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AENTZH ROV EDIL, HIHMEAREVWIABE T, SIEELOKTEZER LT IVTF X —7
T T —vay (FkOWE) ORENET 5D (DeShazo, 2016) , TROLE/ INF ¥ —T 7
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WA 2 L CHRMEROATEOEIC L 2 ERb & ortaMBEMNBEE(L L7z (DeShazo, 2016)

ZOEOIBRBERLH > T, BmAREZROICREBEEE S . AWM NBIEBNCBE 3 5 8F%81%
fTonTWb, Bido X 5 ICRELEITHMT 208 EMEREIEIT LD D & v ) RO FI<, &
REMITW/ME T, EWZHEE L KD D & WS O H]E & 5 (Phelps et al., 2012), ZD—
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v FO/ONDERFNEEEZRFIL, EMEHEEA 78y P —R A7y FE KL
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7% RO TURAR (PR R O W HEIRER T RAR L EITH RMA L L TR SN T E L
B RA) 1T, BAMET —Z 2 nlCHE LERFBEBROLKBEZITV, a7 4 v O
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#(3)-2 R/ HHIRIHIEIE 2 & 5 A o MRl & mR A EL o Wi AR A R (BA) | gk KM i ELEE (DBH) |
Mo LERER R, MR RS R AR, ASER — KRNI RTER AR L L TR S T oA, B

H—RERIAIEN R Ch 5 INEER R, TH D,
BlkRRE
(Mg C/ha)
NA

L3R - L

B = i BAK mADBH b EHERE hTiHREE
(IhFRBES) (2014) (#/ha) (mZ/ha) (cm) (MgC/ha) | (MgC/ha)

10562 1020 8.31 226 14.39 4.83
10034 3360 23.42 208 38.78 11.67
100343 22 3800 23.57 19.8 37.97 11.45 0.00
98¢3 22 2850 27.79 237 51.09 14.92 0.11
2775 23 2580 28.26 29.9 52.33 15.24 0.00
80%1 27 2210 23.38 44.8 47.06 13.86 0.53
10320 28 3080 35.60 30.7 70.00 19.74 0.05
10361 29 1640 25.90 337 54.10 15.70 1.82
1038Y) 31 2640 39.58 307 79.26 22.05 0.28
840 33 2960 38,50 333 75.51 2112 0.19
1056& 59 1250 32.11 472 81.84 22.69 NA
1008[: 69 1040 42.07 57.7 114.43 3057 063
10110 70 1690 41,41 44,0 100.54 27.25 NA
AR i BEH mADBH [ HifERE TiRRSE BREEE
(IhHEEE) (2014) (#/ha) (mZ/ha) (cm) (MgC /ha) | (MgC/ha) (Mg C/ha)
3621 1470 33.96 37.7 77.48 2161 0.36
80%2 27 1620 27.95 52.2 64.10 18.25 0.50 0.05
9853 27 2560 29.72 27.1 55.56 16.07 0.25 0.03
10488 28 1600 28.75 36,6 60.52 17.34 077 0.20
832 34 2070 29.97 493 68.80 19.44 039 0.30
10055 35 1860 22.10 295 43.72 12.98 1.22 0.01

(2) RFEEE & AWM & FREICE AN 2 FIEO R

ZERRMEICED 2O EM T L. ZREORTAICE DR OTOIT, SAH O R FELERHIC
FESWIMHE SR ZER L2 (K(3)-3), TOfEER., Mt a7 0@ EE, = L CTHIHE

EHBOBRNPORMET 2y NE32OX A FIZHE LT, T772bbH, type-1: FEEMN21-30F
o, AT OB EEAR40 SR, type-11: FEA11-207>, 2T T B OBIAROE HEEA40 %
A, & L Ctype-I11: FEEMBI0FELL N2>, 27T 0@ EEN40%ZB 25, THD (K (3)-3),
type-TIZBMAS /R T HI AR IC i H L WK 2R3 — 57 C, type-TTHIIRFEDOE HFEIC X 5 RFELH~
DHFGNBEFERMEE L e o Tz,

T HIFIHBREOE NI Y A T HOFICb A B, type-1 O FHA M O B IXERELH AN BT & i BE A8
DM 232 7 Fr, type-TLE2 7 AT & b ATEN LB AKRE KL TH VD | type-TTHI W T b AT AE
DEREM ThH o7z, @AM ILtype-11Dno. 4 THH % <, BUZK W Ttype-111DNo. 6 Thie &4 722
o7 (F(3)-3) . MW fE A FFBAIXBMIZ KW T, type-1DNo. 2 THR H %<, No. I Tl 72 <
2o l7, Fe RDBHIZBMIZ RN T, type-111MDNo. 63 < . type-11DNo. 4 THb/NE L oz,
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7% (3) -3 FRAH o> L) B IEE & AR, s T RS S R (BA) . B¢ KDBH (em)

BM No.1 No.2 No.3 No.4 No.5 No.6 No.7

THFABE LES REM  LRES  LEH LGRS LES REN REi

MES (2014) 69 35 33 22 22 27 27 27
ES (masl) 634 707 351 688 634 502 510 673
AR (K/ha) 1040 1860 2960 2850 3800 2210 1620 2560

BA (m%/ha) 42.07 22.10 38.50 27.79 23.57 23.38 27.95 29.72

fx KDBH (cm) 57.7 29.5 33.3 23.7 19.8 448 52.2 271
INDEA T3, REEM, HHIEOKFHM A =27 OoF#EMZ53m L5 7-0Ic, £3)-3l1c¥

AT 3T T, IRFEEMEEHIEDFIM A 27 & ZERMEICE D 2 FEEIZ DV TRIZIE R 5,
[RFEHR, HHIEOFHE A 27 ZERIEICEE D 5 %]
a) IRFLEHE

AR LV FHE S BB RO RFELERIT37-114 Mg € / haTh o7 (F (3)-3),
NELEL., RADBHOKE H/NEUWWo. 407 a v h CRELERHIIR/INThHoT-, 1%%7547“41%
B X OESITE ) R FEE1X0.5-4.0 Mg C / ha T, type-ITEMZ D, No. 2083 T b m <,
No. 7Tl bK< e o 72, MM ARKRFEEITO0 - 0.63 Mg C/had ] T, BMICEB W T b <, No. 4
ToE bK< ooz, M EHBFEORFALEHE T, HMELHEIZBWTALNTEX A T TED
BIIHE NP oo, ZHIEHEEARICOWTHREETH - 72,

b) HHIVEDFAM A =27

FEHN20ME 2 B 2 1= type- 1D Z )L —TF TIENEH v N A3 T 08 44~47L 12, 3ALO EWE %
RLTEDIER L, FEENI0fELL T Th o /mtype-11ID 7 L —7FTlE, "EX v h2a7RN37TB XL
41 THL, 6L CTh o7, —HEEMIZIEE —ThHolotype- 11O TNV —TTlE, "EHX v bR =
TOEENRRELS 3Tz, "EX vy hRaTEIEMBEOAFRTHLT-D, X0 FEMICHRETT
LI EMEOA T Z L Ztype TG L72 (£ (3)-4), AlEl, T _XTOY A b ITARw s P
L., BESEA2B22 L5 A0 TIERNVWI EnE, WEREHE S, U ¥ — O RIT A
TENRONRN- 72 (FB)-4), FEAREIZHOW TiLtype-I1TiX. No. 11324, No. 21%548, No. 3
34, type-ITWF DTy FTHESZR L D0, type- 111 T, No.61X04 TH o725, No. 7
M TH o7, type-LIZBWT, BABKEWH A MIE, FisEARED R 27 13L& < 72 58 2B A
v,

TREEAEDOME IXFE CtypedFTH 72y ME TR LI0HOGEREN RGN, type-1D
No. TIZH W T2048, No. 2TIX1048, £ L TNo. 3lZBWTISATH 72, type-11TiINo. 4 TI0M,
No. 5IZEBWT20/8TH 72, # L Ttype—I111MDNo. 6 TIL154. No. TICBWTI0E TH » 7=,
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FEEHERET IHREMDOFEICOW T, type-ITIHET AT 2y F THADLIGE, T
o 7= type-TTI1ENo. 42BN T4, No. 5IZFBWTI54, type-111TiX. No. 6374, No. 723154

Loty Thbbroy MEOBREZEN N type-IITIX11A, type-IIITIESH &H - 7-,
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AL S SREIZOWTIERA M LTc, B XAT DOSFIIU FOISIZHE I eoT, type-l: 2 F T OME%HE 5
FEMA0%LL T DA 205 LA L | type-11: 2 F T OF KB & FEA340%LL T DR 20FELL T | type-111:
27 DR XHE 5 A340%LL B2 DR 10FELL ., ThHD,
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£(3)-4 FXEHEHBRIZESWTEAT 3 L& T A o L HF] B LR FEEH, HEOFM A=Y,
LRk PRI DHE L

Type |
No. 2

Type Il
No. 4 No.5

Type IlI
No. 6 No. 7

BM

No. 1 No.3

T FIRBE LR REM LEHE LREM LES LES REH REH

#h EAERRRE (Mg C/ha)

LR RFE (Mg C/ha)

#HFEARIRFE (Mg C/ha)

NE&YLRO7

-KRER

-Fh 7 RS EE

-TREtEE

-BEHEEETS
HEREMOH

-REDEHRE

-EEEROE

AR E

B

FRIESh-1EH

¥JZ E (eveness) : J

Shannon-Wiener®

SHRERSH

114.42

\Y

0.87

0.63

75

10

25

15

10

|
32

32.00

0.78

3.22

Vil
43.72

1.22

Vil
0.01

1l
47

1l
27

24.12

0.51

2.66

1l
75.50

|
1.89

1}
0.19

Il
44

IV
23

I\
19.25

I\
0.45

vV
2.38

Vv
51.09

1}
1.05

vV
0.11

Il
44

i
15

15

I}
3

I}
24

I}
20.77

Il
0.63

1]
2.72

Vil
37.97

Vil
0.33

Vil
0.00

Vil
24

vV
0

\
16

Vi
10.91

Vil
0.32

Vi
1.63

'
47.06

\%
1.03

I
0.53

20

15

Vi
15

\
14.09

\
0.44

\
1.95

1}
64.10

Vi
0.50

Vv
0.05

i
15

Vi

<

Vil
9

Vil
8.88

Vi
0.43

\ill
1.36

vV
55.56

Vil
0.25

Vi
0.03

Vi
36

IV
0

Vil
10

VIl
8.58

Vil
0.37

VIl
1.32

B-1DtypeZ EIZR LTz, A B IZREWVENDIEICn — <8 F TR S, 72720 ~"EZyhRaT e

ZOM B OFFHIZHOWTIL, BMEZEHELL THHRZ 2T TWDHO T, BMIBIRAL ST 05134 Lz,



#(3)-5 RFEHEMIC

BMb2HEABIOHIED 2 a7 AN

AET7IUDIERL

ZB D % R E O AH B B AR

tRRE Pl
NEARYRROT WHEILARRFRE 0.68 p = 0.08
-TREHEE AR -0.7 p = 0.08
BA -0.76 p = 0.05
_%igﬁﬁ #hEERRE 0.79 p = 0.03
HERRZE 0.79 p =0.03
-HHERE WA KRRFE 0.86 p = 0.01
FalSh-FEH 0.75 p = 0.02
H’ 0.78 p = 0.03
HEMIKRRFE H’ 0.82 p =0.03
FRlSh-FEH 0.86 p = 0.02
AR &ADBH -0.71 p = 0.08
HER J 0.77 p = 0.04

HEKE p<0.1 LLTFTHoTLLOELIIRT,

c) ZARMEIC

Bl % fa %k

1-1401-65

T type-IDNo. INFHKH LW 2TFE, FHMP KDV Didtype-II11DNo. 6 TIFE TH - 7=,

type-I111%15,

16FECToH - 7=,

L TR S IR O %
HRE SR YSHEEAD LTz, HEEREE()) T type-I

X, type-1THISFHE,
IZFUNTO0.450:50. 718D IZ & > 7=, BM

type—-I11MDNo. 4 THx

THELEW0.T8THYN ., No.20 7 1 v h THRHEV0.45TH -7=, type-1l& type-IILITEH B

U XD RMEORPHIZH > 7=, ZEERE (W) (L typell
>type-ITIDNETH - 7=,

Tl bBIEWEE o7z,

d) 71‘%53*3&

T 5701,

2015l

(3)-5),
7o A%

AET < ONARLFHBIRE (0 ) 2T,
R BEOMIZIEDOMHBEARRNZ L7 (o= 0.81,
XA OMBN LT (BEARLG
MBOERAOEFIREER 2713, H EHIRE
p=-0.79,

p = 0.03,

o= -0.70,

o= —-0.79,

ZEME, HHYE & 2 Offl B o 18 B9 B4R
KB ALV EOLNIHERITHOWVT, #7

MH OEIARRER 2713, *ﬁﬁﬁi*fﬁi THlS 7oA

PRE R L7z (RESESLAR PR SR & S
p = 0.03,

o= 0.78,

#(3)-5),

p=0.86, p=0.01,

ERR P AV NIES

T DREHR
p = 0.03,
p = 0.08,

#(3)-5),
BA; o= -0.76,

#(3)-4),

p=0.75, p=0.

X DB 72 17 3 A B 4L, type-1 > type-11
TR SN T-FEEIZ DWW TIE, typeZ EOMEBIZR 5409, type-I1PDno. 4

OIIEIE & ZRRME, IRFBEEROHEBRRIZ OV TH 6T
NEH y R Ra T ERENLR
TR &A%, BA
p=0.05, #
BEEFARRFEOM THWIEDOMHBEZRL
p = 0.03,
ZAREEREC() oI
T S T

(X, Shannon-Wiener® L EEFE#H & F

5RO IE O FH B B

02, H;
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N7 ORIZEWIEOMBEREGZREZRLZ (W 0=0.82, p=0.03, THISN=HEE, o =
0.86, p = 0.02), #in&WEEREE () OMICLBWIEOMHEBEMEEIA LN 0=0.77, p
= 0.04),

e) fRFEER RN & HHIE 8 H

AIFFRNZBNT, RE/ESHTZD OMBRHESEMBIL, 2 70\ EE EFEECKFEMZIY A7
W TE R (B(3)-2), WEERE ()T, FAxH 5 Edh#R (4 (3)-2) iz W Tt Ol & THEBL
SN, BWEENEVITE, BROMBXIIRE SR DY, R SHERKT W) THSENE L,
FENZ WVEEIEEEWEEZRT E 0D TNDEV 7D, AIFFETOIX A T ~DHEITZHEER
BW) OEOR/NEKM LTI EEBWNWZ D725 9 (FF(3)-4),

Wl & B () O R OO IEOF B, MWilis, fEESERO Y 14 7 2L 0RO
EW, ZLTCEMAABBESSHEMOMEE NSO TEZ) THD (XOB)-3BLUEB) -4, X
(3)-2), T7bb ., FHHE LM S type— LI 40 S AL 77 A HLIZNo. 30D bR 4y A3 224F 4= & 13l 51
WHHHLDOD, No.l, 20MERA335, 3344 L A EIOREBRM O CTIEm <. F 7o HXHE 5 B iR D
HEEIRZoNTHLID, WEES LAIMET S, 21Uk L Ttype-TITEL, WT L bHE
D ILIEB KR TH Y | type-I1DNo. 1, 207 2 v LD HARER27THEAE L B . DOMSHE S
MR OB X A THEE RN (EB)-3BL G -4, KB)-2), E-HENSK S E VN, 4 138
AENZEHLTEL(FEB)-3), FPHISA-HEE 10,915 & EFEOFEEIH LY by, &6
WCEAEDOFEBIRIEDL 2N (FB)-4), BT S No. 4T oA H & 1T R D ARBEICH - 72 & HEZZR T
Bo ZOX T EHFIHBEOE N EFHERORMEIC X o T, Rl OE VTR MO ¥ LR ()
PR otz Z L3, Mlin & B () OBICHRWIEOMHBEE2 L7256 LE-BEATHDI EEZLD,
INHOMMICHONTIEAHE., S HICHTHAEAEEZEL LT, FAEDOMII A 5D O0fFENT 2
PVETH D,

HHEEOME OFIREA 27 ERFEIARFZ R, PHISVEEE, ZRREREMH ). oMk
KIRFEREE SERERLA), PRS-, B TR EOHBENA LT (£ B)-5), &
HIZ, EAOEHFRERA 27 - B RFE, BIARKEEICHMHBABARNRA O (XOB)-5), =
NHOREMNSG, SERSEE LoEMIT, WEOHAEESCHOPRO BN S FTEofFERAD
Bt (0liver, 1981; Ito et al., 200)IZH D EE X LD (K (B)-4B LV (3)-5), PAH L 7=k
DEPFEIE, BEBREN 2 Z LT, TRIBADRATHIEMEZMLEBE L TCWVWDLIOTHA S, MIEILA
REAREPEZDHZ LT, FAEAODEFHOEESL TEEAEDHFRAOHSIIHZ 2720, LERER
BTS2 E ORICEONEOHBERALNTZDE LB X LD (F(3)-5),

L7=Mo T, fENEARIRFEBESCBADREEZ M T 2 2 & I3 EECREZLHEOFMIC &
S>THEETH DT TH L (IPCC, 2006; Ugawa et al., 2012)), DBH5cmbA b oD S A D ZEEM: D FE
MICHHEETHD L VR D, FICHELRKTIEESLERICTE > TOALH (K, 2007 ; (LTFH,
2013) E WO HAEMND L FDERMARTHITIEETH S,

) HHiE D KA ) 72 R
AFFEOFERTIL, HHIERA 2T Vo T ORFMETH L NE S v P AT EEREDOIIEL 25
BEROMICABLRMEBERRITIALN RN T, LLRAL, FHAIZEWTIE, BIARENTH
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SNTFEEEMBAEZRL, £, EAOEFRELEAREOM B 1TH EHRFEESCEADRH &
CHEBEBEBRPRONDZ EnbhroTz, LTER S TABRIOHIED AT U 7%, REBZEHELES
FREDOFE M 2 S CHE L LTORMANARERICZR D B 2 biz, il 21XBio—condition& V9 HH
FEICHEET AR RTMIE Tl OB 0% k4 2RI > T 5d (Eyre et al.,
2015) ., LERS>THBEOZ L DOREAEITH 2 LT, flx D7 1 v b OMSHESEO RS E A FHE
DL HERL, TOREIZOWTHEARBIZRD EEZLND,

Type- 11O 7 NV —7TiEx, AILE ) TR ENZFHETHLICHLL0DLLTHIA I 73, 248 &
49 ERELIEHDNTEBY, "EX Yy NRAaT7REHEHEERKL TS LTV oz, T
AL TEREA 108 L2058, BHEZHE T 2HIKEY (A XZ 7)) OFER4R L1158 Tho72 2 &
DS NT=DEAH, TNUNHOMBAaT NI W er[FEMEE LT, TREMAOEHIZE
EHZHDELENE R EFBLUOERRREFE SN TV EREELZ 2N, LER-T, MIHD
BHEZAETH2HERERICONWTIERaTESOHFEEL, F-RLOFREXOFE L ZOREICHS
WTIE, A%, FHMETEEB ~OMAANERF T2 THA 9,

Flo, HHAIRBREORBEZOWTHEAEERET HLXERETH D, type- 111D HHIF|H JE HE
FOWTFNLREMTH D, £72No.61L7 XX L aF 7 THAELESNEZB X, No. TIZaF 7Dk
THXHE L ESNA B AT, TNDHDI L HLEEMD D IRIEMMKR~ TR AN E T S 7-FEIC
I XX AT I NI NI REERZ L OND,
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4 (3) -4 HEHE R ZARSE (FHD) & (a) M EEEBLAF &, (b) MEDBIFR > AL o @i A
MABEZ , BFIIWEMIDZ T, (b)IZF W CILHER - IR T EOMBEN R b
(Fi¥t = 15.04 * FHD + 5.43, r?= 0.50)
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BEMTH o -RIBEROBEHOTE B BILTIIARERICERE B RO FTEAEN R LN D
ZEbHDHDT (KAWL, 2001 ; Ttoetal., 2004) . AEMEZHREREOHEHNOHATEHEETH D,
LSHOERTHEEZD ) A TH ETHAHABRIZIEZEREHRE VLD, TO—F T, type-lIlE
MU LI, REHBROFELZ b Dno. IOFRAEMIT type-TIZHE I N7z, 481X FH A S50
[RONTWDHDOT, WiEIXTERWA, BEENOOHEBREDT 72 AEIC L > T EDOFHHE
EREDLY, BUIEOHAICHEELY 525 Z LB EMESNL TS (LA, 2001), LR ->T, 4F
FHHEZ 27 ) o ZOFEE B ICER Y AR o =08, HHFIHEREE L b, BERALOT 2
TEAIZONWTHFMT2_REZHEDO —-2EEZ D,

(3) IRFEEM L HRNHBELNELT DHEEO &R

REBEMHE WEEE L NET HEE (FID) & OB EZ B L7z#i R, FIDOKW 7L — 7 (TH)
EFHDD @ 7L — 7 (1THE) D 2 BRI oy e 7e (R (3)-4) . MR DEWIC K 2B )BT R &
Nipipodz, FHD& | B@E AR R IR R OMIZITAOMBEN R Sz (K (3) -5, #HEmA
JE: r’= 0.40, p < 0.01; MREEREEER: r’= 0.71, p < 0.0l, EbbHbn = 14), ZOHEEKR
REMOBAEANOELET DL KAKE & WKEYITHHE CREMMOXEA TH D720, FlofEmA
JE R 2R O EFREIT0. 40 & MRR OFEPL R XTI W2, IREEMEHEFF L OO IREZ TR D

a) 2+3 H1) b) 2435 s
1 —~15 . 15-
__60- L 60 = .
o . == o == -@11 -5 = 1.0- EE
E 40- 40- = ¢ T8 B mm
oo ns w -
, 0.05 A
g 20- 200 M 205 PF 05 ns
0 0 0.0 0.0
c) d)
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~ 15 15- Lz B5 EEE=
E 10- DS 10- n.s G 20 n.s 20 n.s
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] 75 75
W -~ NS ] n.s
;ﬁ 50 | 50 |
fne 25-EE BE 25 B= B
0 I 0
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[Abstract]
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Biodiversity offsets are a relevant method of reducing the negative impacts of
anthropogenic activities on native biodiversity. We examined ecosystem types that should
be avoided when considering the offset mechanism and in-kind and onsite suitability for
the offsets to facilitate promoting the mechanism in Japan. We suggest that degraded
ecosystems, such as unmanaged plantation forests and abundant farmlands, are target sites,
while others, especially rare habitats, should be avoided. An onsite in the forest ecosystem
can be defined within a prefecture, but collaborations among neighboring prefectures to
share habitats are crucial, particularly for common species that are generally not
prioritized. Subdividing forests might render offsets difficult because of ongoing
succession. The onsite scales of grasslands and wetlands were similar or even larger than
that of forests. Delaying species extinction is critical in open-land ecosystems and should
be investigated on the landscape scale.

We also examined ecosystem services in the mechanism. We found co-benefits
between biodiversity and carbon in the natural forest ecosystem: large trees, recruitment
conditions, and dead wood logs were key elements for diverse habitats and were
correlated with the carbon stock in aboveground biomass. The foliage height diversity
index also suggested forest architecture as an indicator of the co-benefit. A
methodological framework has been developed using GIS considering socio-economics to
include several ecosystem services. The system has a visible interface and clearly defined
concepts, and concept relationships will be helpful for stakeholders and decision makers,
who might be unfamiliar with GIS and modeling.

We have developed a quantitative assessment method appropriate for Japanese
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ecosystems using both field and published data based on the Australian Habitat-Hector
method. Several assessment indices, such as drivers that inhibit regeneration, should be
revised depending on local ecosystem conditions. We also showed that as many reference
level ecosystems as possible should be collected to score each onsite where an offset is
located, because local species communities, including insects, fungi, and plants, differ on
an ecosystem scale. The landscape context was essential in determining offset.
Challenges to be faced include incentives for developers and landowners to
implement offsets, laws for land-use and land conversion, and consensus building
including multi-stakeholders. A phased approach would be effective for both technical
improvements and consensus building. We also suggest that addition of ecosystem

services will enhance the consensus.
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