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Wooden town hall constructed with truss beams and lattice walls (Sumita town, Iwate Prefecture)
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Polytrichum commune in a black spruce stand in interior Alaska after wildfire
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Isolation of the drought- and salt-responsive galactinol synthase (GolS) gene from black poplar leaves and analysis of the transformants
overexpressing GolS
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EMEREA T 2y MEL BFEEREFIC KM RS ERRRANO A DR E 2Nk, RME, &
BLIR, BBRARMAVEICH ULUHEZITORETH 5, B O E TERZEILENT
BY, ENTEENHEZERT 5EMEZREREOBMARE LTHIREND, EMEREL T2
FEBAFITAICK D RON S EMEB IR EA Ty MIBIC KB EEZFAFICTS [/ —% v b
OZ | OERZFEIELTWS, LMLEDNSEDZEEA Ty MK D/ —% v b ADERIC

Ee = L QAL

Befr, REE EOREDN D %, AEFHIE, ERENBADSEMZHRNE/ —2 vy b X

ZIERY 2 L TOELRIC D EMZ R ORI X CAERAIRSE ORI, 2) (R B ROEIE.
DA Ty FEMICE T S AERESICRBI AT B5XUT D ATy FORREIT 7 — 3
Ve I II)VF—DIENF, ICDWTERIBLUTHEI L, 51, AflEZHADEYZHMEREERE
LCTEATZ T EZEL, ENO RNERROREZZER L BANREE LT, 71y Mt
BEICH T B HIPRHA, BXORFE - A7y blte L THIfFE N5 AL LIz RIERRROTEH

ATRETEZ2 BRET L 7z,

F—U—F I ERREHE. ERRANFEEE. ST Y3 b IV F— =% v br X ERERREE.

HIERER, 2ALTT

1. XCBHIC

BB T OEY) 2 BRI DMK IR EETT T 5
2010 FEICHHME S N2 2 BEIESRAE 10 [BIFH E 2
# (CBD COP10) Tid. EVMEHRMOBELRZILD S
T2 DMBANDRZADITENZRIET 2 Tz D A H
5 T ERE (Aichi Target) | DERIRE Nz, T
T, 2020 FFF Tl [#MaE G T B RE RO MBI E
MY LB U, Bk - DWHEDBEZF KA T S
(HHEs5) ) T &% MHELAERRD 15% 0L 7% [1E
9% (HE15)] TEMEEINE, DI
MEYIZ R ICE b2 F TR E N BEE. X
FEEI N, EORPFEENKRE - @HINZ (HE
3N INETHDT ehEINn CEMEEL Y 27—
2016),

g REEA 7 £y b (Biodiversity Offsets) &,
BTSNV ZIC KLY - EERANDEE R
KIET 2 —HETHZ2, HRBICKXKDEDNSZEMZ
BeMEER (B X)) 24Ty MTAIKKKZFEFL L
DEMEZHEIEOKSE (1Y) IK&kb /—%v o
A (No net loss) DENMZFAIE L, T5IKE Y b
742 (Net gain) ZHIEIT & T, EVWEHEL X
U BT 5 AR BEERE UL IMiEZ R 2T 55 DT
% (BBOP 2012a), AHIEDH 2 W IFELLOHIEE X,
F—ALSUT, TAVAHERE, FAVEEDEU

JRRESZAT PR 28 4 10 H 13 H JRFESZEE : SFR 2942 A 15 H
1) TERARMEE AT A AR PE S e il i
2) TR B BIFLFT ALY 2 BRI S

HEDIEMN, TV T TV AEOFER FE 2
Z 70 AEU ETRICERERENTE D (ICMM
and TUCN 2012), EREIfREICIARFLHOmD S &
WA SN TV 3 (ten Kate et al. 2004, Madsen et
al. 2010), 7o & R FEMZERIE L ERERY —E XA DR
%% (The Economics of Ecosystems and Biodiversity:
TEEB) O#EHFERZ. EMZHRIEA Ty MICDWVT
EMEZREREICEDEIH LV E IR A ZRINT 5 5
HlE LTER LTS (TEEB 2010), 2012 i,
BEPBUFHEE. NGOFDHABR AT — 7 RIVA—
B EBRP/S— b F—3 v 7 BBOP (The Business
and Biodiversity Offsets Programme) IC X D, EVZ 5k
ATy FOBEY)AREMB X CEREMNOE Rz
9 % 7D BBOP A X X —F (BBOP 2012d) A
ERRE N, EMERHEA 72y PO 10 FHHIDA /RSN
7z (Table Do — /A TEMEBRMEA 7Y MTEBWT
B, AEWw. BEY. B, BERMBLRED S
B4 G ERPHREMEM EN TV 5 (Walker et al.
2009, Maron et al. 2012, Bull et al. 2013a, Gardner et al.
2013), LB S DRZDOFRITZ VD, 2k 2
WXEMEZHMNEA 72y FOSIE B XUEBICBT SR
MERENE L, /=%y O ADERMIIFHBINE TH
57 EDOHHNH S (Gibbons and Lindenmayer 2007,
Bull et al. 2013a),

* ERERE R E R AR B AL RERAT R 2R T 188-0002 HUSTATPE SUGTTHRAT 1-1-1
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Table 1. BBOPA % >V X — ROEMZ A 72y b 1050 (BBOP(2012d) #Z)

JEH]

L =

ST =y
v 7 )VF—DJEF
Z 7t FDRA
TR
J—3w X

IBINT 72 R DBER

AT =T RIVE—D
Zhn
DN

RBIHORAR

B

[mlEE, Mb. BIEDIEICEY)SEE 2175 > TE R BR S EMEHEEANOEKEZA
DR RMET B 1-DICHIET 5,

RIBFARATEENE « et Em W EMZ RN R 2T B4,
TEhRWT Wb b,

R - 2 - SUENREMZ R IEZZE L. BRI o—F &l 9 &
ICHRBEZEOWINE L > TRl - HiTRETH S,

EERRED ) —2w bR A, BE LRy M AV R BEERBDER NS
KRG« BT ARETH B,

EMEREIEL Ty EITDRVESICE URWVERRENMESNEZRETHD ., 4
WIZRRIEIC AL DR IF T RE RIS C L DRV E S ITKET - T RE
TH5.

BAF S AL T2y S OB R 2T 2 Tk, FEM. BN
TR TICBWT, MIEBGREDNIRNCSINT BT ENEE LU,
FIEBMRER CRFEEE - A7y MBS 2R, EF. U AT, MDA EICE
BEIOE - HTXRETH S,

Din L L HEOREDMEIT 2 HAM. LF L KA T 2R EERT 5 1=
DIT, BRI BXCTHEiZ SIS E T o —F 2 it 35 XETH 5.
EMERNEL Ty b OREE - FEfii & FOEEDONEADGET., WYRERNIC D
DL ETEZRETHB

EMZREEA 7 2y B OG- Eiid, ESHRVARRZZEYNCEE LU, BRI

Yt e se i UE

et Fit.

10 Bt EARIERTRTER

DEHEL BTN RS AV,

HATREMEZHREZIASER L, £-HET
BURTE O HIWA R & 3 2 T D Y 2 B & 3
(Japan Biodiversity Outlook: JBO) AV HEHE & N, %
50 FEDEMZ IR DIRRE L HmAHE T N (BR
RAEMZ MR G TR ZE E 2 2010, 2016), 2012
FICREMHEZRICHI HAOn—R< w7 T
W2 KR E SRER G 2012-20200 DEEREESNTED,
2020 fE 72 BS54 HEDE K O 72 & O AR 72 /& 8 7o 38 &
I HAE DR ESS HAE KO BARRENRDEND (HiF
201D ZDX57%H, BELARE YR AIICEKNT 5HAD
W R/MEIET B, H DS VIZEROELE
YHiiEDd2dicahEFiEE LT, BNTEE
Wz kktEA 7 2 v b OERIEILICHARDNEE D DDH
% (Bl 2010, HH12011), 2014 FEICIZEREBEEICK D ITH
AROEE R BFMIC BT 2 EMEENEA 72y DK
fEC T ()] & LT, EMZRE Lz 20N
DroFLHIMEINE (BEEE 2014), EANTO
EMEREEA T2y MCBT S T NE TOMIE. B
A O H B R IR OB (B I 2010, FH 2011) 59
H A D il 38 AT [ 72 BORRY « 4 SRS A o
BEh (=I5 2010, /MK D 2015), Flzim/ N> 2 F
FEEADRE (BF2011) BHs, —/5 TEREEDH
TlX. BBOP A X V& — FDHAKRGEROIERKL—ERD
R OB TN TVEE DD CGRIERY T a—
7NV COE 2013, KM 2014), EERMGEROBHIXIF L
AEBREINTWVEY, EHIKEHAARNSEZILD TN
TEREENB AL S OFEORRENIAREL TV S, 2

& ZXENA O EEE A 2 HEFIC A, BRI g 28
ALTWBKER (7 AV AERE, A=AV 7,
- v /FEZE) L3RRS HARDERERORY
% E W8 U T fHl 1 D BAFE RIS DUV T DG DY a4
BWTH 53,

ARETR. EMEEEA T2y O HAE R & HE
WCANT BB WO, 2T X Uikam O it &
LT, BEZNEAED S OBREZBIM L, HATOE
MEHEA 72y FOBD FICDODVTHEMRT ST &
HWE L £ TEMZHEEA 72y Mickb /—% vy
FORAEERT BEMICDOWVT, FEEERICHT % H#H
TR UM %0 ROTAKIED HAEAZHE L,
HANCH O O RN EHE L LT, “RINEREROEE
RN L 7 BARAERE 2 22 TRGT S %,

2. B EEA T 2y PO HIM & B

2.1 RIERFETMBESEMSHREAS 72y FOBER

EEREEA Ty MEL THRFHEICK DG i
CENZEMEREICNT 2808 E 2R TERE
TEHWOMKT ZDICHBEREEZ ML 2%, 7
NTHLEBRETIHEENG L LIEREfTBICKD
BoNZTCEAESMEEOME ] LEEIND (ten
Kate et al. 2004, BBOP 2012d), EHHN TIXREIfAEHEE
ELTIMEICNHEFEETORET LA A Y MHE
AT, 1993 FICHE T N BB EIC BV CERE
TEARXAY F OHEENNENMITENIE LB E > T
& UT, 1997 FFICERE RS ERHMIE N KL L GREER

B BRI 55 16 % 2 &, 2017]
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2011, & 5HIC 2013 FFITHIE S N7z BRBERE B L L D
FAMITNER U, COBREZETNMEICE DB
B BT R R O BEAMN R GREET 2R/ HEs)
= (D TRURBREHEEOMENT Y 72> T,
REAOBERERL, XIIRRT I E2BETS
EDLL. TNLOMFKRZHEZ. LEICISCY
HEEOFEMC I DERDN S EEEE AR OBEE
PEEZAMNT R HFCIVBEDNIREEROR
DERBEOMREOE NN S OMifEi 2 RET 20D E
DREIMTbNEEDL T3] DIHRENTWVS,
TOTENS, EMEBREEA T Y MR B EANR
EHE, HAORBEZETMHZIcNEIINh TS L
BT %,
AAVETIOEE YA 72y HEIEICB VT,
PEFE G DR A F 2 NBHRICPIFIC X % 85T
iz A7V, S kARG T 2 (R U C R L 72 .
ZTNTEEBESEMZRMEDERRRANDZEICH L
TA Ty FEEDEIEIIEZTTS (BBOP 2012a),
DT &5 HADBREE M & B B 2 6
ATy FEZLEEEAONED. KREFTENVI
EmErEtAt 7y b TRITA =3y T
)V F — (mitigation hierarchy; 3 ZH{KiK D FE £ 7z &
JEAAHT) DIESF (Table 1 DFEAN 1) KT/ —F v
FEZXDEK (Table 1 DJHI4) 72 BAMEIC T X 721
HiELd 5L THD (HP2014), 747 —3 3
VeI I)F—R. EVMBREICHT SO HEEY
4 7 )kt (avoidance). fx/IME (minimization), &8
(rehabilitation) DNEICHEY]GHEBEZIT>72 LT, &8
WAF T B Blco LTRETTR (X7 kY b)) 2%
TEH5LZRDBHEDTHS (BBOP 20122), 75D
SOBANOWREMO B Z RO & LT E X
BARNEN & LTHREICL TV B EN S, HADBRER
BIAMBERXO L ISICBBPIAALTEEDE VA S,

fe /—2 v baXid, BV Z RN R R
ReELTATLY FEFHEBRUHEMBL, ZOMEL
L THRMZICB O TEMEZ RO AL+ T
Ly MK THBENZ L EEKRTZEDED,
ZLOEEG/  —2y FOADIHEST Y AV
(Fig. DZ#EKT A EZHELTWS, TNHE3IT 1
F—vay - tZINVF—DIETFEICT/ —%v o
ADFERE VD 2 DD REMFICT KD, EY RN
F 7ty MEIBARICH LT —EDOHIEhERBZ TN
HFEN 5, £THAROBR DR BT & & Lt
BLT, it B ORI EEZLRVIDERNT
IR R RO BHEE B NZ B,

22 MBI/ —F v bOXEROEHN
AWML T2y MY ARSI, X
WKAEMZENT — 3y PO AR BEYNER TN TV
WZ kI H % (Gardner et al. 2013), BBOP (2012¢)
THEEINTOWREMBHRIE/ — 2y PR AZENKT
5.0 FEEREZNEMSZHNTEE, A7y
MDD Bt oa X e 1 R NICED
& (Fig. 2). MOABFNFAFEENEREINTE D,
2) ATy M XBTFAVHBINNTERINE RS
9. 3) ATty MHEEICET B FHIEEBLITY XY
BHRESNTED, 4) A7ty FDEREZEN - B2
[EARNEHEEINTVBR L . EENTVD, 2D
AV Z R T R LR RTREZR 7 1 > DAY 2 bk
1% - ARERZ B/ - BWICFET 2 2 L 2RO TV 5,
2) oM. A7y FTEEMY A MBS
EVZ RO BRI 2T 5D TR AL A 7Y
MTBZHETHTLICK > TRAET 2HENEZRDT
WA EEEKT S, BUCSETEBI N TV S E
Tlk. TNHBEMFICHTEIHARSA BT LEMH
METhRWizd, BBEEYEZHREDO XY FuARET

_+_

=i

R

)

¢ B ,

# 7 28

e

g w% | | E&® || &8 || &R
# g || @8 || @ || @8 || @
B A1 B e I

(ET45—>3>-ETZ)LF—)

Fig.1 3747 —YaYy - eLI)F—0OREX (BBOP (2012a) ZNZ)
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a) A

EMEHREESR

AR

By fi]

R—ZS5/Y

b) A7t ykith
TAY
Y R—=R5AY
=35

Fig. 2 EVMZHIEEED a) PFHICB T Z0ABX T, b) F 78y bHUCE T 35 1 > Ok
N—=AXTA VFZFNENFIF 7y MTAMTbNSRIOMEZ/RT,

TW3BZNHH S (McKenney and Kiesecker 2010)
RETIF. TNESDOHEMFITI > TEWMZ R — 2
F O XD D BT O 2R L, ERO T
Tu—F ZMET %,

3. MR — %y PO XDERICET S
AERESA Y AR

3 AEMBHEEEEDKSICEHAIT BH

EMZ R, EMZRREZENOZ BT, M
N, HRBIUCEERICBI 2T, IhbbEIG
M, i, FEEROZHEEZETG, LEHEIN TV S,
AW 2 BRI SR S R L [ BR A 72 A W 2 R T O B 2
W9 2 HIERFR L 2 BN (Global Biodiversity
Outlook: GBO) Z 4, SHERBZIICFIITLTE D, 2006
FICHIATE N7 GBO2 TRAEMZHEMSEK 2010 FEH
(2010 fEF TlC 2Bk, M, B L)V THHEDEY)
Z RIS 2 B IR T B 5 &0 D B EK
ZFHNT B 7zoic, ERLORERLER (Fl: 2% T
W B HIBRIE %L : Living Planet Index (Loh et al. 1998))
MBAIFE X 7z (Secretariat of CBD 2006, 2010), & 5IC
EMERRED L Z B EREREAE. 7 DRI L E N
DERMNFTMEABR SN TS (TEEB 2010, Cadotte
etal. 2011), CTNHDIFEPERIICE ST, 7t X
FEREEEMZ MR AR Z RS (2016) ITX
% JBO2 DX HIC. HAHEERPEMZHIEOE(N
EMDOHELT, EERBEPY—CXDELELT
EREICTHIENZ KSR > TE

VB EA 72y b TOAERRRIMO B WX ik
DEIBRIEBDO N LY ROZB(LEERT S T & Tldik
<. RMcoOEMEHUETERORR L Ty b2
OB bbbt 7y NITHRONE T A V&G
WL (Fig. 2). /—3 v FOADEREERBTMT %
C kicdh s (Gardner et al. 2013), TDO XS RERER

M OBMEE LT, X TEMZ 2K T 2 H 4 7%
TE (EYZ TS biodiversity components) 1 I&
MR (7o & Z EFEDRED . HiEm (7o & 23y
MhE) BRUBKREN (2 2 IREBIEMEHE) BR
MNEEN 57 (Hagan and Whitman 2006, Magurran
and McGill 2011), W2kt % 2 m IS RHild 2 X
VU 27 A (GF#lE ; measure/metrics/currency) @ 3ER
WRDEND, M ATy FHIITI NS
FROE, B, Kk, FNEBXUCEMNMEN TR
HLxBT LI ARTRETH D, BEGAERENESE
% (ecological equivalency) DERIIKHEHETH S &
M5 (Walker et al. 2008, Bull et al. 2013a). X EE
GHEROFARHAOMFAD L EL KD, S HIEY
ZREMEA Ty TR, BEERRFEMOEHZ FEMK T
ATy FEBHEPTFMENEET %2, TDT
B, ATty bEEE B K CFTME O DI EEH
WHBHNAEZTH S hkD 5N % (Gibbons and
Freudenberger 2006) ,
3T EMEBHRMEZFTRAIT S A U T XDER
EMEZ A T2y FTHWLON S X MU T XF,
BAR—207 7u—F N gy b (EWod Eih)
NR=ZD7 Ta—FIZKMNENS (Quétier and Lavorel
2011, Bull et al. 2014), FEN—ZX D7 7 —F %, B
FickoKbn24EYE () LA 78y MckDE
SNB3EME i) OREEZTNT 25ETH S,
ULh LW 5RFMM - 72y MERICAERT 54
V2T NCHET 2 C LB ARATRETH B 7. EBE
WIERFEDEMBLRIEMICER L X MY I ADA
WH5N 5 (Bekessy et al. 2010, Bull et al. 2014), 7z &
AW EU Ti&. BAMRENX XY b7 —72 [Natura 2000
HHE] OIBTEXNTORMIEIT 20 URRED [F %M
(species equality) ZJRHIE L7zREZED TWVEH,
KBTIV ATITbh R T oY 2 7 b Tid£ <

B BRI 55 16 % 2 &, 2017]
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D EHBEEEMNEH SN TEL., BERLNIVOK
WO IE 3 BILL I TH o7z (Regnery et al. 2013),
FRTAVAGREOA VY=g VRN VFUT
(US conservation banking) TlX, OB Z N D H
2EYOLEREBReEO 7 LYy v AT R LR
KRBT L LTRD TS (McKenney and Kiesecker
20100, TOXSICHiHERFEZICHET HHREHE
TEORENEIE, EMEZHREONRERE L LTOEE
ff (indicator species) & L THWSON S HMICH S ([
&5 NI 2011) s — 77Ty EVZERPE D22 M 0 1A I
FTLUEAEEREDOREONTZHONRICK > TRET M
I RIS T % E R (common species) D%
ERMEICHE S NG C EAHEEN TS (Pearman and
Weber 2007, Rodriguez et al. 2015), F 7z fis L &
B LIHETE, ZYMEARKOMEZ LGS %
EEFEILNT LERECTENEL, ThbDT eh
5, ZREREMDO/—3xy PR XZHNET54MZ
M4 7 2y BTl R - ARSI
EHLUEERX—ZADX MY 7 I X 576720 TidA
TR ThsrLEIONS,

NERY hR=Z2D7 Ta—F1X, FED N IFE
BAEMEOERM, NE Xy b (habitat) ZFHT 3
FiETHO, N2y FoR (HE) BRUHE (241
T ICKOEHIIE NS, e MGG ST, FFEH
CRICAERERZ A T CRHBERED 2 Wi ZN Eo Tl
THOHNEREFRETHZ ENB, FRRNEDOHE, R
WM - FHAOEERSRE L THONE N
ZVEHEFEE LT, NE Xy FEHli TRt X (Habitat
Evaluation Procedure: HEP) A% & % (ten Kate et al.
2004, BBOP 2012a), K D BB AFHEE L TEA—
ALSVT - T4 FPUTHTHEFEENTZNEZ Y
7% Z—)l (Habitat Hectare) #EDH %, TDOFED
R, EYMetkonexy M EEaNICFd 5 7z
DITHEIREEREHITZC L, BXUNEZY FDE
PR 7 < RAE " Z E B IS 9 2 7o DI thig g &
75 % B HUIKAE (reference state) KT T 5T LI H
% (Parkes et al. 2003, DSE 2004), E{AMICix, £
HRRREE (A—ABREINBENAE—L) TNV
F<— 72 (benchmark) L MEEN 2 BIREZRD B
MW — I EHMICHELZZ T TV ERVWERED
WA FAGEIREN S (Dunford et al. 2004, Stoddard
et al. 2006), RICHFEB X TA 7w MMt WY
% (A b)) ZHRIc. Y1 FOKREDS X T RER
BEICED B EHEE (2 & ZIXRBEARD WAL ER
WA Ry Fh 5 OEE) ZREL. SEEIKY LER
R DEREHEBICH S ZED 5, RAANICEE S
DRERICE-> T, BHFS (BARBLUTA 7y M7
AHD) CORREMBRIUA 7y Mafittho ERRR N
EeElbE N5 GEEHL DSE 2004 i), A —X b
ZV T TlE, &R, ARG, RS RiciiobE
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NHIKX sy (Z3VY—Y 3V ; Bailey (1996)) OF
nNENICH L, I—1 v S NARELLRTO TN N2
BELOD RO RENR Y F— T L LTHRES N
TW3 (Gibbons et al. 2008), NE XY FRX—ZXD 7
Ta—FiF, EEEYRONE Xy R EEE L TR
TEBHT L, A —DRESPFETHETES L
Mo, EMEBREAT LY FOA MY 7R ELTHR
HNTHBELEVWA D, TOKIA., HEOHFPERERICEK
5l s EfEg b NIRRT, ARBRROBEOKT
NHBITEN2BZNhHH 2T L (BBOP 2012¢, Bull
etal. 2013a), XVFX—TDHA RS A VDFENH
#ThHDHT & (Nielsenetal. 2007) R EDOHREELH S,
e ZBEMEREA Ty MBI B3RV FI—2
. BRSOEBRKEOFMEREL 4 T2y FEK
BOFHELED 2 DORENZRF D, LHLLENSH—
ITaY—Ia3ViEB0Th, e 2 XFEEKE Z 0K
D&, BEHETIEERDREN 2 RS,
ELH—DRYF— 7 Titlizir 21X, EMNEHR
GLiC & o TEBRPER THRFIN S ZRINEERD
RENREEICIZZ T LMEEZENS (McCarthy et al.
2004)

EEZRENEA T2y P TIRERBARARNY 7 ANEH
TNTW BN (McKenney and Kiesecker 2010, Quétier
and Lavorel 2011), WA A MY J A K> THEMZ
FEEMEIE KR E XS DL, BEZA MY 7 A/
TRIERT S ETEARW (Bull etal 2014), —
AT, EMEHRNEERZEANICERLT 272D
BEOAX M) 7AW XBFHMDALETH % (Gardner
2010, Gongalves et al. 2015), TNHZET A, W%
A 7 2y S OERRRIFM TR, XIS @EmERED
HARBREO/ —%v FaAZHBETZOHICNE XY R
N—=ZXDA RV T AZHEHA L., BEMROLE TR H
EHEEC LIC A7 g - FHiiZ 75 C EWNEELA
Jo RNVTHNR—ZADA MY 7 A%Z@EA L, B
B @S ORFEMO S BIRREZICHWVS T EDVER
ThdLEZABNS,

312 £ERFHNEFEZERT

BAFSIC X B2 RO R E A Ty MMTFAICE D
TA VT OERZINESEEOMRIE, RN
BIF3E5—DDETH S, Habib et al. (2013) &
BEN - AYENE AL D OMGE E LT, Bz b4
ZREMEZ—7y FETA T2y McETZa3AMEX
Uizt Uiz, 21 X OALA T O B F I
L. A7ty boxfsé UT MEREEANICIE S R )
& TN 7 (R BB OB WA B ZERig U724
R, AIEOEBLZNFREEDOEKRICISZ 5 DIk
FHO2~ 170X M2ETET ENRENT, -
THRISAAIREZR O A S DRI 28T 572, ERERFE
i T A BE Az A M D FF A #HIPH (exchange rule)
ZHHH COME L THELS LENDH S (BBOP 2012¢)
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EEZ B,

FT7y P TREBRRORELZEERZ AT (I
A Y Fikind) ICX>TRL, HRIZERRLEMAL
HRER R AT A VA YR (in-kind & % VI like-
for-like), R B4R A T 2T I AT A VR
(out-of-kind) & K&, BIFHIEDZ TIEX, 7y
MMeffiithz > A4 RICBET S & TEMEZH
D EFEEZELRL TS (McKenney and Kiesecker
2010, Quétier and Lavorel 2011), F7z4ERER D ZERHY
MEICDWVWT, A7y MDA BRI S 5 0 i
Bt Th 25 5% 4 Y1 b (on-site). XIENB
KUBEMNTH 25524 7H A+ (offsite) & &
5o ATy MERHOEEE A VY A MCRET B
TET, A7y b7 A2 OEYBEEICET S
TEME, ThEbbA A Y R b B REHRETE
%, TOXKD EHIAHIBRIEBIFEIC K D Kb EhE
RERERY — XA 2 YEMIKICH S L TEEMTH S
A (Gongalves et al. 2015), FAFKIBHOMmBED /NI N
B R XIS TR R i E 215 5 g WA
FITYA FOERANENZIEELHDES (Kiesecker
et al. 2009), TNHRETE A, FREZEMFESFMZ R
TEDY A MBEEDDHICE, £TEDRHGLN)LD
S, REZE. HiBREREFICHEDESHEKX ) (§hbb
AVIFTHAR) ZRETH L, EREHLANL
TOEEMZE/EN Y —)V (7z& 21X Marxan (Ball et
al. 2009)) ZEMH L7zY 1 MERFiEZHE LTS L
ENERTH S (Kiesecker et al. 2009) EEZXH5NDB,

3.2 EMANGEREMR

BAE (additionality) &, X7ty M7 A VDT
KA ENZBINNERENRTHE L ZERT S
EDTHH, BBOP AR VA — FOJFAIO—DITIE >
T\ % (McKenney and Kiesecker 2010, BBOP 2012a)
(Table 1 DJFHIS), A 71y M7 A ICHBT B4
E . BURICHERZ DA Ty M4 Y OREBEB KU,
2) A7ty FOFEMFE LBV TRHEOMZTH %,
321 A7ty MMV DEH

RETAHFICX > TRERMICE NS REMROR
HTik, BICIS U TRA EHEEEDNH S (Maron et
al. 2013, 2015), A7ty MTIAICEDESNSEM
MR E RMEAfE. 72y P A Y (Ve &
F Ty MTAD L ORREE (1) OME (Vi)
ATy MIADNGTVWEE (TEDER—XF A
Vo) O (Vape) DTV FDED (V= Vi
~Vera) WCHEDEKEND (Fig. 3)o L LENS, BL
FHRIETIELIELIEA 7Yy T A8 LT Ve B
HMHAENTED, A7y MIAWCBICEFEEL T
eV ZBRL T ENSWKFIM & 722 T E WV ERE
NTW5% (Bekessy et al. 2010),

T, R=XF A4 VIERRICR LU T—EME LTk

bNBGEEDNLZ VD, HEICEA Ty MTADH R
KD BTZEIL 5% (Bull et al. 2013b), fRAEAHE
FOH TR, RETAOAERICE DS I RERINICHEK
MECZAB5E (TEDLER—XT A2 ) I, [k
INTzHERS (averted loss; Vyeod) ZIREFNHEE LT
EETHHEENERH N TS (Maron et al. 2015)
(Fig. 3)o M UTHEMZEMEA 7Y F TR, HEXT
F Ty MIBICKOFICE LN B MiEZEHIT 2
RBEDNDBTD. Voot ZF TR FTAVICED D
T EIFERFHE & 7B, RESROEBINVEX. BT
HICKBEMZHRET A ZRIET 5 5 2 THHD B
THH, TAVEHORN=ZAF 1 2kl T BT &
MRETH %,
322471y FDOREFE

F7ty FORBOEMFEL XA Ty bTA
YOBMMEICHHET 5, A7y MMraid FIRE
(protection), Bl Hi (recreation)., {& 78 (restoration)
ICX 7 E N3 (ten Kate et al. 2004, BBOP 2012a), f#
HICEk2 ATy PR, BIICHFEL TV RHFEDSB T
NOHLIEEREZIREXICRET S LR EEE
T, A7ty FOBBENAHZALTH LM RN
INVF 7 (biodiversity banking) Tld, B¥EKED
BEFADNBOL LT MRV T D SRR EE DY
LYw b z2BEATH e TRIETZHETHD. R
ME VR R S REROEMZRIEMEZ 7 LYy b
ELTHBRTEZIENTES, TOEIEIREICKD
F 7ty b TREMZEREMEDSEICAEL TS T
ENS, BA=F A VOB PRS2 R L

Vfuture

A

EMEHRMEER

................ Vvavened

chrrent

AA 4

B ]

Fig.3 47t v MICE T 32 I EZ ORI

SECE Ty Mk, b 1) OF AV
DENBEUOR—=ZA5 14 DFEE) (Maron et al.
(2013) ZHZ)
Vi 7Y MICKOESNTAME. Ve 6/FF
SUCOMAE, Vi 4R TOMME, Viyeeq: 6T
B U R TR OfiE, "—ZX5 A4 0: A7k
MTADNEWEGESE, "N—RTF1 Y 1 {1ADHFREIC
B 5 FRERMICIBENE U Z 556,

BMFR AT ERS 25 16 %2 5, 2017
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T, FAVZERNERTES LWV 2FRADN D
% — 77 (McKenney and Kiesecker 2010, Bekessy et al.
2010), HOFICIERERIROEMIEIC KT 5 T & HHE
fEEN T3 (Bekessy et al. 2010, Maron et al. 2013),

Bk, BN E T 2ERRZHIZICANAMNICIED
H3 F1ETH S (Bekessy et al. 2010, McKenney and
Kiesecker 2010), 7 AV A DEYZ KM NV F 7
TIE 1980 A 5 T DHEICEE DV TR FUERRR D
AIHDEAIKITODN T E 2, BlHICK 2Ty b T
BRI ELON S —T7. HEICHEARED
mWERRROMEMGECAERBRBREZNMUT 5 R 21(F
DT L FEIRMICRETH 2 Z LWV ERREEDND
TN T3, 71y M (BIHHD) ORELR
WRHETHZ LN REDERBEILSEHINLTL
% (Zedler 1996, Bekessy et al. 2010, Kiesecker et al.
2010), 7z & Z 1 Pickett et al. (2013) EA—AFFV
THEEHO oMW T, HREMEEHE TS
A TIVOREEEEHERFIC G5 2 288 H T EZNEX Y
DRI KO RUET BIcid. BAFEHID 19 DA T
MUDARETHZ e EZRLTWVS,

BEIE, WilzZzZFTHLUZERERRZEXT LWIR
RROEMEE., "NE2y FBRUERERRERERZET -
BT BF1ETHS (Montoya et al. 2012), EIEIC K
DIBIMNERENRZIE S LTIE. BYREBERMD
RENRLAEEAT A K 2 EREREITE ORI HE T
& O (Bullock et al. 2011, Gardner et al. 2013) . 4 7t v
FHIEBIC KD EENTBEREICBEVWTEWDHMDK
BCREFID SRS EN TV S (Maron et al. 2012), 72 & X
BFREREROEBEIITTIKEZDHE[INHZ LD
D, KXLERFEDOEHE S R EYHE O T D ED & BAEDE
EEMIC K 2ERBRBECHEEONEIEREETH S &
EZZHNTWVWS (Moreno-Mateos et al. 2012, Gonzalez
et al. 2014), X7z “RMDERREE TIERAMDA
M REEICIZERE LW ENERBNT—2 D XA X
FEATIC K D/ REMN TS (Curran et al. 2014), LD
Lo, @R & A HSERBEEICKOHEL
FHERII BB TR L THD (Cramer et al. 2008,
Suding 2011), Th 5H{LEREROEE X H Rz I
KRETHLeHTENE., ENICEREMNICERS
BN EREMRZNETE2EZ25N%, HTE
Ll UM B K UCEFRITE A ED () Kisd:Re
REHLUTORXL - X2 T 0y FOWDSBEEITA
WKL T4 EEN®T < (De Groot et al. 2013),
e & Z XM TIEAEMZRIERIEZHN L Uk 2o
HBHAEDTEFRICH D E N TS (Rey Benayas et al.
2008, 2009, Rey Benayas and Bullock 2012),

Mot 7ty MREAITIIBEITARDOE=ZY
VIURHEBFAMMBITEDLDNTOLEWVEEENZ 0D
(Gonzélez et al. 2014), SR INFE THRELEY . E
TUERREED N T TEMIN T ERERREEOII-
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BBz B2 Rk A T 2y BT K BB R R4
MROERICTEH LTV T ENIFENS, K,
RN TR HHERGEZE CH LT 2 5L LI ERER
DEEE M 2N U MEO NI 2 RS2
EMENED S,

3347ty PORHERELURY
CTETIREBRTE LT, FERMICHEENS
7y b AVICKB S/ —Fy PO ADERICE
W, BRI ERRE TAMEFEME (uncertainty) 2
U R HHELT S % (Moilanen et al. 2009), T D XK S
AT LY A7 &R LI N IERREZTTS
OO TFHNEEE LT, 71y M (multipliers/
offset ratio/compensation ratio) DB I N TV
% (Moilanen et al. 2009, Laitila et al. 2014), &7t
FRITA T2y AV OREFRED KK X7 (Fig.
4), R LORBEWKISCTE T Y P AR, T4
HEA Ty MOTEZEYT I EEEKL, [T
Yy MO mE] / (BREMOmE] &£ X N5 (Dunford
et al. 2004, Moilanen et al. 2009, Laitila et al. 2014),
ATy bRICK>TERINS AEREE LT,
FTERREBECANZEDY Ty MTANEGET
HEOEWEICK > TRRT YR Y, SUEREAD T
R 72 G SRR B KT Z N5 O EMZH O
FMICKBT A VOMTMUAICHKRTEEDDDH %
(Fig. 4 D a2), Te& ZIXERRBEDTZDICHIMKL T2
HEDS B 50% TULMERMLZED > 7286, HRFE
NEAx Ty NFA Y RZESTSDIE2E0F T
oy MIRREL RS, BT, TA U ELNS F

N
a
i
i
k2l a
¥
Y
B o
H
EA (RN
to tl

¥ fi]

Fig. 4 7% v b7 A 2 ORI T2y M7 Ak
&h'5 1) DA DZIL) (Quétier and Lavorel
2011) Z%Z)
ap: A7ty MTADEWEE, aBXU ay 37
Y MTADD 56, aBXC a,ldA 7ty b
DRFETEDBORIBEIK OB K> THT
B4 Ty NrA YV ORREREERT,
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TORHEMEIE (XA LT 75 ; time lag) DY AJICH
KT 200D %5, e I XEMBEARICIDBEDLLT
WA EEEOA Y Lo U, fHERRETCH S T
IRATRDORKRZENHT ZICiE. 100 FTELEKT
RN ENTFUARBICK D RENT VS (Maron
etal. 2010), CTD XD &7 A VG ORFHIAEEIC X
DHFEICK PO ADONRENENS & T, MawxEoD
RSB LT D EYEEHOR MLy 7 L35
FNHET B (Walker et al. 2009, Gardner et al. 2013),
F 7ty FRTIERHEEED Y X 7 ZERREG| (time
discounting) & U TEET %, REMFISIERBE A7
BT—RMNICH Y ONTVWBIEZTHO, A7k
b E TR RIS RO E T 5 & LTS,
Moilanen et al. (2009) (3 HLHEZZ B E 7 VIC K D AN
KEBRXUOREESZERB LA T2y FRZHEEL.
M LEhZ N2 B KB~ EEo4 7
Ty MIERESRETH S L 2R LI, Xz Laitila
et al. (2014) (FHMABIETIVIC K D REEG | DK
IMEZHEE L. A 71w MR RO B E0
IKHEMT 52 LZ2RLTWV5,

LA Lah5EERE (227 AV AR
FAT—aURAVYT— AR g NI F V) T
., oA Ty PREREZEHHEINTELT, £
Ty PRERESNZXNEZHWRABTEEINTOEN
&0 (728 Z W EU D Natura2000 H¥% ) & H %
(McKenney and Kiesecker 2010), 72 & Z XA F X T
. BOERREZNFIC LA 7y FFHECS
WT, /=3y PO ADERICHELA T 2y FRN
FEge6.8: 1 (X 7ty MiOmME : fFEMOmEEE) T
Hoteh, HEOZEREEX 1.5 1l EE->TWVi:
(Quigley and Harper 2006a, b), #YJ&A 7w FFD
KBGO EDMENE, FRNRIRBEAT 4R
ISED TR TH S LD ARIZEMAE - %
HEFIVRGEDERSICH 2D, SBEMEHZTEH L
EETIVEEDOR LA 72y MM OMIIC KSR
HERMEDRBA AT E NS, Tt amElsihs, /—
2y PO RFEKDTZDOME LOA Ty FEREESE
BICE > THREMREGHIN A 72y FEEOGE
B E BEGREICRDTEA D,

34771y FORAERHEBT S

F7%wv bOBRRIEBBOP A X VX — K oJFEH|
(Table 1 DJFEAI2) ICHE TN TEBD., 27407 —
vaY - I)VF— (Table | DFEHI 1) DEEEICE
WT, REARTTREX 7213 Ma 93 2 L 2 RN\ D% -
YR ZET 27bDREbEHLEEINTY
% (BBOP2012d), fREARTHEM: (irreplaceability) &
. B ERRIIH LTI ERS LHEEMNE
KTERWEEZLNZ2WHEO LIR%Z$E 9 (Pressey
et al. 1993, 1994), M& 55 1 (vulnerability) &. & %

Lt DA Z R OYEE 2 Rd (Wilson et al.
2005), A7ty FOERBAAENE (FT72y ZEY
7 1 ; offsetability/offset feasibility) (. %35t O
RS CHRAERCEE,. ATy FOKM. EiralEtts &
UMD HABRICEDIEERILL, ATy ZEY
T A MRV EICE RN R ET D RO END
(BBOP 2012b, Pilgrim et al. 2013), 7z & Z !X Pilgrim et
al. (2013) BA 77Xy XY T ZiHlid 2 kL L
T, EMZ R ORB AR - Meggtkz R R
HE (Jz& ZEUCN Ly RYU X M A7V —IicHD
MesgtED = > 7)) ATy bORIATetE (Bl
By, B, RSS2 Wil 5 METd 2 751k
ZREL TV S,

BEFE RS Tl W2 bR VEAAE O 3 /NS Al 0 B2 fify D
BEICEOAT Y FORFZERE LIRS
Nk, J—xv roX - xv A VREELEL
T3 LWz 5 (Walker et al. 2009, Clare et al. 2011),
ZORHF Ty bORAZEH L. A7y hAlse
75 BM# (offsetable threshold) ZRAMEICERET 5 T & T,
FT7y FORMZKKTZENEETH D,
ZIXERMRKAMDERREBEIEA T2y P T A VDA
fEFMED E <. RO M EREN A CTEY 2R
MAY PORAERBZIENTRENS O, [HHEERS
LI NREZAS (Curran et al. 2014), FZJRRMZ I
U &9 B nR ARG, EYBHEE O DM EA .
ARERBERED R D S AR EBE AL N TH
D (Fischer et al. 2006, Curran et al. 2014, Gonzalez et
al. 2014), LEEHENRETRETH S5,

4. "EMEZRNEA T2y FOHAEAZ A T2
M SR

CZETEFEOL 7y MIlEICBT M2
/=2 b XOERITHH B EEZNE SN D OFH
MEEBEL, ko7 Ta—F xR U7z, FFiC
FENEOBFEHIE T, FEMm. EIR, R FEh. £
ZRYVITDBEBICENTEC S RHIREFICKD
EMERNE S — 3y PO ADEREIN TR EWVZT
(Walker et al. 2008), Tt b DOFEZFEFK L 7z £ T,
HARNOHEEA Z A A T Hii OMEI DR ETH %,
INHIKMAT, HADERERORFEMEZERL TS
BENTIROMEXERFHREL DS, Lz, H
ADOERERREGETEANNE V- THILICHEVWS
W ETdh 57z, Higic k> TR ENKELH
A0, MOHUBMNZEEENEV. DK D TR,
EMEREA T2y MBI R0 A RO A Y R EE
ZAHBICEELEINE RS RV, £z, HARIKIZE
EREEERRIZIEAEHINTEST, KEIMHA
MOFHNFIH T CHRE SN TERZRNERRTH
%5, DT i, EMEBEMEA Ty MBI 54k
RiMHliTFERA T2y MIAOHRBEFLEZHTET 5 I

B BRI 55 16 % 2 &, 2017]
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THRERINERTH S, AHETIE. HEADSEE
DAHONEZRED BAHB & LT, UNcdX% 1) F
7w FHGEEIC BT B M HIR, & T 2) A
ENFTHINVERERRZICH ET 2HLERROIERH A
RETE. ICDWVTHARI L. SROMEEMDImM & Lk
2

41 F Tty MHEEICHIT A H-EX S

F 7w MEMHOZBEICE VN TIE, 3.1.2 Hi Tk
Nz K S ICHFEMDEMZRER A LA T2y Mo
TAVEOERRENRASEE RS ST, Hiss
(Bt EWNEETHS (Kiesecker et al. 2009,
Gordon et al. 2011), 7z & Z WK TIE, T3V —Y 3
VOWIRERAD D, BURICLEATN TV S, HA
TOEYZHEEOHIKX 77 & U Tld, FBEEHRREAEIC
B BEYEEICE DWW TEMZBEEREEICE
FAELERXS GRF) ) (BREE 1997) MMEKEIhTW
%, CTTRMEYIBHELXTREEE L, EMOHEOE
SRR, REEGRE, R E R FV Tz 10 Hilk X 55 A3
RI Nz, EVMEREIEA 712y S OHUIKAPEH A Tl
EMEREOP T EMEEZNRE L. TOEY
FHREICI A, FIEOBIAN S DX 5755 RETH 24
BWTH 5,
FIEOBMEAL S, A7y bEEEFE, FE L
TWVEAEE LT, fTEREOHUEX 7 Tdh % 55 IR B
fiTOLA Ty FEMMPBENTHZ LEA SN,
— )T TR ED DI H T B o 4 2 7% I HY -
BELTE. ToEBIIRENHER S N Y
BZEICBE - BEIEZ LR, HTLLEREE TR
BWETHEEINS, 8 LA 71y bEEMT SHEHAN
KT T XREMOBIFEO Mt b NI, ZDnfmi
EERE (V—R) ¢LTA 7ty MlitEiET S C
LT, ZOROEHRMDIOIATES/7EA5, 2T T,
1) ABERFIRHAL & 2) KO RV T oy 7 T4 Ty
Nz Lea. FRMDNMICBEHFEO At < &
TXy M EEMICREE TS5 EMENE ORED
Zh7. REBHREDZOHERED BT DV THENT
Ufzo fRATICIEMFLIE. BB, BRICOWVWT, HAD
VI AKE (BREEE 2010) X CRIES DR A H
Wz, BB, EMEEEA 7y TR LY FU X B
e @z XA L CRMis 2Rl REMENH B T &5,
Xk E NS B, BEALY FUXMIT
JV— (BRES 2010) KEFENSHEIEERWZ, 1D &
BRI TA 7y b ZEFEMET S H. BRI B
Bt (A L 720 IKNS 81 B [ — R A w & 2 (10km
Awya) W) TRITbEVWEWVSRREMEL T,
2) TREHEMIEHEMNTE 72y NEREELZGA, H
W7oy 7 TcoEENEIENEHA LN, T TR
K OEYO D HICHE L T, KRR ICED M5,
WiRAE. BEIRAS. #HEAHT (Sasse 1998) O[]l — & fa 4
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WA TA 7y NEeHMTEZEEHELE, TOf
Ay 1) ERUHEBAT, BEESENTOL 72y ME
bl e ZniiR 3%,

REGFIELOHEME LTHREEIEVEEZLOND
1) OFERBEMNOL 7y F TR, b UBAFIEAR
Bttt 7y PR NNERENETIT W
W, PO SEHEMNICENNIXEENSIZE, RED
EMBRENMEONIC LK BB T ENERINE, TOD
Bonc TN E R AR5 EZ NN, 4
Ty bDTL—LEREFTEHIC, MBTEL
BHEEETHS., & LIRANORFEMN S X TRz
bk < IEAT (RENT T HARDE 2 A KED[E— A
VaNTRERWHIE) TAH 77Xy N EHEET S &, W
FLETE 48P 2o, BTWE 126 fih 5o, B
Tk 226 FEH 151 FEAS, 47 ERERFIRA DOV DI
BWC, (ZOEWEMEANIC 1 UMD EVTS)
INoofEzt 7y MINICEEET % e DIC Bk
BEAF DA BN IR VIR RS 5 & TR E N (Fig.
ST ZNUIEMTT7), TxbbBEMDNMHICH
g, BAFEMN & A CATHAL TR BICE T2y Mi
Mz E T 5 23, HWBETH > THLRED K
KRB REE N, —. + 71y bMghfis
Z A —SURHNIC LT T HEE. WINOEYEICE
WTE, BUCZORMER L TV A HREIEY R A
NEBEHTE B AREMEN R E 572 (Fig. 5 T2) Z{fL
775 7) LA UM ZILR L TE. B>
HE, R, A TRy b HEO B E A K A R
EZhol, TNHDTENE, BEERLT VYA MTH
BBAFEHIN R T BRI K O I AVHEIB T T2y
kRGeS B A& U 72 AR S (1) A — o b))
ZHET S, FULOXUERICH 5 EE OB T B AL
THEHETIZCLHPEELWVWA S, ERLEBOLF T Y
FCRRICHEREITARE ., BETIICEHZ CH SN 5 HE
HREECH o 7o ARERMN S, FICHARD K ST L]
R BEEBOEYBENHEE ZETE, A7y FoHh
BEOBEHICB W TIE, TBAR TR A HIEZLR E DM
HEMFICTIREINETHEEEZ N5,

SHENICBNTSE, FREZNRASFEZHMETE S
HRRZAT (WA Y F) ORGSR, HEBXIUA T
Ty b O [alEE Gl 35 K TG I O BT - B Y s 2
ThHb, IEZEHBICDWTIE, EEMEHIER- S
NOOHZEMAT — )V TOEMZ MM (78 %
¥ Katayama et al. 2014)RE= &V > 741 b 1000(E
PAERRREHMEE =2V U 7 HE#ESHE) 2ty
T2EME MG T— 2 IEHTER725 5 (-
AINIT 201D BZIC DWW TR, EWS Bt s 1
B BRI HEAL TIERDED 5N TV B EME
M=y TRIEHLU T, Red &g o e E D
(Pressey et al. 1994, Kujala et al. 2015) A RERIEE
Dt 2R T2 EBNENES S,
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W 7L 58 (48%8)
o T ]
2) 100%
S%8(126%8)
n | 53%
2 W 96%

E R (22678)
2) | 66%

[ ] AoeyrzmssmIR s ik 5518

- Aoty MEHHRIZRI DA AL D T,
FEBMAIHOEBENVELE

Fig. 5 S EMO M EEMEA 7 2 » bicEsi 5 Hikg
T
BFRIC K - THBMD DN TR A0 TERL
TWVWBEVWZBZENENEZEL LN EHSMTT
5128, HAROEY»MHKIE BRES 2010) DREE
MELE, AR ERE (FE (2007) OEICK D).
BHMERER(E, JIUHZLY, AXFVULY)
DEREMNTHE LIz, chbnsb, &%
A7y bTR Ly RU X M & s X
AU CAHES 2 AaJREMERH B C &6, XHRICHE
HENimDOS B RWESL Yy RUXMATIY—
ICEENSREITRWZ, RBASCENCTIE, ZRA Y
T2 (10kmA Y ¥ a) ICBIFATE. RMEDREN
TWVW3, FTREMDOA T A MBI E4A TRy
F (P 1. BFFREAICEHL) Tl SHEICDOWNT,
[Fl—RB NI AR 2Tl EH B, 1hFT LD
MWFRICOEE LT, EBic, M LIicIRToOE
ICBWTERRAIZ 2L o bt hTtnid
WML, 1R THERANOZEH 1 LHEy
ErHNE., FoENEMTHOmHIO IRV I
MU, R—%EHNOF 72y (K 2, &
SRAICET) Tk, BiEthcb B BNTE LT
ty hLAEWT LEEHREE L, EROTEEAMA
FlE—SUEHN B EHZ . FOO 2T T2,

42 b LIz BILA RO RN

HATOEYZERMEBREOERNE LT, BHFE - &
FHDITHIC KB ETROTEHINFEORA - SO
INCKBREBPETEN TS (REEEMZ R
BRI 2 2010, 2016) B LAERER OB H
EESHBEIOEMTE ENTFEINTED (BMKE
#2011, EVMZHMEB X UCERREREORIEZ BN
& LT ER RO BRMAE. N THRDJLEER ML Ciril
5 2010), FEHAEEFEOEMER (EfS 2004, Koyama
etal. 2017) FEWHASNTVD, EMZHEEA T2y
McBWTE, HIELUIZBINARREMAEE LT
FTHESABREBECHERT Yy VOREWE T
o MMt & U T OEREHRZ B ICRETd 5
NETH B, TTTERAINEBRZNGIC, EWEH
ATy b FEMT BERCELZRECDOVT, A
AV RDOEFEZT. FERRFAMFE. A7y Fckb
B DIEIC BAABI 2 519 %,
421 BIWERBRTDAHA Y FDRE

HIERER T, R B AR/ R AN
HEDMZEIC KD HAR NI, ) L& (=2
Bl PRECHN, ROt &) DIREZE R 258 L 7a
SEYAZIRICHFEHELTER UME 20100, TD XS
KANBEZETTEEBL T RAERRZIREMD 50X
ATy b T EEE, EEREZAT (B4 VF)
BFEDEIICERITNREEAI D, TTTERAIELT,
RN Tk K OBHERGE Z B S - 4 7 &2y Mg
fli e T 2EHICHEINDZA A RO —
VEE LT (Table 2), MEANTIMZHIET 555
(Table 2 D 1), HAZAIH - BEITZ DA AL
YREDOF Ty FTHB, BAEMICIE, BEANTHKZ
JRBER R U T Z R DR Z X % C &ichn
Z. BN OFHE RS 2 ZXkd 5 &
EEMIEA D —Fi. BUSTHRMIEDE K > 7o #HEEE
iz PR T 54 (Table 2 D 2, 3), HMdH 2BV IFHE
HOEBELZAIM - BETEZ WA AV FDL
Ty MIfEDTENBTEA S, 112 FOKGE
KBV Tk, T5IctH 7y MriithoBERfiOF
WAER LR D, RMZAIN - BEIT 285G (Table
202), ENTHRDBHEBCEE O B ARMKIL (Rey
Benayas et al. 2008, 2009, Rey Benayas and Bullock
2012) WERIEBEFHRE LTSNS, e 21E
EMMBEINICHAOFHERETIE., 7 AT X

Table 2. LU IZHIIEERZWNGR L LA VALY FOX T2y b3 Z—2 D]

FAFEM [F117 2 K]

A7 Mottt

F 71w Mrath (112 F]

1 WEEAT [
2 PHEREER AR
3 PR [Sith]

JREEN AR, B e
JEEEN LK, R ERCER
JlER R
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AT OB GEHEE L RO AREAFEDERMHE
INBH, FTEMOICXZF vy TIERNE R E
BHFEIE LN7EW (Tokuoka et al. 2011, Tokuoka and
Hashigoe 2015), —/5 5 il 7% 8| Hi - 18189 % 34 (Table2
D 3). BRI O B RS S AL SE o + ik 22
JEREDEEIC X 0 I A 7R L, EI N ERE
JRO(CXEHR) TOERERMIIC K % HREFEE (Koyama
et al. 2017) WD BVBETIETHLLEZIENS,
COEICHADRNERBROBUR EFMHICE LA
AV ROEZ /BT Z LI, HLULEERER
ZEET ZELMEOEBERMD RO EN S, TORIETE
BN AEEZT TR ERROFRIEICHE L T,
B RER DO E RS L)L T O ZE MELE SR LRI DO W
TOERZNERE LETZA S,
422 SBEEPNRELZE R LICERRFTMFE

BHincBI 35280 1 /s, SEMEDE
J&H BBOP A X > A — RDOJFHAID—DIC/E> T3 &
51C (Table 1 DJFEHI3) ., LRERFMICHNTE HE
EHRETIEE TH % (Lindenmayer et al. 2008, Gibbons et
al. 2009), SBUEREATE T, 1960 UMD 5 SIS
N EY A VIR BEE IS 5 A 2 508ICBI 9 %
W& RINH O (Lovett et al. 2005), A—AFF VU7 -
T4 RUTINDNE Zy bANT Z— )Lk T AERM
A3 F OZE BB E S E A AR HE £ x> T B
(Parkes et al. 2003), RO T Y 1 7 K& AR 2E 1Y
WCEEBTHZHRILUTIE,. chbichma, @wED LR H
J&JFE (Koyanagi et al. 2012) ®EIF (v ) #hHR (Murcia
1995) LAEMBEMGICHBSEEITZLEALONS,
FHICHARD X S ICE LR XA THVNEETH 255,
NE &y SOOI LTIy I8RO K SHEFH IR
x<{7%%72%5 (Ries et al. 2004), fE>T. 7 AU A
A=AV T D& HEKREETED NI ERRRT
iz ZDFEFHARICEMAT 5 & F@EYTHL, A
EEHOMN MR ADOER DT EFEDTRKPRBLETH %,

AR BT 20 KoM E T, HlkLi
FRERICBVWTHELRRETH 5, BAOHEIHEE
WG A ZATIOEFVY, TLFUI, T4 TR
YEOIREANMAEE LE—-BLLTWSZ &
5, AL 7 2y FDOEMICHB VT HAIC#H
USRI DR ETH S, T A ENE Xy b
NI Z—)VIETE, ARk Z LT 5 (weed
species) DEETTIMAY, PRI HE R A6t FEH 0D 58 47 fH 2 2 A
ELTIMBEEBICEEN TV S, HARICEHIT %9k
ZHEHHHERN (BREORLGTHBHENTEND) &
LTOHFMT %D, HkiENE B 5 %4 e R iaE
(RIEWRKNT L HEREIC B 72 2 MR E) ICB W TIETEkR
& FSFICEII T NEDNRE, ERDEREETITRE
TENDERBEANS EMEITE20ELND S,
423 BUIBBICK HERRER

REBICA T2y POEMBICET S A MTDOWTHR
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N5, B EREE T, IR TEMND, kA
NPFEL VS TZEHO () BABXTZ OGN
BMETFERTHH D, MENRANTFOMREZ S
BIAARNOFIEHDHE L 72 % (Naidoo et al. 2006,
Klimkowska et al. 2010), W < D D BEAE il £ T i,
F Ty MK THUNARERBROK L ZHIET C
ETHEMB RS A4 2 DkEETE (permanency) 7ZH
R BT EZERL TS (McKenney and Kiesecker
2010), — /B ILDOMEE T, ARBWIE L B
BELTITbNTEREDTHH., TS DOAEFETH)
EYOBEL TR T A L IEa A MOmANSKEETDH
b5, bbb REMANGEMZHETS A ZBNET S
HBAEIKE, QXA MBIXUEHZITI AMOERDKE
BHIBERNEFHEINE T S, RHCERROR
PEICBNTHE - BRF PN AENBET D RD 5N S,

5. S®oOEY

AFTE, FileEMERMERE2E L LTSN
BEMEZRLEA T2y MicDWT,. BN DEREES T
Mo DERNDB AL XU RER—OHEEZHIE L
T, EHEEWZEROEE IS XU HADLERRDRMIC
HEOHEHREICOVWTHRLTze ThE TOENOD
HRBRIR R BRI, T 20 [ ] oD il 0 BR 5 0 2%
AT 2 1 C ORI AR REDEM O MR E
WKEHDLTERRD (KN - 1534 2014), H@EfEZz -
ETREMEZRMOMFFICKZBELIIRBTEINT
bWz b, MAT, LEOENOEMZ LS
BHARFEDOA —N—2— 2 GREFIH) b7 &—
a—RA (FHEHN ICX05[EREINTV S D
BTH 5, 2020 FOEHHEEZBICIT . EMZH
MeZN5ICHADLZERREES KUY —EXDLE
ftzddddizdicid, NMNIKBRRERZ G H LD S5H
FHITA X 2EMEBREANOBEOMIE TR0, b
DHE LT AERER DB K 0 EMZ IR I RHL
TEBZANZALELT, EMERMEA Ty FOE
ANZRBELUEBEBNREGE L EE RS9, A
TWEED EFabho7zfEE LT, FRRT—E XD
FHii & Z DA 7w ~ DORREH (ten Kate et al. 2004,
Naidoo et al. 2008), “EWZHEMFEEICBIT 2 REMR
2DEE (LI'F5 2013, Gilroy et al. 2014), KIEZEH)
ZIEUOHETIRRNGRELSORE, LTHFEHE
PR E OABEENE E. RN, B, BUk
M. BENIED S RET R EBEDFEHET S (BBOP
2012b, Pilgrim et al. 2013), AEZNHF TR, ThF
TOMRBEW ., BEERY. SBUEREEFCXDHM
RERZ. SBRIGEMZRNEA 72y T 2
BN, &G R, T2V Y U% Hix RIEA T
BAMNAERCIEH ST T Ceniians,
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Ecological issues in achieving no net loss of biodiversity offsets

Asuka KOYAMA"™ and Kimiko OKABE?

Abstract

Biodiversity offsets are a mechanism that compensates for the residual negative effects of project development
after avoidance, minimization, and restoration of environmental impacts have been implemented. Offset policies have
been developed in a growing number of countries as biodiversity conservation and restoration strategies, and are also
expected to be an effective approach in Japan toward achieving Aichi Targets. Achieving no net-loss, which means
that biodiversity gains from targeted conservation activities match the losses of biodiversity due to the impacts of a
specific development project, is a principle of biodiversity offsets. However, the no net-loss concept of biodiversity
offsets leaves various unsolved ecological problems pertaining to theory, technology, and practice. This review
summarizes the key components of no net loss of biodiversity from ecological perspectives, focusing particularly on
1) explicit measures of biodiversity and ecological equivalence, 2) additional conservation benefits, 3) uncertainty
and the risk of failure, and 4) limits to what can be offset and the mandatory mitigation hierarchy. We also discussed
challenges to introducing the biodiversity-offset concept in Japan, which is characterized by species-rich secondary
ecosystems. We particularly considered a number of specific issues concerning the regional framework in selecting
offset-site locations and restoring degraded Satoyama ecosystems as potential impact- and offset-sites in Japan.

Key words: ecosystem evaluation, equivalency, mitigation hierarchy, no net loss, restoration, Satoyama ecosystem,
time lag
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Isolation of the drought- and salt-responsive galactinol synthase
(GolS) gene from black poplar leaves and analysis of the
transformants overexpressing GolS

Shin-Ichi MIYAZAWA" " *, Mitsuru NISHIGUCHI" ", Satoshi KOGAWARA?,
Ko TAHARA", Takeshi MOHRI", Koichi KAKEGAWA”,
Satoru YOKOTA" and Tokihiko NANJO?”

Abstract

Galactinol synthase (GolS), an enzyme synthesizing galactinol from myo-inositol and UDP-galactose, catalyzes
the first step of the biosynthetic pathway of the raffinose family oligosaccharides (RFOs). A putative function of
accumulated RFOs, galactinol and myo-inositol is compatible solute, but clear in vivo functions are uncertain. Six
GolS genes were isolated from black poplar (Populus nigra) leaves. We characterized expression patterns of the GolS
genes in response to either drought, salinity, cold stress or abscisic acid (ABA) and found the distinct GolS gene of
which transcript level remarkably increased in response to drought- and salt-stress (PnGolS2). The amounts of leaf
raffinose, galactinol and myo-inositol were significantly larger in the poplar transformants overexpressing PnGolS2
(OXGolS) than those in non-transformants (NT). Leaf transpiration rate was significantly lower in the OXGolS plants
than that in the NT due to the reduced stomatal conductance in the OXGolS. Leaf osmolality was unaffected by the
overexpression of PnGolS2 while the leaf water potential showed more negative values in the OXGolS plants than
that in the NT plants. These results suggest that overexpressing the drought and salt-responsive GolS gene, PnGolS2,

reduces hydraulic conductance in black poplar.

Key words: galactinol synthase, osmolality, poplar, stomatal conductance, transformant, water potential

1. Introduction

The accumulation and potential role of the raffinose family
of oligosaccharides (RFOs) including raffinose and stachyose
have been previously studied during seed maturity (Saravitz et
al. 1987). Later, it has been also reported that RFOs accumulate
in the vegetative organs and appear to play a prominent role in
the stress tolerance of plants (Bachmann et al. 1994, Taji et al.
2002, Zhou et al. 2014).

Galactinol synthase (GolS), the enzyme that synthesizes
galactinol from myo-inositol and UDP-galactose, can regulate
RFO productions because GolS catalyzes the first step in the
RFO biosynthetic pathway (Keller and Pharr 1996). Seven
and nine genes encoding GolS proteins have been identified
in Arabidopsis thaliana (AtGolS1-7; Taji et al. 2002) and
in Populus trichocarpa (PtrGolSI1-9; Zhou et al. 2014),
respectively.

Abiotic stresses induce the expression of GolS genes in
several plant species such as 4. thaliana (Taji et al. 2002),
tomato (Downie et al. 2003), coffee (dos Santos et al. 2011),

Received 13 October 2016, Accepted 13 February 2017

rice (Saito and Yoshida 2011), and grapevine (Pillet et al.
2012). Recently, expression patterns of GolS genes have been
characterized in P. trichocarpa subjected to stress treatments
(Zhou et al. 2014). In Arabidopsis, Taji et al. (2002) studied
stress responses of the three genes (4tGolSI, AtGolS2, and
AtGolS3) and found that 4tGolS1 and AtGolS2 expression were
induced by drought or salinity, while 4¢GolS3 expression was
induced by low temperature. That study also demonstrated
that overexpressing AtGolS2 using the 35S promoter improved
drought tolerance in Arabidopsis. Overexpressing GolS by
genetic engineering has paved the way for improving the stress
tolerance of plants (Sun et al. 2013, Zhuo et al. 2013, Himuro et
al. 2014).

In the Arabidopsis transformant overexpressing the GolS,
significant improvement in drought tolerance is likely due to
reduced water consumption from the soil in the pot because
the transformant had lower leaf transpiration rates (£) on leaf
area basis than the non-transformant (Taji et al. 2002). On the

other hand, in vitro studies show that RFOs and galactinol that
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have accumulated in the aerial organs function as compatible
solutes (Santarius 1973) or scavengers of radical oxygen that
is toxic to plants (Nishizawa et al. 2008). A putative function
of accumulated RFOs, galactinol and myo-inositol is also
osmoregulation (Ishibashi et al. 2011). However, water relations
including water potentials and osmolyte concentrations of such
transformants are not elucidated. The responses of stomatal
conductance (g,) and net CO, gas exchange rates (Py) in such
transformants are also unclear.

Black poplar (Populus nigra) is easily propagated
by cuttings. In addition, studies on water relations such as
measurements of water potential are more easily applicable to
such tree species than to herbaceous species with rosette leaves,
i.e., Arabidopsis. We previously constructed and analyzed
the full-length cDNA libraries from P. nigra in order to study
its stress physiology of P. nigra as well as for the functional
analysis of its genes as a genetic resource (Nanjo et al. 2004,
2007).

The aims of this study are to isolate the GolS genes of
which transcript abundance markedly response to drought
or salinity stress in P. nigra and to reveal the function of
GolS based on physiological analyses on the transformants

overexpressing the GolS gene.

2. Materials and Methods
2.1 Plant materials and growth conditions

To isolate the GolS genes and characterize their expression
patterns, a P. nigra clone was aseptically cultivated according to
the method described in Nanjo et al. (2004). The tissue culture
was grown at 25°C under cool white fluorescent light (16h/8h;
day/night length). The photosynthetically active photon flux
density was 40-60 g mol m~s™ (LI-190SA, Li-Cor, MA).

For analyzing leaf gas exchange properties, sugar contents
and water relations, poplar transformants (OXGolS) and
non-transformants (NT) were hydroponically grown in an
environmentally controlled growth chamber (Koito Electric
Industries Ltd., Yokohama, Japan). The air temperature and
relative humidity inside the chamber were set at 25° C and 75%,
respectively. The photosynthetically active photon flux density
measured at the top of these plants was 300 pmol m~ s
The lights (ceramic halide lamps) turned on at 6:00. Day/night
length was 16/8 h. The plants were propagated by cuttings.
Stems of 13 c¢m in length were cut out from OXGolS and NT
plants and the base of the stems was submerged in tap water for
2 weeks. Next, the plant cuttings were transferred to Wagner
pots (1/10,000-are, 1.4 L in volume) containing hydroponic
culture (1/2,000 Hyponex 6-10-5, HYPONeX, Osaka, Japan).
The culture medium was renewed twice every week. The plants

were grown for 6 weeks after being transferred to Wagner pots.

2.2 Isolation and sequencing analysis of PnGolS cDNAs

Expressed sequence tags (ESTs) of GolS were queried
using the BLAST+ program (Camacho et al. 2009) against the
P. nigra full length cDNA libraries (Nanjo et al. 2004, 2007).
The ESTs, PnFL2-078_L13, PnFL1-047_CO08, PnFL2-032_
B04, PnFL2-046 121, PnFL1-093 NO5, and PnFL1-055 M08
were re-sequenced. Each amino acid sequence was aligned
using MUSCLE (Edgar 2004) in MEGAG6 software (Tamura
et al. 2013). Phylogenetic analysis was performed using the
maximum likelihood method with the same software. Sequence
identity and similarity were calculated by the FASTA program
(Pearson and Lipman 1988) using GENETYX (ver.12 for
Windows; GENETYX, Tokyo, Japan).

2.3 Stress and ABA treatments and RNA isolation

Stress and ABA treatments and RNA isolation were
performed as described previously (Nanjo et al. 2004). The
leaves of aseptically grown poplar were cut and subjected to
dehydration, 400 mM NaCl, cold temperature (4°C) or 100
1M abscisic acid (ABA). For the dehydration treatment, the
leaves were desiccated in 90 mmX20 mm petri dishes under
dim light at an air temperature of 25°C and a relative humidity
of 50-60%. For the cold treatment, the leaves were placed on
a wet paper towel in a petri dish and then exposed to an air
temperature of 4°C. For the NaCl treatment, the leaves were
soaked in 50 mL aqueous solutions of 400 mM NaCl under
dim light at 25°C. The leaves were treated for 1, 2, 5, 10 or 24
h and then frozen in liquid N, for RNA isolation. Each stress
treatment was repeated three times. Quantitative real-time PCR
(qPCR) was performed as described previously (Nishiguchi et
al. 2012). The sequences of the DNA primers used for qPCR
are shown in Table S1. The specificity of each amplified PCR
product was confirmed by agarose gel electrophoresis and DNA
sequencing. The relative mRNA level was normalized to the

mRNA level of the ubiquitin gene.

2.4 Transformation of black poplar

To overexpress PnGolS2 in P. nigra, the plasmid harboring
the cDNA of PnGolS2 was digested with Sfil. The excised
cDNA fragment was inserted into the Sfil-digested pBE2113SF
binary vector, which had the Cauliflower mosaic virus
(CaMV) 35S promoter, the omega sequence of the Tobacco
mosaic virus, the Sfil recognition sites, the nopaline synthase
(NOS) terminator and the kanamycin-resistant NPTII gene
(Ichikawa et al. 2006). The constructed vector was introduced
into Agrobacterium tumefaciens GV3101 by electroporation.
Transformation of P. nigra was performed as described
previously (Mohri et al. 1996). Genomic DNA from poplar
leaves was isolated using the DNeasy Plant Mini Kit (Qiagen,
Venlo, The Netherlands). The NPTII gene introduced into the
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transgenic poplar was confirmed by PCR using the specific
DNA primers, NPT2U and NPT2R (Table S1), with the Quick
Taq® HS DyeMix (Toyobo, Osaka, Japan). Conditions for the
PCR reaction were as follows: 94°C for 2 min, followed by
30 cycles of 94°C for 30 sec, 55°C for 1 min and 68°C for 1.5
min, and 68°C for 5 min. An endogenous phosphoglycerate
kinase gene (accession number AB018410) was amplified
using the PnPGK_LP and PnPGK_RP primers (Table S1) as a

positive control for PCR.

2.5 Sampling procedures for leaf gas exchange, water
relation and sugar analyses

Fully expanded leaves positioned in the middle portion of
the aerial parts were used for all measurements. Gas exchange
and leaf water potential (9 ) experiments were performed
between 9:00 and 14:00. For analyzing osmolality ( 77 ) and
sugar contents, the leaves were also harvested between 9:00
and 14:00. These leaves were immediately frozen in liquid N,
and were kept in a freezer (~80° C) until the measurements were
taken. The number of sampled leaves was 15 for gas exchange
measurements and it was 5-10 for ¥, 7., and sugar content

analyses. These leaves were taken from five plants.

2.6 Leaf gas exchange, osmolality and water potential
Leaf gas exchange parameters such as net CO, fixation
rate (Py), transpiration rate (£) and stomatal conductance (g,)
were measured using a portable infra-red CO,/H,O gas analyzer
(LI-6400, Li-Cor). Light irradiated on the leaf surfaces was
provided by a LED lamp (red + blue LED) equipped with the
analyzer. The light intensity was adjusted to 400 1 mol m’s’.
The leaf temperature was set at 25°C and the leaf-to-air vapor
pressure deficit was between 0.8 kPa and 1.2 kPa throughout
the measurements. 7, of leaf sap was measured with an
osmometer (Vapro 5520, Wescor, UT). Leaf sap was squeezed

from the frozen leaf samples enclosed in a plastic bag using a

pair of pliers. ¥ | was measured with a pressure chamber (Model
3000, Soil Moisture Equipment, CA).

2.7 Leaf sugar content

Frozen leaf samples were powdered in liquid N, using a
mortar and pestle. Soluble sugars were extracted with 80% (v/v)
ethanol including maltotetraitol as an internal standard at 90°C
for 10 min in a water bath. After two additional extractions with
80% ethanol, the combined extracts were evaporated to dryness
and dissolved in distilled water. The water-soluble fraction was
extracted with chloroform to remove lipophilic materials and
then passed through an ion exchange resin column (Dowex
50Wx8 H'-form, The Dow Chemical, MI). Analysis of sugars
was performed using an HPLC (LC-10A, Shimadzu, Tokyo,
Japan) with a refractive index detector (RID-6A, Shimadzu) in
a COSMOSIL Sugar-D column (4.6 X250 mm, Nacalai Tesque,
Kyoto, Japan) at 30° C. The eluent was 75% (v/v) acetonitrile in

distilled water.

3. Results

3.1 Isolation of cDNAs encoding stress-induced GolS from

black poplar

Many cDNAs homologous to Arabidopsis GolS (AtGolS1,
AtGolS 2, and AtGolS3) were found in the P. nigra cDNA
library. Their EST sequences were compared mutually to
remove multiple redundant cDNAs. Therefore, six cDNAs
encoding GolS were selected. PnFL2-078 L13, PnFL1-047
C08, PnFL2-032_B04, PnFL2-046_L21, PnFL1-093_NOS5,
and PnFL1-055 MO08. The predicted GolS proteins encoded by
these six cDNAs consisted of 334 to 338 amino acid residues
and could be divided into four groups (Table 1). Thus, the gene
corresponding to each cDNA was newly named PnGolSI to
PnGolS4.2. The PnGolS protein sequences were compared with
the GolS proteins from A. thaliana, P. trichocarpa (Philippe et
al. 2010, Zhou et al. 2014), and Populus alba X grandidentata

Table 1. Identity and similarity of the predicted amino acid sequences of galactinol synthase cDNAs isolated from Populus

nigra.
Predicted % Identity (similarity) within the predicted PnGolSs

Gene name 1D of cDNA protein length
(Amino acids)  PnGolS1 PnGolS2  PnGolS3.1 PnGolS3.2 PnGolS4.1 PnGolS4.2
PnGolS1  PnFL2-078_L13 337 100 (100) 75 (93) 75 (92) 74 (91) 77 (93) 76 (93)
PnGolS2  PnFL1-047_CO08 334 100 (100) 89 (99) 89 (99) 89(99) 88 (98)
PnGolS3.1 PnFL2-032_B04 334 100 (100) 98 (99) 89 (97) 89 (97)
PnGolS3.2 PnFL2-046 121 334 100 (100) 90 (97) 89 (97)
PnGolS4.1 PnFL1-093 NO5 337 100 (100) 99 (99)
PnGolS4.2 PnFL1-055 MO8 338 100 (100)

DDBJ accession numbers of the GolS cDNAs from P. nigra are as follows: PnFL2-078 L13, DB906648 and DB888707, PnFL1-
047_C08, BP933107 and BP925488; PnFL2-032_B04, DB§98289 and DB880105; PnFL2-046_L21, DB900909 and DB882796;
PnFL1-093_NO05, BP936598 and BP929152, PnFL1-055_MO08, BP933724 and BP926146.
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(Unda et al. 2012) (Fig. S1). Based on the alignment to these
proteins, a phylogenetic tree was constructed (Fig. 1). PnGolS1
was in the same clade that includes PtrGolS8 (96% identity with
PnGolS1, Table S2), PtrGol6 (92%), and AtGolS1 (82%). On
the other hand, PnGolS2, PnGolS3.1, PnGolS3.2, PnGolS4.1
and PnGolS4.2 had low homology with PnGolS1 (Table 1) and
formed a different clade. Among them, PnGolS2 showed high
homology with PtrGolS3 (97%). PnGolS3 (PnGolS3.1 and
PnGolS3.2) and PnGolS4 (PnGolS4.1 and PnGolS4.2) were
highly homologous with PtrGolS1 and PtrGolS2, respectively

10

41
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100

99

MIYAZAWA, S. et al.

(Table S2). PnGolS4.1 and PnGolS4.2 were also highly
homologous with PaxgGolS2 from P. alba X grandidentata
(98% and 97%, respectively).

3.2 Effects of environmental stress and ABA on GolS
expression in black poplar
We used the P. nigra full-length cDNA libraries for the
isolation of GolS cDNAs in this study. The cDNA libraries
had been constructed from poplar plants subjected to

environmental stress treatments such as dehydration, chilling,

PnGolS4.1 (PnFL1-093_NO05)

o p= PaxgGolS2
PnGolS4.2 (PnFL1-055_M08)
PtrGolS2
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Fig. 1 Phylogenetic analysis of the predicted GolS proteins from Populus nigra, P. trichocarpa, P. alba X grandidentata, and

Arabidopsis thaliana.

The names of the GolS proteins from P. trichocarpa are based on the report by Zhou et al. (2014). The phylogenetic tree was
constructed with the maximum likelihood method. Bootstrap values are based on 1000 replicates. The bar corresponds to 0.1

amino acid substitutions per site.
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high concentration of NaCl, heat, ABA, and hydrogen peroxide
(Nanjo et al. 2004, 2007). The gene expression of AtGolS1,
AtGolS2, and AtGolS3 is induced by environmental stress
(Taji et al. 2002). Accordingly, the gene expression of the
isolated PnGolS genes is expected to change in response to
environmental stress. To confirm this hypothesis, we measured
the mRNA levels of each PnGolS gene in leaves under drought,
NaCl, cold, or ABA treatment using qPCR.

The expression of PnGolSI was increased 10- to 100-fold
by drought, NaCl, cold, and ABA treatment (Fig. 2). The rapid

—8—PnGolS1 - -O- -PnGolS2

‘A PnGolS3.1 v PnGolS3.2
- & PnGolS4.1- - PnGolS4.2
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induction of PnGolSI expression could be detected at 1 h after
each treatment. PnGolS2 was remarkably induced by drought-
and NaCl-stress treatment (Fig. 2). The mRNA abundance
of PnGolS2 reached approximately 13,000-fold at 10 h after
drought treatment and approximately 5,700-fold at 10 h after
NaCl treatment. Cold treatment increased the expression of
PnGolS2 by approximately 370-fold at 24 h after treatment.
PnGolS3.1 and PnGolS3.2 were also induced by drought and
NaCl (Fig. 2). However, the increases in the mRNA abundance
of PnGolS3.1 and PnGol3.2 (10- to 30-fold) were remarkably
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Fig. 2 The effect of drought, salt, cold, and abscisic acid (ABA) treatments on the gene expression of PnGolS in the lamina of

Populus nigra.

Leaves of tissue-cultured P. nigra were cut and subsequently subjected to (A) dehydration, (B) 400 mM NaCl, (C) 4°C or
(D) 100 p M ABA treatment. The mRNA level of samples subjected to treatments was normalized to that of the non-treated

sample (0 h). Error bars represent the SD (n = 3 experiments).
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lower than those of the PnGolS2. Similarly, the expression of
PnGolS4.1 and PnGolS4.2 were induced by drought, NaCl, and
cold treatments (Fig. 2): particularly, these genes responded
to cold (by 440-fold and 240-fold increased expression,
respectively). PaxgGolS2 in P. alba X grandidentata (Unda et
al. 2012) and PtrGolS2 in P. trichocarpa (Zhou et al. 2014)
are also GolS genes that show a remarkable upregulation in
the expression in response to cold. The predicted amino acid
sequences of the PaxgGolS2 and PtrGolS2 were structurally
similar to those of PnGolS4.1 and PnGolS4.2 (Fig. 1). ABA
treatment elevated the gene expression of PnGolS1, but its
effect on the gene expression of the other PnGolSs was very

small.

3.3 Generation of poplar transformants overexpressing

GolS

We generated poplar transformants overexpressing
PnGolS2 (OXGolS) because PnGolS2 showed the highest
expression under drought and salinity conditions among the
investigated PnGolS genes (Fig. 2). The cDNA of PnGolS2
was fused downstream of the CaMV 35S promoter in the
binary vector pBE2113SF (Fig. 3A). P. nigra was transformed
with Agrobacterium harboring pBE2113SF::PnGolS2. Three
kanamycin-resistant poplar plants were regenerated. PCR
analysis confirmed that three lines of the poplar plants had the
NPTII gene but only a single line was successfully sustained
(Fig. S2). The expression level of PnGolS2 in the leaves of
0OXGolS plants was approximately 280,000-fold higher than
that in NT plants (Fig. 3B). This result indicates that the
introduced PnGolS2 cDNA was constitutively overexpressed
in the OXGolS group. Nishizawa et al (2008) reported that no
morphological difference was found between the Arabidopsis
transformants overexpressing GolS and the wild type. As was
the case for Arabidopsis, the morphological appearance was

unaffected by the GolS overexpression in poplar (Fig. S3).

3.4 Leaf gas exchange, sugar content and water relations
in poplar overexpressing GolS

Taji et al. (2002) reported that overexpressing GolS
reduced the leaf transpiration rate (E) in 4. thaliana. As was the
case for Arabidopsis, E significantly decreased in the P. nigra
transformants overexpressing GolS (Table 2). The decrease
in £ was largely due to the decrease in stomatal conductance
(g.)- The significant reduction of g, was observed while the net
CO, exchange rate (Py) was similar between NT and OXGolS
plants. From these results, the calculated water-use efficiency
(WUE) was significantly higher in the OXGolS plants than in
the NTs (Table 2).

Overexpressing PnGolS2 significantly increased the

leaf galactinol, raffinose and myo-inositol contents (Table

2). Stachyose content was lower than the detection limit in
both transformants and NT. Again, the amount of galactinol,
a GolS reaction product, was significantly enhanced by GolS
overexpression. This strongly suggests that the transgene was
active in the transformants. The differences in osmolality
(7 .) between NT and OXGolS leaves were unclear although
significant increases in the galactinol, raffinose, and myo-
inositol content were observed for the OXGolS group (Table
2). Water potential (¥ ) showed more negative values in the
OXGolS than in the NT (Table 2).

4. Discussion

4.1 Functional differentiation in gene expression between

multiple GolS genes in black poplar leaves

The six isolated cDNAs encoding GolS genes were
structurally compared with each other and with GolS genes
from other Populus species and A. thaliana, after which
we named the putative genes corresponding to each cDNA,
PnGolS1, PnGolS2, PnGolS3.1, PnGolS3.2, PnGolS4.1, and

A

N /
\ /
\ /

< PNos>-( NPTIHTNOSHER] P353TNos]-<

RB LB

B

Relative mRNA level

NT OXGolS

Fig. 3 Overexpression of PnGolS2 in Populus nigra. (A)
Construction of the pBE2113SF::PnGolS2 binary
vector.

The PnGolS2 cDNA was inserted downstream of the
omega sequence. PNOS, promoter of nopaline synthase;
NPTII, neomycin phosphotransferase; TNOS, terminator
of nopaline synthase; EI2, two tandem repeats of
5'-upstream sequences of Cauliflower mosaic virus
(CaMV) 35S promoter; P35S, CaMV 35S promoter; (2,
Tobacco mosaic virus omega sequence. (B) Expression
of PnGolS2 in non-transformant (NT) and transformants
(OXGolS). The mRNA level of PnGolS2 was
normalized to that of the NT group. Error bars represent
the SD (n = 3 experiments).
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PnGolS4.2, respectively. There was a slight difference in the
amino acid sequence between PnGolS3.1 and PnGolS3.2 and
between PnGolS4.1 and PnGolS4.2. Therefore, PnGolS3.1
and PnGolS4.1 may be allelic variants of PnGolS3.2 and
PnGolS4.2, respectively. Putative GolS alleles with amino
acid substitutions have been reported for P. trichocarpa and P.
trichocarpa X deltoides (Philippe et al. 2010).

Only PnGolS1 expression was induced by ABA, while
the other PrGolS genes were not significantly induced (Fig.
2). This result suggests that PnGolSI is induced in an ABA-
dependent pathway. PrGolS1 showed a highly homologous to
PtrGolS8 and PtrGolS6 in P. trichocarpa (Fig. 1 and Table S2).
On the other hand, a significant elevated expression by ABA
was not observed in PtrGolS6 or PtrGolS8 (Zhou et al. 2014).
Zhou et al. did not follow the expression patterns of GolS over
time in response to exogenous ABA, which may explain why a
clear ABA-dependent was not observed.

The expression level of PnGolS2 peaked at 10 h after
drought treatment, and then decreased by 24 h, and this
expression pattern showed the same trend under NaCl treatment
(Fig. 2). In a study by Zhou et al. (2014), PtrGolS3 from P.
trichocarpa was structurally similar to PnGolS2 in the black

poplar (Fig. 1) and also exhibited a strong upregulation in gene

expression at 10 h after drought treatment and sharply declined
by 24 h.

The response of PnGolS2 to drought and salt stresses
was distinct from that of the other GolS genes, suggesting
that PnGolS2 significantly contributes to stress responsive
galactinol synthesis. In contrast, the induction of PnGolS3.1
and PnGolS3.2 by stress treatments was significantly lower
than that of the other PnGolS genes. In addition, PnGolS4.1
and PnGolS4.2 were strongly induced by cold treatment. Thus,
we clearly show that the expression of multiple GolS genes are

functionally differentiated in black poplar leaves.

4.2 Overexpressing GolS reduces stomatal conductance

in the poplar

Data on the g, and Py of Arabidopsis overexpressing
GolS were not provided in the study by Taji et al. (2002). In
this study, we clearly show that the decrease in £ was due to
the decrease in g in the GolS-overexpressed poplars (Table
2). It also appeared that leaf yellowing symptoms due to water
deficient was delayed in the potted transformants compared
with NT (Fig. S4), which might be related with the reduced g,
of the transformants.

A putative function of accumulated galactinol, myo-

Table 2. Leaf gas exchange properties, sugar contents and water relations of non-transformants (NT) and transformants

overexpressing PnGolS2 (OXGolS) in Populus nigra.

NT 0OXGolS P n % Change

Gas exchange properties

Net CO, fixation rate (Py) ~ pmol CO,m s 9.8 £22 92+23 ns 15 -6

Transpiration rate (E) mmolm s 55+ 04 412105 ek 15 25

Stomatal conductance (g) molm s’ 0.93 +0.12 0.50 £ 0.11 ok 15 —46

WUE (=Py/g) p mol mol” 1118 18 3.8 ok 15 +63
Sugar content

Galactinol ft mol gFW' 0.12 £ 0.26 1.7 £ 0.58 ok 5 +1316

Raffinose ft mol gFW 0.07 £ 0.10 0.3 £0.22 * 5 +329

myo-inositol p mol gFW' 11+2 21 =2 ok 5 +91

Fructose f mol gFW' 31 +13 25+ 3 ns 5 -19

Glucose p mol gFW' 39+ 16 40 + 12 ns 5 +3

Sucrose p mol gFW' 12+£7 14 £7 ns 5 +17
Water relations

Osmolality (77 ) mmol kg ' 655 64 640 1 48 ns 10 -2

Water potential (9 ) MPa -0.67 = 0.9 -0.85 = 1.6 ok 10 +27

WUE is instantaneous water-use efficiency. Stachyose was not detected. The percent change by GolS overexpression was calculated
as: (N-T)/N X100, where N and T are the mean values for NT and for OXGolS, respectively. FW, fresh weight. The values are mean
=& SD. p-values for student #-tests are shown: *, <0.05; **, <0.01; ***_ <0.001. ns, not significant. » is the number of sample leaves.
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inositol, and RFOs is osmoregulation (Ishibashi et al. 2011).
However, 7, was unaffected by GolS overexpression (Table 2),
meaning that the increases in leaf galactinol, raffinose and myo-
inositol content by the GolS overexpression were not enough to
increase the osmolality.

During a steady-state condition, ¥ is expressed as a
function of £ (Kaufmann 1976) as follows:

E
Kt

Vi=vs— (M

where 9 ¢ and K are soil water potential and hydraulic
conductance from the soil to the leaf, respectively. Equation
(1) indicates that 9 linearly increases (i.e. shifting to positive
values) as E decreases when Ky, is assumed to be constant.
However, ¥ showed more negative values in OXGolS than in
NT although OXGolS had a lowered E (Table 2), implying that
Ky is different between OXGolS and NT plants.
Equation (1) can be rewritten as follows:
_ E
g (Ps— V)

We estimated K, from the mean values of each measured

Ky 2

E and 9 | using equation (2), based on the assumption that ¥ g
is zero and is not different between the transformants and NT
groups. The estimated K, values were 8.3 and 4.8 mmol m s’
MPa™ for NT and OXGolS, respectively. Thus, the estimated
K, value was considerably lower in the OXGolS plants than
that in the NT plants. Previous studies suggest that Ky, controls
g, via unidentified signals (hydraulic signal) in contrast to the
well-known chemical signaling by which ABA controls g
(Comstock 2002, Hacke 2014). Lowered hydraulic conductance
may explain the reduced g, following GolS overexpression.
Further studies need to confirm this hypothesis by a direct
measurement of Ky and to clear underlying mechanisms how

the GolS product controls Ky .
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Table S1. The DNA primers used in this study.

Table S2. Relationship of galactinol synthase (GolS) from
Populus nigra with those from P. trichocarpa.

Fig. S1 Comparison of the predicted amino acid sequence of
galactinol synthase (GolS) from Populus nigra with those of
other GolSs from P. trichocarpa, P. alba X grandidentata, and
Arabidopsis thaliana. A putative serine phosphorylation site
is indicated by an asterisk and the characteristic hydrophobic
pentapeptide (APSAA) at the C-terminus is shown by a black
bar.

Fig. S2 PCR confirmation of transgene integration. The
neomycin phosphotransferase gene (NPT1]) was amplified from
only the genomic DNA of a PnGolS2-overexpressed poplar
(OXGolS), whereas a non-transformant (NT) did not have the
NPTII gene. A phosphoglycerate kinase gene (PGK, accession
number AB018410) was used as a positive control for PCR. M,
Lambda DNA/HindIII marker.

Fig. S3 Photographs of (A) non-transformants and (B)
transformants overexpressing PnGolS2 in Populus nigra. The
photographs were taken 8 weeks after transfer to the Wagner-
pots. The scale bar on the right bottom corner equals 10 cm in
length.

Fig. S4 Photographs of the transformants overexpressing
PnGolS2 in Populus nigra (OXGolS) and the non-transformants
(NT) (A) before and (B) on 14th day after withholding water
supply. Aseptically cultivated clones were transplanted in a
1/10000 Wagner pot filled with 40 g vermiculite (in dry weight
per pot). The plants were grown during about two months
under an environmentally-controlled growth chamber before
withholding water supply. The photosynthetically active photon
flux density over the plants was 300-500 g mol m~ s, The
scale bar on the right bottom corner equals 10 cm in length.
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JRZERITIE 7 X ¥, 35 5 Quercus serrata Murray, &
BATENLVHEEZ S5, FRICAFRPE /FIC
DNTIE. wHME LU TOMER EL - TR LK
BB OEEN TS, 202 FEHE TR 7 A VMK
WICEARDZ o Te M, BIETRER DR ToT, X
jz. 7 ¥ & Zelkova serrata (Thunb.) Makino, & = 7
JV X Juglans mandshurica Maxim. var. sachalinensis
(Komatsu) Kitam., V< ¥ 7 ¥ Alnus spp. D /N
IRRER S JRAET %o ARMLSIC, BADA XY T
Ilex crenata Thunb. X Y Y ¥ $H Rhododendron spp. h
BIET 524, 4 xFD R X F Miscanthus sinensis
Andersson, X Y /N Digitaria ciliaris (Retz.) Koeler,
F A ¥ Imperata cylindrica (L.) Raeusch. var. koenigii
(Retz.) Pilg.. ¥ A B D 7 X Pueraria lobata (Willd.)
Ohwi, 7771 X 7% Trifolium pratense L., F 7§D
YA RHT T HEFVY Solidago altissima L., X VKRR
J& Taraxacum spp.. X T FLD XA INJE Rumex spp. = H
e UIREMMWNFIET 5, RAEHICE, a/THY
J Platycladus orientalis (L.) Franco *° <X % 3 Euonymus
japonicus Thunb. DIE M, {ERDNF VD FISxy
Y F Abelia x grandiflora (André) Rehder ® R & >/
W ¥ Enkianthus perulatus (Miq.) C.K.Schneid. HH % 5
NTW5B, JTHEIPHEANOBERDE LA LIEHREE
NTW25H, HHEARDOSEDO—BIEFHEINTES
T, HiEho T3,

1997 ~ 2016 fFic, TAHEMOMNT, HWHF 3
TR R - BISE U Tz, 1997 ~ 2006 X T, I
1~ 11H (10 EEOEFHT 54 ) OHFERKTH -
Te, 2007 ELUREIZENSME T )b— hZEIE L
EAEA Y > (FHERE) 2, FEAIELTHHA 2 H
DHETIT>Tee ZOMICEEE., FE - HRZIT-
Te iz, 2007 ~ 2016 FFICIE &4 21 FILL (10 421
DEGFHT 242 [8) OHFEZTT o Too REEFEDOKIRIC
DT, MME L TIMET2TPETH S, AMTE
REMKROREY ZRE L. MEAlPHREFEARE EBIC
Rldk U7eo BEAIE, AR EIIART (D<@,
ARSI Z EARMREE O\EFH), X72E3#H
FHHICEI > TRESN TV S, RETNTWERLT
LHERTHBEIMND R0, YIRFIFWTRESI N
TS RIS T O T,

ALk S NI MO A RERBIREZ, mb (1988) I
o THRMME L BFEIEIC XA Uz 7z B (1993,
1998) MEHEMICH U TarE L7 (3: Z HIAM, 2:
MEEIRME, 1 AT - B 2 LICIREERE (EL
FHHOEBH O ZFE LIz, 2T, 83 IF AR
DENEFEBAFRICAER LTS, B I ABO
HIOL L THER LTV, fHf2 dWmEohn

BREICHLULTREINTWVS, TNSDRBONTH
BEIN, 0~9DHAIF. TORKIEALR (F
FREER) . 10 ~ 39 DA X HEAR ((FEH - NFRKR
), 40 ~99 DHEERHHENK = - AH). 100 ~
149 DHFHFEFZ AR (RIFEHRPEF) . 150 DL LD
FEEAR (WD TREFRMEDEF) LT N5,
ARBRBERHEICDOWT, MRFF 3 Y Eurema hecabe
(Linnaeus) & [H—f & TN TWIF XFF 3 Y Eurema
mandarina (de 1'0rza) IC X, FF a3 VOX o ZwEH L
Teo TGRSOV T, RIFOF LB £ 7213 T8
HTOFERBAARE N, S, . R, B
. fWEDS (1982, 1983, 1984a, 1984b), M (1998
2007) BXTHEIK (2006) Z2BEIC L THE LT, &
2L, KWRANTREBELTEZVWEEZOND YT T
I Y 2 Lampides boeticus (Fabricius) I DUV T4
TheL L, MEEOHGOFHENSIEMRN L, &5
I, DMDOFHEICDOWNT, AR (2006) DIEELKH
KET a VEHOMBWN M (XY TR TR —
R R JAR exovR < - BT
BFERE) ZHTWEH T, SN LD ZEE
ZEIE LUz, MR (2006) &V e 7 &Y 2 ZINEE
BE U, DDOTIIVE T ¥ Y 2 Zizina emelina (de
I'Orza) D Hlif & L THON TV T2 HARD BRI K
X, TORE AV T VY I Zizina otis (Fabricius)
EUTHIMER W x> 7 (Rt - /YT 2007, Yago et
al. 2008) T DT HRMRFEIC DV TIE, K& - /H
81 (2007) KR E NI ZSEIC LT, Filzick
STVRE Ule, MM - BRERMEOXH], BEEOHEE.
AR, WM DMEOR AT IV —ICET 2O/
Rk, HAZME, KR, KIKROER - B
s XY d 2B DV TId%) . TREHEM T
L1

WU EL

1. FRE®EMDF 3 ~1EHE

EROPFECK>TT I NFavk 10, YaFs
URle .Y IFa vk 17, 2T NF a vk 30 fE,
U FarvR s OEE 71 @RI N, TN
OFREGR (RELROBEV—FOBICOVWTIEHE
FLE%) % Appendix 1 IC/R L7z, Appendix 1 IZidfEH &
i, BHEOHKMME - BEREREOX ., HEio4EHK G:
ZHRME, 2: MEEIRME, 1 AR AT . BIARE (BN,
G W, B, BORER) . BRUHIEM AT (&
NY TR A=A R HARR e T VAL
<L NBGETL, FRERE) Zid Lz,

2. FREHEDF 3 VEHEORHEE L UREDFE
eI NIz 71 EENRE LT, TREEMOF 3w

S OB MEB X UBREBICOVWTERT %, 71105 5

AMPEREE ST (71.8%). EERE 20 (28.2%)
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TdH > 7 (Table 1), HARZAKTOHRMIER & B %
ORI &I, ThZTN638% L 362% Thd (HH
1988), MM (2015) I KB & KIIRD 513 125 H
DFavDiEhdbsLENs, LLLiEhb, %
NHICWEHEAMSOMERE GEFav), £iEZEh
M—FMICRELEAREEDOH 2V A+ aF gy
VavFavLodF
Hypolimnas bolina (Linnaeus), VAA LI/ F 37
Melanitis leda (Linnaeus). 175 F 7z i it 5 O pE
i GEFav), FREZENOD—RFICHE UzThe
YD H BT IVZ T IN Nymphalis I-album (Esper), F\
1) 2 7N Nymphalis antiopa (Linnaeus), 7 X AT F 3
Y Neptis rivularis (Scopoli), ANZAHICE A T Nz h
F 72 N RS A RIS KA RE D FE A U T2 n] e
WEWF T F 3 U Luehdorfia japonica Leech, [ 7%
F 3 Y Sericinus montela Gray, {E¥H T & 5 EARMNFELE
LiaWAY ZaF v )NtV Thymelicus sylvaticus
(Bremer), KL & U TR IN TV S DEEDEER
HWETHEIRICET 2 EZ5N% (HH 2007) 12 H
7 F 3 7 Cyrestis thyodamas Doyére D EZEN T %,
NS5O 10 FzR Tz 115 fize KR o L& (7272
L. UI9FIVVIBRWRATIIMELTERDEHE
MEN2D, BFEERINIETEETH LD L5
ELTHR-T7) &L, W (1988) DEEAEICHES T
T 5E. MMARMERZ 80 (69.6%). HJFEMAHIE 35

Catopsilia pomona (Fabricius),

i (30.4%) &7 o7z (Table Do TD 115D S B,
[HTFRHAT 2 stk & LT, St & Zhnbieg -
DI ORI OEET (L. chbozxe T IR
e B EER) TREAH B FEIEEM (2015)
KENX 9T, 2D 5 BARMUEMEI 64 1 (70.3%).
HREMMEIZ 27 F (29.7%) TH o7z (Table 1), HA
R L HANTRIB 2R, B - Bigitig, TRE
MTEFEMEEOHGMEVWIERIE, HA2EDOF a Y
BT SIL SR EORK G EFEREICER T 58
MEENTWZH (Inoue 2003), L4 TILI AR X
DEEFRERMOBECLNEZELL A>TV DT S (HE
2005) 72 TH A5, FARHEMCIT 2 HbAERE L
B MER O RGN, KRR U - R HIE & (I
FROETH -7 &id. TRHEHBMOF 3 7 HHMED,
i OZNZHO H KM L TVWE T EZRLTWVD,
B OBRRIEE (ED Offild 145 T, [BAFEMHPE
R cdhiz2 TZ2HK] LEME Nz, ETE 150 DLk
3 Tl TRFEMPEEE] (8K £ENBDT,
FAREEME C OEBEICHE DIV, RSNz 71 &
DI DTFIFIE 2.04 T, ZNSONFRIGHEE 1 (-
A D128 (16.9%). $E#2 (AR » 44
i (62.0%) 45413 (Z HAHE) M 158 (21.1%) TH -
7z (Table 2), fREDOFEMEIZ. HARA, TIMR A,
VLRS- R, TAREEMONEICK < &> 7 (Table
2), ZOHMIZ, HALEKDF 3 v HFMHIC & LR

Table 1. Number (%) of forest species and grassland species of butterflies recorded from Japan, Ibaraki
Prefecture, South and West areas of Ibaraki Prefecture and Chiyoda Tree Nursery .

Forest species Grassland species

Japan ?
Ibaraki Prefecture *
South and West areas of Ibaraki Prefecture ¥~

Chiyoda Tree Nursery

150 (63.8) 85 (36.2)
80 (69.6) 35(30.4)
64 (70.3) 27(29.7)
51(71.8) 20 (28.2)

1) Identification of “Forest species” and “Grassland species” was followed Tanaka (1988).

2) Tanaka (1988).
3), 4) Based on Shiota (2015).

5) South and West Lowlands and Tsukuba Mountains of Ibaraki Prefecture.

Table 2. Number (%) of species categorized by Sunose environmental index among butterflies occurring in Japan, Ibaraki
Prefecture, South and West areas of Ibaraki Prefecture and Chiyoda Tree Nursery.

Sunose environmental index " EI (sum of Average of
environmental environmental
1 2 3 index) index
Japan ? 30(12.7)  113(47.9)  93(39.4) 535 227
Ibaraki Prefecture ¥ 13 (11.3) 63(55.7)  39(33.0) 256 2.23
South and West areas of Ibaraki Prefecture 13 (14.3) 56 (61.5)  22(24.2) 191 2.10
Chiyoda Tree Nursery 12 (16.9) 44 (62.0) 15 (21.1) 145 2.04

1) Sunose environmental index (Sunose 1998). 1: Urban and/or rural species, 2: Seminatural species, 3: Natural species.

2) Sunose (1988).
3), 4) Based on Shiota (2015).

5) South and West Lowlands and Tsukuba Mountains of Ibaraki Prefecture.
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Table 3. Number (%) of species categorized by overwintering stages among butterflies occurring in Japan, Ibaraki
Prefecture, South and West areas of Ibaraki Prefecture and Chiyoda Tree Nursery.

Egg Larva Pupa Adult Non-overwinterring
Japan " 41 (20.5) 89 (44.5) 44 (22.0) 26 (13.0) -
Ibaraki Prefecture ” 25(21.9) 49 (43.0) 26 (22.8) 14 (12.3) 1%
South and West areas of Ibaraki Prefecture *** 11 (12.2) 42 (46.7) 23 (25.6) 14 (15.6) 1?
Chiyoda Tree Nursery 7(10.0) 32 (45.7) 19 (27.1) 12 (17.1) 1

1) Masaki and Yata (1988).

2), 3) Based on Shiota (2015). Determination of overwintering stages was based on Fukuda et al. (1982, 1983, 1984a, 1984b), Yata

(1998, 2007) and Shirdzu (2006).

4) South and West Lowlands and Tsukuba Mountains of Ibaraki Prefecture.
5) Lampides boeticus. This species was excluded from the calcuculation of the percentages because it may come from the warmer

places every year and cannot overwinter in Ibaraki Prefecture.

Table 4. Number (%) of species categorized by geographical distribution among butterflies occurring in Japan, Ibaraki
Prefecture, South and West areas of Ibaraki Prefecture and Chiyoda Tree Nursery .

Siberian

Ussuri

Chinese Japanese Himalayan Malayan Pan-tropical Undetermined

Japan 2

Ibaraki Prefecture ”

South and West areas of Ibaraki Prefecture > 13 (14.3) 15 (16.5) 24 (26.4)

Chiyoda Tree Nursery

49 (21.4) 39 (17.0) 40 (17.5) 19(8.3)
18 (15.7) 23(20.0) 31(27.0) 13 (11.3)

11(15.5) 11(15.5) 17(23.9)

17(7.4) 25(10.9) 31(13.5) 9(3.9)

9(7.8) 9(7.8) 6(52) 6(5.2)
9(9.9) 9(9.9) 9(9.9) 6(6.6) 6(6.6)
6(85) 7(9.9 7(9.9) 6(85) 6(8.5)

1) Identification of geographical distribution was followed Matsumoto (2006).

2) Matsumoto (2006).
3), 4) Based on Shiota (2015).

5) South and West Lowlands and Tsukuba Mountains of Ibaraki Prefecture.

JRAEMZ EIC RS M T 21803 0P Z < FF
NTWEN, ZO XD BRI CHIFAIC T S 1 ERE
LTWLEDTHAH, B - RIS T H i
TlE. HASERD KR 2K & X THRE 2 OOH|
GhEMo Tz (Table 2), bbb, TREMEMEZZ
CEF - BT, ZHAME LT - BAEOH
MR 7R AL iE %2 5 2 4B [ R D L O F 3 o B 2R
TEEZILNS,

FHAREIX IFAY 7 FE (10.0%) %A 32 FE (45.7%).
A 198/ (27.1%). EMV 125 (171%) TH o
7z (Table 3), WEm - RPGHIEK & thN 3B & BIARED I
RIEICEIF E AN TV, AA2ME (EK - KH
1988) WYKIR AL ik 2 &, IITHAT 5D
HENDEVELSE> TS, TOHEE AAKREF 3
OB TRE FERINEEL IV —TTHEI RV
VIO, ROFHETIEVEL kST THS
EEZHN5B,

TREFEMOGERMZ, faAk (2006) HHERE LM
B AERICH TESH B &, o) 7R 11 1 (15.5%) .
JAY =M1 (15.5%). FER 178 (23.9%).
HAR 6f (8.5%). XTI VYH7/ 99%). <
L—R75 (9.9%). AW 6 (8.5%). FilEA
E6RE (8.5%) THolz (Table 4), HAZIK (A

20060) Lt d e, TREBEMTE AU 7REN
BRI D B EEMES . RERIN LS 2 E G E
Mo 7z (Table 4)o KIRRKk & TR EEMZ L
femEaicik, FRAEMTE Y XY —BIH D 5EE
MR > 7z (Table 4), ¥ NY T RIDT XY —H#Y
WWHADDHOIZIEMRE 7% 28T, NAFHIZHA
MIALRR & 72 2T, thEE RN 77 L\ — )V DIRE O i H A gt
e HER - FERFLHICE N0 A R B
BIRMWSEWIITH 2 (A 200600, 9705 TUH
wHATE, HAZOMERE 5 K5 R 0nbd 51t
FOME, HEAZIBET2MAROMENDEL, B
7T ORI T B KD BNV, K
Wk e iR Lehaic, TREFHMTY AV —8oD
FIE DR SIRIR O H TR L R -
THHT BERDENFEDIRIEL T0EDTHA 5,

SRR EINZIFEALOMIE, Yo Y
MTRHEMCBET 20 EREHKEINTED.
BHANTHEL TV BAEEENEV, LML, 7
FYAXT (BEIEF Y 3T Y Marsdenia tomentosa
C.Morren et Decne.). T AP F7 7 (BEHIFKKEI
J1 VHE Citrus spp.) SYAT AT N (BEHEFN
& Phellodendron amurense Rupr. ®°H T AY > g v
Zanthoxylum ailanthoides Siebold et Zucc.) DFERE
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FHREY) I TRAHEMCIE EZ TRy, b 3R
IHEg - Bpgiific i3S EmIcAER T A TH L0,
Fih 5 ORCREARDREEFRI Nz EEZ DN S,

3.7k8%&

TRETEM TR EINTZEDOIFEAEIZ, DEih D
FHICER L TWEETHE EEZLNS, LI L,
BHS T 1990 FFREBELIBRICIR AL EEZ SN 51
D, BHRFEWEOL Y FU R Mo, b5
Wik LT AELEENT WS, TTTWR#Z
NSEDFBITDONTELRT B,

raa/<F a vIE KRR Tl 1994 ~ 1995 £ L%
2L DRI Z K5k (HH 2015 BTH
%, TNLURIRBEDLOTENCHEEN D 72720 TH
Bz, 1990 FARHTE LTI TARH MM AR L
TWiEhoETH A5, FERIC. LITF VAL
2000 fEIC, FAHYFT N 2003 FEICRIEEIC BN
TREDPY S TR EINTZETH B, iz, Y<r o
L3 vEVIE 2003 FELATNICIEBFEMICERE N TV
I THoTh, 2004 FLUFICKIIRICES Lic F
F2016a)s LTV F YN X &, FAREEMTE 2002
FICH RO BRI THEZRE N (HE 1 2003). 2009
EICHBROFEN, 2011 FICKEDIER SNz, £z
FAHUFTANE Y Ok g eI, TREEM
Tl& 2008 FEIC YD THREDHEREI NIz, LIz o T,
ITN50 3 E, 2000 FRICE - TH S TREBTHIC
BALREEZEZDONS, 7THARY IR EX T IIMHENE
M5 1998 ELIRRIC A DR > T VR (P kdRE A,
assimilis assimilis) T. RIEARMN TR DA ZIHEK
LTW3 (B 2016) 0 IR T 2011 FFICHI D THiE
BEINELIND (WES 201272 8) H, ERICE
TNEDERPRELIKMIRITRA L TVl GEM & 55
fiiEnTwad Gf k2015, THREEMBTIE 2015 F5
CHREINZXHICEo7h, AFEIEZDOHEHICE>T
P TREEHMIRALIZEEADNS,

AARENEEORHORHOL Yy R X ME, 2012
FICHEI N, 2015 FICHIRIAEDSRITENTVS (R
B 2015, iz KWEL S & Rz EaEmoL v
RF—=Z T INFITEINTVS (RIEE G R B
IREBURR 2016), T 5. HAB#Z2ZEIINE T
4ENCD Tz > THERBHOF a vEHOL v FU X b
ZRITUCE R (RH - L 1993, B -k 2003, % -
EH 2009, K5 2016), TT TR TINHEDY A +D
25, HOVU X+ (EREEE 2015), KRDOU X b (K
PR AR VR RIS R R BURERE 2016) . BXUHAEED
BHTV AR (RED 2016) OV MICHE S N i-fE
ZLy FURNMEELTHSI T LT 5, TREEM
T hicEcR. Yy~ 7 adF 3w (EEE (2015)
THEWE M 1B 1. SR A TG BRI BRI BORER (2016)
THUEGEI IBJE, K5 (2016) THEBGE T 115
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FA LTV F (EREEE (2015) THEMME I, R
IR ERBIRIRBIBOREE (2016) THuJRAGH M, Ktk
5 (2016) THEMGEHE N, v oI XTI (K
BTG BB AR BORER (2016) THEMEIEIR) . &
O FY Y (RPERETSREREREBERER (2016)
THEHOAAEE) D4/ Ly FU X MREICEYT %,

FALZYFOTHRKEEMTOEEEIEDEL &
<, BE &7 % I/ F Celtis sinensis Pers. &E 2 T
W3, 7OIRYIIYILYTARET Y IOk
BRIZBEVEDDHEEBUEICD> TRESNTE
D, TNZTNOFELZBBTHE I/ AFLARE/F
Ligustrum obtusifolium Siebold et Zuce. HEZ TV %,
L7eh->T, ThoD3EETREEMBOEERTDH
2LHZESE, AX LIV FLYTIARHT VI,
KR TR A ML TWs (EH 2015, 7
O RYTIIE, MOTEEENICZ DD Tidix
DRV TH > 72, EFEDMILRBEICH S T &N
fEfENTV3d GFE2016a), IHTRHEID S IR
FLERND 2 MY, K IETIRIR AR D EFE A 5 DR ER 1
TP THB F 1S 2000, —fic, AREDOER
IKE 7 XFFE 2T N F Quercus variabilis Blume 0
KARDPRBETH 2 (FWH DS 1984a), TAREEM T,
ZTNEERLSBZVT AFHRTERIDHERE T E 2D,
BRI D BEHIC IE B R MIC sk T % L HEHI S B KK
DEZNYT IFMPEIET B0 TOXKD GHFTICHMA &
A7 U COTAERRED ., FiizichiaE iz 7 X FiciE
HLULTETVWEDTHAS, 7uI FU T I IR
WBOHSNEDTEMTHELEAONDD, AROD
ARMEREI N LI TRHEMO K S RO
1) J8 fi i AN B D “E W) Z AR PE D AERFIC R W EHRZ LT
W EZRLTWS, Ly FRURMEDS B, U
JaFF 3 vIEDONTRE, BETHDZHTITY XA
Chamaecrista nomame (Siebold) H.Ohashi AHVTX H i 4
WIFEATWRWIS, B S O ROk R K A3 Ed
Izt obEZILENS,

Ly RUZMETEEVWDY, YFEFIXIThT
. KR Tt & 2 D JEAEIC L. EICEE
M10om BEX D L EmWHIE TR E N TS (HFH
2015), TAHEMIEAREOERNICEIT % RS D
EREMTH S (HE2012), TOXD EAKER R DL
KAFENER LTS &, TREEMOF 3 VK
MW RBIO T E 2R 2T TS LZRLTY
%o FBRIC, =2 T NEARMNTIELEOR (fEH
5 1983) T. ZWRCEFICIBLicHmiL w5
($H 2015) 0 KR D FEFE T MEER GEF 3 7)
T, FRLBICITEB LTV AMHEMEE H 5 M, Gl
A& (BF 1 2010, HEH 2015), TACH M CRE
ENTEDRFBZZOMAUEATD 5, HIUEKISHET)
MR E <L FEHOMTEM A ETELRRE NS T &N
H2 FHEHS 1983) e, FELINSBEHL T
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DHELNEW,

4. SHETREEMATRRINDAEEDH 1@

BEAo K S5ic, B « RiGEH» 5alihH % &
HMOFavidIEThHs, ThoDHb, AAUITF
~'k 3 Y&V Fabriciana nerippe (C. & R. Felder) I,
KB TRME LI EADbN S (RIMBAETHRE
FRERIAETEER 2016, R1%D 2016), VAT F 3T
Parnassius citrinarius Motschulsky (&, UREg « K75 ik
TE/NENFANBOH NS 1987 FF L Tl E N Tz
M. BIETIRERL TRy (& 2015), 7oy y
3 Niphanda fusca (Bremer & Grey) (&, RN &I 73
i LTI, 2000 ARG HAZHT (IHEYZH, [H
TERD) . JEET . SRR (HESRD 25 Od&E»
HBDHT, Frg - BPHHIKTIE 1990 4N DIRE
IR E N TV (HH 2015, 70y Y IEHE
DL RY X THIAGEE 1A IS5 N T (R
B 2015) . KU T ORIEIZ 2007 472 21 iR X
TW3 (JFL 2016c) IWVET VY 2 Zizina emelina
(de 1'0rza) &, HvaTH (IHTEEM) OSRBRJIE)IET
1986 FFIC 1 MRE I NI T, TOHDOH R &
VW (EH 2015), UIF VAT 9 TE Y Argyronome
laodice (Pallas) 1&. DD TIERIKE KT HHL TV
reeEZSN, B - WP 1980 U X TR gk
ENTWIED, EEZIEHOILMOAH THEZR ST TW
% (MM 2015), &4 X AT Neptis alwina (Bremer &
Grey) 1&. 1940 XA 5 1950 FFERICHLIITH ([HELBERT)
RETHIE, CAFIE TN Zophoessa callipteris
(Butler) (#1177 (IHELBEHT) T 1961 4RI 1 A, F ¥
< X Z ¥V Pyrgus maculatus (Bremer & Grey) (& Jit
BT 1950 4FIC 1 MRl E N 721 T R - I
HTRZDO%OREEE RV GRH 2015, XATVRY Y
X FF 37U Gonepteryx aspasia (Ménétriés) 1. IR
TRILEBILH DO IATEE LTV B FET, WLEg « G
e F L & T (HKET) TRlEsEh T
B, 1960 FALEDR G WV (R 2015), DLE
D9 FIFIEm - R TR L 72, £idED
HTENGMHEMR RKFaD) THELHEESLD,
SHETAHEED GEHRENSAREEREZEALEZL
EEZBN D,

S TRHEBEMCRRENE» > TET, B -
IRFAMBICHAESERE L TW3 (EEZ O Rels
EV) EHERMENZDORBUTONIET, TN5RS
BTREE MM SRS NZAEENZ DT LT
HBHrLEZONS, YYNMAY T TOTF 37 Pieris
nesis (Fruhstorfer) (&, 7 75 FRZzBHEHE L (AK
2006) . FP LA T 1990 FERICEB DN H %
(#H 2015), 7 2% 27 F 3 Inachis io (Linnaeus) &
AT LT 1990 FERICHB DR EDH O R -
VA PG K D & T B % ATRETE Vs WV (B 2015),

AFOHRIFIIR, A 70R LR v XH
FOLFAICOZ2MYZzELEEENAD D (FWH
5 1983), 205 bO—H (BRI, 7NV = L Ulmus
sl
75 Humulus scandens (Lour.) Merr., 1 X 74
Trifolium repens L.) I THREAWHMICEEZ TS, ¥
T & ¥ Y I Ussuriana stygiana (Butler) & b U O
JB Fraxinus spp. Z B & U (fHH 5 1984a), IREg -
IRPEHUE T S ZME TN TV EWVLA, BEIIL
PG LIET 1990 FROENH S (HEH 2015), b
XU aBETRHEMCDBNBELTED., £
HEENTWB, 707 Lethe diana (Butler) (&4
JHEZBE L L (fRH5 1984b), iR - BigiiR o
PRSI A LR WAS, TR LRI E % < ORLEN H
% (M 2015), A X+ H ¥ Dichorragia nesimachus
(Doyére) & 7 ANt ¥ ) Choaspes benjaminii (Guérin-
Ménéville) DT P I TOFH T L <. KIKIE I
DFHMITE FNICEHERENT WS (EH 2015, H E
2016b, H I AFEFTR), L. AIFATET
ARtV OaEM (FHH5 1982, 1984b) THB 7 Y
7 F Meliosma myriantha Siebold et Zucc. *® X ¥V < /N
INY Meliosma tenuis Maxim. (&, TR H a5 M &4
ZTWVEV, EAFI AT XY Ochlodes ochraceus
(Bremer) &1 %Kl « AY YU T RO, KVt
VY Isoteinon lamprospilus C. & R. Felder & A A+ 7%
FEABRRLEL GEHDS 1984b) EILI TIEFATIC
AR KRR O T8 BRI EENH S (R
[ 2015)s X VU Y 3 Neozephyrus japonicus (Murray)
(UL RE - PRI IR < o0 U (B 2015) . [HT
KRHEWTDS EFENDH 20 (EHY A1 FFRED
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Appendix 1. Collection data of butterflies in Chiyoda Tree Nursery of Forestry and Forest Products Research Institute,
Kasumigaura City, Ibaraki Prefecture with informations of Habitat type, Sunose environmental index,
overwintering stage and geographical distribution of each species.

. Sunose . Geographi-
L Habitat . overwinter- T . 6
Species type® environmental ine stage” cal distribu- Collection data
o index” 6 8128 tion”

747 I\F 3 7%} Papilionidae (10 species)

¥ ¥ 397 77\ Byasa alcinous (Klug) F 2 P H 10" 2005 August 1; 1" 2007 May 18; 15" 2008 May 4; 15" 2009 April
30; 1" 2010 June 6; 1" 2012 May 12; 15" 2012 June 2; 15" 2012
August 5; 15" 2013 May 18; 15" 2013 June 23

T A AT T TN Graphium sarpedon F 2 P P 15" 2011 June 12; 16" 2012 May 19; 15” 2014 May 18

(Linnaeus)

715 A7 77N Papilio dehaanii C. & R. F 3 P C 1% 2008 July 2; 15" 2010 June 6; 15" 2012 May 5; 1 ¢ 2015 June 1

Felder

Y AT AT 7N Papilio maackii F 3 P C 15" 2010 April 26

Ménétries

7777\ Papilio machaon Linnaeus G 2 P S 15" 2009 May 9; 15" 2010 June 19; 15" 2012 April 25; 1 $ 2012 June
23

T 7 7N Papilio protenor Cramer F 2 P H 1% 2007 June 2; 15" 2009 May 9

F 5% 7 7N Papilio memnon Linnaeus F 2 P M 1" 2008 May 23; 15" 2011 May 21; 1 ¢ 2012 August 19

43737 %77\ Papilio memnon Linnaeus F 3 P C 1% 2008 September 20

777N Papilio xuthus Linnaeus F 1 P C 15" 2009 May 9; 1" 2011 May 21

EF T 77N Papilio helenus Linnaeus F 3 P M lex. 2007 July 31 (Ob); lex. 2008 August 29 (Ob); lex. 2008 September
20 (Ob)

> 0OF 3 7# Pieridae (6 species)

F X FF a3y Eurema mandarina F 2 A un 15" 2007 November 8; 15" 2009 June 3; 1% 2009 July 29; 15" 2010

(de I'Orza) August 18; 1% 2011 August 7; 15" 2011 August 28; 15" 2012 June 23;
1% 2012 August 19; 15" 2013 June 23

VI aFF 3 Eurema laeta G 1 A P 15" 2014 October 19

(Boisduval)

AT TTT AT 3 Pieris melete F 2 P U 15" 2007 April 21; 2" 2007 June 2; 1" 2007 June 18; 15" 2007 July

(Ménétriés) 3; 15" 2007 September 8; 151 $ 2008 Aprill 2; 15" 2008 May 4; 1

o 2008 June 18; 15" 2009 April 8; 15" 2009 July 29; 15" 2009 August
7; 29" 2010 April 11; 20" 2011 April 10; 16" 2012 April 25; 15" 2013
April 13; 15" 2013 August 4; 15" 2014 May 4; 25" 1 $ 2015 March 28

€T F 3 Pieris rapae (Linnaeus) G 1 P S 1% 1997 April 11; 1$ 2007 June 18; 15" 2007 September 8; 15" 2007
September 26; 15" 2008 March 29; 15" 2009 July 29; 15" 2010 April
11; 1% 2010 June 6; 15" 2011 April 16; 1" 2012 April 10; 15" 2012
April 25; 15" 2013 March 22; 1% 2014 April 24

Y FF 37 Anthocharis scolymus Butler G 2 P C 20" 1997 April 11; 1" 2007 April 21; 15" 2009 April 8; 15" 2010 May
1; 20" 2011 April 16; 1" 2012 April 25; 15" 2013 April 10; 1" 2014
April 8; 1% 2014 April 24

EFF 3 Colias erate (Esper) G 2 L un 39 lex. 1997 April 11; 19 2007 March 22; 15" 2007 November 8; 1
2008 April 12; 1% 2009 April 30; 15" 2009 May 20; 1" 2010 April 11;
1$ 2011 April 16; 15" 2012 March 30; 15" 2012 April 25; 1 $ 2013
March 22; 1" 2013 March 23

= F 3 7# Lycaenidae (17 species)

Y5V R Curetis acuta Moore F 2 A H 15" 2007 August 20; 15" 2007 September 8; 1% 2009 July 29; 1 ¢
2009 August 7; 1% 2010 August 6; 15" 2010 September 21; 1% 2011
June 22; 1" 2012 August 19

gAY 2 Taraka hamada (H.Druce) F 3 L M 1% 2006 October 15; 15" 2013 June 9

NZ¥Y X Lycaena phlaeas (Linnaeus) G 1 L S 15"2% 1997 April 11; 15" 2006 April 1; 15" 2007 March 22; 15" 2008

March 18; 15" 2008 April 12; 15" 2009 Apri 18; 1§ 2010 April 11; 15

2011 April 10; 1% 2011 June 10; 20" 2012 April 10; 15" 2013 March

10; 1% (white colored type) 2013 April 23

LY ¥ Y 2 Narathura japonica F 2 A J 1% 1999 July 2; 1§ 2007 September 8; 15" 2009 July 29; 1% 2010

(Murray) August 6; 3exs. 2011 June 10 (larvae); lex. 2011 June 12 (larva); 1 ¢
2014 October 8

INTYF Y INA Narathura bazalus F 2 A M 1% 2011 October 10; 1 ¢ 2015 July 21

(Hewitson)

VS5 AR T Y 2 Artopoetes pryeri F 2 E U 15" 2008 June 6; 15" 2013 June 8; 15" 2014 June 1

(Murray)

771> Y 2 Japonica lutea (Hewitson) F 2 E C 1% 2011 June 12; 1% 2013 June 8; 15" 2013 June 23; 15" 2014 June 1

1) Japanese and scientific names followed Shirézu (2006).

2) Tanaka (1988). F: Forest species, G: Grassland species.

3) Sunose (1993, 1998). 1: Urban and/or rural species, 2: Seminatural species, 3: Natural species.

4) Based on Fukuda et al. (1982, 1983, 1984a, 1984b), Yata (1998, 2007) and Shirdzu (2006). E: egg, L: larva, P: pupa, A; adult, non: non-overwintering.
5) Matsumoto (2006). S: Siberian, U: Ussuri, C: Chinese, J: Japanese, H: Himalayan, M: Malayan, P: Pan-tropical, un: undetermined.

6) Ob.: observed. Em.: Date of adult emergence (rearing). All specimens were collected by Takenari Inoue.
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Appendix 1. Collection data of butterflies in Chiyoda Tree Nursery of Forestry and Forest Products Research Institute,
Kasumigaura City, Ibaraki Prefecture with informations of Habitat type, Sunose environmental index,
overwintering stage and geographical distribution of each species. (Continued)

. Sunose . Geographi-
L Habitat . overwinter- T . 6
Species vpe? environmental tage? cal distribu- Collection data
ype index” 1nE Stage tion”

Y 5F 27 517V 2 Japonica saepestriata F 2 E C 2519 1999 June 13; 1% 2000 June 15; 2% 2001 June 1; 15" 2007

(Hewitson) June 18; 15" 2008 July 3; 1% 2010 June 19; 2% 2011 June 12; 1
2013 June 8; 1" 2013 July 6; 15" 2014 June 1; lex. 2015 May 17
(larva); 10" 2015 June 1

S XA FHYY I Antigius attilia F 2 E C lex. 1998 June 28; lex. 1999 June 13; lex. 1999 July 2; lex. 2009 July

(Bremer) 8; 151 % 2010 June 19; 1571 % 2011 June 12; 1571 ¢ 2013 June 8

F A4 I RV T3 Favonius orientalis F 2 E U lex. 2015 May 17 (pupa); 1% 2015 June 16; lex. 2016 May 1 (larva)

(Murray)

713 RY Y3 Favonius yuasai F 2 E U 15" 2013 June 8; 1% 2014 June 26; 1% 2016 June 10

Shirézu

k<73 Y 2 Rapala arata (Bremer) F 2 P U 1% 1999 July 2; 1 ¢ 2009 July 11; 1% 2015 June 16

YN R Callophrys ferrea (Butler) F 2 P U lex. 2013 May 5 (Ob)

Y5 F XY 2 Lampides boeticus G 1 non P 15" 1999 November 29; 15" 2008 October 30; 15" 2009 October 27; 1

(Fabricius) o 2010 October 7; 15" 2010 December 5; 1" 2012 November 18; 15"
2013 October 12; 1 $ 2016 October 20

Y= kY2 Zizeeria maha (Kollar) G 1 L H 15" 1997 April 11; 157 2007 April 21; 15" 2008 May 4; 15" 2009 April
30; 15" 2010 April 26; 15" 2011 April 10; 1% 2012 May 5; 15" 2013
April 10

JVV Y 2 Celastrina argiolus (Linnaeus) F 2 P S 15" 1997 April 11; 15" 2007 September 8; 15" 2008 March 18; 15

2009 July 29; 16" 2010 March 31; 1" 2010 June 19; 15" 2011 April
10; 1% 2011 April 16; 15" 2011 June 10; 15" 2012 July 15

WISA Y X Everes argiades (Pallas) G 2 L S 25" 1997 April 11; 15" 2007 April 21; 15" 2007 July 3; 1% 2009 April
30; 16719 2010 April 26; 1$ 2011 April 16; 15" 2011 May 8; 1
2012 May 5; 1§ 2012 June 2; 15" 2013 April 10

27 \F 3 7% Nymphalidae (30 species)

t X7 J1 2T )\ Vanessa cardui (Linnaeus) G 2 L P 1% 2007 June 2; 1§ 2007 August 20; 1 $ 2008 August 20; 1 &* 2009
September 22; 1% 2010 September 21; 1% 2011 October 10

77 71 2T )\ Vanessa indica (Herbst) G 2 A un lex. 2010 October 16; 15" 2012 July 15; 15" 2014 October 19

F XTI\ Polygonia c-aureum (Linnaeus) G 2 A C 15" 2007 November 8; 1§ 2009 July 12; 15" 2010 August 6; 15" 2011
October 23; 1" 2013 July 14

/—2% T\ Polygonia c-album (Linnaeus) F 2 A S 1% 2009 April 8

v A B F 3 Nymphalis xanthomelas F 2 A un lex. 1999 June 13; 15" 2010 April 26; 1% 2010 June 19

(Esper)

JLV) 277N\ Kaniska canace (Linnaeus) F 2 A M lex. 2010 October 16; 19 2011 August 28

FAISF ATV 9 UEY drgyronome  F 2 E U 15" 2009 July 12; 15" 2012 July 15; 15" 2013 June 23

ruslana (Motschulsky)

JEH R Y 3T Nephargynnis F 2 L U 1% 2009 July 12

anadyomene (C. & R. Felder)

AR\t 3 EY Damora sagana F 2 L 6] 1% 2008 July 2; 15" 2009 July 12; 15" 2010 July 3; 1% 2011 June 12;

(Doubleday) 10" 2012 June 23; 29" 2013 June 23; 15" 2013 July 14

X MYk 3 Y€ Argynnis paphia F 2 L S 1% 1999 July 2; 1% 2007 September 8; 15" 2008 July 2; 15" 2009 July

(Linnaeus) 11; 20" 2010 July 3; 1" 2011 June 12; 16" 2011 July 9; 20" 2012 July
1; 29" 2013 June 23

S ¥ 3 U Fabriciana adippe G 3 L S 20" 2010 June 18; 15" 2011 June 10; 1% 2012 October 2; 25" 2013

(Denis & Schiffermiiller) June 8; 15" 2014 June 1; 1" 2015 June 1; 1" 2016 June 10

V7 3 Argyreus hyperbius G 1 L P 15" 2009 July 29; 15" 2010 May 1; 15" 2010 December 5; 15" 2011

(Linnaeus) December 4; 15" 2012 November 4

S AT 3 Neptis philyra Ménétrigs F 3 L C 1% 2009 July 11; 15" 2010 June 6; 15" 2011 June 22; 15" 2012 June 2

3 XY Neptis sappho (Pallas) F 2 L un 1" 2008 July 19; 15" 2009 July 29; 1% 2011 June 10; 1 $ 2012 May
19

A FEVF 3 Ladoga camilla F 2 L S 15" 2008 June 18; 1% 2009 August 7; 1$ 2010 August 18; 15" 2012

(Linnaeus) June 2; 16" 2012 September 1

7Y A FE Y Ladoga glorifica F 2 L J 14" 2008 July 19; 15" 2008 September 3; 157 2009 May 20; 15" 2010

(Furhstorfer) July 23; 157 2011 May 21; 1" 2013 August 18

<25 F 5 Hestina japonica (C. & R.  F 2 L C 19 2008 August 20; 1 ¢ 2011 June 12

Felder)

7 1R AR KRS Hestina assimilis F 1 L C 1% 2015 August 2; 19 2015 September 23; 1 ¢ 2016 August 7

(Linnaeus)

1) Japanese and scientific names followed Shirézu (2006).

2) Tanaka (1988). F: Forest species, G: Grassland species.

3) Sunose (1993, 1998). 1: Urban and/or rural species, 2: Seminatural species, 3: Natural species.

4) Based on Fukuda et al. (1982, 1983, 1984a, 1984b), Yata (1998, 2007) and Shir6zu (2006). E: egg, L: larva, P: pupa, A; adult, non: non-overwintering.
5) Matsumoto (2006). S: Siberian, U: Ussuri, C: Chinese, J: Japanese, H: Himalayan, M: Malayan, P: Pan-tropical, un: undetermined.

6) Ob.: observed. Em.: Date of adult emergence (rearing). All specimens were collected by Takenari Inoue.
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Appendix 1. Collection data of butterflies in Chiyoda Tree Nursery of Forestry and Forest Products Research Institute,
Kasumigaura City, Ibaraki Prefecture with informations of Habitat type, Sunose environmental index,
overwintering stage and geographical distribution of each species. (Continued)

. Sunose . Geographi-
L Habitat . overwinter- T . 6
Species type? envl'ronmle'ntal ing stage” cal @stg:bu- Collection data
index tion

5T Apatura metis Freyer F 2 L S 15" 2007 August 17

* A INT Y 3 Sasakia charonda (Hewitson) F 2 L C 1% 1997 July 22; 1 ¢ 1998 July 6; 15" 1998 August 7; 15" 2006
July31; 1" 2007 July 3; 15" 2013 July 6

Y AYSF IV N ) R Ypthima argus F 2 L U 15" 1998 May 8; 19 2000 May 19; 15" 2007 April 21; 15" 2007 May

Butler 4; 15" 2007 May 18; 15" 2008 April 12; 15" 2009 April 30; 1% 2010
May 1; 15" 2010 August 18; 15" 2011 May 8; 1" 2012 April 25; 1
2013 Aprill 3; 15" 2014 April 24

Y%/ AF =39 Minois dryas (Scopoli) G 2 L S 1% 1997 July 22; 15" 1999 July 2; 15" 2001 June 28; 15" 2007 July 3;
15" 2008 July 2; 1 ¥ 2009 August 7; 1% 2010 August 6; 15" 2012 July
1; 15" 2013 July 6

7 F 37 Lethe sicelis (Hewitson) F 2 L 7 15" 1999 June 3; 15" 2007 June 2; 15" 2007 June 18; 15" 2009 August
24; 15" 2010 June 18; 15" 2011 June 10; 15" 2012 June 2; 15" 2012
June 23; 15" 2013 June 8

Y% / A Mycalesis francisca (Stoll) F 2 L H 15" 2007 May 4; 15" 2007 June 18; 15" 2008 August 20; 1 ¥ 2009 May
20; 15" 2012 May 12; 15" 2014 September 10

v AT % /) A Mycalesis gotama Moore F 3 L H 15" 2007 June 2; 15" 2008 June 6; 1% 2009 August 7; 15" 2010 June
6; 1% 2011 June 22; 15" 2011 August 28; 15" 2012 July 1; 15" 2013
August 4; 1% 2014 August 3

Y FI X TN Neope niphonica F 3 p J 15" 2007 April 21; 15’14 2007 August 17; 15" 2007 August 20; 15"

Butler 2009 August 24; 15" 2009 August 27; 15" 2009 September 11; 3571 ¢
2012 August 19; 1571 % 2012 September 1; 15" 2013 September 2; 1
2015 July 21

Y R FX X T 1T Neope goschkevitschii  F 2 P J 2" 1998 August 7; 1% 1999 June 3; 1 ¥ 2001 June 1; 45" 2007 May

(Ménétries) 12; 851 % 2007 May 18; 35" 2007 June 2; 35"1 % 2007 August 17;
12512 % 2007 August 20; 6575 % 2007 August 26; 6571 % 2007
September 8; 15'1 % 2008 August 19; 145" 2008 August 20; 125"3 ¢
2008 August 29; 7574 % 2008 September 3; 5571 % 2009 May 20; 1
2009 August 7; 2153 % 2009 August 24; 25574 % 2009 August 27; 1 ¢
2009 September 11; 8" 2010 May 22; 15" 2010 August 18; 15" 2011
May 21; 55'1 % 2012 May 19; 45"2 % 2012 June 2; 19 2012 June 23;
15" 2012 August 5; 200"5$ 2012 August 19; 76”7 F 2012 September
1; 49" 2013 May 18; 15" 2014 May 17; 25" 2014 May 18; 1% 2015
June 1;40"2 % 2016 May 23; 2" 1% 2016 August 21

1./ X F 3 Melanitis phedima F 3 A M 1% 1999 November 29; 257 2009 August 24; 1 $ 2009 October 27; 1

(Cramer) " 2011 July 26; 25" 2011 August 28; 1% 2011 November 4; 15" 2012
May 12; 16" 2012 May 19; 15" 2012 July 15; 15" 2016 July 24; 1
2016 October 20

7YX X T Parantica sita (Kollar) F 3 L M 15" 2015 October 21

7227 F 2 Libythea lepita Moore F 2 A un 1% 2016 October 20

t 1) F 3 U# Hesperiidae (8 species)

2V ~ttV Erynnis montanus (Bremer) F 3 L C 1" 1997 April 11; 15" 2007 March 22; 15" 2008 April 12; 1" 2009
April 8; 15" 2010 April 11; 15" 2011 April 10; 1% 2011 April 16; 15
2012 March 30; 1 % 2012 April 10; 15" 2013 April 13

A A 2 avtvV) Daimio tethys F 3 L C 15" 2007 June 2; 1% 2008 May 23; 15" 2008 June 6; 15" 2009 May 20;

(Ménétries) 15" 2010 June 6; 1" 2011 August 7; 15" 2012 May 19

aF v )3\x XXV Thoressa varia (Murray) F 3 L J 15" 2008 August 2; 1 ¢ 2009 July 12; 1 ¢ 2012 May 12; 1 % 2012 May
19; 1% 2012 August 5; 15" 2014 May 17

F X TtV Potanthus flavus (Murray) G 2 L C 15" 2008 July 3; 15 2013 July 6

FAF ¥ 3% Y Polytremis pellucida G 2 L C 15" 2007 June 18; 1% 2007 June 28; 1 $ 2007 September 26; 15" 2008

(Murray) July 2; 1% 2009 June 17; 1% 2010 July 3; 15" 2012 June 23; 15" 2013
June 8; 1% 2013 June 23; 15" 2013 September 2; 15" 2014 August 18

IV F ¥ NRtv Y Pelopidas jansonis G 2 P U 1% 2012 October 13 (larva) (2013 May 10 (Em))

(Butler)

F¥ 31tV Pelopidas mathias G 2 L P 1% 2007 September 26; 1% 2008 September 3; 1% 2009 July 29; 1

(Fabricius) 2009 September 6; 1 2012 August 5; 2§ 2013 September 2

AFE VXY Parnara guttata (Bremer G 1 L H 15" 2007 July 3; 1$ 2007 July 27; 15" 2007 September 8; 157 2009

& Grey)

July 11; 15" 2010 August 18; 1" 2012 June 2; 15" 2012 August 5; 15"
2013 July 6

1) Japanese and scientific names followed Shirézu (2006).
2) Tanaka (1988). F: Forest species, G: Grassland species.

3) Sunose (1993, 1998). 1: Urban and/or rural species, 2: Seminatural species, 3: Natural species.

4) Based on Fukuda et al. (1982, 1983, 1984a, 1984b), Yata (1998, 2007) and Shirdzu (2006). E: egg, L: larva, P: pupa, A; adult, non: non-overwintering.
5) Matsumoto (2006). S: Siberian, U: Ussuri, C: Chinese, J: Japanese, H: Himalayan, M: Malayan, P: Pan-tropical, un: undetermined.
6) Ob.: observed. Em.: Date of adult emergence (rearing). All specimens were collected by Takenari Inoue.
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Butterfly fauna of Chiyoda Tree Nursery, Forestry and
Forest Products Research Institute, Kasumigaura City,
Ibaraki Prefecture, central Japan

Takenari INOUE"*

Abstract

A list of 71 butterfly species recorded in Chiyoda Tree Nursery, Forestry and Forest Products Research Institute,
Kasumigaura City, central Japan from1997 to 2016 has been compiled from collection data. It consists of ten
papilionid, six pierid, 17 lycaenid, 30 nymphalid and eight hesperiid species. Three (Narathura bazalus, Argyreus
hyperbius and Papilio memnon) and one (Hestina assimilis) of these species are thought to have invaded Chiyoda
Tree Nursery in the 2000’s and 2010’s, respectivery. According to Tanaka’s criterion, there are 51 forest species
(71.8%) and 20 grassland species (28.2%) at the study site. The Sunose environmental index (E7) was 145, which
indicated a “good natural environment”. The percentage of Chinese (23.9%) geographical distribution-type species
in Chiyoda Tree Nusery was higher, and Siberian (15.5%) and Pan-tropical (8.5%) type species were lower than the
national average in Japan. Four Red Data species of Japan and/or Ibaraki Prefecture, Eurema laeta, Sasakia charonda,
Artopoetes pryeri and Favonius yuasai were recorded.

Key words: biodiversity, geographical distribution type, Ibaraki Prefecture, range expanding species, Red Data List,
refuge, Tsukuba Mountains

Received 4 January 2017, Accepted 31 March 2017
1) Tama Forest Science Garden, Forestry and Forest Products Research Institute (FFPRI)
* Tama Forest Science Garden, FFPRI, 1833-81 Todorimachi, Hachioji 193-0843, Japan
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Road network extraction for interpreting large scale forest
exploitation

Hideki SAITO"

Abstract

This study aims to examine the method to extract road network which is an important key for interpreting large
scale forest exploitation from satellite data. Study site was selected in the forested area which extends over Kompong
Thom and Preah Vihear provinces, Cambodia. Landsat-8 OLI data was used in this study. Edge preservation
smoothing filter were apply to NDVI image. Road networks which ran east-west and north-south direction in large
scale forest exploitation area were extracted by edge detection and filtering procedures. Road networks in young
rubber forest were extracted in large scale forest exploitation area. However, the road networks in bare soil which is
immediately after exploitation and in mature rubber forest were not detected by this procedure. The extracted road
networks by this study would be used for automatic forest change detection procedure combined with other spectral
information such as NDVI difference in further study.

Key words: Cambodia, Plantation, Landsat-8 OLI data, Edge detection
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/—F (Note)

Lyophyllum shimeji confers morphological changes on the roots of
Populus nigra and promotes its aboveground growth in vitro

Hitoshi MURATA"*, Akiyoshi YAMADA?, Naoki ENDO”, Norio HAYAKAWA?,
Tsuyoshi MARUYAMA?, Tomohiro IGASAKI”, Takeshi MOHRI”, Satoru YOKOTA?,
Takashi YAMANAKA", Ko TAHARA” and Hitoshi NEDA"

Key words: Agaricomycetes, Ectomycorrhizal fungus, Root endophyte, Root morphology, Salicaceae

Lyophyllum shimeji (Kawam.) Hongo naturally associates
with Pinaceae and Fagaceae plants as an ectomycorrhizal
symbiont and produces the prized mushrooms “hon-shimeji”
(Kawai 1997, Ohta 1994). In addition to the availability of a
mycorrhizal nursery plantation system that enables fruiting in
the wild (Kawai et al. 1997), L. shimeji can be cultivated as
spawns for fruiting in the absence of host plants in protected
facilities (Ohta 1994), which may allow the fungus to be
regarded as a model for edible ectomycorrhizal mushrooms.
Populus nigra L. (Salicaceae) is a model tree species that
naturally harbors both ectomycorrhizal and arbuscular
mycorrhizal fungi (Lukac et al. 2003, Biswas et al. 2012, Joner
2013), but it is not regarded as a natural host of L. shimeji.

We previously reported that Prunus speciosa (Koidz.)
Nakai (Rosaceae), which naturally harbors arbuscular-
mycorrhizal fungi, allows Tricholoma matsutake (S.Ito &
Imai) Sing. and Suillus luteus (L) Roussel, both of which
are ectomycorrhizal symbionts of Pinus plants, to form root
endophytic but not ectomycorrhizal symbiosis in axenic in
vitro dual cultivation (Murata et al. 2014, 2015). Subsequently,
we found that L. shimeji associates with Pr. speciosa, but
not ectomycorrhizal ones, as a root endophyte in vitro
(unpublished). This turns the lateral roots of Pr. speciosa brown
and causes its root tips to swell into a beer bottle-like shape;
while the hyphae penetrated the lateral root tissues, they did not
penetrate the swollen root tips (Fig. 1). We questioned whether
L. shimeji associates with Po. nigra in vitro in the same manner
as it does with Pr. speciosa. Thus, our aim was to analyze the
in vitro association of an unusual plant-microbe combination,
which could ultimately prove to be a model plant system.

Lyophyllum shimeji YG6L (ATCC 201196, NBRC
100038; Ohta 1994) and somatic Po. nigra plants, which were
generated through shoot cultures that were derived from the
peeled twigs of a mature tree (Mohri et al. 1996, Biswas et

al. 2012); were axenically dual cultivated on a granite-based
soil substrate in vitro (Murata et al. 2014). Plants and fungal
mycelia were individually cultured in the substrate as negative

g o

Fig. 1 Prunus speciosa roots colonized by Lyophyllum
shimeji mycelia in vitro.
A-B, Dissecting micrographs: (A) Roots of Pr. speciosa
without L. shimeji. (B) Roots of Pr. speciosa associated
with L. shimeji. Scale bars 1 mm. C-D, Differential
interference contrast Nomarski micrographs: (C) Cross-
section at the exodermis. (D) Longitudinal section of the
root endophyte association between Pr. speciosa and L.
shimeji. Abbreviations: co cortical cell, ex exodermis, /p
hyphae, sh mycelial sheath. Scale bars 10 uM.
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controls. Five replicates were conducted for each experimental
set. One hundred and sixty days after the incubation period, the
root systems were thoroughly washed with water and examined
under a microscope. Plant vigor was analyzed by measuring the
aboveground and belowground dry weights of each plant.

The lateral roots of Po. nigra that were cultivated with
L. shimeji were brown, while those that were cultivated in
the absence of the fungus were pale green (Fig. 2A, B). The
lateral roots of Po. nigra that associated with L. shimeji became
swollen (Fig. 2B). The control fungal mycelia that were cultured
in the absence of plants did not grow over the substrate, and
the inocula remained at the inoculation site. Sections of live,
lateral roots of Po. nigra that associated with L. shimeji were
examined under a microscope, and the results showed that
the fungus only colonized the lateral root surfaces, forming a
mycelial sheath, but it did not penetrate the root tissues (Fig.
2C, D). The plant growth-promoting effect of L. shimeji was
detected in both the aboveground and the belowground portions
(Table 1).

Based on the results of the present study, the in vitro L.
shimeji—Po. nigra system may not be suitable for elucidating
ectomycorrhizal fungus—non-host plant interactions in
vitro. However, the root swelling phenomenon, which was
consistently observed in Po. nigra, as well as Pr. speciosa,
may be an interesting subject for further analysis in light of
the hormones that are produced by L. shimeji, which has never
been reported in the family Lyophyllaceae, although there is
precedence for hormone production by other families belonging

Fig. 2 The Po. nigra root systems associated with L. shimeji
in vitro.

A-B, Dissecting micrographs: (A) Roots of Po. nigra
cultivated in the absence of L. shimeji. (B) Roots of Po.
nigra associated with L. shimeji. Scale bars 1 mm. C-D,
Differential interference contrast Nomarski micrographs:
(C) The mycelial sheath area. (D) The root tissues
underneath the mycelial sheath; no fungal mycelia were
observed. Abbreviations: co, cortical cell; ep, epidermis;
sh, mycelial sheath. Scale bars 10 uM.

Table 1. Parameters related to growth of Po. nigra in
association with L. shimeji.

Measured parameter (dry weight: mg)*

Replicate/

Mean, SE Po. nigra with L. shimeji

Above Below Total

Po. nigra without L. shimej
Above Below Total

1 1775 247 2022 65.0 281 931

2 339.0 854 4244 759 206  96.5

3 597.8 106.5 7043  130.6 11.0  141.6
4 3583 2653 6236 107.5 357 1432

5 2312 92.6 3238 834 260 1094
Mean 340.8 1149 4557 92,5 243 116.8
SE 72.5  40.1 92.9 11.8 4.1 10.8

‘Row data of 5 replicates along with their mean and SE are
given. Above = aboveground, Below = belowground,Total =
Above+Below.

to the Agaricomycetes.
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List of dung beetles (Coleoptera : Coprophagous group of
Scarabaeoidea) collected in lowland near Balikpapan, East
Kalimantan, Indonesia

Akira UEDA"*, Dhian DWIBADRA?, Woro A. NOERDJITO?,
SUGIARTO”, Masahiro KON”, Teruo OCHI”,
Masayoshi TAKAHASHI® and Kenji FUKUYAMA”

Abstract

Dung beetles (coprophagus group of Scarabaeoidea) are useful indicators of habitat quality in tropical regions.
In December of 2006 through 2008, we carried out surveys of the beetles using pitfall traps baited with human
excrement and fish meat at 30 sites, 10-40 km north of Balikpapan, lowland of East Kalimantan, Indonesia. From
these surveys we collected a total of 65 species and 8,073 individual dung beetles, and listed in the table. To provide
a useful reference for future studies evaluating forest environments using assemblages of dung beetles, we estimated
diet and habitat preferences of 44 species with collections of more than 5 individuals. Forty-one of the 44 species
were collected with traps baited with both human excrement and fish meat. For 8 species the total of catch did not
exceed 70% in either of the two bait types, and 5 of the 8 species were endemic to Borneo. Regarding habitat, 36
species abundant in natural forests were rarely collected in anthropogenic-destroyed forests, plantation forests, and
open-lands, except for 7 species that were also abundant in such habitats. Catharsius renaudpauliani was only one
species that was expected to reside mainly in destroyed forests and plantation forests. Seven species abundant in open-
lands were rarely collected in natural forests. Species abundant in natural forests tend to have narrow distribution

109

ranges, while species abundant in open-lands tend to have wide distribution ranges.

Key words: bait, Borneo Island, forest, grassland, habitat, Scarabaeidae

Introduction

Dung beetles (coprophagous group of Scarabaeoidea:
Bolboceratidae, Hybosoridae, and parts of Scarabaeidae
(Scarabaeinae and Aphodiinae) in the present study) are
known to be an indicator of habitat quality and environmental
change in tropical regions (McGeoch et al. 2002, Aguilar-
Amuchastegui and Henebry 2007, Gardner et al. 2008a,
Nichols and Gardner 2011). This beetle group is also known
to be relatively easy to sample and identify compared with
the vast majority of other insect groups (Spector 2006). For
example, in a study carried out in an area of primary rainforest
in Brazilian Amazonia, the sampling cost for these beetles was
cheapest compared to the costs for 14 other taxa sampled and
was second only to birds in terms of indicator performance
(Gardner et al. 2008b, Nichols and Gardner 2011). As a result,

at least 19 studies concerning the response of these beetles

Received 4 July 2016, Accepted 22 March 2017

to tropical forest modification and fragmentation have been
performed throughout the world (Nichols et al. 2007). These
beetles also serve important ecological functions, such as
promoting the rapid decomposition of dung and carcasses, as
well as influencing nutrient cycling, bioturbation, plant growth
enhancement, secondary seed dispersal, pollination of carrion-
scented plants, and parasite control (Davis 1996, Andressen
2002, 2003, Larsen et al. 2005, Slade et al. 2007, 2011, Nichols
et al. 2008, Kryger 2009, Ridsdill-Smith and Edwards 2011,
Enari and Enari-Sakamaki 2014, Enari et al. 2016).

Because of their value as indicators of habitat quality, the
low cost for sampling, and the variety of ecosystem functions
they provide, we chose the dung beetles as the material to
study the influences of afforestation on grasslands and how
both natural and anthropogenic disturbances on forests

influence insect diversities in lowland of East Kalimantan,
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Indonesia (Ueda et al. 2015b, c, d). Through these studies we
accumulated the large collection of dung beetles that indicated
both diet and habitat preferences for a range of species. Except
for these studies we also collected the beetles with using the
same method as preliminary or verificative studies. Our large
collection may provide a useful reference for future studies
aiming to better understand habitat quality of forests using dung
beetles as indicators, particularly in lowland of East Kalimantan
where our studies were carried out. Thus, here we have listed
the dung beetles collected in our studies, and showed the
numbers of beetles collected by the traps with different baits
and the numbers in each vegetation type.

Methods

Study sites

We collected dung beetles at 30 sites (Table 1 and Fig.
1), located 10—40 km north of Balikpapan, lowland of East
Kalimantan, Indonesia. The study area included two large
intact natural forests: one was the Sungai Wain Protection
Forest (SWPF) and the other was the Bukit Bangkirai Forest
(BBF) (Fig. 1). These areas have not been logged in the last 50
years but SWPF was burned in 1993 and 1998 but left some
adjacent remnants on the north-eastern area (Taylor et al. 1999,
Yamaguchi and Tsuyuki 2001) (Fig. 1). We selected three sites
inside the intact forests (vegetation type: CNF) and two sites

Béﬁkbapan
\OQ,~

Vegetation
type
@ CNF
O ENF
@ BNF
O SCF
OPLF
O GRS
@ CPS

Fig. 1 Location of study sites.

near the edges (ENF) in the two forest reserves (Table 1 and
Fig. 1). We also selected two sites at the lightly burned area
including remnants (BNF) in SWPF (Table 1 and Fig. 1).

Outside of the two forest reserves, we selected four
anthropogenic-destroyed forests (secondary forests) near
villages (SCF) as study sites (Table 1 and Fig. 1). We also
selected ten Acacia mangium plantations (PLF) as study sites
to examine the habitat preference of the beetle (Table 1 and
Fig. 1) because 4. mangium is one of the most popular fast-
growing tree species used for plantations in anthropogenic areas
of tropical Asia and has been planted widely in the study area.
Each plantation except for P12 and P38 was paired with another
study site in the Imperata cylindrica (local name ‘rumput alang-
alang’) grassland next to the plantation, and each grassland site
(GRS) was 100-300 m away from the edge of the plantation.
Imperata cylindrica grassland is widespread in post slash-burn
agriculture areas (post-deforested, burned areas) of tropical
Asia. Surveys were also conducted in one cattle pasture (CPS)
beside the 4. mangium plantation of site P12 to compare with
the grassland sites (GRS) (Table 1 and Fig. 1).

Collection of dung beetles
Baited and flight intercepting pitfall traps that catch a
larger number of species of dung beetles than normal baited

pitfall traps (Ueda et al. 2015a) were used to collect the beetles.

Refer Table 1 for site names and categories of vegetation. The 'SPOTSS' satellite took this picture at 2:27:04 (GMT) on 19 June, 2005.
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Table 1. Vegetation type, location, collection period, and number of installed trap-transensects in each site in each year

. . No.
Site” Vegetatbl " Latitude Longitude Asl Colle.ctilon trap- Note
type (m) perio transects’
SWCa CNF S1°06'50 E116°49'40 32 15-20 Dec. 2007 1 Near Camp 2 of SWPF. Data from Ueda et al.
(2015b)
SWCb CNF S1°07'52 E116°49'53 50 16-21 Dec, 2006 1 Near Camp 1 of SWPF. Data in 2006 and 2007
20-25 Dec. 2007 1 from Ueda et al. (2015b)
9-14 Dec. 2008 1
BBC__CNF_ S1°0I'47 ELGSI'SS 88 |1 13-18Dec. 2007 I Center of BBF. Data from Ueda etal. (2015b)
SWE ENF S1°0821 E116°50'06 40 16-21 Dec. 2006 1 Near entrance of a trail of SWPF. Data in 2006
14-19 and 20-25 Dec. 2007 2 and on 20-25 Dec. 2007 from Ueda et al. (2015b)
5-10 and 10-15 Dec. 2008 2
BBE ENF S1°01'35 EI116°51'59 55 13-18 Dec. 2007 1 Near entrance of a trail of BBE. Data from Ueda
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, etal1sb)
SWBa BNF S1°03'43 E116°53'19 30 17-22 and 22-27 Dec. 2006 5 Near POS 2 of SWPF. Data on 22-27 Dec. 2006
~ ~ ~ 19-24 Dec. 2007 6 from Ueda et al. (2015b) and in 2007 from Ueda
S1°04'32 E116°53'56 80  5-10and 6-11 Dec, 2008 7 et al. (2015d) in part.
SWBb_ BNF  S1°08'09 EI16°51'29 40 4-9 Dec. 2008 1 Inthe Sungai Wain Botanical Garden
SF12 SCF S1°09'44 E116°55'09 29 15-20 Dec. 2007 1 Forest with heavy anthropogenic disturbance
near villages
SF23 SCF S1°06'29 E116°54'20 37 17-22 Dec. 2007 1 Forest along a stream in a village. Data from
Ueda et al. (2015¢)
SF29 SCF S1°03'34 E116°54'10 42 18-23 Dec, 2006 1 Heavily burned forest near a village. Data from

Ueda et al. (2015d)
SF38 SCF 81700003 E11675820 21 1 16-21 Dec. 2007 1 ] Forestalong astream inayvillage
E116°54'41 26 23-28 Dec, 2006 1 Beside SF12. Data from Ueda et al. (2015b)
15-20 Dec. 2007 1
19-24 Dec. 2006 1
19-24 Dec. 2006 1
19-24 Dec. 2006 1
17-22 Dec. 2007 1
6-11 Dec. 2008 1
1
1
1
1
1
1

—

P18 PLF S 1°08'21
P22 PLF S 1°06'21
P23 PLF S 1°06'30

E116°53'39 36
E116°53'47 56
E116°54'20 35

Data from Ueda et al. (2015b)

Data from Ueda et al. (2015b)

Beside SF23. Data in 2006 and 2007 from Ueda
et al. (2015b, ¢)

P24a PLF S 1° 04' 46
P24b PLF S 1°05' 09
P24c PLF S1°05'04
P26 PLF S1°05'05
P29 PLF S1°03'20

E116°54'11 48
E116°54'27 73
E116°54'30 77
E116°55'28 46
E116°54'45 60

17-22 Dec. 2006
17-22 Dec. 2006
7-12 Dec. 2008
23-28 Dec, 2006
18-23 Dec. 2006

Data from Ueda et al. (2015b)

Data from Ueda et al. (2015b)
Beside SF29. Data from Ueda et al. (2015b)

P38 PLF_ SI001l E1165830 20 | 16-21Dec.2007 1] BesideSF38
G18 GRS S1°0813 EI116°53'39 36 19-24 Dec. 2006 1 Beside P18. Data from Ueda et al. (2015b)
G22 GRS S1°06'23 E116°53'37 67 19-24 Dec. 2006 1 Beside P22. Data from Ueda et al. (2015b)
G23 GRS S1°06'28 E116°54'28 53 19-24 Dec. 2006 1 Beside SF23 and P23. Data in 2006 and 2007
17-22 Dec. 2007 3 from Ueda et al. (2015Db, ¢)
6-11 Dec. 2008 1
G24a GRS S1°04'56 E116°54'14 40 17-22 Dec, 2006 1 Beside P24a. Data from Ueda et al. (2015b)
G24b GRS S1°05'01 E116°54'28 69 17-22 Dec. 2006 1 Beside P24b
G24c GRS S1°04'52 E116°53'50 59 7-12 Dec. 2008 1 Beside P24c
G26 GRS S1°05'34 E116°55'33 46 23-28 Dec, 2006 1 Beside P26. Data from Ueda et al. (2015b)
G29 GRS S1°0334 EI1165501 60  18-23Dec,2006 | Beside P29, Data from Uedaetal. (2015b)
Pas CPS S1°10'29 E116°54'39 26 23-28 Dec, 2006 Beside P12. Data in 2006 and 2007 from Ueda

21-26 Dec, 2007
7-12 Dec. 2008

*SW: Site in the Sungai Wain Forest Reserve (SWPF). C: More than 0.5 km inside from edge of unburnt area of the forest reserves. BB: Site in the
Bukit Bangkilai Forest (BBF). E: Near edge of unburnt area of the forest reserves.. B: Burned area of the forest reserve. SF: Anthropogenic-

et al. (2015b)

destroyed forest (secondary forest) near a village. P: Acasia mangium forest plantation estimated 5-11 years old. G: Imperata cylindrica
grassland. Pas: Cattle pasture. The number of each site indicates the approximate km point of the junction on the main road used to access the
site from Balikpapan to Samarinda.

°CNF: Center of natural forest, ENF: Edge of natural forest, BNF: Burned natural forest, SCF: Secondary forest, PLF: Plantation forest, GRS:
Grassland, CPS: Cattle pasture.

‘One trap-transect contained 5 human excrement baited traps and 5 fish meat baited traps set alternately with 10 m intervals on the 90 m line.
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A plastic cup (8.4 cm in open diameter, 5.6 cm in minimum
diameter, and 12.2-cm high) was driven into the ground with its
opening level with the ground surface. Two B5-size transparent
plastic sheets that crossed each other were then placed over the
cup, upon which a plastic bowl (ceiling: 20 cm in diameter and
5-cm high) was placed upside down. Each trap contained a 50-
ml glass bottle (4.3 cm in diameter and 8.0-cm high) with a
perforated lid (having six holes, each 5 mm in diameter), and
was baited to attract beetles. Fresh human excrement (10 g)
and raw jack fish (30 g) were used as bait because these baits
attract large numbers of species and individuals of dung beetles
(Ueda et al. 2015a). A cut nylon net (with a 0.5-mm mesh) was
placed between the lid and bottle to prevent small beetles from
entering. The traps also contained a 30% solution of propylene
glycol to kill and preserve the beetles collected. At all sites ten
traps distributed along a 90-m transect at intervals of 10 m,
alternating human excrement and raw fish as the attractant were
set in the morning during the month of December 2006, 2007
and/or 2008 (Table 1). The captured insects were collected five
days after trap installation (Table 1).

Identification and storage of specimen

All beetles captured in the present study were dried
on absorbent cotton and identified with using a binocular
microscope (Nikon Nature Scope). Some beetles were pinned
and sent to Japan for identification. All beetles are stored in the
insect specimen room of the Research Center for Biology, the

Indonesian Institute of Science (LIPI), Cibinong, Indonesia.

Data analysis

Since females of two Catharsius species, C. dayacus and C.
renaudpauliani, were difficult to distinguish each other, data of
Catharsius female was treated as Catharsius spp.

To indicate the relationships between diet or habitat
preference and the distribution ranges of the beetles, we
categorized their distributions into 5 ranges; Bornean endemic,
Sundaland (Borneo + Malay Peninsula, Sumatra, Java, and/or
Palawan), Sundaland and Indochina (‘Sundaland’ + Thailand,
Laos, Cambodia, and/or Vietnam), Southeast Asia (‘Sundaland
and Indochina’ + Myanmar, Philippines and/or Sulawesi), and
large area (‘Southeast Asia’ + India, Taiwan, China, Japan,
New Guinea, and/or Australia). For the distribution ranges, we
referred Balthasar (1963a, b), Zunino (1976), Krikken (1977),
Ochi and Kon (1995, 1996, 2006a, b, 2014), Ochi (2006), Ochi
et al. (2006, 2008, 2009), Masumoto et al. (2008a, b), Zidek
and Pokorny (2010), Hosaka et al. (2013), and Li et al. (2013).

Results and discussion
A total of 65 species and 8,073 individuals of dung beetles

were collected (Table 2 and 3). In 44 species that were collected

more than 5 individuals, all species were collected by the traps
baited with both human excrement and fish meat at least one
individual, with the exception of three species (Catharsius
renaudpauliani, Caccobius binodulus, and Onthophagus
(Pseudophanaeomophus) chandrai) (Table 3). In 8 of the 44
species, total catches did not exceed 70% in either of the two
bait types (Table 3). This result suggests that most of dung
beetles in lowland of East Kalimantan are lured by odor from
both dung and carrion. This sort of wide diet preference is also
seen on the dung beetles on Sulawesi Island and Madagascar
Island (Hanski and Krikken, 1991, Roslin and Viljanen 2011).

The number of beetles collected by human excrement
baited traps was three times larger than that by fish baited traps
(Table 4). This difference largely depended on the data from
grassland (GRS) and cattle pasture (CPS) where rates of beetles
collected by fish baited traps were very low (Table 4). This
result suggests that dung beetles in open environments mainly
feed on dung but those in forests utilize both dung and carrion.
Regarding the relationships between the distribution ranges
and the diet preferences, five of 8 species that did not exceed
70% in either of the two bait types in their total catches were
Bornean endemic species, while species that exceeded 70 % did
not tend to skew towards any particular distribution range (Table
5). This suggests that some Bornean endemic species have a
wide host ranges whereas most species with wider distributions
have narrow host ranges.

With respect to vegetation type, in the 44 species, 36
species were abundant in the forest reserves (CNF, ENF, and/
or BNF). Two of the 36 species, Microcopris fujiokai and
Caccobius binodulus, were collected only at CNF sites (Table
3) and it is expected that their main habitats are deep inside of
intact natural forests. The species abundant in the unburned
natural forests (CNF and/or ENF) were mostly seen in the
lightly burned natural forests (BNF) but were rarely collected
outside of the forest reserves (SCF, PLF, GRS, and CPS), with
the exception of 7 species (Bolbochromus catenatus, Panelus
kalimantanicus, Parascatonomus semiaureus, Parascatonomus
semicupreus, Proagoderus schwaneri, Onthophagus
(Gibbonthophagus) obscurior, and Onthophagus (Onthophagus)
waterstradti). Five of the 7 species (B. catenatus, P. semiaureus,
P. semicupreus, P. schwaneri, and O. (O.) waterstradti) were
abundant in both destroyed forests (SCF) and/or plantation
forests (PLF) (Table 3). These five species are likely to
have wide habitat preferences in variety of forest types. P.
kalimantanicus, one of the another 2 species that were seen in
both forest and open environments, was relatively abundant in
disturbed areas (i.e., SCF, PLF, GRS, and CPS), whereas O. (G.)
obscurior was mainly abundant in forest environments (Table
3). Whatever happens, these two species may have only a weak

habitat preference.
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Table 2. Number of beetles collected in each yaer at each site

CPS
P:
‘07 '08

G26 G29
‘08 '06 06 '06

G24a G24b G24c
'06  '06

GRS
G22 G23
‘06 '06  '07 '08

Gl18
'06

P24a P24b P24c P26 P29 P38
'06  '06 '08 '06 '06 '07

PL
'08

P12 P18 P22 P23
'07 06 '06 '06 '07

'06

SCF
SF12 SF23 SF29 SF38
'06 07

'07

'07

BNF
SWBb
'08 08
7
0
0
1
0
3
0
2
0
0
13
0

SWBa
‘06 '07
36 327

ENF
SWE BBE
'07 '08 07

1

0

8

0

0

0

0

2

0

0

26 9

0

'06

BBC
'07
29

CNF
SWCb
'06  '07 '08

1

0

2

6

0

0

0

2

0

0

SWCa
'07
41

-transect set

Panelus kalimantanicus Ochi, Kon et Barclay, 2009
Panelus sp.

Haroldius sumatranus Paulian et Scheuern, 1994
Paragymnopleurus maurus (Sharp, 1875)
‘Paragymnopleurus striatus (Sharp, 1875)

Bolbochromus catenatus (Lansberge, 1886)
Sisyphus thoracicus Sharp, 1875

Vegetation type in Table 1

Site in Table 1

Year (in December)

Phaeocrous emarginatus Castelnau, 1840
Phaeocroops sp.

Ochicanton simboroni Ochi et Kon, 2006
Ochicanton uedai Ochi, Kon et Hartini, 2007
Ochicanton woroae Ochi, Ueda et Kon, 2006

Number of traj

4
0

167

14
0

29

ritsemae Lansberge, 1874

13

16

6

-us Lansberge, 1886 (male)

Catharsius renaudpauliani Ochi et Kon, 1996 (male)

Catharsius spp. (female)

ius dayac
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13

0

Copris agnus Sharp, 1875

Copris gibbulus Lansberge, 1886

10

Microcopris fujiokai Ochi et Kon, 1996

Oniticellus cinctus (Fabricius, 1775)

Dung beetles in lowland of East Kalimantan

Oniticellus tesselatus (Harold, 1879)
Caccobius binodulus Harold, 1877

32

93

109 30 36

45

42 15 19

28

10

16

119

12

20

s (Fabricius, 1798)
Parascatonomus aurifex (Harold, 1877)

Caccobius unicorni:

56
13
19
17

26

21

18 21

16

Parascatonomus dux (Sharp, 1875)

Parascatonomus r

udis (Sharp, 1875)

(Lansberge, 1883) 0

Parascatonomus semicupreus (Harold, 1877)

Parascatonomus sp.

12

16

85

21 27

33

13

10

150

26

12

65

33 37 178 149

17

28

17

Proagoderus schwaneri (Lansberge, 1864)

15

19

22

4

, 1914

cervicapra
Onthophagus (Gibbonthophagus) fujiii Ochi et Kon, 1995

1

15 53 19 2 447 618

29

13

10

88

26

0
0

Onthophagus (Gibbonthophagus) limbatus (Herbst, 1789)

20

obscurior 1914

(Gil
Onthophagus (Serrophorus) laevis Harold, 1880

22

0
0

1883
ittarius (Fabricius, 1775)

us) mulleri Lansberg
Onthophagus (Indachorius) uedai Ochi et Kon, 2006

op

(Se

(Serrophorus)

12

28

0

Onthophagus (Indachorius) woroae Ochi et Kon, 2006

Onthophagus (Indachorius) sp.

2
0
0
0
0

Onthophagus (Pseudophanaeomophus) chandrai Ochi, 2006

Onthophagus (Pseudophanacomophus) sugihartoi Ochi, 2006

12
38

131

19
13

38 39 127 10 16 48

27

10

16

Lansberge, 1883

458

54

1914
1913

papulatus
Onthophagus (Onthophagiellus) hidakai Ochi et Kon, 1995

(o

0
0
12

Onthophagus (Colobonthophagus) armatus Blanchard. 1853

39

79

14 42

119

10

44

14

Onthophagus (Paraphanacomorphus) trituber (Widemann, 1823)

O

13

1914

3

Onthophagus (Hikidaeus) simboroni Ochi et Kon, 2006

Lansberge, 1883

J
Onthophagus (Onthophagus) batillifer Harold, 1875

"

0

47

Onthophagus (Onthophagus) bonorae Zunino, 1976

10

3

Harold, 1877

(o

22

14

Onthophagus (Onthophagus) incisus Harold, 1877

0
1
0
0
0
0
0

Onthophagus (Onthophagus) infucatus Harold, 1877

Onthophagus (Onthophagus) keikoae Ochi et Kon, 2014
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Table 3. Distribution range, number of beetles collected at each bait in 3 years, and number of beetles collected per trap
transect at each vegetation type

Number of beetles collected at Number of beetles collected per trap transect at each vege-

_Eliztgln each.bail in 3 years - tation type in 3 years

Sposics name rnget  Fuman PSR g % ONFOENF BNFSCF PLF GRS CPS
Bolbochromus catenatus Sunda. 5 1 6 167 - 0.2 0.2 0.3 - - -
Phaeocrous emarginatus Large A. 4 10 14 714 0.4 1.3 0.1 0.5 - - -
Phaeocroops sp. - 2 40 42 952 6.0 0.8 0.4 - - - -
Ochicanton simboroni Borneo 0 1 1 100 - - 0.1 - - - -
Ochicanton uedai Borneo 6 1 7 14.3 0.2 - 0.3 - - - -
Ochicanton woroae Borneo 13 2 15 13.3 0.2 1.8 0.2 - - - -
Panelus kalimantanicus Borneo 29 15 44 341 0.4 0.3 0.1 1.5 0.7 1.6 0.7
Panelus sp. - 1 0 1 0 0.2 - - - - - -
Haroldius sumatranus Sunda. 0 1 1 100 0.2 - - - - - -
Paragymnopleurus maurus Sunda. 595 23 618 3.7 356 10.0 19.8 - 0.3 - -
Paragymnopleurus striatus Sunda. 2 0 2 0 0.4 - - - - - -
Sisyphus thoracicus Indoch. 310 26 336 7.7 18.8 6.8 10.6 - - - -
Synapsis ritsemae Sunda. 4 0 4 0 0.6 0.2 - - - - -
Catharsius dayacus (male) Borneo 53 6 59 10.2 2.6 2.8 1.5 - - - -
Catharsius renaudpauliani (male) Sunda. 59 0 59 0 - - 0.1 35 2.5 0.3 0.7
Catharsius spp. (female) - 108 12 120 10.0 3.0 22 0.9 3.8 32 0.7 1.0
Copris agnus Indoch. 1 0 1 0 - 0.2 - - - - -
Copris gibbulus Sunda. 0 1 1 100 0.2 - - - - - -
Microcopris fujiokai Borneo 8 3 11 273 22 - - - - - -
Oniticellus cinctus Large A. 0 1 1 100 - - - - - - 0.3
Oniticellus tesselatus Sunda. 1 1 50.0 - - - - - - 0.7
Caccobius binodulus Borneo 6 0 6 0 1.2 - - - - - -
Caccobius unicornis Large A. 599 70 669  10.5 - - 0.2 45 13.0 273 417
Parascatonomus aurifex Borneo 10 18 28 64.3 0.8 2.0 0.5 - 0.1 0.1 -
Parascatonomus dux Borneo 22 177 199 889 12.8 72 4.7 0.5 0.1 - -
Parascatonomus rudis Large A. 2 23 25 920 - 0.5 1.1 0.3 - - -
Parascatonomus semiaureus Sunda. 15 61 76 80.3 1.4 45 1.4 0.8 0.7 0.3 -
Parascatonomus semicupreus Sunda. 62 263 325 80.9 54 14.2 7.1 2.0 4.4 0.3 0.3
Parascatonomus sp. - 1 0 1 100 - - - - - 0.1 -
Proagoderus schwaneri Sunda. 542 289 831 3438 154 13.3 18.3 19.3 14.5 2.4 0.7
Onthophagus (Gibbonthophagus) cervicapra Sunda. 77 18 95 18.9 8.4 1.7 1.8 - 0.6 - -
Onthophagus (Gibbonthophagus) fujiii Borneo 24 20 44 455 0.6 22 1.1 0.5 0.3 - -
Onthophagus (Gibbonthophagus) limbatus Large A. 1199 157 1356 11.6 - - - 0.5 84 135 3553
Onthophagus (Gibbonthophagus) obscurior Indoch. 40 31 71 43.7 0.6 2.5 1.3 1.8 0.9 - 23
Onthophagus (Serrophorus) laevis Large A. 40 5 45 11.1 2.6 0.8 1.4 - - - -
Onthophagus (Serrophorus) mulleri Sunda. 3 1 4 250 - 0.5 - 0.3 - - -
Onthophagus (Serrophorus) sagittarius Large A. 1 1 2 50.0 - - 0.1 - - - 0.3
Onthophagus (Indachorius) uedai Borneo 62 37 99 374 - - 0.3 - 0.6 6.8 1.0
Onthophagus (Indachorius) woroae Borneo 6 10 16 625 1.0 0.3 0.5 - - -

Onthophagus (Indachorius) sp. - 0 1 1 100 - - 0.1 - - - -
Onthophagus (Pseudophanaeomophus) chandrai Borneo 0 16 16 100 1.4 1.0 0.2 - - - -
Onthophagus (Pseudophanaeomophus) sugihartoi Borneo 1 0 1 0 - 0.2 - - - - -
Onthophagus (Furconthophagus) lilliputanus SE. A. 440 58 498 11.6 - - - 4.0 0.8  38.1 43
Onthophagus (Furconthophagus) papulatus Indoch. 526 50 576 8.7 - - - 0.3 - 58 1683
Onthophagus (Onthophagiellus) crassicollis Large A. 2 1 3 333 - - 0.2 - - - -
Onthophagus (Onthophagiellus) hidakai Indoch. 4 1 5 200 0.2 0.2 0.2 - - - -
Onthophagus (Colobonthophagus) armatus SE. A. 1 0 1 0 - - - - - 0.1 -
Onthophagus (Paraphanaeomorphus) trituber Large A. 853 133 986  13.5 - - - 35 4.8 29.0 184.0
Onthophagus (Hikidaeus) pastillatus SE. A. 28 21 49 429 5.8 2.5 0.3 - - - -
Onthophagus (Hikidaeus) simboroni Borneo 18 2 20 10.0 1.0 1.0 0.4 - 0.1 0.1 -
Onthophagus (Onthophagus) aphodioides SE. A. 15 2 17 11.8 1.6 0.5 0.3 - - - -
Onthophagus (Onthophagus) batillifer Indoch. 1 1 2 50.0 0.2 - 0.1 - - - -
Onthophagus (Onthophagus) bonorae Indoch. 3 68 71 958 1.2 8.5 0.7 - - - -
Onthophagus (Onthophagus) borneensis Sunda. 31 1 32 3.1 1.8 2.5 0.1 0.3 0.4 - -
Onthophagus (Onthophagus) incisus Sunda. 51 4 55 7.3 0.8 4.0 13 0.3 0.1 - -
Onthophagus (Onthophagus) infucatus Indoch. 11 1 12 8.3 1.0 0.7 0.2 - - - -
Onthophagus (Onthophagus) keikoae Borneo 0 1 1 100 0.2 - - - - - -
Onthophagus (Onthophagus) ochromerus Borneo 0 1 1 100 - 0.2 - - - - -
Onthophagus (Onthophagus) pacificus SE. A. 15 2 17 11.8 0.8 0.3 0.6 - - - -
Onthophagus (Onthophagus) pavidus Sunda. 1 0 1 0 - 0.2 - - - - -
Onthophagus (Onthophagus) rutilans Large A. 16 2 18 11.1 2.8 0.5 - - 0.1 - -
Onthophagus (Onthophagus) semipacificus Borneo 23 1 24 4.2 24 1.5 0.2 - - - -
Onthophagus (Onthophagus) vulpes SE. A. 126 4 130 3.1 8.2 7.7 23 - - - -
Onthophagus (Onthophagus) waterstradti Borneo 167 61 228  26.8 6.0 5.7 3.5 8.0 3.8 0.8 -
Aphodius marginellus Large A. 1 68 69  98.6 - - - - - - 230
Aphodius sp. - 0 2 2 100 - - - - - - 0.7

"Boeneo: Bornean endemic, Sunda.: Sundaland (Borneo + Malay Peninsula, Sumatra, Java, Borneo, and/or Palawan), Indoch.: Sundaland and Indochina (Sunda. +
Thailand, Laos, Cambodia, and/or Vietnam), SE. A.: Southeast Asia (Indoch. + Myanmar, Philippines and/or Sulawesi), Large A.: Large area (SE. A. + India,
Taiwan, China, Japan, New Guinea, and/or Australia)
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Table 4. Total number of beetles collected by each bait at
each vegetation type

Vege- Number of Bait 9% collected
. 0
tation tra.p-transects Human Fish by fish bait
type in3years  excrement meat
CNF 5 587 196 25.0
ENF 6 395 285 41.9
BNF 19 1,124 476 29.8
SCF 4 133 91 40.6
PLF 15 664 241 26.6
GRS 12 1,272 253 16.6
CPS 3 2,071 285 12.1
Total 64 6,246 1,827 22.6

Table 5. Number of species that was collected more than 5
individuals in each range of collection rates by fish
meat baited traps in their total catches

% of beetles collected by
fish meat baited traps  To¢al

<30 30-70 >70

Distribution range

Bornean endemic 8 5 2 15
Sundaland 6 1 2 9
Sundaland and Indochina 4 1 1 6
Southeast Asia 4 1 5
Large area 5 3 8

Catharsius renaudpauliani was only one species that was
expected to reside mainly in destroyed forests and plantation
forests because the males of the species was largely collected
in both SCF and PLF but rare in the forest reserves and open
environments (Table 3). Males of another species of the genus
Catharsius, that is C. dayacus, had only ever been seen in the
forest reserves (CNF, ENF, and BNF) (Table 3). This result
suggests that these two species segregate their habitats with
level of disturbance although their females are difficult to
distinguish each other with their morphologies.

Seven of the 44 species were abundant in open
environments (GRS and/or CPS), and rarely collected
in forests (Table 3). Two of the 7 species, Onthophagus
(Furconthophagus) lilliputanus and Onthophagus (Indachorius)
uedai, were abundant in the grassland (GRS) but few were
found in the cattle pasture (CPS) (Table 3). Conversely,
3 species, Onthophagus (Furconthophagus) papulatus,
Onthophagus (Gibbonthophagus) limbatus, and Aphodius
marginellus were quite abundant in the cattle pasture (CPS)
(Table 3).

Regarding the relationships between the distribution

|Bulletin of FFPRI, Vol.16, No.2, 2017

range and habitat preferences, many Bornean endemic species
inhabit only natural forests, while many of Sundaland species
inhabit a variety of forests including destroyed forests (SCF)
and plantation forests (PLF) (Table 3). This suggests that
the Sundaland species might have obtained their relatively
wide distributions due to having plasticity in their habitat
preferences. Many of open-land species (species abundant in
GRS and/or CPS) are distributed outside Sundaland (Table 3).
Some of these open-land species may enlarge their distributions
artificially through introductions of livestock.

Abundance on each vegetation type and collection rates
from fish meat baited traps of each species are summarized in

Appendix table.
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Table 1. —f/ 3T X —Z OHEEM—FL,
Estimates of the general parameters

prameres Mo S0 "o O
0] 0.15 0.01 0.14 0.16
Ko -0.20 0.10 -0.39 -0.01
Wy 0.21 0.05 0.11 0.29
W, 3.17 0.07 3.03 3.32
o, 0.15 0.05 0.06 0.25
o, 0.05 0.02 0.01 0.10
o, 0.25 0.05 0.17 0.35

SD (FFEHEMR A2, CRI & 95% [EHIXKE OIS S TH %,
with standard deviation (SD) and 95% credible intervals (CRI).
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Specific plots for the height—diameter relationships with estimated expanded allometries.

The last plate shows all height—diameter data with the expanded allometry having the general parameters: a,;;, ba; and ¢y .
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Quercus crispula var. crispula | Betula grossa
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Specific plots for the height—diameter relationships with estimated expanded allometries. (Continued)
The last plate shows all height—diameter data with the expanded allometry having the general parameters: a,;;, ba; and ¢y, .
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Ostrya japoniba Acer pictum

THE R 20  ABYDIF

301

Height (m)

0 i i i i i i 0 : : : : i i
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Acer fufinerve ! § Acer amoenum
I T =3y :
304- 'j)/\?jlljf” I 304 ZZ-ET/
g ,,,,,
=
>
[0)
T
0 ; ; i i 0 ; ; :
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Acer sieboldiénum Acer carpinifolium
= J
30| ANIFINLT S N 0] FEUIE
E 20t 201
=
2
(0]
T
10 1@l 101 ‘
4
0 : : : : : : 0 : : : : : :
0 20 40 60 80 100 120 0 20 40 60 80 100 120
DBH (cm) DBH (cm)

Fig. 1 BiFiC & DIt & O X & HEE PRl kRN (DD %)
HARDIROER D EHE T NI MEEROHFENTH 5 T & 2RT, WEDT T 7., #lEzXAETIceT—2
ZT Ty B U ayps bas can ZHOWTZIRRI R EXZ N6 D TH %,
Specific plots for the height—diameter relationships with estimated expanded allometries. (Continued)
The last plate shows all height—diameter data with the expanded allometry having the general parameters: a,;;, ba; and ¢y .
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Specific plots for the height—diameter relationships with estimated expanded allometries. (Continued)
The last plate shows all height—diameter data with the expanded allometry having the general parameters: a,;;, ba; and ¢y, .
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Styrax obassia | | | 3 Clethia barbihervis |
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Specific plots for the height—diameter relationships with estimated expanded allometries. (Continued)
The last plate shows all height—diameter data with the expanded allometry having the general parameters: a,;;, ba; and ¢y .
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Predicted height at diameter at breast height (DBH) = 5, 10, 20, 30, 40, 50 and 60 cm for species with stems >40 c¢m in

DBH within the 6-ha plot.

The specific parameter a, b, and ¢ were generated randomly (total of 1000 for each parameter) using their estimated mean
and variance, and provided to calculate specific heights (mean and standard deviations). Vertical and horizontal bars represent

standard deviations.
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Table S1. /NMIIFKERHID 6ha 7'y N 29 Fif i 800 A%
DOt - WEEET — %, JAHE 15cm L EO#IE A
F—IV AT ¥ —T Imm O TR > 72 i PR 72 =R
TED, ZNXDEMNEDITERT S 2 ST/ F
AICE > TO0.1mm DRE TR - T ERZ T2 &
T, MmmEEZRDT,

Stem height (measured by a scaled pole for a stem lower than
ca. 8 m or using the Blume-Leiss device for taller stems) and
diameter at breast height of 800 stems from 29 species in a 6-ha
plot of Ogawa Forest Reserve. Stem diameter was calculated as
the average of two values measured with calipers to the nearest
0.1 mm in perpendicular directions for a stem with a girth < 15
cm, or as the value obtained by dividing girth by 7 measured

with a steel tape to the nearest 1 mm for a larger stem.

Table S2. HLIRMIAIARERD/RT XA — 2 ORI L DOH#E
EM—, BREOY%E APG KRICHER L, JEFIZ K
5 (2011) 1> 7zo SD IFERHEMRE. CRI X 95% 13
HIXE OIS TH %,

The estimates of specific expanded allometry parameters
between height and diameter at breast height with standard
deviation (SD) and credible intervals (CRI). Nomenclature
follows the APG system. Species are ordered following Oba
(2011).
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Appendix 1 /MIGAERHIOD 6ha 711 kN 29 KRE 800 ANDI & — W@ EPET— X,
Stem height (measured by a scaled pole for a stem lower than ca. 8 m or using the Blume—Leiss device for taller
stems) and diameter at breast height of 800 stems from 29 species in a 6-ha plot of Ogawa Forest Reserve.

Meliosma myriantha Cerasus leveilleana Castanea crenata
7T F AARAIYT S 7Y
DBH (cm) Height (m) DBH (cm) Height (m) DBH (cm) Height (m)

44 53 5.1 42 21.6 14.1
4.8 5.6 6.3 6.3 21.6 16.8
5.0 5.6 7.1 7.8 21.8 20.0
5.4 5.8 7.5 6.3 22.3 15.0
5.5 5.6 8.7 11.3 23.8 19.2
5.7 4.6 9.8 11.7 25.1 16.3
5.7 5.8 10.9 11.6 25.7 21.8
5.7 6.2 11.3 11.4 28.0 20.5
6.0 6.8 12.1 12.9 30.3 23.6
6.5 7.0 14.8 13.7 322 22.5
6.7 8.5 15.7 15.5 342 18.0
6.8 7.6 16.2 15.3 359 19.5
7.4 7.0 17.9 14.5 39.2 19.8
7.5 8.8 222 20.0 40.6 27.0
7.6 10.4 22.8 16.0 42.0 20.6
7.7 6.4 24.4 18.3 43.6 21.2
9.1 8.0 27.4 16.8 45.0 23.4
9.7 7.0 29.3 24.5 47.7 24.1
10.4 8.0 30.5 19.1 51.2 11.1
10.9 6.8 33.1 19.6 59.0 18.5
12.1 8.0 333 24.0 59.9 22.0
12.2 7.5 36.4 21.5 69.0 18.8
13.7 13.9 38.8 22.0 70.8 22.0
15.6 11.0 41.6 19.0 73.1 22.0
22.6 13.5 45.1 28.0 79.8 22.8
47.6 19.7 81.7 21.0

49.8 19.6

54.4 253

57.2 24.0

64.4 23.8

JEIPHE 15cm DL EDFEFHZAF—)V AP v —"T 1mm OFGETHIS 72 AHEZHERTEHDO, ThE D EMVEDIREART
% 2 JiA T/ FRICK 5T 0.1mm ORGE TRl > 72 ERZ T % T & T MEEZ R,

Stem diameter was calculated as the average of two values measured with calipers to the nearest 0.1 mm in perpendicular directions
for a stem with a girth < 15 cm, or as the value obtained by dividing girth by 7 measured with a steel tape to the nearest 1 mm for a
larger stem

BMFR AT ERS 25 16 %2 5, 2017
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Appendix 1 /MIGAEEHIOD 6ha 711 kN 29 Kl 800 ADK & — WEEET—2 (DD%)
Stem height (measured by a scaled pole for a stem lower than ca. 8 m or using the Blume—Leiss device for taller
stems) and diameter at breast height of 800 stems from 29 species in a 6-ha plot of Ogawa Forest Reserve. (Continued)

Fagus japonica Fagus crenata
ARXTF 7%

DBH (cm) Height (m) DBH (cm) Height (m) DBH (cm) Height (m)
4.9 4.4 322 17.0 5.0 6.0
5.0 8.0 33.1 24.5 5.8 6.2
5.7 6.1 37.9 20.2 6.1 8.7
5.7 7.4 39.4 18.0 6.6 6.4
6.1 7.1 432 19.0 7.1 7.2
6.3 6.1 45.8 243 8.2 9.8
7.4 5.9 49.2 23.5 10.0 11.2
8.4 7.8 50.1 22.8 10.1 10.0
8.4 10.2 56.8 24.0 10.5 9.6
9.0 6.6 57.7 22.8 12.4 11.2
9.3 9.5 73.8 25.0 14.0 10.3
9.6 9.5 91.8 26.3 15.3 13.7
9.9 9.3 21.5 15.0

10.0 8.9 27.9 18.0
10.1 7.2 31.0 14.0
11.6 11.8 35.6 17.0
12.2 13.5 38.1 21.1
13.9 13.4 38.6 16.6
15.1 13.9 41.1 26.5
15.2 11.8 425 23.6
15.7 12.0 50.0 21.0
15.8 14.0 61.5 21.5
16.6 11.4 64.9 26.0
16.8 12.3 65.4 27.0
18.0 12.8 68.7 243
20.2 16.5 72.1 25.0
21.0 154 76.0 27.6
21.8 13.0 78.9 252
222 16.0 80.6 25.0
22.6 15.6 82.4 323
26.8 17.8 87.3 23.0
27.9 243 97.9 24.0
30.1 20.9 101.5 22.0
319 21.0

32.1 16.5

JEIPHE 15em DL EDEFHZAF—)V AT ¥ —"T Imm OFGETHIS 72 EHEZHERTEHDO, ThE D &MWL DIRERT
% 2 JiTC/ FRICK 5T 0.1mm ORGE TRl > 72 ERZ T % T & T MEER 2R,

Stem diameter was calculated as the average of two values measured with calipers to the nearest 0.1 mm in perpendicular directions
for a stem with a girth < 15 cm, or as the value obtained by dividing girth by 7 measured with a steel tape to the nearest 1 mm for a
larger stem
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Appendix 1 /MIGAEEHIOD 6ha 711 kN 29 Kl 800 A& — WEEET—2 (DD%)
Stem height (measured by a scaled pole for a stem lower than ca. 8 m or using the Blume-Leiss device for taller
stems) and diameter at breast height of 800 stems from 29 species in a 6-ha plot of Ogawa Forest Reserve. (Continued)

Quercus serrata Quercus crispula var. crispula Betula grossa
ar 7 XS I A
DBH (cm) Height (m) DBH (cm) Height (m) DBH (cm) Height (m)

9.2 9.9 7.3 7.1 6.9 10.5
11.0 10.0 7.5 9.0 8.1 10.3
15.7 14.0 7.6 72 10.5 12.7
18.7 15.5 8.4 9.0 11.1 12.3
20.3 16.4 13.8 14.4 11.7 10.1
23.9 19.0 16.1 9.5 13.9 14.0
27.6 22.0 18.0 16.6 14.5 16.8
29.7 20.7 20.2 14.9 17.5 13.7
315 18.3 21.2 17.2 17.9 20.7
34.4 22.5 23.1 19.0 19.0 18.0
36.7 19.5 24.6 21.0 20.2 20.4
39.1 20.0 25.6 9.6 20.5 19.6
43.7 22.0 29.3 21.4 244 20.0
46.8 19.8 31.9 16.7 252 20.5
49.0 19.0 36.9 18.0 27.0 25.0
52.5 20.7 41.3 25.5 30.3 19.6
56.1 21.9 44.6 21.5 31.0 235
60.2 23.0 47.4 18.1 31.9 25.5
65.7 235 59.3 20.0 325 18.7
68.7 24.4 59.6 24.0 35.6 26.5
73.4 24.1 64.1 22.6 37.0 25.0
78.8 29.4 67.4 21.8 41.1 233
82.7 22.0 77.0 26.1 42.7 253
85.2 24.0 82.5 22.3 43.2 21.8
88.7 27.0 91.5 22.3 435 17.7
99.0 30.5 92.8 24.0 47.9 24.5
100.6 29.5 100.1 30.6 483 16.0
104.0 23.6 58.1 242
106.0 28.7 64.3 21.8
112.2 31.0 90.2 26.0

JEIPHE 15em DL EDEFHZAF—)V AT ¥ —"T Imm OFGETHIS 72 EHEZHERTEHDO, ThE D &MWL DIRERT
% 2 JiTC/ FRICK 5T 0.1mm ORGE TRl > 72 ERZ T % T & T MEER 2R,

Stem diameter was calculated as the average of two values measured with calipers to the nearest 0.1 mm in perpendicular directions
for a stem with a girth < 15 cm, or as the value obtained by dividing girth by 7 measured with a steel tape to the nearest 1 mm for a
larger stem

BMFR AT ERS 25 16 %2 5, 2017
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Appendix 1 /MIGAEEHIOD 6ha 711 kN 29 Kl 800 ADK & — WEEET—2 (DD%)
Stem height (measured by a scaled pole for a stem lower than ca. 8 m or using the Blume—Leiss device for taller
stems) and diameter at breast height of 800 stems from 29 species in a 6-ha plot of Ogawa Forest Reserve. (Continued)

Carpinus laxiflora Carpinus tschonoskii Carpinus japonica
THYT ARXVT IRYVT

DBH (cm) Height (m) DBH (cm) Height (m) DBH (cm) Height (m)
5.0 6.9 5.4 5.8 5.4 5.0
5.4 8.2 5.7 5.7 6.3 7.4
5.5 7.9 6.0 6.1 7.3 7.4
6.0 7.5 6.2 53 7.6 5.4
6.7 7.2 8.6 10.1 7.7 8.2
7.4 8.8 9.6 6.4 8.2 9.4
8.9 12.3 9.6 8.1 8.9 9.3
9.8 10.9 9.7 11.8 9.4 8.6
10.4 10.8 12.0 13.5 9.7 11.3
11.8 14.6 12.1 10.9 10.1 10.2
13.0 12.8 14.5 15.0 10.3 10.2
13.7 11.4 14.6 11.0 11.4 9.6
15.1 16.3 15.2 14.0 11.6 11.0
16.8 11.9 16.1 16.8 12.0 8.0
18.4 8.2 20.8 14.0 12.6 11.2
19.0 16.9 22.0 12.0 13.0 12.3
21.1 14.0 239 16.0 14.6 11.0
22.4 15.8 242 13.9 15.9 12.0
23.4 15.6 26.2 15.2 16.5 9.0
25.6 15.6 29.0 23.4 20.7 12.0
26.9 16.7 343 21.0 21.5 13.0
28.2 16.9 36.8 14.0 222 14.0
29.7 13.0 37.6 22.1 23.8 8.0
32.9 12.3 37.8 21.7 28.5 13.0
33.7 17.1 37.9 26.2 29.7 17.5
36.6 15.5 38.8 20.0 30.7 10.0
42.4 10.6 39.0 22.0 314 14.5
53.4 17.1 429 24.9 32.0 16.0
58.3 16.5 452 23.0 32.7 16.9
50.5 20.2 41.5 144

JEIPHE 15em DL EDEFHZAF—)V AT ¥ —"T Imm OFGETHIS 72 EHEZHERTEHDO, ThE D &MWL DIRERT
% 2 JiTC/ FRICK 5T 0.1mm ORGE TRl > 72 ERZ T % T & T MEER 2R,

Stem diameter was calculated as the average of two values measured with calipers to the nearest 0.1 mm in perpendicular directions
for a stem with a girth < 15 cm, or as the value obtained by dividing girth by 7 measured with a steel tape to the nearest 1 mm for a
larger stem
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Appendix 1 /MIGAEEHIOD 6ha 711 kN 29 Kl 800 A& — WEEET—2 (DD%)
Stem height (measured by a scaled pole for a stem lower than ca. 8 m or using the Blume-Leiss device for taller
stems) and diameter at breast height of 800 stems from 29 species in a 6-ha plot of Ogawa Forest Reserve. (Continued)

Carpinus cordata Ostrya japonica Acer pictum
AVZA TR A2V ALT

DBH (cm) Height (m) DBH (cm) Height (m) DBH (cm) Height (m)
5.2 7.3 5.4 6.6 49 5.4
53 7.3 7.8 9.4 52 6.3
53 7.6 8.6 8.9 59 7.3
5.8 6.9 9.9 9.7 7.0 8.3
6.3 6.4 10.5 13.8 7.1 8.2
6.6 6.5 11.3 11.0 8.0 8.8
6.7 6.0 11.9 134 8.4 7.8
7.2 8.9 12.3 9.4 8.9 8.9
7.5 7.3 12.3 13.8 9.3 8.3
7.9 7.9 13.0 9.0 10.2 11.7
8.5 7.8 14.7 16.8 10.7 7.7
8.6 9.4 15.2 15.7 124 12.2
8.8 7.7 16.1 13.9 12.9 9.5
9.6 9.7 17.9 18.8 13.5 11.8
10.7 7.7 19.9 18.3 13.7 13.5
10.7 8.7 22.1 15.1 15.2 11.0
11.9 6.6 22.4 17.7 17.1 17.2
13.0 9.1 22.6 18.8 17.9 13.9
14.0 12.5 27.3 21.5 18.7 15.5
15.0 11.9 27.7 23.0 20.2 14.0
16.6 7.1 27.8 18.0 24.1 18.0
17.9 12.3 32.1 20.4 25.8 16.0
20.2 12.5 36.4 26.3 29.2 20.2
21.5 8.8 36.9 20.8 33.6 20.6
222 13.7 38.4 26.7 36.8 15.0
27.2 13.5 389 20.5 42.4 27.8
28.8 18.3 41.0 24.0 46.4 22.0
29.1 15.0 46.0 20.0 53.1 21.0
33.4 11.2 46.3 27.0 59.0 27.5
45.0 11.0 472 25.8 62.3 26.6
69.3 22.8 74.8 28.0

71.7 24.0

75.7 26.0

JEIPHE 15em DL EDEFHZAF—)V AT ¥ —"T Imm OFGETHIS 72 EHEZHERTEHDO, ThE D &MWL DIRERT
% 2 JiTC/ FRICK 5T 0.1mm ORGE TRl > 72 ERZ T % T & T MEER 2R,

Stem diameter was calculated as the average of two values measured with calipers to the nearest 0.1 mm in perpendicular directions
for a stem with a girth < 15 cm, or as the value obtained by dividing girth by 7 measured with a steel tape to the nearest 1 mm for a
larger stem

BMFR AT ERS 25 16 %2 5, 2017
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Appendix 1 /MIGAEEHIOD 6ha 711 kN 29 Kl 800 ADK & — WEEET—2 (DD%)
Stem height (measured by a scaled pole for a stem lower than ca. 8 m or using the Blume—Leiss device for taller
stems) and diameter at breast height of 800 stems from 29 species in a 6-ha plot of Ogawa Forest Reserve. (Continued)

Acer rufinerve Acer amoenum Acer sieboldianum
TUNZEHLT FAEIY INYFITALT
DBH (cm) Height (m) DBH (cm) Height (m) DBH (cm) Height (m)
4.7 43 5.0 4.7 5.2 52
53 6.1 6.0 5.5 5.5 5.8
5.7 6.4 7.1 6.8 6.0 44
7.7 12.0 8.1 6.3 6.4 7.2
8.6 10.3 9.1 9.0 7.1 6.8
9.7 8.6 10.6 13.2 7.5 8.3
10.3 11.2 11.7 12.2 8.1 9.2
11.1 11.8 12.9 11.8 8.6 7.5
12.1 12.8 13.8 13.8 9.6 7.6
12.1 13.8 16.0 12.2 11.5 14.3
12.2 15.0 17.1 13.7 11.6 12.0
13.1 13.6 18.0 14.0 11.9 11.5
13.6 10.0 19.3 18.3 12.2 12.3
14.1 10.4 20.5 12.4 12.7 9.1
14.5 14.3 23.1 24.0 13.1 13.9
15.6 16.0 23.8 19.3 13.9 15.8
15.7 12.2 25.1 19.0 14.1 14.0
159 14.7 27.6 20.0 15.0 14.2
16.9 15.0 29.2 20.0 16.0 15.0
18.3 15.8 32.1 21.2 17.3 15.6
18.8 13.5 324 14.1 17.5 13.5
19.2 16.6 33.1 16.0 18.1 16.5
20.2 17.0 34.4 24.0 18.3 13.0
22.0 16.1 36.2 20.5 20.9 13.5
23.1 16.0 384 18.2 21.8 18.5
23.2 16.3 41.1 17.4 27.8 18.8
243 17.8 459 16.6 29.8 14.5
24.8 18.3 48.5 15.2 40.3 18.5
26.9 19.2 58.1 15.5
28.4 21.0 61.9 20.0
29.9 20.5

JEIPHE 15em DL EDEFHZAF—)V AT ¥ —"T Imm OFGETHIS 72 EHEZHERTEHDO, ThE D &MWL DIRERT
% 2 JiTC/ FRICK 5T 0.1mm ORGE TRl > 72 ERZ T % T & T MEER 2R,

Stem diameter was calculated as the average of two values measured with calipers to the nearest 0.1 mm in perpendicular directions
for a stem with a girth < 15 cm, or as the value obtained by dividing girth by 7 measured with a steel tape to the nearest 1 mm for a
larger stem
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Appendix 1 /MIGAEEHIOD 6ha 711 kN 29 Kl 800 A& — WEEET—2 (DD%)
Stem height (measured by a scaled pole for a stem lower than ca. 8 m or using the Blume-Leiss device for taller
stems) and diameter at breast height of 800 stems from 29 species in a 6-ha plot of Ogawa Forest Reserve. (Continued)

Acer carpinifolium Acer distylum Acer tenuifolium
FRYF SR AV vy FIALT
DBH (cm) Height (m) DBH (cm) Height (m) DBH (cm) Height (m)
6.3 5.9 5.5 7.1 5.0 6.9
6.3 6.0 6.7 8.5 5.4 4.7
10.3 6.4 6.9 9.7 6.0 6.5
11.7 8.7 8.9 10.6 6.6 5.5
23.8 18.3 7.5 6.1
8.1 6.1
8.7 7.7
9.4 8.2
9.9 8.7
10.3 8.4
10.4 8.7
10.7 9.4
10.7 9.8
11.0 8.0
11.3 6.0
11.8 9.8
12.2 9.3
12.6 8.6
15.0 13.2
15.8 10.4
16.5 13.0
16.6 10.8
16.6 13.1
17.9 11.0
19.2 11.6
20.8 11.5
23.4 17.5
24.5 20.1
28.0 13.5
293 16.5

JEIPHE 15em DL EDEFHZAF—)V AT ¥ —"T Imm OFGETHIS 72 EHEZHERTEHDO, ThE D &MWL DIRERT
% 2 JiTC/ FRICK 5T 0.1mm ORGE TRl > 72 ERZ T % T & T MEER 2R,

Stem diameter was calculated as the average of two values measured with calipers to the nearest 0.1 mm in perpendicular directions
for a stem with a girth < 15 cm, or as the value obtained by dividing girth by 7 measured with a steel tape to the nearest 1 mm for a
larger stem
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Appendix 1 /MIGAEEHIOD 6ha 711 kN 29 Kl 800 ADK & — WEEET—2 (DD%)
Stem height (measured by a scaled pole for a stem lower than ca. 8 m or using the Blume—Leiss device for taller
stems) and diameter at breast height of 800 stems from 29 species in a 6-ha plot of Ogawa Forest Reserve. (Continued)

Acer cissifolium Acer maximowiczianum Benthamidia japonica
IYTALT ATRAY JF YRy

DBH (cm) Height (m) DBH (cm) Height (m) DBH (cm) Height (m)
5.3 5.7 5.4 6.8 4.7 6.3
6.7 7.9 5.6 6.2 49 52
7.3 8.6 5.6 7.6 5.0 5.6
7.5 7.2 5.9 8.1 5.0 6.1
8.1 9.2 6.1 5.7 5.2 39
8.1 9.4 6.1 7.6 5.2 5.5
8.1 10.0 6.2 7.0 5.5 6.0
8.5 7.9 6.6 8.4 5.7 6.5
8.8 7.8 6.8 9.0 6.0 6.4
9.9 10.7 7.0 6.7 6.1 53
10.5 10.0 7.3 9.3 6.3 6.3
11.2 10.4 7.6 8.7 6.8 6.5
11.4 10.0 7.6 9.0 6.9 6.9
12.7 9.8 7.8 7.8 7.2 5.3
13.7 13.2 7.9 6.6 7.7 6.7
14.6 10.3 8.2 8.9 8.0 6.7
154 14.0 9.6 11.2 8.7 9.5
22.3 17.0 10.2 9.5 8.9 7.8
22.5 17.3 10.3 11.7 9.0 7.7
25.1 16.1 10.5 12.0 9.3 9.5
10.8 12.4 9.6 8.7
11.9 11.8 9.8 8.7
12.1 11.5 10.9 11.5
13.5 14.7 11.3 7.7
14.2 10.2 12.0 6.0
14.5 10.0 13.8 7.6
23.9 15.0 13.9 8.1
26.5 16.5 16.0 8.0
28.9 21.0 28.7 7.9
35.0 19.0 32.7 18.4

JEIPHE 15em DL EDEFHZAF—)V AT ¥ —"T Imm OFGETHIS 72 EHEZHERTEHDO, ThE D &MWL DIRERT
% 2 JiTC/ FRICK 5T 0.1mm ORGE TRl > 72 ERZ T % T & T MEER 2R,

Stem diameter was calculated as the average of two values measured with calipers to the nearest 0.1 mm in perpendicular directions
for a stem with a girth < 15 cm, or as the value obtained by dividing girth by 7 measured with a steel tape to the nearest 1 mm for a
larger stem
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Appendix 1 /MIGAEEHIOD 6ha 711 kN 29 Kl 800 A& — WEEET—2 (DD%)
Stem height (measured by a scaled pole for a stem lower than ca. 8 m or using the Blume-Leiss device for taller
stems) and diameter at breast height of 800 stems from 29 species in a 6-ha plot of Ogawa Forest Reserve. (Continued)

Swida controversa Styrax obassia Clethra barbinervis
IAF ING T VR Vav7
DBH (cm) Height (m) DBH (cm) Height (m) DBH (cm) Height (m)

5.2 7.7 4.7 5.4 4.9 5.7
5.8 7.5 49 4.8 5.2 6.8
6.8 10.0 49 8.6 5.4 6.6
7.9 6.8 53 6.5 5.6 6.6
8.6 13.2 5.5 6.4 5.7 8.0
93 8.7 5.7 6.2 5.8 6.5
9.8 13.5 6.4 6.3 5.9 5.5
10.1 12.6 6.8 8.1 6.4 7.6
11.5 11.9 7.2 8.8 6.6 6.7
12.0 14.3 7.4 10.2 6.9 5.7
13.1 14.4 7.6 9.8 7.2 5.3
13.8 18.2 8.1 8.6 7.5 7.1
14.6 18.6 8.4 10.8 7.6 6.5
16.1 12.2 8.8 10.4 7.7 6.7
17.9 17.4 9.2 11.2 7.8 5.8
18.8 14.5 9.8 9.5 8.3 7.8
19.2 19.5 10.1 10.1 8.5 7.6
20.0 15.5 10.6 11.3 8.5 9.6
22.8 20.5 11.0 12.1 8.6 9.6
239 235 11.3 11.3 8.8 10.5
27.4 24.0 11.7 13.5 9.2 9.6
283 18.7 12.5 11.7 9.9 9.3
30.0 243 13.3 13.5 9.9 10.1
31.6 18.0 13.9 12.1 10.4 8.2
33.1 22.9 15.2 11.6 10.8 8.4
335 20.9 16.6 15.0 11.1 8.0
36.9 20.0 18.5 14.5 11.2 9.4
38.7 18.9 19.7 12.6 12.1 9.1
42.2 23.8 21.3 11.6 12.6 9.4
46.5 253 273 19.8 13.0 11.8
49.4 28.0 13.7 12.2
13.9 15.1

14.3 14.6

14.8 10.0

15.4 13.6

JEIPHE 15em DL EDEFHZAF—)V AT ¥ —"T Imm OFGETHIS 72 EHEZHERTEHDO, ThE D &MWL DIRERT
% 2 JiTC/ FRICK 5T 0.1mm ORGE TRl > 72 ERZ T % T & T MEER 2R,

Stem diameter was calculated as the average of two values measured with calipers to the nearest 0.1 mm in perpendicular directions
for a stem with a girth < 15 cm, or as the value obtained by dividing girth by 7 measured with a steel tape to the nearest 1 mm for a
larger stem
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Appendix 1 /MIGAEEHIOD 6ha 711 kN 29 Kl 800 A& — WEEET—2 (DD%)
Stem height (measured by a scaled pole for a stem lower than ca. 8 m or using the Blume-Leiss device for taller
stems) and diameter at breast height of 800 stems from 29 species in a 6-ha plot of Ogawa Forest Reserve. (Continued)

Fraxinus lanuginosa f. serrata Chengiopanax sciadophylloides Kalopanax septemlobus
TEEE avrIrs NYFY
DBH (cm) Height (m) DBH (cm) Height (m) DBH (cm) Height (m)

4.8 7.1 1.1 2.2 16.4 14.4
49 6.1 1.1 2.7 19.9 13.5
5.6 6.7 1.4 2.8 244 17.8
6.3 9.0 1.5 25 26.9 19.8
6.3 9.5 1.5 2.7 31.4 18.0
6.4 8.9 1.9 4.7 33.0 13.2
6.9 12.2 2.1 4.0 37.6 23.5
7.0 8.2 2.5 24 53.4 23.0
7.6 5.9 3.7 8.4 55.0 26.0
7.7 10.0 4.5 7.2 55.5 19.4
8.0 10.1 4.7 5.7 56.0 20.0
8.6 9.0 5.3 9.6 56.0 232
8.7 11.0 5.9 7.8 57.2 27.5
8.8 10.5 6.4 10.6 57.7 23.8
9.9 12.3 6.5 8.4 59.7 273

10.7 10.9 7.5 15.0 61.6 25.0

10.7 12.3 12.9 13.6 70.4 27.0

10.9 11.4 16.1 15.0 120.2 26.6
11.2 12.0 18.0 12.5

11.5 13.3

11.8 10.7

11.8 12.3

13.0 13.8

13.1 12.0

13.5 11.9

13.7 10.0

15.2 14.8

21.0 15.8

JEIPHE 15em DL EDEFHZAF—)V AT ¥ —"T Imm OFGETHIS 72 EHEZHERTEHDO, ThE D &MWL DIRERT
% 2 JiTC/ FRICK 5T 0.1mm ORGE TRl > 72 ERZ T % T & T MEER 2R,

Stem diameter was calculated as the average of two values measured with calipers to the nearest 0.1 mm in perpendicular directions
for a stem with a girth < 15 cm, or as the value obtained by dividing girth by 7 measured with a steel tape to the nearest 1 mm for a
larger stem
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Height-diameter relationships of 29 tree species
in the Ogawa Forest Reserve

Takashi MASAKI"*, Tohru NAKASHIZUKA?" Kaoru NITYAMA ",
Hiroshi TANAKA” and Shigeo IIDA”

Abstract

We measured diameter at breast height of 800 stems and their height from 29 tree species in a 6-ha plot of old-
growth temperate deciduous forest established in the Ogawa Forest Reserve. An expanded allometric function was
fit to these data, and specific parameters were estimated. The data and parameter estimates are provided as hard-
copy tables and electronic materials. These data and estimates will be useful to establish management plans for forest
stands of various species of deciduous trees.

Key words: deciduous tree, expanded allometry, life form, Ogawa Forest Reserve
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