOP
(Raymond and Rousset 1995) 33 & (F FSTAT ver. 3.4
(Goudet 2001) 7% 7z,

EHEEIC BT 2 A b U EKREO BRI E
ZHHET 5728, SMEERER OB b
# (Fgr: Weir and Cockerham 1984) 7 Arlequin
ver. 2.000 (Schneider et al. 2000) 7 W TH H
$ % &L &I, GENPOP & WV THEMEDOK
EZIToTz. TNHOITTIE, ¥ 7 IVED
TEALL E o 11 iRt O HZ W, FEMED
AL, #0RLUREEZZ 10,000 [0 & Lz 4
YTV U TEIC K S THRIL Tz, B5N7kER
| 1 False Discovery Rate fifiiI- (FDR; Benjamini
and Yekutieli 2001) Zfr-7z. 7z, I hav
RU 7 DNA HEDOHIY—A—ICBOTHSL M
& 755 TRRN A 7 5 A 2 —7% MHC #E1x
FICDW TGRS 2728, BamIFEE D8
# (AMOVA; Excoffier et al. 1992) % {7 - /=
AMOVA T, fafk#fz AN, AHR—272
i, MR, KTED 4 F V=T, J
=T, 7OV —TNEREER, A8 AR N
PRI D 3 DOREIC BT 21T o7z, X
1, ARAHE R OB BRI 72 2 Kot RUE
(multi-dimensional scaling) IC X DRz, 5
I, HEEAEEEE &R EEEE & OB R 2
5728, HEHC K 5MREEEOZNE (isolation by
distance) Z3k&H 7. HIPRRVEEEEE LClE, &
AR OEEE (km) ZHV, ESAYEREE &
LT, Fo/ (1-Fp) ZHWZ, GEMEOWK
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TE DT Mantel test (Mantel 1967) #3527k,
0 IR UL 10,000 [B] & L7z, Mantel test |
& GENPOP @ 7’11 75 L\ ISOLDE 7% 7z
iz, TNSOfMITIX, 1770y 7o 4 bk
DNA ¥ — /1 —Ic B 5 L DLtk x5 7z,

¥, LIRS 70y TI 4 b
DNA 72 W2 5etritge (LA &7 2010) 5
KD ENTz For fHIE, fRHTICHOWIZEIRFED
NTOESEIKFET 2 EHHILN TN S.
ZDiz¥, AWIETIE, Folih 5, ¥z
B —A—IC BN TEEENEORREDLE
275 T ENTEBHEETH S G fHND
i 5 T ik, WEEY—h—MTO
i %475 72 (Hedrick 2005). G’gp fA\DZ5H
#, MHC X —h—&<x 14270y 754 DNA
X — A —DHEEY — 1 — DT E Nz
S ATEZ VT, MHCY—H—& <171
Y754 k DNA X — 71— & OO %,
Mantel test IC X DRz,

. &R

MHC class II p %7/ > 2 5851~ (251 ¥ E0)
7 iRkt U T A, 13 o fRE Y 1 - (5.2 %)
BRU 2 BRI N (& D, HERE
A rD5H, vV ay END) 3
DT, hTVAN=Vay () & 11 D75
7o, Fio, RTOBREBRDIEFRIERERTH O,
ETCOMEETIREEDOT X /i Z6 L
TW/z. MHC class II p 7V 2 2 BIEFICH
% EHAREIR DA R Z-test 1IC K D HE U Tk
R, EOHRERDRE SN (2=2918, P=
0.002).

fERE NI 25 Bin D5 B, 12851 (48
%) (FRFEDMEABICEEOEE TE o7,
D D 13 B n T IREROMBKBIC BV TR S
N, FRCRNEE T L, FRAI N O+ S
JNZFR L 2 TOMRBHCEE L Tz (B2).



#1 A MY MHCclass 1B L7 2 2 AT OBUA TR & EEE Y 1

Position
Allele No.
53 88 110 164 165 188 189 224 225 244 245 270
1 G T C C A T G G A G C A C
2 T
3 G
4 A T G
5 A T G
6 A T C G
7 T C G
8 G T G
9 G C T G
10 G T C G
11 A G T C G
12 G T T
13 G T
14 A G C
15 G
16 C
17 A G C T
18 A G C
19 A T
20 A T G T
21 A G T T G
22 A A T
23 A A T T T
24 A A G T T G
25 A A G T T G T T
#£2 BARHCIT B MHC SR ORI RGN 2 S
X ILEEF
BrE N~ 3 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 Pa A o He
RAN 4 2 6 2 0 - - -
Z50) 26 18 31 1 2 4 1 27 038 053
wEN 23 8 2 7 14 10 5 6 0 53 052% 081
FZERNI 25 44 6 2 0 19 016 022
Oyl 9 10 4 4 3 0 30 000% 063
BRI 26 19 4 3 16 3 4 3 7 2 53 054% 076
RN 3 13 1 1 4 0 - - -
BEIN 7T 2 5 5 2 4 1 40 086 076
REIN 8 12 2 1 1 4 0 37 025+ 044
=i 37 53 3 2 1 1 11 12 8 1 35 038k 046
MNEN 5 1 2 2 4 1 5 1 - - -
TR 1 2 10 - - -
SN 32 4 2 23 23 3 8 1 7 2 47 053k 073
BIFEDAE)N 35 34 2 4 8 1 1 1 17 10 2 48 031x 0.70
wARANI 1 2 1 0 _ _ _
w1 2 10 - - -
R 48 48 4 9 1 12 21 7 2 44 023k 068

N:HUTILE A HRALEE T Pa: BB LEEF L. Ar:alleric richness, He: AT OIS EOHFHE. Ho: ANTOESEDEHEE

*:P <0.05
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BEAREC B 2 MTEIRFEC (A), A
VR TEC (P &, NN, 1~10, 0~
272o7z GR2). FRMTIERE 7 AL E72 5
72 11 A BE 1 DU\ T, Allelic richness (Ar),
NTOESEOBSE (Hy) MUHAHE (Hy)
ZRIHLICETA, ZNEN19~53,0~ 086
BRU022~08172>o7z (£2). KoM
REE (11 AR O 8 HIREE) ICHBWVTN—
T A TAN=T V5 b DR TNAEE
HoN, INSAERBEOETIEREEENZ S
7% 5 Tz (excess of homozygote; % 2). 7z,
HERENROLNED S 3H)INCBNTSE,
FEERNZRRE, NTa#ESOmIHRD 5N
7z.

EARRER DR M EFRE (Fgp) 13 0.004 ~
0.549 TH D, % OEARER (55 X7 HOD 41
N7) CHEGEZRMME N GR3). FHC,
FHRERNIL & TR OS] &z
] — s N DT REKCR I GAT IR 10 km 2L
) TR BB, TRIZER] & T
A GHSRIENIKRR) TS T250)11)
& TW#E/IN GRcaMIbkR) Lwvote, [H
—IKFRNSTRINC BT 2 AR E R E N
7z (E3).

AMOVA DOFEIR, HAM, FR—Y 7, #H
B, KFEFED 4 7 )V— T NOMEAEE R K

CEARBENEAR CIREEENMRIHE NI
(ZV— T INEATERT © F = 3837, df =15, P <
0.001, {EMARENEIRR © F = 17530, df = 569, P
<0.001), 4 Z)N—THICBNTIFAELEIR
AR S Nah o7z (F=1434, df =3,
P=0.79). 7z, ZRITHELDOHR» 5,
HIFR A E 1 B U 7z B 7 s R B & 32
boNnaEhote (K1), T5IC, MBEEREHEEE
I X B REEDORNE (isolation by distance) 7 3K
BIAER, PR EEEE & B EREE & DRI
BOWTE, FREGHBEMREEDSNEH S
7z (Fg:1=0.164, P=0.109, G’¢;:r=0.185, P=
0.183, X 2). LML, MiiEET 5 (FiE Ik
o, WIEGT 2, 12, 25 3 MO,
SINIEIE T 6, 9, 14, 24 |35EAb R O s g
DIMTHB L THD, KHEDMNLEIEFOHIB
ISE—=TBNTIE, B3RO tEm
MWEC TV AMREIEAVRB E Nz,

MHCIZC BB g e/ r7uay 754k
DNAIZBT % G’y & ORNCIZA E R %
MR ENT (r=0533, P=0007). &1k
R B % MHC U A 7Y 751 b
DNA @ G’g 1, ZHZh, 0.046 ~ 0.863 T
0.108 ~ 0545 72> 7z (£ 4). 28 X7 H1 17X
7B, YA 7a¥ 774 FDNAY—H—
KDEMHCICBIT S GCagHRKEVHEZRL

£33 BNARRIC T 5 MHC B T0 F fif.

22501 ME) BEERN oyl =B /&R R=E)I R OBIERNL RIEDFN RE)
251l
mE 0.207
SEFINI 0.456%  0.391%
Haxv)il 0148 0.162%  0.232%
= 0.255%  0.139%  0.265% 0.105
BEBI 0.145 0.145% 0.549% 0.179 0.196%
=EN 0.294%  0.237% 0.057 0.060 0.114 0.316%
= 0.327%  0.268% 0.026 0.098 0.147% 0364«  0.004
SIBg NI 0350%  0.189%  0.483% 0.286% 0.236% 0252«  0.348%  0.376%
BEDLE)  0.256% 0.177% 0.186% 0.073 0.098% 0.223% 0.082 0.103%  0.232%
EE 0257  0.187%  0.172% 0.089 0.117%  0206%  0.080 0.104%  0.258% 0.084%
*:P <005
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0 200 400 600 800 1000 1200 1400
PEBE (km)
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#4 MHC RURAZ70Y 554k DNAICET ZMARERED G, il

MHC
i ZE50)I| mE EEFIIL AR R SRR BIFEDE
2501
mE 0.370
EHEFI 0.814 0.698

=R 0.455 0.248 0.473
=R 0.584 0.479 0.046 0.263
BRI 0.625 0.338 0.863 0.421 0.671

- SuEdI| 0.457 0.316 0.332 0.175 0.184 0.414
ESE)I 0.459 0.334 0.307 0.209 0.186 0.461 0.150
ey <A B8YT54DNA

ZE)1 MRE EEFMI A = R IESUESI
ZE50)I|
mE 0.317
HEFI 0.471 0.403

AR 0.389 0.324 0.149
R 0.492 0.370 0.214 0.108
BRI 0.505 0.368 0.434 0.355 0.334

GESUEI 0.545 0.497 0.423 0.345 0.277 0.228
] 0.479 0.332 0.153 0.181 0.204 0.347 0.321

AF I RAIOYT 54 b DNA &Y MHC 1B B G B HAE L MEREER

fz2eh s, W OO OEARRER TldHartElt  DREDARHCE G OBIZ T TH o 2h, —

£ 0 BB L
7=.

ATVBHT LR EN

V. ER
MHC class I1 B 7 Y > 2 G FIC I %5
BT O HBUHE BRI EAREL, BB
%L%ﬁ@%%#% timElc RS 54 Y
AR B TGN R ED D E D HEA TH
D, BEARREOBZNEAEDN RN EMHS
heixolz. LML, MHCTIE, S havR
U7 DNA KU~ A 7 at75 4 kDNA Lo
TN IRBIE Y — A1 — I BV TR B B
ISy 5 A2 — (HAM, AR—Y 7, K
S, AR DR 7 IV—T%) S, Hhiflc X
ZhREE O R LA IEH 2008, 2010) (3R

BH5NEMoT. MHC TR, FHFBOEIRT
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J T, HBOBEARHIAFAEL TW e D8n T
DL WIAIHIEET 1, 6, 15, 1955) 1,
BEEOMBIC TN ESHBIL TV, £
7o, a1 CGRER & 383 X T
RRE— N D FL 7% % S (R & m
AU, 2RI ERED KBV THEREREKR
ASEDEED BN Te—77, RIZRI)I &I D
KO ICHEBEDOBEN T AMARERIIC BN T, BRI
BREBMHRHE NNV — AN 6N, K
W28 Gl L7z MHC class 11 B %7 Y > 2 315
FAIHREHUROFEFKICEI 59 % 2 N7 E %
I—FRLTW3AZ & (Klein 1986) 9, %
L OV R TE MHC class 11 B iE{5FICIE
DHERERDMH TS T EBREENTVS
T & (Bl z2 1% Aguilar and Garza 2007, Evans et
al. 2010), LT, AWFICBVTE, JLimE



IZHBIF B A kD MHC class 11 B B 5T
T, IEOBHBERDENTNE T EARENT
T, AWZETRS 5N Tz MHC R
RIS, EIEEICBE T 25 DR
EROWERTHBHLEZONS.

EHAREFN OB LT, BRERK T LT
ik GEAR PR EIEIE) ICKD
WREENDE. A b TICBNTIE, /70y
774 b DNA T I B EPRRER OB AR R
& MHC #{n I B 2B mEREEE ORICE
HAMEEGEN R ENT e D, 1 FUH
REED MHC AR T OERINMEICBI L, Wiz
TR H AL G L TVWA T LR EN
%. —J7, HEEHC X 2 REEOMRIIEDH S NE
Molz. £z, WL OO OEEERIC BV T,
XA 0% 754k DNA Kb & KE BN
MeZzRmUl. A4 708754~ DNAICH
%857 & MHC I 2 850k &
iR Uiy, FvHIRIC K > TEDORNDD
Wb EMNHENTWS (BHIAE, MHC O
JiMVKZ W © Miller et al. 2001, Heath et al. 2006,
Aguilar and Garza 2006, MHC O J7 /W /NE W0 g
L < (Z[AIFEEE @ Peters and Turner 2008, Fraser et
al. 2009, Evans et al. 2010). TN 5 DOFEHR I,
HIC K > THEIROE 77 7 MR,
THEHRDE) D2 OMENRE D EZRB L
TEDL, A MYICBVTE, M THREZSE
FEDHGERMEA L TV A HEEENE Z 51
5.

BRI B m i 7 5 X 2 — 3 FE Nk
Moleb DD, B BKHE DIV LT OB S
R—=CHBNT, HHEEOHBIZEmAE
CTWBAREMEA R E Nz, Bk O &
GINEEIR T 5), EHRMEOAR CVEIET 2,
12%), Z U, Bk CEsRisgo s Gy
BInTF 6, 95) ICMIIT 2 03 n T D R
ENTW5. EdLCEF O] D% < &
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IER)ITH O, BRI OB R UK & (30505
EBMNNERE (k%) 26 L T05 T eED
5, RICEFTRNERFIE NS DBREICE
B REISEZ KL TWahE LRy, L
ML, TNETA FUD MHC class I D5
BIFREEINTEST, 4 7 MHC class 11 B
BURFICBIT 25U X 237 EREATNIEH S
METZLS TRV, 207, EDORGZEERD,
NS DI TORIZISEICH T SHNEZE
b LeOMcL, EENERGEEZTTS C
BTEE. UL, thod BT, #it
JiF 22 2 287 RS GERIIC 35U T AR A E <
T a T Lo, ARBREICE Uz MHC 8
LT HEORBER Y Z 1 VD5 N5 T &M
RBENTIHO (Dionne et al, 2007, Evans et al,
2010), 7 FICBWT & BV ERIC R L
T JES 73 FARTEERAVE U T e ATRETE AR
ENB. iz, A bVEREETZ I ENHSN
T¥HD (Edo et al. 2005), BT & > TRifE=
N UTAEHRD RN EC TV A ATREE L E A 5
N%. MHCICA UTegeRZ 50, T5 L7k
HEHERIC &K - CERMERRHICIAD D, —ED
FATEE PO EREIRICK DL > T for]
REMEEASNS.

H ARG MHC E#{5F DZARIEO#ERFIC R
SLHFHBLTWREEALBNTHD, iDL
DOV RIS BV T & MHC {5 O8O
VEBIRFDZRRIESS, NToEEEIC K SN
THREGEEOENAREEN TS (BIX
1, Peters and Turner 2008, Kekalainen et al,
2009, Evans et al. 2010). ARWZEIC BN TE,
EDHIGERDE N TN D T EHRB I Nz
Tk, i, YUTIVEBRRNGRME R T — )b
A2 E 00, B U LEETEE M
ROV T FEEIOM (MHC class 11 B #1571
2) LRABEEZRLEIENDS (13~32:
Peters and Turner 2008, Dionne et al. 2009, Evans



etal 2010), - FVICBNTEHIRFERICEKS
MHC {5 DO ZREIEOHEFE N RSN TV &
ZZbN5. Z< OAREENICHBW TR
FROFELWVRDNIZEDSNHZNWEDD, T
O OEA I 2EMITERNMEZ R U, F iz,
HARWER, A R—y 7l hiE 3 2 @48 T
FEIENZ RO TR EHE THZ LWV H
VIR —A—IC K BHE (L&A 2008, 2010)
L3RR, JnmEREICB N TAT BEAK
DD MRD SNz, {LHIE» (2008, 2010)
W&, BUELLES A ZE L T % A
BXUA F—Y 7O AR BTG
ZREMEMEVERK E LT, @EDR VY 7
DR RB LTS, LhL, AT
BU LG PR U T TS IS DU Tl
EERHLNITNT D, Pl LB HAYE
B XA K=Y 7l OEEEIC BT 5
T OEAEORMNCE L TIE, FERRERD
WL TOWSARMEI RN Bbhns. wishl
FhRVWEOD, MEOY 7 REEHICEVNTE
AT OEAEDRD (Evans et al. 2010), Z L
T, NTUEGEROETRENMEL X5 T LR
%9 ZEE RS TN TV (underdominance,
Pitcher and Neff 2006). F 7z, KFErEY T Tl
MHC class {5 D7z 2 A 7 L 2B 2175
TR D JT IV ZRE RN RN EN T LG SN
T3 (Yeates et al. 2009). & 51, BEIniITF
5 null allele DIFEEEZ BN B, T, 1
ko D X S ITEAREY A XD/ N3 LW IS
BT, EEBORBAIC X B8 AT Ol
PR A, BARTEEI O R REME A N
THTEMNEZDND. AKFENLINEDHE
KORFEZTITH T L IEREETH D, S%F D
MZRAL TS RELD S.

AKWFFRIC 31T % MHC 1% F O iR K R
5, JLBEICERLTOE A NI AR O
RIEE LT, @ OEAREERE A M & AR EER
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ZEEDNHOMNCE 5T, TNHEOFERIZI B
I FVU7 DNA KURA 270y 751 DNA
fERtfTin 1G5 NTAER & FRROHZR L TH
b (L5 2008, 2010), EIEABINZRE A
oA FUDFREERE LT, S/kRzRHEEHH
fii ( Management Unit, Evolutionary Significant
Unit: Waples 1991, Waples 1995) £33 &-9,
FL75 % 7KK T DR OG22 R RIS 1R &
BT LED, HEMOANTHELZ2HD
O TRBLTWS. KRS, AFRICBVT,
DRERNI & DR TEEI] Lo
[F] —$E P 3 /R I GRT TR EEE 10 km LR
BT %A, TR & Ton
NI Lo el — /KRN SR T Oz
HEREED N D, KREMEZEED
A b, WA > T2 H— O LRFEE P
fiie UTHRA, RERE A EORGEEHE
MRICHET T 208N DB EEZENS. £z,
R ER I  S T AR OB AR
HELIC B B A[ReERNH % T & D, Hiiiic
EURAIRIESFIC B B REill A 2 N oIk
D EEANBLRD S O EFHHICEE S 5 7
ERETR EDNRVIRD, 25 LIcRTAT—)V
WIC BT IR DOBRTRICDWTE, JFHIEE
IEEIRETHAS.

A b OFEEIZR I e H7E T B 22 EARHRE
DEHET) 72 LIRS R, S AR FEDNIR
Bk, 10LLFD5 1000 L EOEDFETREL
EEDNTVE T EMERENTVS (LIPS
RREE). KPR ICBNTHE SNz MHC Eix
TOBIENZHYE (BB LER TR, ~N7TH
BAES) &, IR (ERREY 1 X)) ZH
AEDEB LT, BEAKRFOREOELEIC
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Assessment of genetic structure and genetic diversity of
endangered Sakhalin taimen, inferred from MHC variation, and

proposal for integrated conservation program

Kaneaki Edo, Shigeru Kitanishi, Hirotake Oomiya, Kenji Akiba and Mitsuru Kawahara

We examined Sakhalin taimen’s genetic variation and population genetic structure at the MHC
class II B exons 2 in 291 individuals collected from 17 populations covering the entire range of
extant populations in Hokkaido. For the MHC genes, 13 of the 251 nucleotide sites were variable,
and we identified 25 distinct alleles. 12 of the 25 alleles were found in only one population,
whereas one allele was found in 15 populations. All base substitutions were nonsynonymous
ones and Z-test for selection indicated evidence of positive selection (that is Dn/Ds > 1). Within
populations, the number of alleles and single allele ranged from one to 10 and zero to two,
respectively. Allelic richness, observed and expected heterozygosity values ranged from 1.9 to
5.3, zero to 0.86 and 0.22 to 0.81, respectively. Pairwise population genetic differentiation, as
estimated by F,, ranged from 0.004 to 0.549, and the significant differences were detected in 41
of the 55 pairwise populations. Significant differences were also found even between neighboring
river-systems (< 10 km) and/or between tributaries within a river-system. Since the level of
genetic differentiations among populations are high, each taimen population (river-system and/or
tributary) should be treated as separate management unit, and artificial introduction of individuals
among different management units should not be conducted in principle to conserve the genetic
population structure. Furthermore, the proposal was also made about the priority of conservation

based on the information which combined genetic diversity and each population size.

Sakhalin taimen ecological research and conservation network

90



JreF b= - 77 R 228 BIRURAERE# (2014)

VXYY EHET B RO R SR O R B R 2R
B X UHAREFIIRIRICEI S 2 098

&Y < 2 aRBEMIA R
KREad#E— - FHBREEK - FOR 5 - FHBEET - PIEEEE5L -
SHRREE - PSR - HINEN < fiiH W ZKIRSEST - #2140
RKFHIES - AR R T

E .

BREEA L FU X MEEREH IABICHEESN TV Y v~ ald, e UTKHELZHZIC
FIMLTWa. AMRETIE, YxaeHETIMEZEBL, MR - R TOREHCH Y HA
TWa. CTOHRZNINEY 2729, V<RIBS T B0 & RFMORFIROBGEEZ A7z, K
MBS KRG LTet 9 —A A ZIE, #93 MHBTEN 28 fEADV~ 2 an@s s N, MEIKkHzZ
FHLTOV2 CEMMEETE . KEDEZLOME T, LK, M, JREE, BTN
THEYOEENENMEID RSN (EEIX MBI UTE, BEETRERERZ B TGO LT
ICHIZAESERE & A C E 72 5 RS, AT & R QIG5 N7, MEESORE Tl RN

DI IRODBREIC R B MEERF D RIS A, IR SO N Le, DLEDgn 5,

YATD

DIROIRHED S, WOHOERZEP LTV T eMFiZelbns.

. 1EC&IC

VIRV IRaE, MEICOHERT SR
BEYITH 0, 1960 FFARICIE RS 42 5T 300
AREERLTWEEEZLNSD, 5Tl
100 BHAGERIC . CTHUZIRS L, Mg faiiEn
TWa REAL Y FU X MapaH 1A 5.
VIRV RaE, HROVYIYRIFEOTTE
RENDEAEFEWVGFTERELTWAHET,
AN BROEMN AR ZRET 24 MTH
. WHHIEEROR N2 Z R EIRERED 5 6
3 THE] THY, Y227 ORBEICIESG
LCEh FEBEY v xalk, xAIRE
FH, ATIVIRE, BHRMSCHEMO LG EDH
HERBICAER LTV A EYZHE LTV 5.
ADERIRELC T 2 MDA 5 &4

BHOEMET T 578, Y~3xaZzidtde
T AHREDOENZRRMIRRIC E > T, NOfFE
NI 2R S8 5 T &3 TEBREH 2 FE
D. TNETORPHEREZ, EHIBEROH)
BRART T 4T THD VIS TWED, ZNT
FIEBIOFFHED R E NRW. TEE)Z ki d
Z7DITIE, RENED SR 2 4=,
R4S FIRITR TSNS HEHEO DRZET
H5.

KENE, WY Z a0 BEREED
U LDTHBN, KA OMEEDHEFE D &l
b, H%BMkEARE R LI K 2 HHEREE OB
FESEDAL AR 2 F U 73 AR R S D iRt
IC&- T, SAEYOEEZKHEDEEE RO
—®EIZED, VIV IZ a0 BEDD

2014.2.25 %Z{}, 2014.8.11 Web 2\

91



—HWTH2EBEMEINTNE. Y~vxraDkE
BHTH 5 /KHZHERRS 5 72ICiE, vY~3xa
EHAT BED, FEEEEHREIC L > THERE
FNRA LR, FEGICRalEx o 2 (L A 7%
EB T LN THS.

R, BRI I A L v o 72
D, BOLRWEEZRD BIHEEDEN L H
WES T, KHICERTZEEMEIET 252

BV THREY T2 R WRERRE
ZEF TS, AWZERIE, SERAKOBE’
HTHo, BENTRLYXIOEREEE R
W BT X (K1) icBWVT, v xa

TR I-OOMEZHIEL, HESK - HE
HOREE, ZHHEKOIKHGE R £ ORERIN 73t
HAEBBLTWS., YV RaEek)
DTF Y MMeEXZITIE, HEESK - jlE GRS

MEEY T RIFRIEDR

EEHhE: £ IR HT{Z':“%’@,E ﬁ

kilometers

K1 Yy~ a0 REE L EREY < 2 ORIEM 2 ORI . EHEH I, BREA B AR > 2 — (2013)

%251

92



RELHFIK E VS T RBEN EDREY XD
REICFEND 2 DO ERGEEL, BREIRERR
ZHBEZICTMORTORTTE, ZLTZEN
SOEEZID AN T ETRRICENZED
JIX WD 272 EsE Ml U, WHERE IS
TE 3 THINEEZ DTN T &R ET
HB. T TAWIETIE, IR TEMBL T
% ERE ORI 2R B X ORI Z MG
5T LmHMNET 5.

Il. MDA E

ARIFZEE, (Y < 3 aRMIEIIRED X >
IN—DHHES % RIR IR S IR T {3t X1
BT, 2012 FFO/KFERRIE SR I 20 L
To. BBREHE LT, WHER A 23— DRFEHGK
B, d6 & USRS O F5 2 i5E LTz,
Fiz, IRE A N—ITE, BT ETS B
RINNIENTD, [FAHIX D A 2 S—DIN DB
3T I 2R L, B TR O 1L & SR
LLTHRELE. WEIZEOmRED 9 2% itk

WS, NcHENTZD 3 anhE itz F]
LTOKHPEENTVS. HEXIZZOHTE
O E L T B D, ZNTE
IHAVKHD T CZIXETH> TV S, HEEEE
TOEZEDOHFEDIMEN D, ILEEOKHEE,
SEEFHUDERODKITUE, B EYOEFEITEND
Mz EWNhoTnb. ZDke, X 2ITmR
TR, ILBEOEERLEOZN TS, 18
TTARES, RS, MERSEO R 2 RdiE LTz,
Fiz, WIZEET 3 Faih bRk ZIZ ML T
WAIKHEIZDWTIE, o ERH &N
TIEW3 800, BEREYGE U THEMNRITH
ATz,

1. Y=Y an/KHF IR

e X DK EIC A I —h XS (kK
B ARG 94 FieldNote DUO) Za&iE L, /KHD
FIFPRINZFIN Tz, 2 o — 7 A T RESG N,
BHIOTE TR OEIICEE S % TET
Holeh, KHEDEHAOBEMHL <, &
THOONEEANMENS Z Ick> TRy

@ EHRENASRESF |-
O mexspm

|\ mezasa
| =raEssa /
B cpekanm

2 AEBRHONIE () & HEHRE A X Z&RELTT (B).

93

[ - HPEREFEAT 2 75 5000 70D 1 HUJEIK TAERE ) 2 BRI HIH Lz,



£1 HAUFDOWE & OFI O 5AE.

6/7 7/18 8/18
WEEH Hifite | Wik Rl & e
5A | sop | AW
I LR O A SRS,
DARsss O 1 O O lmmnosmomit s,
2) P B RORE, TH ZME 2~4
WHE (FF~Tx7Y) O AL Tehnd 6 AICKHRTCRE
Mt N NP S
@ el o o G, LRV DT S,
3 bR R K
(=l @] O AR TR T 5,
@) et 5 o | HTLARN ST S,
RV 1K C REBR L, Ot
) Fradny - AV O LT 50T BEOREA S OIS
Zh72 D,
5) 7% (e PN
(D) PEfEE 7 48 O (FElzk k)
(2) a7 48 O (FBo EICHEAEED)
Gy B8 (7 23T %E) O (EITkEIT)
6) Hit
e e WARET D, AW T D)
(D) ARIX7 Y7 9hY « ARF by O T
@ Fav - ¥ O DN HEERETD
TV HERO &R S RFET
. A B EENE D L
@7 32 O 1O | eme, 3 a0 i
DIANAEBYEE D
g FORE A W L BE K G B2K)
(4) 71 A L @] B L S

Y—MDWEIELY Yy X—0MY 5N 5 4555 |
MBI, REOMIN#ETH -T2, Z
TT, AWFEORERHD ET 2 (et X hniALh
XD~ < bR 5 APz e Lz (X2).
ARFIF 201245 7HNS 201248 3 H
FTOR3IAAMEL, —rH &Ny T
U—EAEY O ZITo Tz, HERICHTZD
YV XRONE S THED e HE L TV 5
BaE, F—fke LTif- 7z

2. B AEOEOCIC XS, KHOMEMOL
HEIEOEN

TEATAGS, RSO, MRS, &R
IKDFNFNOKHT, HEOEEEOFEZ
FEhEL, SAEMOEEZIE L. HRe Lk
AN, A FIX, ATV GhE, R,
FUAREE (v, BRHD, Frday - LT,
7R (PR B8, S 28, s

94

BH), FHd (Fd, Fav -8 o0
SN, WALVED &L, 6H7TH (H
MA%ISH), 7H18H (HWA#%40 H), 8
H 18 H (HEEND) 1 Z & OFd 7z Fh LTz,
CNETIEMOEZLOFEDMERENS, I
T LI HIBLT 2 nlRetEn @ < SEREEA E HE
EEELE (E1).

BT A TITY, — A HE & FHEL,
— AN REEEY Uz, BEOHE SR,
NPO W) 2 Bk e i > 2 — (2008) 1
HUTUToR EZEDDOENSOHAEL LT,
RV DL & & DIREED T IfE (NPO 2 &
EISRODBIZERT 2009) ZHBEIC LTz,

3. REIC KB R T DN

L & HIEL TORMERICDWTRERT
DIFEEHREZIERCL, BRICkM L. The
NOREED, (FEzidikd 205 HEED, ©



7450

2012.6.3 21:05 2012.6.4 3:07 2012 .6.6 21:07 2012 .6.6 21:07 2012 .6.14 1:02 2012 .6.14 1:02

2012 .6.14 23:23 2012 .6.25 3:02 2012 .6.25 3:02 2012 .6.25 23:59 2012 .6.25 23:59 2012 .6.26 21:32

2012 .6.26 22:37

2012.6.1 0:30 2012.6.1 0:30 2012.6.1 0:30 2012.6.1 0:30 2012.6.1 0:30 2012.6.1 0:30

3 HEMmE A AT ThuwE Ny v xa.

DEIFICB T ERIC DV TOREZKEL B2l L TE5W, IRIOKERICHEL,
Tz, RLEKY 2 HIE, MEENA L 2 OFEEIER],  BISLIETH > TrIER Uz, B
TERICBD S Te AR, L7CEEOEM, (F (FERHREORERZ AR U TR, e X T
MU e B e Ure, IR, F3Eadir  MERSERRES | 44, JURSERls 4 44, KK
DXRHMN 5 OWRZFARAOWEE, w2k RERE 14, BiraE4o 108 L Lk
OWER, SBRBOZKOWT NN TIEYE X7z, MRS TEEZ P T0wa [Teh L

95



FEBBIEMTLE ] ORK 3 AICH—OIFEH
FEORIERARIE L, i e L.

. #EREER

1. WY 3 a0KEMHIRN
SHTHMS 8 H3 HK3MWHDH A Ta%E
W T, X 27 AV < 3 ah, KA
Mo THIEZEET 5 ONBIR S, HEIC
KHEZFHFLTWS T EWMHRTE (K3).
CNET, MHEPRELT, Y~XxahkEns
NBIHWVICES 8 AR S 9 HEX T, %
VY= aWKHZRH LTS Do
TV, SEORET, WHEZNT VR
&, WEIGKHICHED TETHHLTWAC L
MNaho iz,
2. FRTBEOEVICX B, KHOMEMOL
HEEEOEN

AR B 2 Ao Sl o4 B %
K 41TRd, A IR, HMAKISHD
BT D HBEBERI NN, 40 HE, H
BHHORAETRIZEAERONEL Ao iR
BT 7 A%ED S 8 A FANCHI T gz
SEANDT=DIkzEEd THTL] HMTb
NTHH, FOWHIA I I ARFIFNVEL K
5X9TH%. WA 15 HOFRATIE, &
K, MEESRRE ORI E A @L<,
R SR D ME 189 (VL /1 #K) ICHANTE &V
METHo M, PUEHEH, BEIREHTIRIE
EAEBIREI NI Tz, — 5T, BEYITO
T30 EEAWFOKZIHH LIcHAE TR,
X I XOAEREE—KHT= D 200 J5~ 300 7
PEEDIESE VI HELHD (KW FIELD
STAFF 2010), Zh&lbied 5 &, EEEEE
Pk IS, COBERIEX, A FIIXD
L 2 ERMOENEICA, WA A —
JEHZET U THHET 2 TIRMEZEL TS50
EEDbNS.
ATIVEEIZYE, ke BT, ZBHKH,

96

TR SGR G H CREME O (A% 1S
ACAZRIY Y 7T 420E/1m’, 7TV 182
PE/10 m) KO EEBEE TN, TSRS
2, TR T, CFELTO®EERE S .
HIfE 2 7% 15 HOZHHOKH T, v =7 h
ATV OMEFBREEINT, KIEKOEELNE
Mot eh s, ZHRKHTIEEIND R AT
DNTVWB T R ENT. —iRic, 7~H
T)VIEHIAEZ DRFHICBESN G 2 DI L, 74
ATV ELD 2 A0S 3 AIh i THREINY
5. ZOI®, HH{EDHER, FIEITKHEEN
HAETE T ATV EINT 2 T LMK
9, BEMICT A A TIOVEIZEAEC S .
C ORRERERIE, KK, YI=RT A
A TIVDIARDFEIRRH T & % HARIC I 21T
STENTERIEZRLTWAS EEDNS.

Yk, HEA%Z 1S HTRINTOHAER
TELBIEREINT, HEAK40HTSE, MW
WD L HARTE, M THEMEID - 7.
H A% 40 H, HEEHTE, 2 REIBI%
INTWVBESD, YIFERLTWzEIEED
N3M, RE LKA LD 2 1 IV
TJlRolniEtkidd s e BEbnsd. N RED
ERBREEIRETETHE D EODA LN
Mo Te. BRSO HOKEZ, S K
7L, BITRES MDA B HIT S FIRIC
L TWBDT, RITTBAEMC L > TA,
@55 C & OFIETEOBE NI T NS EWE LR
VWOMNE LIRL.

Frdnay « HLVRICBE U T, MK
T I LN TR RS D H D J5 DYV EE DYV &
o Tehy, LK T, EEIRIC S T2 -
fe. TOMERAE, A AXIRAVILYIREDOY
FaUROFERTEFEERES . F>day -
ALVFEEIAA) A IR, IV
EOKM Y ZEBETLZRBERTHZ7D,
ZIRRIKIC K> T, IKFR D/ N DR LA E <



AFSSX (BE/18%)

FE2T eI (B/1m2) EDTIL (FE/10m?)

0 50 100 150 0 20 40 60 80 100
o [ os 1T 2
3 R (G H) BB R ()
TS T BE REEEHEK 2
& BE © memm |
o 81T o T
§ A () 5(3 mEEEmE ]
2 mEEGEmLD 28 mezaman %
G BRE & mEE ] ‘ ‘
= Ji‘*%(j; 53 75?;2“”(&@3:? OYIIF7HATIL
B POERG Ry o =R BFIVEPRTAFLIL
ERS-7E4C-S F-9 SN | TR OEEZREHHK [ .
—_— ~ — B7IAIIL
RRE =% |V ‘ ‘
= (E/1m2) roARE (Be/7KE1#)
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
57 I — i —
o — [EEINSZ S o e
3 R ($H) P g AR ()
B ORRE (K B EOMDY BRI (ZEEK)
H REE &
R L OAFFoRE
o 88 o a8 iR
§ R () g RRE () RS L
B R (ZHEK) 5 ORREEEEN BUANIRR
B REE =2% W B
Fodan - HLLE(E/1m?) AV F B (E/10m?)
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 00 05 10 15 20 25 30 35 40 45
: : : : 1 — ———
1817 [EETEyE——— o 1817 BRIV LY
Z B ETEICA:) RARROA ALY
] AR ($H) WEAS LS 3
b = I -z ¥ mEzamao
g R (ZHEK) H mEm
mpE
-2 (E/18)
B S EH (PE/10m?) 00 50 100 150 200 250 300 350
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 °
I Il L L L <
[-t5d OFoJFaEIIE ﬁ m
— SUTE B
5 mmEem BAATARNLYY _
® BROTINI)TE = | R =lohyi]
B OERRE(EMEA) ‘IO TEDHR s DEAETYH
g — 3 arEAaYH
RER ‘ EACAEETY]
oy [OYVHAE7SFATE Fary-HE(E/10m?)
G EE (E/10m?) mraep ot
-~ B AR RTE 00 05 10 15 20 25 30 35
L YRS YYEATE v : : : ‘ i
m o
3« [opa—— BYIba/NTE Eé:l REE G
N v — ’ ® - —1_
B OREE (SR T B REEEWEA CEEVEPe;
H E— S H 7%%& OfRYRLY
W ARTALY
0.0 5.0 10.0 15.0 20.0 7J}‘L\*’/E(E/10m1)
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
s [
m |
g AR (3 H)
B OERE (R
H P
B

X4 BETTEIC KB HAEDEE & OHEDE.

97



5 3=
R !

iﬁfﬁ ﬁ'ﬁ Nl
;ﬁ.ﬁi Katn
0

B5 REEC & ORERMEIEE TR,

98




BolzleZRB LTV EbNS. 12720,
BREEDA 32 XV L HN K T
TAEREIE, BHERETIIRHTHS. EEHR
DWITFNC LB L, 43RV T LVIdKkMZE
RELRREE 2 LEEDNES EMEETNTED
(NPO £V 2 BRIt > 2 — 2008), &
WK DA 2 2 VY LI i B baz Al
LTCWAAEeMEH 2D, ZOEKFIZIHSMNT
AR

PEttE D 7 BRICBI L T, BT, B2
HGZHBRULHEK) THEDEVIERDS
Niamooh, MEFGRIEHTHEINU . i
M7 BT, KK TEEDEL, KT
PSR (HZHD, SRSEAFEREEE, BEITREH
TIHMEEEZ > T, WHEOTITE, F7V
FOERV SV EIHTION H720 5L, YU H
BT FHATELFETI0m HzD 19 FEHH
REINTHBD, SEOFERERTIE, KEHDY
BHOFEIL, HEHECHEDSTHREETH
BT ENghrotz.
FEHOKETHSH, Uh -« IANAHHIE
R Z 1% 40 ARy v ANV ESBEIC
UTz. DS & IR TR RE R 3 & D s
JETHBILD, R, w2y
0w Ak, WHEZMMET IR ST T L
3L, TEY VA (Boay ) e
LIZE%] EEEDNTVAEIHLWNTHS. %
o, vy AoBEEIFEICKOFIIVE
BRI R 2 WPIEDFEENZ T L LHIS
NTHH (NPO AWM ARIERE IR > 2 —
2008), 9 ICBHBRODLES B 2 M TIEIN &
Bbhd. MCHEZMIETHERONRETHS b
CArawy oA, INTOEETEZIEIHEL
o te. Faw - HETE, BT L RE
HHEETAT ) AL HBNESNTH, LMK
MK TITHE L o7z, Wi AL
FAHRIK & SR THIB U 2.

99

3. RIKICK BT R FOED

v~ % IR R T, Hior SRS
il FH e85 72 Rl VR oD AR RS FEHE L LT 5 B 1
HI T 5 C & 2 DORMELE LT WS, HEE
SHHEDMER L TOEIEE, L7 a TOR
HEM R PR RS 35 K ORI R L TV B
MESAES, 7 L TR a SRz
FHLTOhB7h LR AREBEMAROFHIC
EDVEETREZR SITRUZ. LIRS, Mgt
KRTOEKNGHIB T EZHT 5. I
HEICDWTIE, RGTHED % WIS MM
EHWSZEICEST, 2 o EHRL TV,
F/z, BHlER ITDARY. HMOME LRy
119 eI FfHAE, By Y b E
NIRORIREGT Hk OB HAI 72 Fl O T A
DEMICZEEL, 3T DET A% 2 il
ZTWV5. BREMEFERIC, RSSO 4
RO UC 2 B DEMZ WS T & THRGY
EEEIZ TS, B - BelANE, FRE e
Tld 6 H M5 9 HHA X TORT 7 [RIOHK
HHPHERET N TND D, Ui TIEFEROR
AR 2 RL75 08 B e BHRARBR O B [ E 0 0 &
BT LICE-oT, EHEEE 1 E~3EICET
WOEEBENTER. KR, IBICHE
KFFThALVR ALl (o> )
OFENRENS 8 A FHEMNS 9 APaICHIF
TOMERLAMNE, Z2DOFERNFAEL TE K
ORARZEEZ Tz, D EOTHRICK D, Eirkks
T 2RI DET A% I MDA BT &I
LTz (E2).

THCEKD, EEREEFEOILLFICHA
ENTED, MRS TRETEHOEOEER
B O—FARZE IO TV 5 Tz eI E <
o TWBM, TNTE I E I TR
DO0. 78HICMA BT LN TEI. BEORG
EEE R LTV B T D, FROFAIRN
DR O HORER 2T TH, FHERIXIE L



£ 2 BHOTHET L0, MR SRR Bid  RIBFUCHEE SN T 2 BN S=SE O M M ([ U7z 238

DGR 1K)
(=3 BOARER M TR BURSEREE MRS
1 4 A TA) 2 0 0
B o B 5 A A 2 - -
FhEeH GE - & HBAD) 5 HTHE 3 2 -

B B A AT 6 HHf 4 2 -
gtk i 6 HTH) 1 - 0
B Al HAR 7 AHA) 2 - 0
eyl i 7 HTA 1 1 -
BB - R A 8 H LAy 3 - -
R - B AR 8 HHA) 3 3 -
B A HAm 9 H Ify 1 1 0
R A 9 H 4] 1 - 0
GRSy IR 23 9 0
AEBEIM LU > Tz, AREIC > TWVWA., chbDTRICXD, [RE

WFZEE D A 7 N— TSRS 2 A BRI
fii LT\ 5 [ Tlk, TG X A HEE e
R CORGE -« Fihizfr5 2 Lic kb, Hijgoo
ROREEEMHET IS 21>/, 2D
7es, RIS TR TTRERLAINE D
59, IR ZIA TEH e EI TEE
DA UTe, BREFIZHEH LN RDD
ICFE D BREZ 8 AT T 7ehy, T DOBREAEEIC
[0 15, 6 REfE & Oz 8 L, J7EEH
WFBTTEED 3 500 RicH L 7z,

—1i T, BFICDOT D A RS 2 ot
ULTC&E e UEEREIL ) T, [
WA D—7 A bk ZIE Ce, AMURED
HilC 2 EORIEE Zfr>TWV5a. Thickb,
TFF 5 EO/KHPEDMER 2 HAE A BRI
¥, REZICX>THRICRDAL T &L TR
WS RVWREZRBL TS, £z, WX
BIFHOKTEML, MEzrE)) THhRENS, H
REREIC 77 2 F- R > S = (N ThRERk DR Dl 2
REMSRRENS, BEONHEERAIL, F
IO BREUC K 59 & EWBEICERTT 5 2 e

BRI E EITRED 3 SREICAbh
THED, EEEARCH D BB N T
% 2 DVEER O G CIR B TRET X 0 & R
INTWVS. 272, WBIEKREEIGEWS, v
Y NIE EORREN SRR T B FROWEZ RS
ZIIRTWVEFITHEHD, @Eisidw v homek
RIFEA LRV, Lo T, B0 FE
ICRREHICBES N, MiRhF723ETH
A L IFHMICHIRTE RS H B, b
U AR AT, BicBL T, Fi
K (ATRETHNELIEKEEB L TWVW5S)
RFREFIOANEH, T LOER, HEOEH
REA b =T O EDEEYREEDT TR
IZ& T, AMDONS V AZHEDT & THAD
BERERZNATHE XS THB. TOHIE,
SETEIWD ANT, FEHNKS RO ZSR
B 285552 TR U REND 5.
EE R X B IEDEY, NI DWNWT,
X3 ITRLT. YR TOREFERIICB Y
TE, BEROMHAEBIIHKS LT 03800,
FRHORERAZH TR L TV 27200, 18

100



#3 RETEC L0 BABXTIA

3R AT BEE ORI BEIKGER)
EERAAFH (M) 19,173 9, 356 200 1,020
REEHMREEE () 8,863 12,634 13,230 7,715
FEsEH (M) 28,036 21,990 13,430 8, 735
S @ LR 1 0.78 0. 48 0.31
IR ([\]) 11 6 5 2
TEERFM AR (REH) 20. 6 21.7 63. 8 14.2
(9 LEREIZECTIRER) 0.8 0.9 15.6 3.2
SEER (M) * 20,554 21,712 63,750 14, 150
578 A b 1 1.06 3.10 0. 69
wEA (1) 48,590 43,702 77,180 22, 885
& (FX kg/Ix) 344 354.7 173 309

A RE R LR 1 1.03 0.50 0.90
HAH (H/ke) 400 600 600 700
HAfffi b =R 1 1.50 1.50 1.75
A () 137,600 212,820 103, 800 216, 300
AR 1 1.55 0.75 1.57
I3 (1) 89,010 169,118 26,620 193, 415
X 37 bR 1 1.90 0. 30 2.17

RPeY Uk GilES

TR HANNREDOMAD IR o i o7z, &
51T, BEIHRIBREMNEIRE N, EEOD 1.
5 EOMAS THEE L TV A7, L% TR
BIFHRED 1. 9ffelxoiz. ZHUcHL, fE
R CIE, B LTz, & SITEER;
FIOEIMCAE S FEEH O &b, It
RTFEITRIED 0. 35L& k-7 MWK
T3 M HGRE © IR G L M @R O 1.
SIEOMAS THGE LTV A D, BIRDEEETIE
TERELHRIS TR E 2D VL 7o 2 DI IR
THBEEDLTBEERN. —HDhLES
WEEMZE R TR, BRETEIEIZ 0. 915
U RAES, MRS TH S T L2
i & UCoefli e 1. 75 fFICREL TV 5 T28,
ICEHRTIE, BEITREO 2. 1758 %> 7.
2L, TNSDORIEEITIICHIZ>T, B
H O EA B O O A b (R
REFNEOELE) 3HHT 5 e
motetedh, FEBEOEMIE, MED K< HEAD
bNTWV5. TDi, REOPSIHHRDAEX

iFfG 1000 3 & L CTRRERFRH DA T2 bR H

Lol asLBbN%. HXT, Hil)
B ERBICRIZEMBOLE LTSEICL
TiELW.

D EDFENS, FEDYE, BURTIEHEESE
W2 G /R EELDIINETH D, BRRIET
b, WEZELETICaARXMZHIT 5T
EMNTEBZDT, YW OW O A2 E XL,
SIS % B5 2T TIT T EIcDAENS LR
B, ZNEFRRC, g EzETRL, Xt
BT RER IR D H D 72 R L TV
CTLERETDHS.

T

R ZZEITT 2IcHich, 2L DHOHIZVE
Eoie, WS LIRETEEHIX DRRDTT 4, LT
feh U AR OBFRICE, REHICEMD
SN ORRZ I ERT TVEWnTz, MEE
AR > X — OIRAREERICIE, HE) R A A
Z DRE T L RERTEICDNT, BE WV,
EfY) it FFAOME — I, DR RICE, AA
FEOEZTLDOREICHT 2MEZVEE, T—20D

101



BMICTHOVER W, CORZE0 T, HREH R HAROUIZER 2009. HAEDOAEE L DOEE — 5

DEZERTS. Bl DFERE LaR> T 5 —: 185-186.
W Z R RSB 2 —2008. HAIEDH S H
vk 150 — & & DA - WA

5> X\ FIELD STAFF 2010, Z I B 7z WK FB e
I BT BRI OMGE.

BRUSRAENRE AR 2 — 2013, Tk 24 4R
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Research on effect of "environment-conscious farming coexisting with the

Tsushima leopard cat" on habitat conservation and economical value

Kenichi Oishi, Takayoshi Kasugame, Kiyoshi Kasugame, Chieko Kasugame,
Kiyohiro Abiru, Toshifusa Toyoda, Yoshinori Hirayama, Naoto Sugawa, Tsuyoshi

Maeda, Shinsuke Mizusaki, Haruka Sugiyama, Yushi Koshida and Motoko Kimura

The Tsushima leopard cat (“wild cat” hereafter) categorized as Critically Endangered species
(Endangered IA rank in Ministry of Environment Red List) uses the circumference of a paddy field
frequently as a feeding area. We are struggling to establish environment-friendly cultivation in no
or lower levels of agrochemicals to coexist with the endangered wild cat. In order to promote this
action, we tried to clarify an effect on wild cat preservation and an economical merit for farmers in
this research. The wild cats were observed a total of 28 times in about three months with the sensor
camera set around the paddy field, indicating the wild cats were using the paddy field frequently.
The density of living things in paddy fields tended to be high in order of paddy fields where water
were filled in even winter, no agrochemicals, lower levels of agrochemicals, and standard levels of
agrochemicals. The yield in lower levels of agrochemicals method did not decrease compared with
the standard, although costs of agrochemicals decreased below in half and working hours were
also shortened. In no agrochemicals method, however, the working hours concerning weeding out
increased enormously and the yield was halved. It seems that it is effective to encourage farmers

to try lower levels of agrichemicals method.

Sago YAMANEKO Rice-farming Research Group
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Damage survey of the Japanese pond turtle, Mauremys japonica ,by

racoons in Boso Peninsula

Daiichi Ogano, Hideo Yoshino, Koichi Yagi, Kazuyuki Tanaka and

Takao Kasahara

Damage of Japanese pond turtle Mauremys japonica by raccoons is being caused from after
becoming after 2000s in Boso Peninsula. We investigated the damage survey of raccoons at 142
irrigation ponds where M . japonica mainly inhabits. As a result, it became clear that most of
turtles we could confirm were Reeves’ pond turtle and Red eared slider which are alien species
and M. japonica was disappeared from irrigation ponds. We confirmed only 38 individuals and it
was 2.9 % of the whole number of the capture survey. As for the rate of the limb-deficiencies of
the turtles damaged by raccoons, M. japonica was the highest and next was Reeves’ pond turtle
and no Red eared slider is damaged. In 16 investigation spots in Isumi city, where the estimation
of population density of raccoons, no M. japonica was confirmed and the rate of the irrigation
ponds where turtles were not confirmed at all was high. To preserve M. japonica, it is necessary to
exterminate raccoons and remove alien turtles from the habitat of M. japonica. It is also necessary

to secure a genetic diversity by Ex-situ conservation.

Chiba Prefectural Wildlife Research Group
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TreFhy—F T 7RI 22 8 BIRUREEE (2014)

PR/ BB AN KE KR AT DIRAICEK S
TESRFEA 71 2 S 117 Ofai ) R 7 2

ISBEY) AR

IR N

- BEIECK

P - PEREROEAREA 1 2 b 7177 OJ O EARRHE, SRR A X F ORI & D
MEHENTHD, ESIGEFEH LIISFI= R Y b AT LN EC TR T EEHEMCENT
W5, KBTI, BOREIC KB EE LR ORI, A DMERNC X B HEOVERFARR ORI
B2i7o7z. ZTORMNH, HEOMERIZ LIS 1RO EAES N, MREZEEHRNEEZ SN, =K
VAT O MAREEENE <, KOEWEEROEIGDZWVEMK TS S LiES N, £oT, =
RY AT EAAZ AT X ORI EL, TOMREHELELRD, FAMHEMEECEE5LT
BEns. Thid, Hlig o7z DNA D ORI FIREIEIREO PN A HEE R R & & —Hd 5.
FoT, FERBEEMIC =AY AT EFMERL, FEROA A X N7 7 3AEiRE L &% & T4

Ns.

. 1FC&IT

NGB, BRAGEGEZELTE TV
EMEREEOEBEIRIHNWFETH % L HIRFIC,
MERSFR RV D 75 S BEERRE DN HIMI T H 5 728
NRIEDR AR EICH L TIFREICHETH %

(Courchamp et al. 2003; Kier et al. 2009). H A&
FEHOBERNSED, ThICXDEFD

HWkH % B A T E 7z (Conservation International
2012). Ko T, SEBUEVHOBEY)IRRE - &
M, HAMBEOEMZREZHEFFT 55 AT
BT CENZVEHEEEZ 5. ANPED 5K
TN U 2 R EEEEE, TD &5 7%H
AROBBAZD—DTH 5. HEEEICIT S
FEIZAIN & BT 2 EDNZVD, FEA il
DEDOMNADIRU > 7R OREEMIE & 72> T
H 0 (Hasegawa 2003 ; A « EH 2009 ; KE
1EH 1990), FRERFIE/ TR & & —fiz
HITEDTH5.

RSO Z RN T 28 & LT,
FF1 % & 7 Plestiodon latiscutatus ([X] 1a, +
AR, RHHD BTSN, AAHX AT
&, PHEEOZIEREEPE RIS 2
HAE AR T, R LEHESIYHOE S RHE
AEICBWTEERPE~ L& Lz
TW5% (Hasegawa 1999). HEFEED/\LET
&, DOTHAZ NATWNEHEETERLTY
7z (Goris 1967 ; N 1940 5 K¥F 1994). L
L, X AIWRDI=DICALI SR A ZF
Mustela itatsi hEA TN, FOMBEICK D
L TULXWV, BTE TR OERIcHL Ty
% (R 1994 1 B+ KH 2000). £ LT,
JOLEOMEAREEE, FU < A &2 FORE Tk
L= - Br BOMKEEL &b, T
DETNDH 2 HEMEAARE ) & U CIHERET
DLy RF—=Z Ty 7IcHBEENTVE (ER
JI1 + JKHT 2000).

L FERRCEICE G AR B 2R 20 SR A e A R R R o =R

2012.11.25 321 2014.6.30 32}
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£ A LA LT ZAHERE. B A BN EEOMEZRY. () ) NLEEA X AT, S~
AT, BIRIEEBOADTMIE Y. (b) =RV MAY. BE~ASHERFICEAGOR T A 7, RBIEE-ONEH.

BRI &, WL () IS,

DNA fif4T R A ZEH o R EE
M 5~8H 9~10H 5H 7H
o=k kA7 HEM
1 31 15 32 2 11
2 3 1
VAR
3 13 6 2
4 9 3 1 5
5 6 1 2 2
6 9 2 3 5
7 10 6 1 1 4
8 5 1 5 2 7
w2 AR
9 27 10 2 2 4
10 22 1 4
11 7 1 2 5
12 6 6
13 11 2 1 6
14 6 8

WA, LIS BW TR = R > b
7177 Plestiodon japonicus ([X] 1b) & 55 D HERR
Ente CRLIEN 2009). =K FATEA A
Z AT DM TH D (Brandley et al. 2011,
2012), TNXTOHRLOHFEICED, JNLE
DR TRHENE L TWVB T EARENTWY
% (Okamoto et al, 2013). HEF S TIERHEIZ—
HHICIRE T N TV 2D (K 2), Fekahn
JROCHIPHICHER G 2 AfREME LIRS N TV 3.
LMD BRI N, S \LEOHHRA 74
M RN HORIRRE L 2%, LB DOA X
k217 OfERIIRIRZ BT UL, T OFizix
BBICOWTHRRAIKY A7 FHid 20BN H
2.

ZTTAMETIE, =KV MATEA AT
7177 OEREERE & BhEE Rz ik 2 T ki
K0, FERO MmO ALEIEDENZHEE L,
A1 2 F1 7 AN DB A SN TREK

PRL TR MES D ZBERKTS.

Il. AEHE
1. Wb I K ORIAEE

LB IS BT % B &, 2011 4510 H
15~28 H, 201245 A 19~23H, 7 A 27
~ 30 HICTT> 7=, 2007 LA O FRE @R (BE L
1ZH 2009a ; Okamoto et al. 2013) THIFHL T\
Tl D s AT o4& R (Hifi1~7, 9,
11, 13, 14) IiA, ¥zl A Uz 3%z
B 4R THEZITo 2 (K2). ALED
FAHZ AT (K 1a) 1§, =K b7 ELR
FOYRITFFIN A & T4 THikE (K 1b) &
KL TOXS I RED R & DNA it
(Okamoto et al. 2013 ; [AIZ D ARFER) DFER
WD E, KHuyiE =Ry N R - A
AZ S F 7 A - AR A B R DV g
N EER LR (ED.
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An assessment of extinction risk of Plestiodon latiscutatus population
by the invasion of a non-native congener P. japonicus

on Hachijojima Island, Izu Islands

Taku Okamoto and Takeo Kuriyama

A scincid lizard Plestiodon latiscutatus (Scincidae, Reptilia) population on Hachijojima Island
has been threatened by predation pressure from an invasive weasel. In addition, a non-native
lizard population of a close congener P. japonicus has been established recently, and genetic
swamping to the native lizard has been detected. In this study, population density and age structure
were compared between the lizard species based on census data and male maturation age was
compared by testis size distribution. Although maturation age of males seemed not different
between species, the non-native lizard may have larger population density and larger proportion
of young individuals. These results implied that the non-native population may have larger
reproductive rate, which can cause asymmetric gene flow. Actually, a preliminary gene flow rate
estimation based on DNA data implied asymmetric gene flow declining the frequencies of native
species genes. Therefore, the introgressive hybridization will spread to wider area and the native

population should extinct by genetic swamping in the future.

Island Biology Research Group
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Field work of dissemination activities
— Kaminoseki of hot spots of biodiversity

Midori Takashima and Osamu Morita

Association for the Conservation of Nagashima
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Holding a public symposium:
thinking from color of birds to the value of biodiversity
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UMs Fnrest'
% Sepilok Forest Reserve

1 ¥ (Sepilok Forest Reserve) & /7NkZEpk (UMS Forest) O{iiiE.

Field Datasheet

Crate: Location: Recorder:

A. Information on interviewes
Nationality:
Occupation: { ) Wildlife Officer { ) Researcher { ) Hunter [ ) Others Specify:

B. Information on pangolin trapping technique

1. Have you captured or trapped pangolin(s) before? Yes/ No

[ ) Other Specify

2. Habitat where captured? ( ) Forest { ) Palm oil { ) Rubber estate [ ) Other Specify: _

If yes, what technigue(s) you used? ( ) Hand ( ) Traps Specify:

3. When is it easier to find pangolin(s)? { ) Before rain { ) During rain { ) After rain ([ ) Dry weather

C. Traditional ecological knowledge

1. Where do you usually find pangolin(s)? Day: Night:

2. What is their diet? :

3. What is the traditional use of pangolin?

[ Conservation status and legislation
1. Is the collection or trade in pangolin illegal? Yes/ No
2. Do you know of any cases of people arrested for hunting/trading pangolin? Yes/ Mo Spedfy: _

3. How could we protect pangolin/ increase pangolin population? { ) Legalized] Control pangolin trade
[ ) Habitat protection { ) Captive breeding ( ) Better enforcement ( ) Other Specify:

4. Do you think pangolin will become extinct? Yes/ No Why?

(Chin and Pantel, 2009)

2 HEMOHFECHN T —2— .
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Photographed species No.of  Photograph / (100 camera-days)
photos
Primates
Cercopithecidae Pig-tailed macaque 28 4.82
Pholidota
Manidae Sunda pangolin (Z>/H'> a7) 1 0.17
Rodentia
Sciuridae Squirrel 0.51
Muridae Rat 0.51
Carnivora
Canidae Domestic dog 2 0.34
Mephitidae Malay badger 5 0.86
Viverridae Banded palm civet 1 0.17
Artiodactyla
Suidae Wild boar 4 0.69
Tragulidae Greater mouse deer 12 2.07
Cervidae Bornean yellow muntjac 1 0.17
Total camera-days=580 Total=10.31

151



L2 YINREERTIRE & IR L gL,

Photographed species No. of Photograph / (100 camera-
photos days)
Primates
Cercopithecidae Pig-tailed macaque 28 4.82
Pholidota
Manidae Sunda pangolin (&z>/4¥'> a77) 1 0.17
Rodentia
Sciuridae Squirrel 0.51
Muridae Rat 0.51
Carnivora
Canidae Domestic dog 2 0.34
Mephitidae Malay badger 5 0.86
Viverridae Banded palm civet 1 0.17
Artiodactyla
Suidae Wild boar 4 0.69
Tragulidae Greater mouse deer 12 2.07
Cervidae Bornean yellow muntjac 1 0.17
Total camera-days=580 Total=10.31
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Conservation of Malayan pangolin

Elisa Binti Panjang' and Hisashi Matsubayashi’

Malayan pangolin (Sunda pangolin; Manis javanica) is an ants/termites eater, listed as an endangered species
under ITUCN. To conserve pangolins and their habitats, it is necessary to understand their basic ecological
information such as habitat use. In this study, ecology of the Malayan pangolin was investigated by camera traps,
radio-tracking and interview in Sabah Malaysian Borneo. With camera trap, Malayan pangolins photographed
at both sites of high and low disturbed forests, although photographed frequency of them was low. A radio-
tagged male pangolin used the fallen trees as resting sites, but it was not a big tree (<50 cm DBH) necessarily.
Results of interviews showed that pangolins were observed various habitats including oil palm plantation. These
results revealed high habitat adaptability of pangolin. So, it is suggested that low density of them was caused by

overhunting (illegal hunting) rather than intensities of habitat disturbance.

1: Universiti Malaysia Sabah 2: Tokyo University of Agriculture
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The distribution and persistence of primate species in disturbed and
converted forest landscapes in Sabah, Malaysia: Preliminary results

Henry Bernard', Rayner Bili', Oliver R. Wearn’,
Goro Hanya® and Abdul Hamid Ahmad'

As disturbance and conversion of tropical rainforests due to man-made activities in many parts of the
world continue at alarming rates, the future of many tropical rainforest species will depend more than
ever on the effective management of a mixture of human-modified landscape. We studied the non-human
primate community by direct and indirect sightings across a gradient of habitat disturbance, from old
growth forest to heavily logged forest to oil palm plantation, in and around the Stability of Altered Forest
Ecosystems (SAFE) Project experimental area in Kalabakan Forest Reserve, south central part of Sabah,
Malaysian Borneo. Here we provide the preliminary analysis of our data. We confirmed the existence
of nine, of the total of 10 species of non-human primates found in Sabah, within the surveyed areas. By
using occupancy analysis we found no evidence of differential habitat disturbance effects on the primate
community. We also found no evidence supporting differential habitat disturbance effects on the primate
community based on animal body size or feeding habit. The lack in such evidences is surprising and it is
likely due to the artifact of the small data set of this study. Interestingly, however, the presence of eight
species of primates within the heavily logged forest sampling sites, which included endemic species and
species of high conservation concern, e.g. orangutan, proboscis monkey and Bornean gibbon, shows that

even highly disturbed forests are still valuable for primate conservation.

INTRODUCTION uses (Fitzherbert 2008, Wilcove and Koh 2010).

Borneo is a center of biodiversity and endemism
(Woodruff 2010). Yet it is under substantial threat
from logging and other human-related pressures
such as large-scale agriculture (Sodhi et al. 2004).
Timber extraction rates in Borneo are among the
highest globally (Sodhi et al. 2004), and the vast
majority of forest outside conservation areas has
already been intensively logged (Curran et al. 2004).
Logged over forests, especially highly degraded
ones, are under constant pressure for conversion to

agricultural plantations, such as oil palm, or other

The situation in the Malaysian state of Sabah, which
occupies about 10 percent of the northern part of
Borneo, is no exception. Here, disturbed forests and
other converted habitats are increasingly covering
much larger areas (Reynolds et al. 2011). Since
this trend of land use is likely to continue in the
foreseeable future, many tropical forest faunas in
the long run will inevitably depend more heavily on
the management of a mixture of natural forests and
derived habitats on a landscape scale which include

highly degraded forest areas and forest fragments

1: University Malaysia Sabah, Malaysia, 2: Imperial College London, U.K., 3: Kyoto University, Japan
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within converted habitat matrix. It is, therefore,
pivotal to address the question of whether tropical
forest animals are able to adapt to significant
changes in their natural habitats. Knowledge of
how animals respond to habitat disturbance and
conversion will enable conservation efforts to be
concentrated where suitable habitats are still present.
In this study we investigated the non-human primate
species across a gradient of habitat disturbance from
old growth forest to heavily logged forest to oil
palm plantation. Our objectives were to document
what species of primates are present across the
varying levels of habitat disturbance and to examine
the habitat disturbance effects on their persistence.
We also examined two species characteristics i.e.
body size and feeding habit, to explain species

persistence across the different habitat disturbance

4407

levels.

METHODS

Study Sites

This study was carried out mainly at the Stability
of Altered Forest Ecosystem (SAFE) Project
experimental area within the Kalabakan Forest
Reserve (4°33’ N, 117° 16’E) in south central part
of Sabah, Malaysian Borneo (Ewers et al. 2011).
The SAFE project is a new rainforest fragmentation
experiment where up to 800 ha of land will be
set aside as forest fragments. Other sampling
sites were located at the Barantian Tantulit Virgin
Jungle Reserve (VJIR), Ulu Segama Forest Reserve
(USFR), Maliau Basin Conservation Area (MBCA)
and an oil palm plantation (Fig. 1, Photo 1 and
2). With the exception of MBCA which is located

17°40°

Legend
8 Study Sites:

Rivers shp

SAFE Project Area
Maliau Basin
Gunung Rara FR

U segama FR

17°40°

Figure 1. Map of the study area indicating the 10 sampling sites located in south central part of Sabah, Malaysian Borneo. The experimental

area depicting Block A-F is the location of the Stability of Altered Forest Ecosystems (SAFE) project area.
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Photo 2. Sampling site in oil palm plantation (OP) located in the west of the SAFE project area.

approximately 60 km away from the SAFE project
area, all other sampling sites were located within 10
km radius from this area.

The SAFE project area encompasses 7,200 ha
of lowland dipterocarp rainforest most of which
have already undergone multiple (two or three
times) intensive rounds of logging, beginning in
1978 and ongoing until early 2000s. As a result of
this treatment the remaining vegetation is highly
disturbed and consists of a range of habitat types
from grassy open areas and low scrub vegetation,

to lightly logged forest on steep slopes and in
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rocky areas. The VJR is a lowland dipterocarp
rainforest, adjoining Kalabakan Forest Reserve,
which is strictly protected for forestry research and
biodiversity conservation. Even so, while most part
of the VIR is undisturbed or near pristine old growth
forest, some levels of disturbance are apparent
particularly near access roads. MBCA is a large
totally protected area where logging is prohibited.
Although in the past some logging activities have
been carried out, this area consists mainly of
undisturbed lowland dipterocarp rainforest. USFR is

a lowland dipterocarp forest and being managed as



a commercial forest reserve. Many parts of USFR

have been logged twice approximately 20 years ago.

Sampling design and methods of data collection
In order to achieve the objectives of this study, we
walked through 10 existing human-made trails, each
of which was between 800 - 1000 m long, in 10
sampling sites representing four habitat classes as
follows: Old growth forest (OG), logged forest (LF),
heavily logged forest (HLF) and oil palm plantation
(OP). The OG habitat class was represented by two
sampling sites in the MBCA and VIR, respectively.
The LF habitat class was represented by one
sampling site located in USFR. The HLF habitat
class was represented by six sampling sites (i.e., the
proposed fragments within the SAFE project area -
Block A to F). The OP habitat class was represented
by one sampling site located in a mature oil palm
plantation in the west of the SAFE project area. All
sampling sites were located between 200-500 m
elevations.

We walked, day (0600-1200hrs) and night
(1900-2400hrs), along the trails at all sampling
sites once a month over a period of 12 months from
November 2011 to October 2012. Each monthly
sampling period lasted for about 10-14 days. We
recorded all detections of both diurnal and nocturnal
primates during the walk. Primate detections were
made either directly through visual contacts or
indirectly through animals’ calls or the presence of
newly constructed nests. Head lamps and spot light
were used during night walks to assist nocturnal

primates detection.

Data Analysis
In this report we provide information on the number

of direct and indirect detections of each non-

human primate species across all sampling sites
and the distribution range of the primate species
detected. In addition we also provide the relative
abundance index (number of detections per month)
of all primate species pooled across all sampling
sites. An analysis was conducted to assess the
occupancy probability of the primate community
between habitat types based on the monthly primate
detections/non-detections data set. We performed
the analysis using the software PRESENCE
(MacKenzie et al. 2006). Our aim here is to do a
preliminary analysis of our data to explore if there
is any signal indicating differential habitat effects
on the primate community. We lumped together
all primate species detections/non-detections
data across all 10 sampling sites in 12 sampling
occasions. Before running the analysis, we grouped
the sampling occasions into 3- consecutive month
periods, hence giving an overall number of four
sampling occasions. For sites where the consecutive
sampling period was less than 3-month, we scored
such sites with a dash, ‘-‘only. We used “habitat” in
four different categories as covariate in the analysis.
The four habitat categories were old growth forest
(0Q), logged forest (LF), heavily logged forest
(HLF) and oil palm plantation (OP).

We also tested for differential patterns in
occupancy probability across habitat types based
on differences in body size and feeding habit or
diet of the primate species using the same monthly
detections/non-detections data set. For these
analyses we carried out the tests separately for effect
of “body size” and “feeding habit” as covariate.
Body size was divided into three categories: Large (>
6 kg), Medium (3-6 kg) and Small (< 3 kg). While
feeding habit was divided into four categories:

Frugivorous, Folivorous, Insectivorous and
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Omnivorous. Information on primate body size and
feeding habits was based from Payne et al.(1985)
and Johns & Skorupa (1987).

PRELIMNARY RESULTS

Overall results

The detection rates of primate species during the 12
months study period was generally low. Although
the overall cumulative number of detections
recorded was 259, the number of detections based
on direct sightings was only 74 (or 28 % of the total
number of detections). The remaining 185 were
based on indirect detections. On the average, the
detection rate recorded per month for each primate
species based on direct sightings was < 1 detection/
month (Range: 0.08 -1.25 detections/month) (Table
D).

Altogether, nine species of primates were
detected consisting of seven diurnal and two
nocturnal primate species as follows: diurnal
primates - the Bornean gibbon (Hylobates muelleri),
orangutan (Pongo pygmaeus), proboscis monkey

(Nasalis larvatus), red-leaf monkey (Presbytis

rubicunda), grey-leaf monkey (Presbytis hosei),
long-tailed macaque (Macaca fascicularis), pig-
tailed macaque (Macaca nemisterina); and nocturnal
primates - slow loris (Nycticebus menagensis)
and western tarsier (Trasius bancanus). Three of
the species are classified as Endangered on the
TUCN Red List of Threatened Species (orangutan,
proboscis monkey and Bornean gibbon), four
are classified as Vulnerable (slow loris, western
tarsier, grey-leaf monkey and pig-tailed macaque)
and two species are regarded as Least Concern
(red-leaf monkey and long-tailed macaque). The
Bornean orangutan subspecies (Pongo pygmaeus
morio), proboscis monkey, Bornean gibbon, grey-
leaf monkey and red-leaf monkey are all Bornean
endemic species (Payne et al. 1985).

All nine primate species recorded in this study
were directly seen in the field, with two species
were also detected indirectly through their calls or
vocalization (Bornean gibbon, n = 47) and nests
(orangutan, n = 138). Primate species that were
most frequently detected by direct sightings were

the orangutan (n = 15), pig-tailed macaque (n = 15),

Table 1. Summary of frequency of direct detection, indirect detection and average number of direct detection per month for nine species of

non-human primates in and around the Stability of Altered Forest Ecosystem (SAFE) area in central Sabah, Malaysian Borneo.

Species Direct Indirect Total number  Averagedirect
detection detection of detection  detection/month
Pongo pygmaeus 15 138 183 1.25
Macaca nemesterina 15 0 15 1.25
Tarsius bancanus 1" 0 1 0.92
Hylobates muelleri 10 47 57 0.83
Presbytis rubicunda 8 0 8 0.67
Nycticebus menagensis 7 0 7 0.58
Macaca fascicularis 6 0 6 0.42
Nasalis larvatus 1 0 1 0.08
Presbytis hosei 1 0 1 0.08
Total 74 185 259




western tarsier (n = 11) and Bornean gibbon (n =
10). Together, the four species accounted for 69 %
of the total number of direct detections. The least
number of detections were for proboscis monkey (n

= 1) and grey leaf monkey (n=1).

Distribution

Primate species that were detected in the most
number of sampling sites were orangutan (9 sites),
Bornean gibbon (8 sites) and red-leaf monkey (6
sites). Three species: long-tailed macaque, pig-
tailed macaque and western tarsier- were detected
in 5 sites, respectively, and slow loris in 4 sites.
Two species, the proboscis monkey and grey leaf
monkey, were detected in only one site, representing
the least widespread species in this study. The
number of primate species recorded in the old
growth forest sites (OG & VJR) was 7 species,
heavily logged forest sites (Block A-F) 8 species,
logged forest site (LF) 2 species and oil palm
plantation (OP) 2 species (Table 2).

Occupancy

Results of occupancy analysis on the effects of
habitat types on primate community are shown in
Table 3. In general, by considering models with
Delta AIC < 2, two models have been selected
as the best models i.e., psi(.),p(habitat) and
psi(habitat),p(habitat). Both models are equally
likely, but psi(habitat),p(habitat) appeared to be
more realistic. The largest occupancy probability
was recorded for the old growth forest sites, whereas
the lowest were recorded for oil palm and logged
forest sites. Nevertheless, occupancy probability
was not significantly different across all habitat
types (occupancy probability between habitats is
significant when 95 % CI does not overlap). The

individual site occupancy probability (psi) estimates
by habitat types are as follows: old growth forest,
psi = 0.6690 (95 % CI: 0.3878-0.8570), heavily
logged forest psi = 0.4530 (95 % CI:0.4034-0.6788),
Oil palm plantation, psi = 0.2909 (95 % CI: 0.4445
- 0.9013) and Logged forest, psi = 0.2222 (95 %
CI:0.0562-0.5813).

Results of occupancy analyses on the effects of
habitat types based on body size and feeding habits
of primates are shown in Table 4 and 5, respectively.
Occupancy probability was not significantly
different between body size or between feeding
habit categories, respectively. For both analyses,
psi(.),p(size) and psi(.),p(diet) emerged as the best
model (Delta AIC < 2). The occupancy probability
estimate across all body size categories was 0.4617
(95 % CI: 0.350-0.5773). Whereas, the occupancy
probability across all feeding habit categories was

0.5806 (95 % CI: 0.4348-0.7135).

DISCUSSION
In this study all primate species were rarely seen in
any of the disturbed and converted habitats in and
around the SAFE project area. Even in less disturbed
sampling sites, in areas of old growth forest at
MBCA and VIR, we also found similarly low
densities. In a large undisturbed forests of Danum
Valley Conservation Area (438 km?) in the north of
the SAFE project area the pig-tailed macaque and
western tarsier were known to be abundant (ca. 15
individuals/km®), but all other primate species were
rare (Johns 1992, Heydon 1998). Our data add to
these and other observations made on the primate
community in disturbed and undisturbed forest
elsewhere in central Sabah (Davis & Payne 1982),
and indicate that the primate community in this

region may generally exist at low densities.
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Table 2. Details of the frequency of detections (via direct and indirect observations) of nine species of non-human primates at 10 different
sites in and around the Stability of Altered Forest Ecosystems (SAFE) in central Sabah, Malaysian Borneo. Site A-F (Heavily logged forest),
OG & VIR (Old growth forest), LF (Logged forest), OP (Oil palm plantation). Number in parenthesis indicates total primate species detected

at the respective sampling sites.

Habitat type OG LF HLF OP
Primate Species/Sampling site  OG  VJR LF A B C D E F OP  Total
Pongo pygmaeus 0 5 13 16 21 24 15 39 19 1 153
Hylobates muelleri 14 6 13 2 3 0 7 9 3 0 57
Macaca nemesterina 1 0 0 0 2 10 0 1 0 1 15
Tarsius bancanus 2 1 0 2 0 0 1 5 0 0 1"
Presbytis rubicunda 2 1 0 1 0 0 1 2 1 0 8
Nycticebus menagensis 0 0 0 1 0 1 0 3 2 0 7
Macaca fascicularis 2 1 0 0 1 0 1 0 1 0 6
Nasalis larvatus 0 0 0 0 0 0 0 0 1 0 1
Presbytis hosei 1 0 0 0 0 0 0 0 0 0 1
Total 22(6) 14(5) 26(2) 22(5) 27(4) 35(3) 25(5) 59(6) 27(6) 2(2) 259
No. of visits 6 6 9 1" 11 11 12 12 9 9
Table 3. Detailed outputs of non-human primate occupancy analysis using “habitat” as covariate.
Model AlC Delta AIC  AIC Wgt Lik'\g‘l’igg'o g No.Par -2Log Like
psi(.),p(habitat) 263.94 0.00 0.4562  1.0000 5 253.94
psi(habitat),p(habitat) ~ 264.91 0.97 0.2809  0.6157 8 248.91
psi(habitat),p(.) 265.99 2.05 0.1637  0.3588 5 255.99
psi(.),p(.) 266.99 3.05 0.0993 0.2176 2 262.99
Table 4. Detailed outputs of non-human primate occupancy analysis using body size as covariate.
Model AlC Delta AIC  AIC Wgt Li:"eﬁﬂg'o g No.Par -2Log Like
psi(.),p(size) 259.14 0.00 0.8626  1.0000 4 251.14
psi(size),p(size) 263.12 3.98 0.1179 0.1367 6 251.12
psi(.),p(.) 266.99 7.85 0.0170  0.0197 2 262.99
psi(size),p(.) 270.87 1173 0.0024  0.0028 4 262.87
Table 5. Detailed outputs of non-human primate occupancy analysis using feeding habits as covariate.
Model AIC Delta AIC  AIC Wgt uﬁlﬂﬂﬁ'o 4 No.Par -2"Log Like
psi(.),p(diet) 246.73 0.00 0.8176  1.000 5 236.73
psi(diet),p(diet) 249.75 3.02 0.1806 0.2209 8 233.75
psi(diet),p(.) 258.97 12.24 0.0018 0.0022 5 248.97
psi(.),p(.) 266.99 20.26 0.000  0.0000 2 262.99
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Despite consisting mainly of disturbed and
converted habitats, the present study have confirmed
the existence of nine, of the total 10 primate species
found in Sabah, in the surveyed areas. The most
frequently and most widespread species detected
detected based on direct and indirect observations
were orangutan and Bornean gibbon. The orangutan
was even encountered in the oil palm plantation
near a riverine forest, though the species is unlikely
to be a permanent resident in the plantation area. As
a species which is non-territorial, the orangutan is
known to move great distance and it is known to be
resilient to habitat disturbance (John 1985, Davies
& Payne 1982, Ancrenaz et al 2010, Meijaard et al
2010). By contrast, the Bornean gibbon occupies
exclusive home ranges and do not move at all from
their former territories (Davies & Payne 1982,
Hezebroek et al. 2012). The resilience of Bornean
gibbon to habitat disturbance in the present study
was therefore unexpected. The only primate
species that was not detected was the silvered
langur (Trachypithecus cristatus), a species mainly
associated with coastal, riverine and swamp forest
(Payne et al. 1985). Since these forest types are not
typical habitats in the inland areas of Sabah, the
absence of the silvered langur from the surveyed
areas was not unexpected. The proboscis monkey,
which share comparable habitats to that of silvered
langur, was detected only once. Most observations
of this species have been made in areas located less
than 50 km away from the coast, but the species
is also reported to be found much further inland,
sometimes up to 750 km inland (Meijaard &
Nijman, 2000; Sha et al., 2008). Proboscis monkeys
are occasionally sighted in non-typical habitats of
this monkey such as in hill forest and 'kerengas' or

heath forest, but it is believed that the species is not

resident in these forests, including the extensive hill
dipterocarp forest throughout most of inland Borneo
(Bennett & Sebastian 1988). Finally, The grey leaf
monkey was also detected only once. This species
was estimated to number on average 1.3 groups/
km square in pristine habitats in lowland forest in
Sabah (below 500 m elevations), but no estimate
is available in disturbed habitats (Davies & Payne,
1982). Johns & Skorupa (1987) suggested that the
grey-leaf monkey is highly negatively affected by
habitat disturbance and may therefore exist at low
densities in such habitat.

Based on our preliminary data analysis, there is
no evidence to indicate that the primate community
is affected differently by habitat disturbance and
conversion, which is rather unusual. The lack in
such evidence is not known with certainty, though it
is possible that this could be due to the artifact of the
small data set in this study. Hence, further studies
are necessary. Nevertheless, it is interesting to note
that the heavily logged forest sites within the SAFE
project area have recorded the highest number of
primate species (8 species). Among the eight species
of primates recorded here, three species are mainly
leaf-eaters (leaf monkeys and proboscis monkey),
three other species are mainly frugivorous though
leaves also included as part of their diet (orangutan
and macaques), while two species are insectivorous
(western tarsier and slow loris). In terms of body
size, the eight primate species varied from the
heaviest > 50 kg (orangutan) to the lightest ca. 0.08
kg (western tarsier) (Payne et al., 1985). Thus, it
seems that almost the full spectrum of life history
characters present in the regional species pool are
retained in these heavily logged forest.

The higher number of primate species detected

within the SAFE project sampling sites classified
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here as heavily logged forest, could be due to the
effect of larger areal size surveyed at this area as
opposed to the other sites. In general, studies at
Danum Valley indicate that although some primate
species are more affected than others, most primate
species will be negatively affected by habitat
disturbance in the long run (Johns, 1992). Two
factors i.e., body size and the degree of frugivory,
have been shown to affect survival ability of
primates in moderately disturbed forest with smaller
species and species less dependent on fruit as food
sources surviving better (Johns & Skorupa, 1987).
However, there is no evidence from the present
study indicating differential effects of habitat
disturbance in relation to body size and feeding
habit of primate species.

The degree to which habitat disturbance will
affect primate community will be related in some
way to the severity of the disturbance. It may be
logical to predict that repeated logging before full
regeneration has taken place is likely to cause
permanent species loss. But the fact that even in
highly degraded forest, such as the SAFE project
area, where a relatively high number of primate
species are found is an indication that our knowledge
on how wildlife response to habitat disturbance is
still unsatisfactory. While more studies are required
to clarify the processes and factors influencing
vertebrate species persistence in heavily degraded
forests, the implication of the findings of the present
study is clear - that heavily degraded forests are still
valuable for primate conservation including many
species that are of conservation concern. Though not
equivalent to areas of undisturbed forest, but given
that the areal coverage of disturbed habitat in Sabah
is increasing each year and undisturbed habitat is

undergoing corresponding decreases, the role of
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disturbed habitat for biodiversity conservation in

general should not be ignored.
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Identification and conservation of critical habitat for sea turtles in Peru
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Luciana Klinge' and Carlos Kouri'

During the year we received funding from Pro Natura Foundation Japan we conducted three field surveys;
two to El Nuro and one to Mangares de Tumbes. At El Nuro, we captured 62 green sea turtles and reported
recaptures from previous session. At Manglares de Tumbes, visual counts resulted in observation of 67
breathing sea turtles. Species identification was not possible but we suspect three species of sea turtles,
green, hawksbill and olive ridley sea turtles, could be present. The data collected in both sites

suggest El Nuro is a resident area for development and feeding of the green sea turtle and that Manglares
de Tumbes exhibits great potential to establish a mark-recapture program. We will continue the surveys
in both areas but for Manglares de Tumbes, the sampling method needs to be determined to maximize the

capture rate.

JUSTIFICATION AND CONSERVATION
RELEVANCE
The marine habitats of Peru hold aggregations of sea
turtles recruiting from different places throughout
the Pacific Ocean basin. Five species of sea turtles
have been identified in Peruvian waters but most
of the records are the result of observations of
stranded animals, abandoned carapaces and turtles
incidentally capture during fisheries. This evidences
that although sea turtles are relatively common
we lack information about their biology, ecology,
distribution and occupancy in marine habitats off
Peru. Moreover, there are only three identified
foraging habitats for green turtles Chelonia mydas
in Peru (Paracas, Sechura, Lobos de Tierra) and
only one of these sites (i.e. Paracas) is being
continuously monitored. Limited research in the

other sites has resulted in isolated and incomplete

pieces of information.

Last year we identified an aggregation of green
sea turtles in coastal areas of the fishing village
El Nuro, in Piura, Peru. In this place we started a
long-term in-water project that will provide critical
demographic parameters like survival, somatic
growth, and population structure as well as residency
periods, migration and habitat use. These parameters
are critical information not only to understand
the ecology of the species but also for accurate
population assessments and adequately management
plans in the region. Currently, this information is
lacking from most sea turtle populations as it is the
case for the East Pacific green sea turtle and the East
Pacific hawksbill turtle. Furthermore, since by-catch
is one of the most important threats that sea turtles
face in coastal waters of Peru it is highly necessary

to obtain information on sea turtles habitat use,

1: ecOceanica , Peru 2: University of Puerto Rico , USA
Received December 21 2012, Published August 4 2014
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migratory behavior and distribution to suggest
mitigation alternatives (e.g. spatial or temporal
closure areas, gear modifications, or marine
protected areas) particularly for species like green
and hawksbill sea turtle Eretmochelys imbricata,
whose foraging grounds in neritic areas generally
overlap with coastal gillnet fisheries.

In El Nuro, a Marine Protected Area (MPA) is
being proposed by SERNANP (National Service
of Natural Protected Areas) and ecOceanica is
collaborating with them in their sea turtle program.
Our research will help SERNANP to manage sea
turtles not only in El Nuro but at the national level.
One of the three areas included in this project;
Lobos de Tierra Island has been recently designated
as a protected area in the National Reserve category
but their zoning is still missing and it is important
to point out that in Peru a National Reserve allows
economic activities inside the area. In Lobos de
Tierra, a high density of turtles has been observed
(Garcia-Godos et al. 2008,Y. Hooker personal
communication) but the extension of the feeding
areas and population structure of the aggregation
are unknown. Therefore, it is critical to identify the
sea turtle hotspot so it is properly zoned inside the
MPA and as a consequence important habitat for
sea turtles can be protected. This reality also applies
to El Nuro and the protected area of Manglares de
Tumbes.

In Manglares de Tumbes, the East Pacific
hawksbill sea turtle, a very rare species with low
population numbers, has been reported migrating
from nesting sites in Ecuador (Equilibrio Azul
unpublished data). This species is currently the
focus of regional conservation efforts given their
critical conservation status. A regional network

called ICAPO was created two years ago and
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soon ecOcednica became a member to collaborate
regionally for the conservation of the hawksbill sea
turtle in the eastern Pacific.

We will continue monitoring the foraging
aggregations previously identified (i.e. E1 Nuro),
will re-launch the monitoring programs in areas
where research have been discontinued (i.e. Lobos
de Tierra Island), and will explore one potential
new area (i.e. Manglares de Tumbes) that juvenile
green and hawksbill sea turtles could be using based
on anecdotic information. To properly conserve
endangered species and their habitats we will
combine in water research with an environmental
awareness campaign to promote behavior change
and spread marine and coastal conservation

awareness among local communities.

Objectives

1. To identify and contribute to the protection
of new critical habitats for juveniles green and
hawksbill sea turtles in the north of Peru,

2. To obtain important sea turtle biological and
ecological parameters that are highly necessary for a
proper management of these species,

3. To evaluate the population occurring at each site,
4. To generate and provide technical information to
support and strengthen on-going zoning proposal of
marine protected areas,

5. To sensitize local communities about environ-
mental problems and the impacts of human’s

activities with emphasis on sea turtles.

METHODOLOGY
In-water surveys and population evaluation
We conducted an in-water survey at El Nuro
(4.2130°S, 81.1713°S) in November of 2011 and

July 2012. We used an entanglement net to capture



sea turtles as well as snorkelers to maintain the
safety of the turtles that got entangle. The net we
used was 1.6 meters high and 60 meters long. The
survey was conducted during 5 days and each day
the net was thrown once or twice. Each survey day
we recorded the time the net was in the water, seca
surface temperature (when possible), geographic
position, and number of turtle captures. In addition
to using the net we also captured turtles using
rodeo by attracting turtles to the boat using bait and
jumping over to grab them by the carapace.

Turtles captured during in-water surveys were
brought on-board for evaluation. We collected
morphometric data [i.e. length, width, weight, tail
length (as a proxy to estimate gender in adults)],
evaluated body condition, and collected skin
samples (for future genetic and stable isotope
analysis). All turtles were marked with external
flipper tags to account for re-captures and monitor

residency in the area as well as growth rates.

Presence of epibionts, tumors, injuries or
any other relevant information (marks of fishing
gear interactions) was recorded. All turtles were
photographed to create a digital database for unique
individual characteristics that will help in case of

tag loss during future surveys.

Visual counts

We conducted visual counts of turtles breathing in
Manglares de Tumbes in July 2012 (Fig. 1). We
established transects of different lengths following
the geography of the estuary and determined count
points every 0.5 nautical miles. We used an off-
board motor boat for the counts. Each count was
for 10 minutes and included a minimum of four
observers covering the entire perimeter using the

boat as central point.

Population evaluation

We calculated catch per unit effort (CPUE) in two
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Fig. 1 Visual counts of turtles at Manglares de Tumbes. Circles indicate whether turtles were spotted (red) or not (black). Size of red circles
indicates frequency of turtles observed. Circles over land indicate small channels in the Estuary that are not shown in the shape file.
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ways: as the number of turtles captured per effort
in time units (hours) and also as the number of
turtles captures per effort in time and net area units
(hours-m®). The turtles captured with rodeo were
not included in the analysis of CPUE. We calculated
residency time as the period of time between the
first capture of an individual and the last time it was
captured.

All the analysis were conducted using Excel and
the program R. The population evaluation allowed
us to identify the life stages of turtles inhabiting
the area as well as the species abundances, gender
rates and turtle body condition. All tagged animals
recaptured will contribute to understand these

populations' life cycle.

TO IDENTIFY AND CONTRIBUTE TO
THE PROTECTION OF NEW CRITICAL
HABITATS FOR JUVENILES GREEN AND
HAWKSBILL SEA TURTLES IN THE NORTH
OF PERU

In-water surveys

We conducted two in-water surveys at El Nuro
and one visual survey at Manglares de Tumbes.
At El Nuro, the net was in the water in the area of
El Nuro a total of 24.17 hours (November) and 20
hours (July), which represents our capture effort. In
November, a total of 34 turtles were captured, 22 of
them were first time captures and 12 was a recapture
within the season (nine on previous session, three
during the session). In July, six turtles were captured
by rodeo (one first time, five recaptures including
one recapture during the session) and 27 by netting.
Of the 27 turtles, 23 were first time captures, three
were recaptures previous sessions and one un-
identified and released from net due to overload.

Analyses of CPUE are based on 34 (November) and
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27 (July) green sea turtles. The CPUE of the entire
survey was 1.4 turtles per hour (November) and
1.35 turtles per hour (July). During the November
session, the sea surface temperature (SST) during
the surveys ranged between 21 °C to 22 °C. During
July, mean SST was 22.2 °C(£0.74, max=24.3,
min=20.1).

Population evaluation

All sea turtles captured were identified as green
turtles. For both sessions combined (November=31
turtles, July=31 turtles), the mean Curve Carapace
Length from notch to tip (CCL n-t) was 75.68 £11
cm, mean Straight Carapace Length from notch to
tip (SCL n-t) was 71.19 £10.03 cm and the mean
weight was 55.54 +£20.42 kg. For details of each
session see Table 1. When comparing the sizes
of the turtles in this aggregation with the adult
females nesting in the closest main rookery (CCL

n-t 86.7cm, Galapagos Islands, Zarate et al. 2003)

Table 1a Measurements of body size and weight of all 31 turtles

captured in November 2011. SD is standard deviation.

Body )

metrics mean min max +SD
CCLn-t

(cm) 77.30 54.30 94.00 8.92
SCL n-t

(cm) 73.08 51.00 88.70 8.44

Weight
_(L 60.87

Table 1b  Measurements of body size and weight of all turtles
captured in July 2012. SD is standard deviation. Weight is reported
only for 26 turtles.

Body .

metrics mean min max +SD
CCLn-t

(cm) 73.92 54.90 107.00 12.65
SCL n-t

(cm) 69.53 52.30 95.50 11.32
Weight

(cmgJ 48.60 23.00 95.00 21.98
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Fig. 2 Histogram of turtle sizes in cm.

most of the turtles from El Nuro (Fig. 2) should be
considered non- adults. However, 56 out of the 62
turtles (90 %) fall between the minimum size (CCL
n-t 60.7) and the mean size recorded in Galapagos
so they can be considered sub-adults.

Green turtles in the coastal area of El Nuro, are
considerable larger than turtles reported as by-catch
in pelagic longline fisheries in Peru (mean CC Ln-t
54.4 cm, Kelez et al. 2010). This aggregation seems
to be formed by turtles that had already recruited to
neritic foraging areas probably after spending many
years in oceanic areas. At this point; however, we
cannot discard the possibility that these individuals
are still using oceanic areas. Stable isotope analysis
and future surveys will help us respond to that
question.

Four of the turtles clearly showed a long tail,
which is a secondary sexual characteristic for males
(Fig. 3). The average tail length was 27.97 cm
(min=20, max=37.4 SD+7.15). Males represented
less than 10% of the total captures during combined
sessions.

Two turtles were captured in Nov 2011 and

recaptured in July 2012. With them we calculated an
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Fig. 3 One of the individuals classified as male due to the long tail
that can be observed in this picture.

average residency time of 225 days or 7 months-12
days including the day of recapture.

The pictures of the turtle’s faces were uploaded
to our digital database. This database helps
identifying turtles in the case of tag lost as it has
been observed that face scales are individually
unique (Schofield et al. 2008, Jean et al. 2010). All
turtles presented epibionts in the carapace, plastron,

and/or face (Fig. 4)

Visual counts
We conducted 35 visual counts from July 10th
to July 12th at Manglares de Tumbes (Fig. 1). A
total of 48 turtles were spotted during 5.83 hours
of counts. In average we observed 8.23 turtles per
hour. Turtles were more commonly spotted closer
to the delta of the mangrove estuary. Turtles were
also spotted either right after a count was finished
or moving one from site to the next one. Nineteen
turtles were spotted off the visual survey. In total,
we observed 67 turtles.

Identification of species was impossible even
for turtles spotted multiple times during a visual

count and at short distances (i.e. 5 meters). Based



Fig. 4 Green turtle captured and recaptured in El Nuro. Due to tag loss, identification was done using pictures taken from face and using

scales as facial “fingerprint”.

on interviews made to fishermen we think that
three species of turtles are present in the area: green
sea turtle, hawksbill sea turtle and olive ridley
(Lepidochelys olivacea).

The area has great potential to conduct in-
water surveys. These, however, will need a different
methodological approach for capturing turtles.
From one hand, depth is very small and waters very
murky suggesting that rodeo and snorkeling will not
be good alternatives. Netting could be one approach
but with caution with rocks and logs going down
the river. Local fishermen use a technique called
“corral” for capturing fishes and report incidentally
capturing sea turtles. Our next survey will explore
this technique along with netting to decide the

effectiveness for capturing sea turtles.

TO GENERATE AND PROVIDE TECHNICAL
INFORMATION TO SUPPORT AND
STRENGTHEN ON-GOING ZONING
PROPOSAL OF MARINE PROTECTED
AREAS
We presented preliminary results from El Nuro in

Congreso de Ciencias del Mar del Peru (Peruvian
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Congress of Marine Sciences, CONCIMAR, http://
concimarperu2012.com/) in June 2012 (Fig. 5).

Shaleyla Kelez, President of ecOceénica offered
a talk for undergraduate students at Universidad
Nacional de Piura. She presented results from our
on-going marc-recapture program at El1 Nuro and
offered opportunities to develop research studies as
part of thesis dissertations to young biologist (Fig.
6).

TO SENSITIZE LOCAL COMMUNITIES
ABOUT ENVIRONMENTAL PROBLEMS AND
THE IMPACTS OF HUMAN’S ACTIVITIES
WITH EMPHASIS ON SEA TURTLES

Local organizations involvement

Local fishermen were invited to participate as
assistants during the in-water surveys and we rented
a fishermen boat and entanglement net to benefit the
local community and to demonstrate the positive
impact that sea turtles can have in their economies.
All field assistants and participants were given a
brief explanation of the capture methodology and
how to handle the turtles. They were also taught

how to collect and record all research data.



Fig. 5 Dagnia Nolasco, Biologist and research staff of ecOceanica
presents preliminary results of our work with sea turtles at
CONCIMAR.

Fig. 6 Shaleyla Kelez, researcher of ecOcednica talks about turtles
to undergraduate students at Universidad Nacional de Piura.

Fig. 7 Different activities were conducted at Manglares de Tumbes: visual surveys, Interviews with fishermen and a workshop with park

rangers.

Environmental awareness

During November 2010 we offered talks in three
schools in nearby towns. We visited the private
school “Casuarina College” in Mancora (30 km
north of El Nuro) and offered a class to kids from
elementary grades. At the school “Ramon Castilla”

in Los Organos (10 km north of El Nuro) we offered
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talks to all classes in middle and high school grades.
We offered talks to all grades at the local school at
El Nuro and we gave a talk to high school classes
at the school in Lobitos (50 km south of El Nuro).
We conducted field trips to the kids from the school
in Mancora and El Nuro to visit the pier of El Nuro

to participate of our work and observe sea turtles



Fig. 8 Interpretive center at El Nuro landing pier. Panoramic view of the center showing the pictures (top) and infographic (bottom left).
Researchers from ecOcednica, local teenagers and collaborators worked with us (bottom right) for a week to have this room ready before the

high season of visitors to northern Peru.

in the natural environment. Finally, we offered a
movie night to the kids and parents of El Nuro as
part of our activities to connect the local community
with the sea turtles and to create awareness for their

marine environment (Fig. 7).

Artistic work

During the field trip to El Nuro, in July 2012, we
invited Brazilian artist Flavio Caporali to paint a
mural on the biggest wall on the fishermen landing
pier. This trip was covered partially with funds from
Pro Natura and an education and outreach grant
from State of the World of Sea Turtles (SWOT,
www.seaturtlestatus.org) and the logistic support
of the pier administration (Sr. Rafael Morales.
Previously, we contacted Flavio who was handed
pictures of turtles and other marine creatures
common to the submerged habitats of El Nuro to
be painted in the mural. During four days, Flavio
draw and painted a wall of approximately 12m by

3m. In the process, children from the local school
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participated painting small fishes. Members of the

research team participated as well.

Establishment of Interpretive Center

During the field survey of July 2012 we also used
our time to put together a small interpretive center
for the sea turtles of El Nuro (Fig. 8). The center
presents carapaces of two species of sea turtles along
with information for its identification. Pictures of
sea turtles and marine creatures observed in the area
are posted in several of the walls. An infographic
is centered-place in the main wall of the center. It
presents general information about sea turtles and
specific information about the turtles from El Nuro.
This infographic was designed by Agencia ISIL, our
partner in design, and using technical information
collected during our surveys. The purpose of this
center is to provide information to local visitors
before reaching the area where turtles can be easily

spotted.



MEDIA OUTREACH
Realizing how important is to work with media
to spread conservation messages to a broader
audience, we published pictures and daily
experiences in our Facebook page that currently
has nearly 3000 followers. A selection of nearly
90 pictures of “El Nuro Project” is posted in our
non-profit Facebook profile explaining the project
objectives, activities, and collaborators. The open
access link to it is: http://www.facebook.com/album.
php?aid=229681&id=205416731144.

The field work of November 2011 was covered
by an article of the Peruvian magazine SOMOS
(Supplement of national newsletter EI Comercio).
The article was published in January 2012 (http://
snipurl.com/22bkyi9) and got coverage in other
portals (i.e. http://snipurl.com/23mhb3k, http://
www.soloparaviajeros.pe/edicion148/viajeros.htm).

The field work of July 2012 was covered in
our webpage with two blogs (in Spanish) about
the mural (http://snipurl.com/25vyzri) and the
interpretive center (http:/snipurl.com/25vyzx9). We
putted together a video of the mural and posted in

youtube (http://youtu.be/T6IP_OYqkjo).

CONCLUSIONS
1. El Nuro is an important area for the aggregation
of green sea turtles, particularly sub-adults and
adults.
2. We had a constant capture per unit of effort with
an average of 1.38 turtles per hour.
3. Two recaptures from these sessions gave us a
residency time of 225 days.
4. While netting is our main in-water technique to
capture turtles, rodeo around the boat has resulted
in an alternate way to increase the number of turtles

studied
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5. Visual counts at Manglares de Tumbes suggest
this area as a good area to conduct mark-recapture
studies with turtles including the Critically
Endangered and very rare East Pacific hawksbill
turtle.

6. The in-water survey technique to sample turtles at
Manglares will be tested in our next field trip.

7. Many educational and outreach activities were
conducted including movie nights, field trips for
school classes, painting a mural and the creation of
the interpretive center.

8. We will continue our research and conservation
activities at El Nuro and will expand our activities

to include Manglares de Tumbes.
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Habitat preferences, spatial distribution and diversity of bryophytes in

tropical montane cloud forest of Peninsular Malaysia

YONG, Kien-Thai

ABSTRACT
A total of 220 bryophyte species were collected from the study plots laid in two hill stations in Peninsular Malaysia.

This comprises of 132 liverworts, 87 mosses and 1 hornwort species. Among these, a total of 175 bryophytes pecies

were collected from the tree trunks, and 102 bryophyte species were recorded on various substrate found on forest

floor. The largest families that encountered in present study are Lejeuneaceae, Lepidoziaceae, Sematophyllaceae,

Plagiochilaceae and Calymperaceae. Members of above families are very well represented in the study area in terms

of its species diversity as well as its abundance. Variations among the dominant species over the different study

plots are provided here. Habitat preferences of different bryophyte species were accessed. In brief, nearly one third

of the epiphytic species were also colonizing the forest ground and one third of the ground bryophyte species were

collected from at least two different types of ground substrate.

INTRODUCTION
Tropical montane cloud forest is claimed to be
one of the world’s most threatened ecosystems
(Bubb et al. 2004). In this ecosystem, bryophytes
always present in bulk and very rich in diversity.
They are found covering the tree trunks, branches
and crowns, as well as forming thick carpet on the
forest floor. However, due to the rugged and steep
montane topography, research activities in this
fragile ecosystem are not as intensive as in lowland
forest. As comparison, in South East Asia, 74%
of the biodiversity studies were conducted in the
lowland forest in the past two decades, meanwhile
only 5% were in the montane cloud forest regions
(Kelvin Peh et al. 2011). Cloud forests in the
South East Asian region are being destroyed at an

alarming rate, viz., 23% faster than their lowland

counterparts (Waggener and Lane 1997). For
the case in Malaysia, the cloud forests originally
spanned around 2.7 million ha, but today over 23
% have been lost or degraded due to anthropogenic
factors (Sodhi and Brook 2006). In addition to
this, montane cloud forest which ecologically is
a “biological island”, is vulnerable to the rise of
global temperature. Many of its thermal specialists
and local endemics will extinct in near future if lack
of a proper mitigation strategy. Outside of mainland
Asia, related study has only been conducted in
Borneo (Frahm 1990), Zaire (Frahm 1994), and
several places in neotropics (e.g., Reenen and
Gradstein 1983; Parolly and Kiirschner 2004; Holz
2006). However, the knowledge of the bryophyte
diversity and its ecology on a montane cloud forest

is very incomplete in the South East Asian region.
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Hence, this project is formulated to better
understand the diversity and ecology of the plant
species, with special emphasis on the bryophyte
species that inhabit in the montane cloud forest of
Peninsular Malaysia. Two hill stations neighbouring
to Kuala Lumpur, viz., Fraser’s Hill and Genting
Highland were investigated (Fig. 1). Both the
studied area have their highest peak attains or over
1500 m above sea level (Pine Tree Hill in 1505 m
at Fraser’s Hill, and Mount Ulu Kali in 1772 m
at Genting Highland). In Fraser’s Hill, the cloud
forests often occur at elevation above 1100 m,
but usually present at a slightly higher elevation
in Genting Highland, from 1300 m and above.
Although both Fraser’s Hill and Genting Highland
have been actively developed for tourism activities,
however, the forest coverage is still extensive and
housed a number of endemic and rare plant species

(Kiew 1998; Latiff et al. 2009; Stone 1981).

OBJECTIVE
The present study aims mainly to:
1) document the bryophyte diversity that present
in the two montane cloud forests in Peninsular
Malaysia, viz., Fraser’s Hill and Genting
Highland (Fig. 1).
2) study the abundance and habitat specificity of
bryophytes that found within above two named

montane cloud forests.

METHODOLOGY
Fieldworks were conducted to sample the bryophyte
species that found in the montane cloud forest.
Along with these, the research is targeted to
disclose the explanatory variables that influence
the abundance, composition and diversity of the

bryophyte species found in the montane cloud
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Fig. 1 Map of Peninsular Malaysia showing the location of Fraser’s
Hill and Genting Highland.

forest. On the other hand, the spatial distribution,
correlation between habitat and species diversity
were further investigate.

Two study plots measuring 20 m x 20 m (0.04
ha) were laid in the pristine montane forest at each
study site. Bryophytes found on the tree trunk and
the forest ground were sampled using quadrate
sized 30 cm x 20 cm for those found epiphytic
on tree trunks, while quadrate sized 50 cm x 50
cm for forest ground vegetation. A total of 15
mature trees, with dbh above 15 m, were randomly
selected for sampling of the epiphytic bryophytes.
Four quadrates were placed on the tree trunk, at
each cardinal direction, viz., north, east, south and
west, within the zone from the very base of the
tree to 2 metres above ground. Meanwhile for the

ground vegetation, referring to those found on non-
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epiphytic microhabitats, such as rotten logs, rocks
and soil, 12 quadrates were randomly laid within
the 20 m x 20 m study plot. The coverage of each
bryophyte species within the sampling quadrate and
the type of substrate were recorded. Life form of
bryophytes, e.g., mats, pendants, dendroids, turfs,
etc., will classified according to Mégdefrau (1982).
A small amount of every bryophyte species that
present in the quadrate were collected for further
identification in the herbarium, by referring to the
recent taxonomic treatments and local flora (e.g.,
Eddy 1998, 1990, 1996; Furuki 1994, 1996a, 1996b,
1998; Gradstein, 2011). All the voucher materials
were deposited in the herbarium of the University of
Malaya (KLU), Malaysia.

The environmental information of each study
plot, such as temperature and relative humidity, were
recorded. These information will further analyzed
and correlated with the habitat specificity of the
bryophytes within every study plot. The bryophyte
community structure and composition on tree and
ground habitats will be analyzed using the following
parameters (Tng et al. 2009): i) ratio of liverwort to
moss species; ii) per site species richness; iii) per
site coverage of every liverwort and moss species;
and iv) the specificity of species to its substrate.

Species rank/abundance curves were generated
to illustrate the distributional pattern of species
richness and species evenness that observed in
each study plots. The most abundant species, or the
species that forming the largest patches (with largest
surface area) in the study plot is given the rank of
1 (Whittaker 1965). Species of relatively small
abundance, of smaller coverage, were ranked in
consecutive order, till the least abundant. Then the
information were plotted on the chart and were joint

by line. The length of the line reflects the species

richness of the study plot and the slope of the line

reflects the community evenness.

RESULT

Physical feature of the study sites

Study plot A (03°43'11.8”"N 101°44'21.6"E) and
B (03°42'35.2"N 101°43'02.9"E) are located
in Fraser’s Hill, at elevation 1150 m and 1367
m respectively. Meanwhile, study plot C
(03°24'53.6"N 101°47'18.9"E) and D (03°24'55.1"N
101°4720.5"E) are located in Genting Highland, at
elevation 1548 m and 1550 m respectively. All the
four plots were established in old growth montane
cloud forest, where the maximum tree height is less
than 30 m.

Data loggers were used to capture the climatic
information of the study site. A total of three data
loggers were installed in each hill station, viz.,
Fraser’s Hill and Genting Highland. A data logger
was stationed at each study plot and an additional
unit at a location in between the two study plots of
the same highland station, which functions as the
control for the recording process. Unfortunately, the
data loggers that stationed within the study plots
were either stolen or damaged by natural causes
like heavy rainfall, tree fell and wildlife. Hence,
the climate information that available was retrieved
from the third unit, which initially was the control
unit that placed in both highland stations. Climatic
information for a period of about six months were
presented here, while the data loggers are still
stationed in the field until end of year 2013, in order
to capture a complete circle of a year’s climatic
changes.

Temperature recorded for Fraser’s Hill at
elevation about 1250 m ranged from 15.3-26.2 °C,

with average temperature 19.6 °C over a period
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Temperature (°C)

of six months (Fig. 2A). The relative humidity
recorded varies from 76.8-100%, with average
reading 99.7 % over the six month (Fig. 2A).
Meanwhile in Genting Highland, at elevation about
1500 m, temperature ranged from 14.5-24.3, with
average temperature 17.9 °C (Fig. 2B). The relative
humidity is within the range from 52.2-100 %, and
average 97.1 % over the recorded period (Fig. 2B).
In general, daily temperature fluctuated about
4-6 °C in both Fraser’s Hill and Genting Highland
(Fig. 2). Meanwhile, the relative humidity recorded
was consistently high for Fraser’s Hill, but often
fluctuating in Genting Highland (Fig. 2). A possible
explanation to this observation may relate to
the heavy anthropogenic activities in Genting
Highland, in relative to Fraser’s Hill. The summit
area of Genting Highland is heavily developed for
recreational purpose, where large track of forested
area have been converted into casino, theme park,
hotels and apartments. As the consequences,
the micro-climate of the higher elevational area
was modified, and in the long run it might affect
the biological diversity as well as the biological
processes that took place in the highland forest.

Trendlines were added into the climatic chart

100

Relative humidity {%)

10 |

Temperature
e Relative humiclity
= elincar (Temperature)
| ® ¢ o o Linear (Relative humidity)
0 +— ! -
5-0ct-12 5-Nov-12  5-Dec-12 S5-Jan-13  5-Feb-13 5-Mar-13  5-Apr-13  5-May-13

0

to illustrate the general change of climatic pattern
obtained over the period of six months (Fig. 2).
Although the relative humidity is more or less stable
and remained high for the two highland stations, but
a general increase of temperature over the period of
six months was detected in both Fraser’s Hill and
Genting Highland (Fig. 2). However, the climatic
data obtained here were actually begun from the end
of the year 2012, the raining season, until June 2013,
when is the transition of the monsoon period that
is usually dry and warm. A more sensible climatic
pattern could only be produce after considering the
climatic information of the second half of the year

2013.

Species diversity

A total of 220 bryophyte species were documented
in present study, comprises of 132 liverworts, 87
mosses and 1 hornwort species. Among these, a
total of 175 bryophyte species were collected from
the tree trunk, viz., epiphytic bryophytes, and 102
bryophyte species were sampled from various
substrates on forest ground, viz., ground bryophytes.
Of these, the epiphytic flora comprises of 110

liverworts and 65 mosses species, meanwhile the

Temperature (°C)

0

3-Nov-12 3-Dec-12 3-Jan-13 3-Feb-13  3-Mar-13 3-Apr-13 3-May-13

Fig. 2 The climatic information recorded during the study at two hill stations.—A, Fraser’s Hill; B, Genting Highland.
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Table 1 Diversity of the bryophyte species documented within the four study plots.—A, Bryophytes collected from tree trunk; B, Bryophytes

collected from the forest ground.

A) Bryophytes from tree trunk

Plot Total

Total coverage Relative Total bryophyte Total bryophyte Total bryophyte Shannon- Total Total
frequency (no. (cm?) coverage (%) species genera families Wiener index, liverwort moss
of specimens) H’ species species

A 179 17228.585 47.86 52 31 15 1.3968 25 27
B 311 17716.52 49.21 69 34 15 1.1381 49 20
c 428 19188 53.3 95 46 21 1.5547 62 33
D 546 22566 62.68 91 42 23 1.484 63 28
B) Bryophytes from the forest ground
Plot Total Total Relative Total Total Total Shannon-Wiener Total Total moss
frequency (no. coverage coverage (%) bryophyte bryophyte bryophyte index, H’ liverwort species
of specimens) (cm?) species genera families species
A 63 19986.25 66.62 32 22 16 1.1364 12 20
B 58 10738.7 35.8 27 14 10 1.1354 13 14
C 108 22950 76.5 42 23 15 1.3062 23 19
D 107 16762.5 55.88 47 25 17 1.3015 26 21
Note: where s = the number of species
Shannon-Wiener index, H' = — 35_, p; Inp; p; = the proportion of individuals

ground bryophyte flora is made of 51 liverworts, 50
mosses and a hornwort species.

The two study plots located in Genting Highland
(plot C and D) support a richer bryological flora, in
both epiphytic and ground brophytes, in relative to
the two study plots laid in Fraser’s Hill (plot A and
B). Richest epiphytic bryophyte diversity is reported
for plot C, then followed by plot D, B and lastly A
(Table 1A), as indicated by species diversity index,
viz., Shannon-Wiener Index (H”) (Table 1A), as well
as in the species rank/abundances curves (Fig. 3).
Meanwhile the total ground bryophyte diversity is
highest in plot D, followed by plot C, A and finally
B (Table 2B). Even though the H” index for plot C
is higher than plot D, however the difference is not
obvious (Table 2B).

The species rank/abundance curves (Fig. 3)
indicates that the different study plots from the
same hill station, A and B from Fraser’s Hill, or C
and D from Genting Highland are rather similar in
terms of their floristic structure and composition.
Nonetheless, the floristic structure and composition
of the plots from different hill stations, viz., Fraser’s
Hill and Genting Highland, are rather different (Fig.
2), despite the fact that all the study plots are in the

same type of forest formation with highly similar
climatic features (Fig. 2). In terms of the species
evenness, study plot C and D are more even than
study plot A and B, consistently for both epiphytic
and ground bryophyte flora (Fig. 3).

a) Bryophytes from the tree trunk

log10{percentage coverage)
1
|

100

Rank

b) Bryophytes from the forest ground

~ o

Site A

log10{percentage coverage)
1
1

Rank

Fig. 3 Species rank/abundance curves for bryophytes collected
from a) tree trunk, b) forest ground.
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Floristic composition and physical structure

In terms of the general floristic composition,
liverworts are more frequently sampled (in higher
density) and covered a bigger area (in higher
abundance) in plot B, C and D, as both epiphytic
and ground flora (Fig. 4). Interestingly, mosses are
relatively more frequently encountered and abundant
to the liverwort species, both on the ground as well
as on the tree trunk, only in plot A (Fig. 4). This
observation is corresponding well with the species
diversity that recorded in each study plots. There are
more liverwort in relative to moss species recorded
for plot B, C and D. Conversely, mosses are more
diverse than the liverworts in plot A (Table 1).

In plot B, C and D, the epiphytic flora is
dominated by the liverwort species. The ratio
of species diversity and density between the
liverworts and mosses are about 2:1 or more, for
those plots (Table 1). In conjunction to this, from
the perspective of total coverage, the liverwort to
moss ratio could reach as high as 3:1 as showed
in plot B (Fig. 4). Though the differences among
the ground liverworts and mosses, in terms of
their species diversity, frequency of being sampled
(density) as well as the area coverage (abundance),
are less distinctive if compare with their epiphytic
counterpart, but the liverworts are consistently more
dominant than the mosses on the forest ground in
plot B, C and D (Fig. 4).

In general, members of Lejeuncaceae,
Lepidoziaceae, Sematophyllaceae, Plagiochilaceae
and Calymperaceae are very well represented
among the epiphytic flora that reported for present
study (Table 2). Among these, members of
Plagiochilaceae are the most abundance, occupying
the largest surface area, even though its species

diversity is much lower than Lejeuneaceae,

a) Density
Ground bryophytes

a2

Epiphytic bryophytes

Moss = Liverwort

100%
90%
80%
70%
60%
50%
40%
105
- 146

0% A — o% -
A B c D A B c D

26

b) Abundance

Epiphytic bryophytes Ground bryophytes

l ‘l
0% I
40% -

13554
30% - 10247.46 30%

5156.25
20% o e o 6675
68125

10% 37164 10%
0% - R 0% L

A 3 c D A B c [}

Fig. 4 Representation of the epiphytic and ground bryophytes
according to their a) density, b) abundance, in four study plots. The
value of density, according to the frequency of being sampled, and
abundance, according to the total recorded coverage (in centimeter
square) are given in each regarding bar.

Lepidoziaceae and Sematophyllaceae. Nonetheless,
there are variations in terms of the species diversity
and family abundance over different study plots that
examined here. For instance, the Neckeraceae is the
second abundant family in plot A, but not found in
plot B and C, and only covering a relatively small
area in plot D. Another equally important example
is Family Lepidoziaceae, which is the second
diverse family reported here but not represented in
plot A (Table 2). On the aspect of the ground flora,
Sematophyllaceae, Lepidoziaceae, Lophocoleaceae,
Aneuraceae are the more important families,
which represented by higher species diversity and
abundance (Table 3). Likewise, the distribution of
species diversity and abundance are differing over
the different study plots. An obvious example is

Sematophyllaceae and Lepidoziaceae that are very
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Table 2. Family of the bryophytes collected on the tree trunks. The total coverage of each family is given in parenthesis (in centimeter

square).
Family Total Study Plot
A B C D

Lejeuneaceae 32(7832.13) 9(3102.38) 11(1390.75) 19 (1530) 18 (1761)
Lepidoziaceae 30 (9741.675) 21 (4680.675) 16 (2607) 14 (2403)
Sematophyllaceae 18 (6196.7) 2 (1470.48) 7 (857.22) 15 (1932) 10 (1905)
Plagiochilaceae 14 (19182.55) 8 (850.75) 2 (6492.8) 7 (5856) 10 (5964)
Calymperaceae 12 (8865.42) 4 (1220.76) 6 (1506.66) 10 (3486) 5(2631)
Lophocoleaceae 9(1391.3) 4(374) 2(0.3) 5(585) 5 (420)
Radulaceae 8 (4260.875) 2 (2025) 6 (351.875) 4 (1050) 5(819)
Dicranaceae 6 (2738.56) 5 (433.56) 4(705) 4(1587)
Neckeraceae 5(2493.16) 5(2258.16) 1(234)
Hypnaceae 5(1045.06) 5 (954.06) 1(90)
Thuidiaceae 4(2487.9) 4 (2487.9)
Fissidentaceae 4 (529.28) 3 (468.78) 1(46.5) 1(12)
Metzgeriaceae 3(816) 2 (630) 1(24) 2 (159)
Rhizogoniaceae 2 (4900.46) 1(872.46) 2 (573) 2 (3450)
Calypogeiaceae 2 (1122.5) 1(337.5) 2 (459) 2(321)
Adelanthaceae 2 (669.8125) 2 (395.8125) 1(6) 1(264)
Schistochilaceae 2 (539.406) 2 (289.406) 1(123) 1(123)
Pterobryaceae 2 (214) 1(12) 1(201)
Hookeriaceae 2 (132.82) 1(59.82) 1(72)
Frullaniaceae 2 (50) 1(1) 1(21) 2 (24)
Hypnodendraceae 2 (20) 2 (18)
Plagiotheciaceae 1(715) 1(690) 1(24)
Brachytheciaceae 1(625.5) 1(625.5)
Geocalycaceae 1(273) 1(60) 1(36) 1(174)
Trichocoleaceae 1(59) 1(45) 1(12)
Scapaniaceae 1(19) 1(18)
Balantiopsidaceae 1(10) 1(9)
Cephaloziellaceae 1(10) 1(9)
Daltoniceae 1(7) 1(6) |
Herbertaceae 1(7) 1(6) ‘

175 (76955.11) 52 (17229.59) 69 (17716.519) 95 (19188) 91 (22566) ‘

well represented in most of the plots but not present
in plot A. On the other hand, a number of families,
viz., Dendrocerotaceae, Fissidentaceae, Hypnaceae
and Thuidiaceae, are abundant in plot A, but are
either not found or poorly represented in the other
plots (Table 3).

By referring to the summary in fig. 4, is
interesting to note that 92 of the epiphytic bryophyte
species, viz., 52.57% of the total epiphytic species
documented in present study, has a very narrow
distribution or only collected from a particular
plot. In addition to this, some of these narrowly
distributed species are actually established well
in the regarding plot and occupying a relatively

large sampled area. For instance, Himantocladium

plumula and Pelekium velatum are two species that
are abundant in plot A but do not occurred in other
plots. Likewise, Bazzania densa occupied a large
area in plot B but not found in the other plots. Only
a small number of the epiphytic species, 5 out of the
175 epiphytic species that documented in present
study have successfully established in all the four
plots (Fig. 4). There are Acroporium diminutum,
Calymperes serratum, Drepanolejeunea ternatensis,
Metalejeunea cucullata and Radula javanica. Of
these, Calymperes serratum appeared in abundant in
all the four plots, while Acroporium diminutum and
Radula javanica have established pretty well in at
least 2 or 3 of the plots.

Comparatively, there are more epiphytic species,
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Table 3. Family of the bryophytes collected on the forest ground. The total coverage of each family is given in parenthesis (in centimeter

square).

Family Total Study Plot

B C D
Sematophyllaceae 14 (12143.75) 9(4181.25) 7 (4168.75) 9 (3768.75)
Lepidoziaceae 13 (16929.45) 7 (4456.45) 6 (5987.5) 10 (6462.5)
Lophocoleaceae 9 (7101.5) 1(12.5) 2(118.75) 7 (5200) 5 (1756.25)
Aneuraceae 9(4177.75)  3(2818.75)  1(1) 4 (1075) 3(275
Plagiochilaceae 7 (1392.5) 3(501) 1 (500) 3(387.5)
Hypnaceae 6 (7792.5) 5 (6664.5) 2(968.75)  1(156.25)
Hookeriaceae 5(2897.75) 3(1232.25) 1(75) 2 (1587.5)
Dicranaceae 5(1817.25) 3 (700) 5(775) 3(331.25)
Fissidentaceae 5(1488.5) 4 (1287.5) 1(200)
Thuidiaceae 4 (2356.25) 4 (2356.25)
Calymperaceae 3 (406) 1(1) 1(225) 2 (50) 2 (125)
Lejeuneaceae 3(128) 1(25) 2 (100)
Schistochilaceae 2 (114.5) 2 (112.5)
Geocalycaceae 1(3503) 1(906.25)  1(1925) 1(668.75)
Brachytheciaceae 1(1150) 1(1150)
Rhizogoniaceae 1(1133.25) 1(700) 1(431.25)
Dendrocerotaceae 1(1100) 1(1100)
Cephaloziaceae 1(1077) 1 (1050) 1(25)
Radulaceae 1(956.25) 1(956.25)
Marchantiaceae 1(912.5) 1(912.5)
Lophoziaceae 1(702) 1 (300) 1 (400)
Mniaceae 1(687.5) 1(687.5)
Pilotrichaceae 1(175) 1(175)
Metzgeriaceae 1 (100) 1(100)
Adelanthaceae 1(76) 1(75)
Daltoniaceae 1(76) 1(75)
Hypnodendraceae 1(51) 1(50)
Plagiotheciaceae 1(51) 1 (50)
Frullaniaceae 1(31.25) 1(31.25)
Pterobryaceae 1(26) 1(25)

102 (70553.45) 32 (19986.25) 27 (10738.7) 42 (22950)

47 (16762.5)

44.57% or 78 of them, are common to 2-3 study
plots (Fig. 4). Exactly half of them, 39 species, were
encountered in three different plots, while the other
half, another 39 species were collected from two
out of the four different plots (Fig. 4). Interesting to
note here, the two study plots in Fraser’s Hill (plot
A and B) house very different epiphytic flora. The
similarity index generated for these two plots is only
10%, is the lowest among the pairwise comparison
with all other plots (Table 4a). Meanwhile plot C
and D, both located in Genting Highland, share the
highest similarity, achieved 55%. Nonetheless, the
value indicates that there is still a large difference in
the epiphytic diversity, at least 45%, across all the
study plots (Table 4a).

A total of 71 out of 102, or 69.6% bryophyte
species that collected from the forest ground are
only known to one location (Fig. 5). Just like some
of the epiphytic species that with very narrow
distribution, a number of this ground bryophyte
species were established well and being abundant
in a particular plot but not in the other plots that
investigated in present study. Among these are,
Claopodium prionophyllum, Distichophyllum
tortile, Ectropothecium sp.1, Lobatiriccardia
coronopus, Megaceros flagellaris, Rhynchostegium
celebicum and Vesicularia reticulata in plot A,
meanwhile Kurzia gonyotricha in plot D. None of
the ground bryophyte species that is common to all

the four plots. Among the 15 species that are present
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Table 4. Pairwise comparison of bryophyte similarity in four different study plots. The similarity was assessed using Sorensen-Dice
coefficient.—A, epiphytic bryophyte; B, ground bryophyte. Similarity indexes are given in percentage and located at upper right diagonal of
the table, meanwhile the total species that is common to two regarding plots are given at the lower left diagonal of the table.

A) Epiphytic bryophytes

A B C D
A 52 10% 23.3% 26.8%
B 6 69 52.4% 55%
C 17 43 95 54.8%
D 19 44 51 91
B) Ground bryophytes
A B C D
A 32 0% 3.7% 1.2%
B 0 27 21.7% 24.3%
C 2 15 42 28.1%
D 1 18 25 47
Note:
Sorensen-Dice coefficient = LZ_ where, X and Y are number of species recorded in study plot | and II, respectively

X+Y Z is the number of species that present to both study plot I and Il

in 3 different plots, 14 of them are found in all three
plot B, C and D, except a species that is shared by
C, D and A (Fig. 5). A total of 16 ground bryophytes
are known to at least two different plots, either from
the same or different hill stations (Fig. 5). Plot C
and D are most similar in their ground bryophyte
flora, where the similarity index is as high as 28.1%
(Table 4b). Ground bryophytes that encountered
in plot A are very different from the other study
plots, and there is no overlap in ground flora for the
two study plots, viz., plot A and B, that located in
Fraser’s Hill (Table 4b). Nevertheless there is only
little similarity in terms of the ground flora across
all the study plots, where the difference is from

71.9% and more (Table 4b).

Habitat preferences
Epiphytic species are equally important in all the
four plots that investigated in this study, and are
much diverse than those occupying the ground
habitats (Fig. 6). In addition to this, many of the
epiphytic bryophytes that encountered in present
study were also found growing on the various
substrates on the forest ground (Fig. 6). 57 out of
the 175 epiphytic species were also collected from
the forest ground, on various substrates.
Bryophytes that encountered on forest ground
were actually collected from assortment of three
different substrates, viz., rock, soil and old rotten
log that lying on the ground. Among these, there is
no bryophyte collected from the rock in plot B, and

no bryophyte were encountered growing on soil in
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Fig. 7 Habitat preferences of bryophytes in four different plots (plot A-D). The number of species is given in each corresponding bar.
Epiphytic on tree trunk (E), rotten log on ground (L), rock (R) and soil (T).

plot A, although both type of substrates are present
in both the study plots (Fig. 7). A total of 36 out of
102 ground bryophyte species were present on at
least two different ground substrates, while another
36 species that only present on the forest ground

and have special preference on a particular substrate

type.

DISCUSSION
The total bryophyte richness, 220 species from
four 20 m x 20 m plots (total 0.16 ha), that reported
in present study is the highest among many other
similar studies that have been conducted in the
tropical area. In the Costa Rica Cloud Forest,
Gradstein et al. (2001) documented 190 bryophyte

species from a 4 ha study plot, whereas a later

study by Holtz et al. (2002) reported 206 species
from a forest that dominated by Quercus trees.
Benavides et al. (2006) recorded 84 species from
the Colombian Amazon, Wolf (1993) documented
58-135 bryophyte species from the Northern
Andes, Colombia, meanwhile Collares et al. (2010)
reported a total of 151 species, based on collections
from a secondary montane forest and a highland tree
plantation area in Colombia. The tropical montane
forest in Africa houses far lower bryophyte diversity,
where only about 38-44 species of bryophytes were
collected within the elevation of 1500-2300 m in
Mount Kahuzi, Zaire (Frahm 1994).

Nonetheless, the total diversity that reported
for present study is the combine result from two

different locations, and there are a good number
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of bryophyte species that were actually reported
from only one particular hill station but not both
(see Fig. 4 & 5). It strongly indicates that although
in a similar type of forest system with similar type
of climatic (see Fig. 1) and edaphic factors, both
hill stations are granitic in origin and situated on
the Titiwangsa Range, but the species composition
could be differ just because of the two locations
are geographically separated. It also indicates
that in order to conserve the rich species diversity
of the region, it should not be limited to the
establishment of a big reserve area, but should take
into consideration the possible of conserving many
geographically distant locations, or in another term,
many reserve areas.

Present finding corresponding well with
Gradstein & Culmsee (2010)’s opinion that the
liverworts is actually richer in diversity and
abundance, in relative to the mosses, in the
South East Asian montane forest. Similar kind
of observation has been reported by Reenen and
Gradstein (1983), and Gradstein et al. (2001) for
the tropical America, Pocs (1994) for tropical
Africa, and Beug and Miehe (1999) for Himalayan
region. Very often the liverworts were noted in
forming a thick carpet covering the forest ground,
and are much more pronounced on wet, windward
slopes than on the drier leeward slopes (Frahm
and Gradstein 1991). The mosses are known to be
more prominent or dominate over the liverworts in
the lower elevation forests (Gradstein & Culmsee,
2010).

Members of Lejeuneaceae, Lepidoziaceae and
Plagiochilaceae are the dominant epiphytic liverwort
families of montane forest (Enroth, 1990; Gradstein
etal. 2001; Holz et al. 2002; Gradstein and Culmsee
2010), which are also prevailing in the study plots

in Fraser’s Hill and Genting Highland. Is has been
suggested that these liverworts could be an effective
rain interceptor in the montane forest (Pocs, 1980).
In addition to this, the tiny creeping liverworts such
as Telaranea neesii, T. wallichiana and Zoopsis
lukiuensis are very abundant, particularly occupying
the forest ground of the study area. However a
rather different behavior was reported by Reenen
and Gradstein (1983) where these tiny creeping
liverworts are abundant as epiphytes in Colombian
montane forest, and are represented mostly by
members of different genera, viz., Cephalozia,
Arachniopsis and Calypogeia. Over the ground,
members of Aneuraceae and Lepidoziaceae are
usually prevailing, and in this aspect it is rather
similar to the tropical American forest (e.g.,
Gradstein et al. 2001).

Meanwhile for the mosses, members of
Sematophyllaceae are reported to be very diverse
and predominating both tree trunks and forest
ground in the studied area. However, there are other
moss families, such as Dicranaceae, Fissidentaceae,
and sometime Bryaceae that could be very rich and
diverse under the humid tropical montane forest
condition (Enroth 1990; Reenen and Gradstein,
1983; Gradstein and Culmsee 2010). Members of
Calymperaceae that are usually abundant in lower
elevation forest with its optimum in the lowland
forest (Gradstein and Culmsee 2010), is found to be
the second dominant moss family in present study.
This observation perhaps indicates that the species
that originated from a warmer temperature regime
might began to migrate into higher elevation forest
due to the possible regional warming or even global
warming. However, this assumption need to be
further ascertain by future study which would have

involved a larger scale of sampling that take into
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consideration about the changes of vegetation over a
span of time.

A richer and abundant epiphytic bryophyte flora
is expected for montane forest. It is known that
the epiphytic species contributing significantly to
the phytomass of the standing trees in the tropical
montane forest (Frahm 1990, 1994; Frahm and
Gradstein 1991; Pocs 1980). And present study
reported that 57/175, or about 32.6 % of the
epiphytic bryophytes were able to survive on
substrate found on the forest ground. Meanwhile
about the similar percentage, 35.3 %, or 36/102 of
the ground bryophytes are capable to thrive on at
least two different types of substrate that present on

the forest ground.
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Appendix L. Epiphytic bryophyte species in four montane cloud forest plots in Peninsular Malaysia. Frequency (fr) is given as count of

sample collected and coverage (cov) is in centimeter square.

Species Plot A Plot B Plot C Plot D
fr__cov  fr _cov  fr _cov  fr _cov

Hepaticae

Acrolejeunea sp.1 1 3

Acromastigum divaricatum 4 4 7 84

Acromastigum sp.1 1 3

Acroscyphella tjiwideiensis 2 9

Andrewsianthus bidens 118

Aphanolejeunea sp.1 1 1

Bazzania bilobata 107

Bazzania calcarata 1 15 3 150

Bazzania debilis 1 110 537 24 648

Bazzania densa 10 15589

Bazzania erosa 1 1

Bazzania horridula 1 1

Bazzania longicaulis 31095

Bazzania loricata 1 3 2 18

Bazzania manillana 112

Bazzania paradoxa 2 738 1 6

Bazzania pectinata 8 90

Bazzania serpentina 2 s 3 37!

Bazzania sp.1 1 6

Bazzania spiralis 1 18

Bazzania subtilis 1 1 4 108

Bazzania sumatrana 1 75

Bazzania tridens 17 15795 15 465 8 96

Bazzania uncigera 1 3

Bazzania vittata 14 615 13 537 11 711

Calypogeia arguta 112 1 6

Cephaloziella stephanii 2 9

Ceratolejeunea belangeriana 1 1

Cheilolejeunea ceylanica 2 60 4 @

Cheilolejeunea intertexta 1 1 9 639 3 102

Cheilolejeunea obtusifolia 3 132

Cheilolejeunea serpentina 1 3 3 261

Cheilolejeunea trifaria 1 12 222 6 126

Chiastocaulon dendroides 33 64908 23 2871 23 2862

Chiloscyphus ciliolatus 2 02 3 78 3 24

Chiloscyphus costatus 2 2

Chiloscyphus muricatus 2 22

Chiloscyphus schiffneri 3 18

Chiloscyphus sp.1 1 6

Cololejeunea grossepapillosa 2 2

Drepanolejeunea angustifolia 1 103 15 5 2

Drepanolejeunea ternatensis 1 1 9 9 3 21 14 75

Drepanolejeunea vesiculosa 2 2 2 9 4 39

Frullania apiculata 1 12

Frullania junghuhniana 1 12 2 11

Gottschea aligera 13 28003 9 123 12 123

Heteroscyphus argutus 1 1 2 126

Heteroscyphus coalitus 1 1 5 432 1 6

Heteroscyphus splendens 1 01 2 48 7 286

Heteroscyphus zollingeri 1 120

Kurzia lineariloba 7 75 17 192 12 11

Kurzia sp.1 1 1

Lejeunea anisophylla 4 27

Lejeunea cucullifiora 6 849

Lejeunea curviloba 1 1

Lejeunea dentata 5 495

Lejeunea eifrigii 1 6 10 168

Lejeunea exilis 5 30 14 90 1 3

Lejeunea micholitzii 8 1179.4 3 9%

Lejeunea pallide-virens 14 270

Lejeunea patersonii 1 9

Lejeunea punctiformis 1 1 10 51 1 24

Lejeunea sordida 1 3

Lejeunea tuberculosa 4 4 2 6 18 360

Lepidolejeunea bidentula 1 3 1 6

Lepidolejeunea integristipula 2 33

Lepidozia sp.1 1 1

Lopholejeunea ceylanica 2 54

Lopholejeunea eulopha 1 6

Lopholejeunea nigricans 8 708 4 21

Lopholejeunea subfusca 3 a2

Metalejeunea cucullata 1 1 15 138 13 240 17 9%

Metzgeria ciliata 4 510 2 2

Metzgeria consanguinea 1 120 1 3

Metzgeria lindbergii 8 156

Mnioloma stamatotonum 3 3375 10 447 16 315

Plagiochila bantamensis 2 84

Plagiochila bicornuta 1 1 7 153

Plagiochila blepharophora 1180 1 6

Plagiochila fusca 3 168

Plagiochila javanica 1 1 8 954 1360

Plagiochila junghuhniana 11875

Plagiochila korthalsiana 4 378

Plagiochila massalongoana 1 30 133

Plagiochila parvifolia 2 75

Plagiochila sciophila 2 639 1 3

Plagiochila singularis 2 2 7 18 21 864

Plagiochilion oppositum 2 2 11 1296 18 915

Psiloclada clandestina 4 39 7 255

Radula apiculata 6 7605 118

Radula campanigera 1375

Radula formosa 4 11888 3 54 1 24

Radula javanica 14 12645 5 5 14 90 12 333

Radula kin 2 2
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Radula retroflexa var. fauciloba 4 a3
Radula tabularis 4 1875 4 0 2 18
Radula yangii 1 1 3 78 1 12
Saccogynidium muricellum 1 60 4 36 5 174
Schistochila nymanii 1 9375

Syzygiella securifolia 15 39113 1 6 8 264
Syzygiella sp.1 2 46875

Telaranea major 1 3

Telaranea neesii 2 9 1 216
Telaranea papulosa 1 1

Telaranea wallichiana 1 15 159 3 210
Thysananthus spathulistipus 5 22425 136
Triandrophyllum heterophyllum 2 6
Trichocolea tomentella 3 45 2 12
Vitalianthus sp.1 1 3

Zoopsis liukiuensis 2 2 6 60 7 9
Musci

Acroporium convolutum 2 30

Acroporium diminutum 1 480 9882 4 30 15 1035
Acroporium downii 4704 1 a2 2 108
Acroporium joannis-winkleri 118
Acroporium lamprophyllum 3 1104 8 429 2
Acroporium rufum 1 3 4 90
Acroporium secundum 2 3024 5 210

Acroporium stramineum 1 24

Acroporium stramineum var. 5 192 3 @
hamulatum

Bryohumbertia subcomosa 1 26

Calymperes fasciculatum 3 150

Calymperes lonchophyllum 3 8892 5 174 8 300
Calymperes serratum 2 330 3 18246 9 1308 4 138
Calyptrochaeta remotifolia 1 6
Circulifolium exiguum 10 789.42

Circulifolium microdendron 3 4644

Claopodium prionophyllum 1 7674

Clastobryophilum bogoricum 1 6 2 1
Clastobryum sp.1 2 34

Dicranoloma braunii 4 8604 8 1188
Distichophyllum jungermannoides 2 n
Ectropotheciella distichophylla 1 240

Ectropothecium sp.1 5 417.84

Ectropothecium sp.2 1 864

Exostratum blumii 7 3675

Fissidens ceylonensis 1 180

Fissidens hollianus 8 28278 112
Fissidens leptopelma 1 6

Fissidens serratus 1 465

Himantocladium plumula 17 10482

Homaliodendron flabellatum 2 747 6 234
Hypnodendron dendroides 11
Hypnodendron sp.1 1 6
Isocladiella surcularis 3 690 2

Isopterygium albescens 1 2982

Isopterygium sp.1 1 180 1 9%

Leucobryum bowringii 9 17688 15 195 10 120
Leucobryum chlorophyliosum 12 300

Leucobryum javense 3 2526 7 150 16 189
Leucobryum sanctum 12 12078 4 60 6 90
Leucophanes octoblepharioides 10 43434

Lopidium struthiopteris 1 5982

Mitthyridium flavum 2 1332 1 18

Pelekium velatum 9 23377

Pinnatella mucronata 6 2994

Pyrrhobryum spiniforme 10 87246 12 543 25 3414
Rhizogonium lamii 130 1 36
Rhynchostegium celebicum 3 6255

Symphysodontella sp1 1 12

Syrrhopodon aristifolius 2 12726 1 240

Syrrhopodon confertus 2 258

Syrrhopodon prolifer 4 1442 1 12 2 30
Syrrhopodon spiculosus 8 26376 4 348 1 66
Syrrhopodon trachyphyllus 1 6

Syrrhopodon tristichus 13 65556 22 972 33 2097
Toxithelium instratum 5 990.48

Taxithelium lindbergii 3 108

Thuidium plumulosum 1 30

Thuidium pristocalyx 1 4344

Trachyloma indicum 5 201
Trismegistia calderensis var. calderensis 1 492 5 198 10 258
Trismegistia calderensis var. rigida 5 39552 1 6
Trismegistia lancifolia 1 17028 3 54 6 312
Warburgiella sp.1 1 240

Wijkia sp.1 1 24




Appendix II. Ground bryophyte species in four montane cloud forest plots in Peninsular Malaysia. Frequency (fr) is given as count of sample

collected and coverage (cov) is in centimeter square.

celebicum

Trichosteleum singapurense

Trismegistia calderensis var. calderensis

Trismegistia calderensis var. rigida

-

1150

250
156.25

1156.3

2

225

206.25
587.5

775

25
25

1750

1125

1 100
1 75
1 50
1 100
7 29313

Species PlotA Plot B Plot C Plot D Raduiing borbonica
fr cov fr cov fr cov fr cov .

Syrrhopodon prolifer

Anthocerotae Syrrhopodon tristichus

Megaceros flagellaris 4 1100 Thiudium plumulosum
Thuidium pristocalyx

Hepaticae Trichosteleum boschii

Bazzania densa 1 250

Bazzania erosa 1 25

Bazzania longicaulis 1 650

Bazzania manillana 1 250 Trismegistia lancifolia

Bazzania tridens 2 0.2 3 6875 Vesicularia reticulata

Bazzania vittata 1 375 1 25

Cephalozia hamatiloba 4 1050 1 25

Chiloscyphus ciliolatus 2 1875 1 25 2 2125

Chiloscyphus coadunatus 1 100 1 50

Chiloscyphus costatus 1 6375 1 13125

Chiloscyphus minor 1 450

Chiloscyphus muricatus 1 125

Chiloscyphus propagulifer 2 175

Cololejeunea haskarliana 1 25

Dumortiera hirsuta 3 9125

Frullana intermedia 13125

Gottschea aligera 1 25

Heteroscyphus argutus 2 125

Heteroscyphus coalitus 8 3850 7 13125

Heteroscyphus splendens 1 50 1 50

Kurzia gonyotricha 1 1000

Lejeunea tuberculosa 2 75

Lobatiriccardia coronopus 3 246838

Lophozia sp.1 3 300 5 400

Metalejeunea cucullata 1 25

Metzgeria leptoneura 1 100

Plagiochila blepharophora 1 25

Plagiochila korthalsiana 1 1875

Plagiochila massalongoana 1 250

Plagiochila peculiaris 1175

Plagiochila salacensis 1 1

Plagiochila singularis 1 250

Plagiochilion oppositum 1 500

Radula lingulata 2 956.25

Riccardia crenulata 1 100 1 375

Riccardia diminuta 1 1875

Riccardia jackii 1 250

Riccardia latifrons 12375

Riccardia parvula 1 25

Riccardia sp.1 1 1

Riccardia subexalata 4 275 1 225

Riccardia tamariscina 1 25

Saccogynidium muricellum 8  906.25 6 1925 4 668.75

Schistochila blumei 2 875

Syzygiella securifolia 1 75

Telaranea major 1 50 3 3125 6 768.75

Telaranea neesii 2 13125 5 475 7 17813

Telaranea papulosa 1 25

Telaranea sp.1 1 25

Telaranea wallichiana 9 2725 8 23438 7 13625

Zoopsis liukiuensis 2 525 10 25813 7 5375

Musci

Acroporium convolutum 1 400 2 275

Acroporium diminutum 2 19375 4 675 2 75

Acroporium downii 1 3125

Acroporium joannis-winkleri 113125 2 3625 1 14375

Acroporium lamprophyllum 1 275 3 34375 1 25

Acroporium rufum 2 1625 2 150

Acroporium stramineum 2 75

Acroporium strepsiphyllum 1 4375

Bryohumbertia subcomosa 1 25

Callicostella papillata 2 175

Calyptrochaeta remotifolia 1 75

Claopodium prionophyllum 2 1375

Distichophyllum cirratum 2 75 3 15625

Distichophyllum cuspidatum 1 25

Distichophyllum malayense 1 50

Distichophyllum mittenii 1 1

Distichophyllum tortile 4 11813

Ectropotheciella sp.1 1 1

Ectropotheciella sp.2 1 125

Ectropothecium ichnotocladum 1 468.75

Ectropothecium sp.1 9 53813

Fissidens ceylonensis 1 25

Fissidens leptopelma 2 1625

Fissidens nobilis 1 500

Fissidens pallidus 3 600

Fissidens pellucidus 1 200

Garovaglia elegans 1 25

Hypnodendron dendroides 1 50

Isocladiella surcularis 1 50

Isopterygium sp.1 1 1 1 500 2 15625

Leucobryum aduncum 1 25

Leucobryum bowringii 1 75 3 375 4 175

Leucobryum javense 3 175 5 325 2 50

Leucobryum sanctum 5 450 1 25 2 106.25

Leucophanes octoblepharioides 1 1

Pelekium velatum 2 575

Plagiomnium integrum 1 6875

) y inij 3 700 4 43125
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< L= S0 LIHIEEFZE RSB %
27 K OB tEER & 22 M A R O AR *

P i 2

<R L—2PED 2 oLl

CEE LTI IS B0 T 220 O a7 i ERIE S iz . 2 DRI,

RAFHI2 M, LS, Y /AT M1 FETHD . TNSOWN, 175 FEIZRE I, 102 FEIFMIRICDH B4

BB L S EREE NI S R OB

NURYATR, NRDTR, HRyndr TS . cnbORHE,

BV TRb SRS NRNE, 79V IT R LFTTH,

SEIOFHEHIC B % BE S &

L5, MEMEZERICEISRLTOBNRERTHS . &, #HEMSHIC BT 58 HHISENDD
BT LML, MEOEFIHBERICOVTEE MU BT 5L, HEMOBET 13 3MIKICE
WTHBRHEZIZIKL, M EAERD 131307 < &8 2 MO EOEFRY L siREE N

I[. FLC®Ic
B Lt MEER A S I B B A E IR
SNTWVBEERDUEDTHS (Bubb et al.
2004). TOERERICEBVTE, I MEYIEE
KIS SIIFE LIEFFICZRRIEICEATYL
. T REPIEHRZ RO K 51 S 72
JTEELS, BIAROEBPEEZE > T0s. L
ML, EEENRE L, R 2R LI O
28, TOHNRLTWERERICEW TIZ K
TITONTWVE KD GRUK L 72 &TE#IE ©
TRV, A 20 FEMICBNT, HET YT T
&, EZREIERIZE D 74% KIS BV TET
BNTVBDICH LT, (LtitEEFERETITh
NTVWBD 5D 5% TH% (Kelvin Peh et al.
2011). BHpG7 27 OEFEMREIEE < X E T
THHEINTWVWS, I45bb, KHikDE 23%
& By (Waggener and Lane 1997). X L—7
&, FAEESEKITH 2700 ha lICEH D KD -
TV, 5 H23% LA EDHEK UTeh N2

BERICKX D EEL T (Sodhi and Brook
2006). O kichA, LB THEY
M7 T B LRI BRI IZ L oD
SCBIC K DRERICH L T3, LW,
RT3 T BRI 75 2 3 W0 ik 7 lﬁ
foZ<iE, & LEy)amsmssMronaly
X, T 5725 5. BET 2098, KRE
7ITUNOH T, RVxATirbnT
W3721TdH % (5] 21X Reenen and Gradstein
1983; Parolly and Kiirschner 2004; Holz 2006). L
MU, g7 Y7 I B (LR EFER O
7RV BEd B ZhRME L £ DAERBIC DN T O
R T ITH 5.

XoT, coyuycy MNINYIED 2T
CAEREE XD RSHFES 2 eDICEimE N
DTHY, R L—FEOIPEEZEKIC
ABEITZarEyMicERZES. HEE
T I T=IVITIEW 2 DO, T L —
Y= N5 o742 AF Y FThsd (K

XIVRYE, <L—7

* coWsE, Ta-Fhy—5 - 77 REIEGE 22 WIS p.179-198 Z i AEIDEIR LIZEDTH 5.
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D). B4 O miEd S 1500 m 282 THD,
T L—HP =)V TlE/81 > 1) — D 1505
meET VT AUNATYRTIEYIVAY LD
172m Ths. EFEKZ, T7L—HP—Xb)L
TR 1100 m DL EIC KK RATT B0, 7Y
TAINATY FTEBBEZNXD ERPED
1300 m M Z LA FOREEICH D, T L—Y—
A NVET VT 4 AT REFICBD e
KK TRAICHEEI N TERICEFEDSET,
BRI RTZICKIEBICIADN > TED, 240D
EHERLAEDENEBEL TS (Kiew 1998 ;
Latiff et al. 2009 ; Stone 1981).

. B8

AW IO L ZHNET B,

D YL—tEo21, 7L—¥—Xek
TUTAUNATYR (K1) OLiEEZEMK
ICRT 5 O Y DX RMEZHS MNCT 5.
2) To2FICBIFZarEmOBEX Lt
BESRE R 2T %.

. 5%

PPN ERAE R LR E R H 5N 2 a7 ki)
HZRET D oiIciTbnlz. TOHEHIRY,
AL EZMRIC R 5N % a7 WiYfED &
IR, SRR EEATwE T L
AT Z2ERNEZHSMNCT ST EHNET
5. BT, ZEMNSMRAEEREE L ARMED
FHEAB R ZFE L <FRET 5.

TL—HP—=Z )T T4 2NAFYRD
Az LAkIC, 20 mx20 m (0. 04 ha) DJ5TEX
2R 2 T ORIE L, FTEIKN TR &k
RICEBT a7 WEREL.. 2O, /i
EXDIAE &, B TIE 30 cmx20 cm, MEKT
% 50 cmx50 cm & U7z, BT HEYIOFHET
&, MEERRDY 15 m 28 2 2 A L T fga 15
KRBT ELIEIRL, 4 K50, b,

land

A W,
éff\§$\‘$\, ¢
A . Y
i;i;;féﬁwm i \%

R l\j;‘!/ "l SN ‘,:}\._;“M %
% 3 oy

5 " in;

%
xﬁ
=0 |

e N
F o wemrnmpemat Bty
[ e oty fi Y

M1 SEHOTL—F =AY T IUNATYRED
fE 2R g~ L—F 50X,

W, M, HOKLIIC, BEENE 2mDEEIC
RE LTz, —J7, MIROWAET b BIEADE
A, HEREZOXSICEE TR ARVWMIREIC
H5N5 a7 iYOiiETld, 20 mx20 m O
BHINIC 12 TP X 2 EsIciRE LTz, B
XAICBNT, I7 S RORERR &G 5
Yzidik Uiz, as Y04 BRI Migdefrau
(1982) IZHEwy, Bz X~ v MIR, IR, BHIR,
ZHIRZEDX ST EL T, AW T
[ET 241C, JTEKICHET %5807 Yk
2 HORIZOREL, FERREDDHAE
WZE-> s D a7 fEYEE (B2 1 Eddy 1998,
1990, 1996; Furuki 1994, 19961, 1996b, 1998;
Gradstein 2011) ZZ#IC L.
HAEHAIC BT B, REEHREED KD
BRI SR UTe. NS DI REHIC)
ML, HlEisamNIcBT 2 a7y otEER
BERE A & B 72, B L RO AR
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BRIRICBT %2 a7 fY OBHE RS & RS EE
T RE DA R FIN T LTz (Tng et al.
2009):() 28 (Y / AT RS, LUNERD
& oML, () FiEIcE T 558
FEEY, (i) FiAMAICB I 282 £
TR, (iv) L E YR .

o2y /SRS, &4 OFfHIC
B TEIEE NI DR & MO MO 571
R dbic—RbEnEDTH5. &b
SEAME, 3405, MEMANICENTRE
KEBRERIEK L TCHBETHD, 271
&9 % (Whittaker 1965). FIXHIC EE EAMK
W RRDN K O/NE L, Hifid a5 7L
LT, mbBEENZ LOHEE TIEENMTT 5
N, Iv7kllk HZRKOECSE UTORE
N, EFIHRTEINS. ROEZIEIAED
Mz RL, B DTVEREL, ZLEEREL
eI, T, MOABIREOE X2
KLTWVS.

V. #&R
1. o SR

A A (bR 3 43 0 1.8 8, HHE
101 4457 21.6 B) & B (dbheE 3 & 4293 35.2
b, BAL101 4357 029%)) X, 7L —Y—
)LDt 1150 m & 1367 m I fifEd 5. —
Ji, oAEEHE C o (IRAE 3 2 24 77 53.6 8, HR%
101 £ 4753 18.9F)) & D (Abf& 3 FE 24 59 55.1 72,
HAR 101 £ 47 5720580 X, 72T 4 VA
SV ROFEE 1548 m & 1550 m ICfiiEd 5. 4
HRE 2T, RABHED 30 m DUROE WL
PEEFRAICER T 72

PO SR DIE R Z 1G5 2dIcT— 21
=7, GEF3HoT—2ulj—z71L—
P W eT VT4 NNAT Y ROKRICHK
ELz, 7—2uh—R&EHE M cEE, O
Y hu—)Le LT 1 fElZ&ddi st omic &

Wz FEICEAEANICEN T — 21
A — 3D 5N IFRNPRIARORIE, BAE
Y7z EORRHRIC K OWEZZIT 2. T DA,
FIFPTRER S G s & tic o > b o —)b
ELTHEIMMTOWIET 20— {5 T ki
L, FEHOKRROEZIGZ 12D, T—H1
A —7% 2013 R F Tl AHICEW TV S D,
ZCTEH 6 r AMOKGERZ R LTz

IHANMS3IHETD6 7 AMTIE, 7L—
P— L )L DOEE 1250 m I BV TR 15.3
~ 262 °C, FHKIR19.6 °C, HHOHLE 76.8 ~
100 %, 19997 % 72o7z (K2A). —7H, 7
VT A YNAT Y ROREE 1500 m I BT,
il 14.5 ~24.3°C, V50 17.9°C, HHXHE
J§ 522 ~ 100 %, “F1H97.1% 72-7= (X 2B).

— RN, TL—YFXeI T YT 4 UNA
Z Y FOmHMETICBNT, —HOXURA T 4
~6°Clofe (K2). —7, ik Nizfxt
BEEF7L—YAe )T —HLTEN T
W, TUTaNNATYRTIE, LELIELET
IKABLTWz (K2). TOXD GO
2, TUTAUNATYRNT L= e
ICHARTANANZIEEDNEATH S T L L%
LTWBEEDNE. ToT 4 NNATYRD
IHTEEBIE B D F= D DBIFENE A TN TE
D, BMOILHIPFAN /Y /0T —<x/8—7, K
TV, REATHREIEZIONTE . 2D
BICKD, EEhmuwHs oM SEIEZL,
COHBOEYI AN EHMIEBEAA, EMZ
FRIEIC B B2 52 /HTH5THAS.

TL—P )T VT 1 NA TV RO
A 6 r AL FICH XS 02 b2 £T 7=
WICK 2 ICEm 2R #RZ A Tz, AHRHREE
ENDIEINLELTED, Wiy
TEL{ RN 0iziceFb5d, REE EA
LT (K2). LA~L, TniX, SRR
@7 — 2 Z5HI L e FHORETH O, Ak
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i, 2013 FEOBRINCIFENE T— R k>
THELNZITEVEY. Thbb, SE0T—
ZUESURN BN BRI TdH B 2012 KN 5N
Dk, 201346 HETICEHN. 6 HIEE
VA= VEMHNOEDOHT, Y A—ZF
TIFEEITTR L TE - LIEETH 5.

2. FEZRRTE

SHOWERIC KD, XAFI132H,
87fH, /I 1M, ARt 220 R0 O K
YImiiERE Nz, ThooW, 175 O a7 4
PS4 TH D a0 L SRET N, 102
O 4T 0 RO L I EE RO
SLEREI NIz, B4 I REYIRIE 2 1 FH 110 6,
LUH S A SR, M4 fEYIHE X
AHSUFE, LSO, v/ I END
o T\ .

TUT 4 2NAT Y RICRRIE LTS C &l
MDD, 7L—Y—X)UIRELIHISA L
i B L Likd B &, HEEM FESEELRO
THYIHZ LT b SERES IR
G C, RJIWCHIAD, HimB, HiggAL
HiE (3£ 1 A), Shannon-Wiener DB EEET5E (35
LA) Ehoh, B2 BEEHER (X3)
EEIFFITBOHHBERGEDN S 5. —7, &RbE
B A R S D, REICHIS C,
i A, HiZSABEI< (K 1B). Shannon-Wiener

Ay

Temperature (°C)

* 100

i - 80

fr

~
5}

- 60

-
o

Relative humidity {%)

- 40

=
5

Temperature
e Rl ative humidity

«

= e|incar (Temperature)
¢ o o Linear (Relative humidity)
0 [
5-Oct-12  5-Nov-12  5-Dec-12  5-Jan-13  5-Feb-13 5-Mar-13  5-Apr-13  5-May-13

Temperature (°C)

DERERBIC BV THIE C OIS D Kb &K
VD ZOEZIHETIE RV (K 1B).

Moy SEEiir (K2) &, FECilE
HHTHB T L—P =X )LD A &1
B, ¥77 VT4 NAT Y RO C &g
DT, a7 REYIMHORESE L BTV S
N, Bl LEHE TR RE> T\ T b
ZLTW3 (K2). TOLTO4H5E, JE
WICK BTV BRI R 2R D, UK
W2 LU TWAHBRICHEESNTVDRICEHFEDS
T, TOXITENHD L. FEEHEEICBNT
&, Af L o YO A I BV THE
FC EHIE DI A EHEB XD BTV A
(X 2).
3. a7 Wi Ok & M

— s D RS &, HiH B, HiC,
M DS E L A a T EYIRIC BV
T, BVHIODEXAFHOTTWHE (R
JE) ICEREE N, RV RS EY) Z
#HoTWd (X¥3). ME—DHIHIIHIRATH
. TCTE, fELEXhoht icsnT
b, B2 A BT LTI SHERIC T
REN, MR E (K 3). T OBISHERIE,
FHPIC B W TR S NI EZ RN & K < —3L
5. HEABRC, DT, XIS UK
D LIS Z 0. WIS, & I3

3-Nov-12  3-Dec-12 3-Jan-13 3-Feb-13  3-Mar-13 3-Apr-13  3-May-13

B2 2 it DORRT—2 A L T L= =), B TUTAUNATUR.

202

40

N
5]

)

S
z
3
E
5
2
]
2
k=
]
&



X1 4 yFOFEHBTAN TRUBRE NI a7 MO HENE . A Tl b, B UK.

A) Bryophytes from tree trunk

Plot Total Total coverage Relative

Total bryophyte Total bryophyte Total bryophyte

Shannon-

Total

Total

frequency (no. (cm?) coverage (%) species genera families Wiener index, liverwort moss
of specimens) H’ species species
A 179 17228.585 47.86 52 31 15 1.3968 25 27
B 311 17716.52 49.21 69 34 15 1.1381 49 20
C 428 19188 53.3 95 46 21 1.5547 62 33
D 546 22566 62.68 91 42 23 1.484 63 28
B) Bryophytes from the forest ground
Plot Total Total Relative Total Total Total Shannon-Wiener Total Total moss
frequency (no. coverage coverage (%) bryophyte bryophyte bryophyte index, H’ liverwort species
of specimens) (cm?) species genera families species
A 63 19986.25 66.62 32 22 16 1.1364 12 20
B 58 10738.7 358 27 14 10 1.1354 13 14
C 108 22950 76.5 42 23 15 1.3062 23 19
D 107 16762.5 55.88 47 25 17 1.3015 26 21
Note:

Shannon-Wiener index, H' = — ¥7_; p;Inp;

where s =the number of species
pi = the proportion of individuals

ATRAATE DL ZERED R,

HigiBC, DT, &HEITWYIHEEEZA
FENMEL L, 2R GREHE) 34X
AF VN 2 D ENDLLETH S GRD.
TOCLICHEH LT, HSB Tl, MRivimks
MHRZEZA M v UHHIZ 3 1IEL &
% (X3). HSB>C, DT, fdms (&
EE) A0 DEZERIEREREICEVT,
 EMEO X AFHE B FDENE, EAEME LT
9% eHEOHBTEEVICEHEDST, H
FTREVHIOEZ AN —HLUTKOES
LT3 (K3).

—RIIC, AWFZEOHREICENT, At
TREYIOWRTIE, 79U drRRLF IR,
INYRYATE, Nk dTRL, hZvuadT R
ORI HAENEZRETHS (F2).
NSORT, FMEREEE 7YY 7R LFd
TR NTRY ITHED MR DRND, N
FATREIRLEETH Y, mEILVCEEZ 5
HTW5S. ZRUCEHRDET, SRERNRE
HSNCHBWT, MR E OB EEICEDN
H5. Wz, HfHATEeSITRD 2 EFH
ICEEERTHZM HiAB E CTERLNT,

—

(@

a) Bryophytes from the tree trunk

log10Q{percentage coverage)

0 20 40 60 80 100
Rank
b) Bryophytes from the forest ground
~ -
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@
j=4
o
o
i
g
o
j=4
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g
£
(=9
S o A
k=)
o
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Hi i D TLE LRI Z2 4 > TV A 7210 T
H5.FUEI BN LFITRTERENS.
LF A7 RIS OFRETIE 2 HHICROZE
MHENEORITH B, Hifi A TR S NRN (R
2). M boasEETE, NyARYdrdr
BoLFd7®, S AdITRE, AYITEM
KOHEELRTHD, MERIELSEEN S
(£3). HELERkIC, HimcESRE LS
BENERTS. HEMEENE, NIRY ITR
ELFATRHICR LGN, T2 < Ot
MTELLABENED, HifATERShZL.
e Of, B2, F/ 80y d7R
RFTATITR, NAdTR, /7 d7R
BHIESA TEETH DD, Mo TR 5N
BT HETHD GK3).

B A4ICENE LTRENTWVD K S Bk
BN LlE, RUFFRIC K > TREERE Nz 92

a) Density

100%

90%

80%

70%

Epiphytic bryophytes
Moss = Liverwort

105 I
o 146

A B c

b) Abundance

100%

90%

Epiphytic bryophytes

10247.46

3716.4

100%.

90%

80%

70%

60%

50%

40%

30%

= 10116 %

100%

0!
20¢
10%

a2
26
a a1

Ground bryophytes

Ground bryophytes

6675
68125

13554

5156.25

A B c

D

0%

A B c D

DELM, Tabb kD 52, 5% 3 IEHIC

X3 4FREHEIC I B AL R O A O T RO a) I,
b) SR I, PRESE 2 SIS U, S AR R O

PNHIFIC 3 LTV B, REE O i
WICUD R TERNE VWS T THS. TD
CTEICMAT, ThHEDRNIHiZS 2RO
i3 Z O T & < FEE L HIRIIA WD
w7z G TWa. il Z1E, Himantocladiium
plumula & Pelekium velatum @O 2 FE I HI 5 A T
BEETHSH, MOHLATERSNZW.
[ 41T Bazzania densa (3 H 5 B T3 K X 7%
Mz HoTwa 0, thoiPacdRonz
V. AL 4 MR R TICH SN 2 5,
175 DN 5 IS E R (K4). Tnbid,
Acroporim diminutum & Calymperas serratum,
Drepanolejeunea ternatensis, Metalejeunea
INs0ON
Calymperes serratum (&4 4 HiFICBWTEE T
B % hY Acroporium diminutum £ Radula javanica
B3 e 2, 3DHIRICHEW TS X
CHENS.

g UTR2Z &, B4R 175 DN 78 fllc

cucullata, Radula javanica T®H %.
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HeyF A=) ZHITLTVS.

HlzBZ DO, Tkbb44. 5%, F2~3
MigicH@ L Tns (K4, 2O TEYEHD
39 fIERND 3 s Ic 5 R, FIoD 39 ffild 4 Hi
MOND 2 MiSTRES N (K4). FEHIC
BRZENC &1, T L—H =X)L 2 Higl,
TabbHliA L BlE, IEHICEZSEEOT
C O 2 M ORI EFE R

KEYIfH7Z L TWv 5.

10% Z/RLTCHED, #2HSEEELEHRT
Bz o7z (Fda). —75, 72T 400 A
TV RICERE Lcigi C EHigiDIE, 5% M5
BOELIEREEN D 5. ThicbEbbd, &
TOHRERSZ B LT, HEMOZERMEICK
TIREVDD D, BRI 45% TNl
FOEWERLTVS (¥ 4a).

MR TREI NI 12 FON 71 FE, 374D
569, 6% DA FEYIE 1 DOHTICDRHIS
NTw3 (K5). EICIEFICOMEDNE



*2 ke ECRIES o i oOR  kEinAve ISR Le CFTR Y FA—TRL)

Family Total Study Plot

A B C D
Lejeuneaceae 32(7832.13) 9(3102.38) 11 (1390.75) 19 (1530) 18 (1761)
Lepidoziaceae 30(9741.675) 21 (4680.675) 16 (2607) 14 (2403)
Sematophyllaceae 18 (6196.7) 2 (1470.48) 7 (857.22) 15 (1932) 10 (1905)
Plagiochilaceae 14 (19182.55) 8 (850.75) 2 (6492.8) 7 (5856) 10 (5964)
Calymperaceae 12 (8865.42) 4(1220.76) 6 (1506.66) 10 (3486) 5(2631)
Lophocoleaceae 9 (1391.3) 4 (374) 2 (0.3) 5 (585) 5 (420)
Radulaceae 8(4260.875) 2 (2025) 6 (351.875) 4 (1050) 5(819)
Dicranaceae 6 (2738.56) 5 (433.56) 4 (705) 4 (1587)
Neckeraceae 5(2493.16) 5(2258.16) 1(234)
Hypnaceae 5(1045.06) 5 (954.06) 1(90)
Thuidiaceae 4 (2487.9) 4 (2487.9)
Fissidentaceae 4 (529.28) 3 (468.78) 1(46.5) 1(12)
Metzgeriaceae 3 (816) 2 (630) 1(24) 2 (159)
Rhizogoniaceae 2 (4900.46) 1(872.46) 2 (573) 2 (3450)
Calypogeiaceae 2 (1122.5) 1(337.5) 2 (459) 2 (321)
Adelanthaceae 2 (669.8125) 2 (395.8125) 1(6) 1(264)
Schistochilaceae 2 (539.406) 2 (289.406) 1(123) 1(123)
Pterobryaceae 2 (214) 1(12) 1(201)
Hookeriaceae 2(132.82) 1(59.82) 1(72)
Frullaniaceae 2 (50) 1(1) 1(21) 2 (24)
Hypnodendraceae 2 (20) 2 (18)
Plagiotheciaceae 1(715) 1(690) 1(24)
Brachytheciaceae 1(625.5) 1(625.5)
Geocalycaceae 1(273) 1(60) 1(36) 1(174)
Trichocoleaceae 1(59) 1(45) 1(12)
Scapaniaceae 1(19) 1(18)
Balantiopsidaceae 1(10) 1(9)
Cephaloziellaceae 1(10) 1(9)
Daltoniceae 1(7) 1(6)
Herbertaceae 1(7) 1(6)

175 (76955.11) 52 (17229.59) 69 (17716.519) 95 (19188) 91 (22566)

AROBIEEFC XS, ZEOM FEaTiE
P& < ROZL, & 2R D& IS T
HAHMH O TIEHENGZWV. TNEDA,
Claopodium prionophyllum *° Distichophyllum
tortile, Ectropothecium sp., Lobatiriccardia
coronopus, Megceros flagellaris, Rhynchostegium
celebicum, Vesicularia teticulata \FHif A, —
73, Kurzia goniotricha 1ZMF DICHABENS. 2
4 i HE U TR S N A RO a7 hEvni
T, R s3I R ENS ISHEON, 14

Mg B & C, DICAEFTSH, 1HETIE
Higi Ao CeD eHmTH2 (IK5). &
af 16 MM BAE T fEWd, [\ Tyl o
HiD B 5D & B 5E2 2 g
5% (X5, M C LD bEay
RV BV TR ELITWT, FLEHELR
28. 1% TH B (F4b). HFAICHENSH
AT Rt L IFRICR R 5 T
W3, 94bb, JL—P—=Xb)UCHESN
TeHIE A & BICIUT i B4 i HIE S
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£ 3 MKTERES N7 Y OR A2 IR Uie CFAEYFA—RIL) .

Family Total Study Plot

A B C D
Sematophyllaceae 14 (12143.75) 9(4181.25) 7(4168.75) 9 (3768.75)
Lepidoziaceae 13 (16929.45) 7 (4456.45) 6 (5987.5) 10 (6462.5)
Lophocoleaceae 9 (7101.5) 1(12.5) 2 (118.75) 7 (5200) 5(1756.25)
Aneuraceae 9 (4177.75) 3 (2818.75) 1(1) 4 (1075) 3 (275
Plagiochilaceae 7 (1392.5) 3 (501) 1 (500) 3 (387.5)
Hypnaceae 6 (7792.5) 5 (6664.5) 2 (968.75) 1(156.25)
Hookeriaceae 5(2897.75)  3(1232.25) 1(75) 2 (1587.5)
Dicranaceae 5 (1817.25) 3 (700) 5 (775) 3(331.25)
Fissidentaceae 5(1488.5) 4 (1287.5) 1(200)
Thuidiaceae 4 (2356.25) 4 (2356.25)
Calymperaceae 3 (406) 1(1) 1(225) 2 (50) 2 (125)
Lejeuneaceae 3(128) 1(25) 2 (100)
Schistochilaceae 2 (114.5) 2 (112.5)
Geocalycaceae 1(3503) 1(906.25) 1(1925) 1 (668.75)
Brachytheciaceae 1 (1150) 1(1150)
Rhizogoniaceae 1(1133.25) 1(700) 1(431.25)
Dendrocerotaceae 1(1100) 1(1100)
Cephaloziaceae 1(1077) 1 (1050) 1(25)
Radulaceae 1(956.25) 1(956.25)
Marchantiaceae 1(912.5) 1(912.5)
Lophoziaceae 1(702) 1 (300) 1 (400)
Mniaceae 1 (687.5) 1 (687.5)
Pilotrichaceae 1(175) 1(175)
Metzgeriaceae 1 (100) 1 (100)
Adelanthaceae 1(76) 1(75)
Daltoniaceae 1(76) 1(75)
Hypnodendraceae 1(51) 1(50)
Plagiotheciaceae 1(51) 1 (50)
Frullaniaceae 1(31.25) 1(31.25)
Pterobryaceae 1(26) 1(25)

102 (70553.45)

32 (19986.25) 27 (10738.7) 42 (22950)

47 (16762.5)

LW, g icis Tt BT i
PIFC BOTHELEEINE L, ZDE N 71,
9% LU ETHB (FK4b).
4. VI HBIER

SEFANTZ A 4 PER SISV T, B4R
FFICHEETH D, ZRMEN HEXD & ED
(K6). THITIAT, FEOIFICIVTH
SN TeEEa T O 2 <X, PRRD
ML GEEREMCEEBELTWVS (K6). &
A0 175 FRO N 57 RRIGMRR ORE 4 I B B HY)
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TEHREEIN TS,

MIRICH SN2 a7 i, MIRICH LR
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Plagiochila_javar
Plagiochila_sing
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Lejeunea_puncti
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Acroporium_lam
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Radula_formosa
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Heteroscyphus
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Bazzania_vittata
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Bazzania_debllis
Lejeunea_tuberc
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Syrhopodon_trit
Syrrhopodon_sp
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Syzygiella_secur
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Acroporium_dim
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Radula_campani
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Fissidens_ceylon
Heteroseyphus_z
Ectropothecium_
Plaglochila_bant:
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D
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\_to
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Psilociada_clar
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Acroporium_con
Lejeunea_anisop
Wiikia_sp1
Acroporium_strai
Chiloseyphus_co
Andrewsianthus_
Cephaloziella_stc
Acroscyphella_tjt
Chiloscyphus_sp
Bazzania_sp1
Lopholejeunea_e
Syrhopodon_tra:
Telaranea_major
Acromastigum_s
Vitalianthus_sp1
Acrolejeunea_sp
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£ 4 %4 TAEMSRNC I B 37 RV OBLUE BB Sorensen-Dice DILEREZ [>Tz . A LI THIY) 0 B
AT ) PR RIS FRIMNIC R TR L, ROA LERICRE L . —)7, WR a5t HEd 2l &

DFENHEBICAdE L7z

A) Epiphytic bryophytes

A B C D
A 52 10% 23.3% 26.8%
B 6 69 52.4% 55%
C 17 43 95 54.8%
D 19 44 51 91
B) Ground bryophytes

A B C D
A 32 0% 3.7% 1.2%
B 0 27 21.7% 24.3%
C 2 15 42 28.1%
D 1 18 25 47

Note:

2
Sorensen-Dice coefficient = ——
X+Y

where, X and Y are number of species recorded in study plot | and Il, respectively
Zis the number of species that present to both study plot | and Il

EBEL, HEREDLEFREYZENL T 5.

V. &R

Sl OF A TId 20%20 m O 4 Hig (0.16 ha)
WKBWTHER NI MY OMRERTH %
220 ffild, TN THHTIrbNIZZ DR
POMFBREOHRTEEREMENZ V. TAXY
FIDEFZMTIE 4 ha DRI 5 190 FEAG
% & N (Gradstein et al. 2001), Zic a2+ T8
Quercus DME 9 BARIT I T 206 TS X
117z (Holtz et al. 2002). Benavides et al. (2006)

Bawarey, 7YV UNS 4 FEEREL,
Wolf (1993) 1 58-135 fiD ar ki z b7 > 7
A, aaryer7howmE L. —7, Collares
etal. (2010) (Z > ¥ 7 O LM & &5
DR 515 5 NTAREEMCIE D E 5 151 fiz
Wt Lz, 77V AogdmLitibkidIERIcar
K D Z R IENE ST, YA —)L D Kahuzi |1
HiAT S 1500-2300 m I BWTIRE S Nz a7l
YA 38-44 FHICE X750 (Frahm 1994),
ZhCEHEDD T, SEOMAICK>T,
7% 2 A a0 Uiigl At 5 5lgk s
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L+R+T

LT 138

i
|

E+L+R+T

E+R+T

E+L+T

E+L+R

E+T

7
E+R

B+l ke

0% 20% 40%

60% 80%

#A BB mC OD

B 6 % 4 Pt (A~D) ICHT % a7 WMOAEEIHEER K757 OrMOBFOEE. E @ B, L HKOBEA, R:

A T

Nicar oI, JEEICZW (K4L5
ZZM). 02 DOHEMIE, FU KD Ak
MWEBREAXSZLTED (K1), Hic
{ERE D 575 %+ 3510 Titiwangsa [LIJIRIC AL
B9 2ICEHRD 5T, a7 MY O R
To TWVWAHDI, 2 FRAEH AR 7
NTVENHITENRW. T OO Lk
P2 (RIET 2 7IclE, TR IREX 2 E
T 57275, BN T HEER D MR A 75 s,
VA NUEE K OREXE, ZIR1F9 5 AlHE
MNeEZEIRETHS.

SEESNTHREZE, W7 Y7 TlExA
Hx e 5 LML S I

EWE S Gradstein and Culmsee (2010) O FLfiE
WKL —HT 5. FRROEHZSERIE Reenen and
Gradstein (1983) & Gradstein et al. (2001) IC X -
TEHET AU HICBNTEHE TN, Beug and
Miehe (1999 IC K> Tk I VHIEKICDTE
TTICMEETNT VS, ZAHIE, PPizV
TR T ORI K D &l - 78 EORmIC BV
T, LERUEMKRICEDN#MEZES (Frahm
and Gradstein, 1991). & Y HIE, X OEEO
WG OHMKICBNT, 2 IO EHAT
BEETETEMHSNTWVS (Gradstein and
Culmsee 2001).

g9V IRl LFITR, N dTRHE
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IHIRKIC BV TELE T2 EEX A BORTSH
0 (Enroth 1990; Gradstein et al. 2001; Holz et
al. 2002; Gradatein and Culmsee 2010), 7 L —
W=7 U710 AT Y FOFEM
KBVWTERKTHS. ILHKICEB VL TE,
INEDXAFMNWNZEINTHEPERL T
5THAITENRMBENTETWVS (Pocs
1980). TDCT LI A T, Telaranea neesii %9
T. wallichiana, Zoopsis liukiuensis D X 95 72/
TIUD ED>T0B ZAFHZ, AFHEHOMIK
TIRNRNIEBLIFEICEETHS. LML
BINS, TOXIBEWMNTILD EDS XA H
Baorer7olimhcidEgdmme LT
BTHO, TNHIX Cephalozia ¥ I)N2 7T |H
¥ Arachniopsis, Calypogeia *) 3 X 3 37 Jg§ I
REIND LWV DO 5 HIGh Reenen and
Gradstein (1983) IC & > THET TN Tz, H
FTRE, AVIATHRLFATHNESD S I3E
L, 2O, XEPEGT AU ATD
MR (B Z1E Gradstein et al. 2001) & JERIC X
=9 3.

—75, BUETIE, IRV dTRHIATHE
DR EMRIRD I ICIBWT, JERIC SN
nEl, EELIRThL L ERETS. L
U5, e A LN I BV Tig,
RIATRRRTATIATE, H5N\UIATHO
X275 oY VHOROBEMDIEEICZL, £
FEMEM E U (Enroth 1990; Reenen and Gradstein
1983; Gradstein and Culmsee 2010). H X >3
TEHE, 509 KO EEmMEOHIC BV Tk
DEEEZHLTHO (Gradstein and Culmsee
2010), SREIOHERICHNT, —FHICELT
LR VHORTHS. TOBISHERE, AT
Z el &9 2 A HIEKN 8 % U BRI D
BALICK > T, KOEEEOEmOHRICKEE Line
TWVWAT EZTRBLTHN2DO0EHNIZWV. L
ML, CTofEEid, RRZ2BA Ttz

EIE LI IHRINEEZ T K S RRPkOmZEc X
I BMGEE 2 ET B.

Hitikicid, 2 < B8 E%E a7 Y
A FHRENS. BRI BN TR, &
AFEEN S TV A RIARDHGFRICKE S FHE
LTWAZ ENHIGENTWS (Frah 1990, 1994;
Frahm and Gradstein 1991; Pocs 1980). Z L%
B OWFZEIE, 571755, $xD B 32.6 % D
AT HYNIHRROLEEEY O L TEEET
THTeEWE L. —, ZEFEEOEEGT
H3353%, kb5 36/102 DM 4/
FEYNE, MIRICHZD7E L8522 D
EEEY EICBWTHEETE LN TES.

I - Xk
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