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WRAREEZBELICERE~y 7L, (2) dbiEEILH T 52 5 AN B AR RIS T TOFEERE
DL—RMIBWTEYVHORITEHERAEZERZEZBRLEBERE~ Yy 7, 02200~y THEREIERT 5,
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EHL(K(1)-2), EEHRITRERELSEZNL
FFEER TG TE D L ORES N,

X (1)-2 A7 A4 ~DOERMEEHDOIERS.

3-5. BIEHEEHAVWEEY L— N EZBIT 544 v 7 £ ORITEEORE
EVRORITEEZDIATIHHET AV EZERTIICHTZY CPSEEHNLEBONTERITEET — %
DHTEY Y TVERAR+ S ThoTciod, PIEHE RO ERHEZ T HREROEBEREE B X OLiEE
DY hFAH, BRBELICBWTER L, EA1F, SRHEMHIRICRT A - NI F a3 VEHOBIE
EnbiEfEENTA A e v A RO S AIERICESE . BRAEAD R, AR, (LFEICEE X
. BIEEHBESAEGE LWL O ICEREH TI2H., U M A X OREBEL TIL2HFTOE R
o, ABEZ. A e 7 A0 e T OBEHEMICRET DI HARENZIL L3 5201843 41217
bivlc, 3-4-2L FERRIC. TV A ORITHHBEICBE SN D HOHAET~ 10K, 16K~ HDOAD £ T
D2ODRFEIFICHENEM I N, A4 b7 A DR B HE B REENEEN TV D E R TIE, EM
FECHENNEET D E TIZREARD» 2D 2 EREESIN-ZD, BB EHFOITICEIT 2 ESAHRET
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T RSB TORAEN TN, EAMER. BIELIEBEANEHEORMIZEY TWRWDHE
BT 5720, BREFHOBEN B FIiTbz, BNOAMBEFHRE X ORI TEE L, HIEEH (VECTOR21 E 7=
IXVECTOR21AREO, SAFRAN#H#) Z W T, EA EEZ @R T HL2TOH Y « T Fa UHEHITH L TR X
. FIRFICEEN O B, RS L ORET D F ARSIz, BEKORMRL —F =136 ED
FHMRFRE L 2o T B, FHAIFRERIF TH 5 =122~ SkmNIZB W T, AIEEZRFR Y BENL O RAT &
I RRER LT,

36.EYVN—MNIBITEERE~Y Y 7ORE

BEONL—FNDOBKE~y TE2ERT LD, EOVRORITEHELINELHE L, B LHF]HZH
AEHETHRITERETRET VEER Lz, FIA LERITRET —Z 13, RHF%E CTHS S N 7=6PSEEfE
BERERICL2bOIMA, ZRNECIKHEECTERMIN-BEEEBIOKBARZ FLE LZESE
ENLEREEINERITERET —F ThHAHMITEHET —FREMAEZXK (1) -31Z5R3 T, A v ¥at A X,
Ay aNTHHENIEHEOP THEOMITEELZHAL TCWIEHTHIEREZ USSR ICEE L
T, EREOELOEDRHRLREL LD A vy Va4 X TH H250mFHE LT,

(D-3 TEONL—PFIBITLRBBE~y 7ERICHMA LI 7 A HOMRITE EREHA. RENe v
7 A DORATERER R BG LA REZ, FHAPHEBELMETIEV L —FETRL TS,

AUBAEET IR, K, JEH, B, BRMAE AR LR A A, ARMEEE, MR, KA,
TR, kmiEm, KIEER, EEE, EROEREERZE, e 7 AAEHBFHAT RN L DO, 1
e M ORI 20 & D FERfE A2 V72, B O LR HEARIC BT 548803, F910mA v v = TR I
H A B AR LR B (S—3 3 -16.09)  (JAXA 2016) L VRHLE, EEICET 5T
— 2%, K30mA v ¥ 2 THEAH S A 7ZALOSREREUEHIZR EF L (DSM) Z51. 1hR (JAXA 2017) OfEX Y |
FA Y aNTELER, kEiEm. KIEEGG., Ee0RgERE, EmE keiEe-KEER) 25HE
L7z, R HAREMND ORI, REFOEEARRERMBE =4 ) LV JH#EFE (E=2) 7V
A 1000) DOH A EFME (REE 2016a) | kMfFE~H L - eI A BFEAE (FLL RERXR)
BLOBEENOOBEEIMY) T 7 A HOARPHERINTZRCL, BIOAMAETEGEHEZES L
7ZIBEMERN2H ML EAE LA H106/ S 2 AW TEH Lz, s 0REEx., B E8EESR G
) 7T —#2009FE K% (BLREE 2012) OB L O2KAIKMOAEFHWTHEE Lz, #HAZL
HEOMEERD, MO (Ir] >0.5) BEERHIHEITIIELLNERE, BolnEHE XDk
DFEATIZFIA Lz,

250mA v ¥ a2 ZEICRITREEZEHE L, BEENTEHRA IR TV R AOEES (130m) £ Y LK1
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Ay v ailliFlz, Aol Ay v alliF0ERAL, BREEKE L THW, MRITEEBEHROD D A
vaDHb, 80EETFAMEICHAT S FL—=0 V' F—& 205 ERIEICH AT AT A NF—
ZIZTVHARCRBY T, hb—=0 7T =22 RHWT—RLBIEET L (GLM) & — bInEE T v
(GAM) D AT 4 v 7 [EIFIMT O YE 720 OFTIVBIR 21772\ T T /L THRALIE R R UE (AIC)
BRNEROTENRAMETVEZRAL, BEGUTOREZRITTI2RICEET2EBR L 20 TFHIRL
BELE, TAMF—22HWTAICEEB L, EFTVORBERIELITo7-, ., ERENETRXEZ, F
BOOHIBETORAREN, BLOEEOER SEICHT TOMEY L— MIHMF LT, MmO
SMEEFR L. AR CHIAESNIEY R, SAREIC L 2R HMA, BLOBEFERORFBERE
MIZEV e I ADPBEISNTVWHIAERMEZSOHRHBEZAE T AR T I E LTHRELZ, TXTO
GISFEATIZ IXArcMap 10.4. 1%, Z Ofth4 TOMEHIENTIIRS. 4. 4% EH L7z,

4. BRREUEE
4-1. 2EO PRk L OBAICBIT 2 HANRERRET VORR
FAe v I A OHMTHEHMFIA L AR 2 BMEELR (1) -4UI7R Lic, Hifkiids L o4
HEDORBERIT, XYL HBCIEEICHMEERTH Y AIFITRED O AN T T L &
%L\KE#EEQRﬁE%kLTMbOKOﬁﬁt774@iﬂﬂmﬁ@ﬁﬁ@%ﬂ%$ﬂﬁﬁbf
. FHEICHEREOMIZE LWERZAOAR Mo, 7o, ay « G & afF~ RN o/
%5#&rm BEVWARFEEL T I b, ITICh > TUERE L 2200 KT, ey
Mg L+ F 2 BT T L, TSN oOMIgE KBEET L E L CTAEREMAERETE LT,

a) TFES V1 DRHTHLHFA
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Haxy BT 7=z Bl (=41 iR

b) £RMDEMLE
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#aRY BRC-EACER  KEILEH =H #8
| PKE off wE s RB-BER wME sAIL IR KB «BE e FH |

H()-4 A e 74055 LHFH (a) LABHNIZEIT 2 EMEE (b) .

LEOFEEMBRMICH T HHMAMEICLY . BEHET VOHERATITI03A Yy o, KBET
NOHEEHRFATITALA v ¥ 2 OFEHFREZ ZNETNESE O R WERHICESG L, MATICHIE L7, CARET L
TAREME L BT Ay a2 id, BHEFTLTIOA Yy 2, KAEFTALTI6A vy 2ThoT-,

ZELMRMEEZZE LR, Elie 7 L CIXFEEAE, MHlEE, 2 <oAKIEN D O, A
O OREE, )N L O, BEXORSEESOF6EREZ, KBET A TII/KHEME., mflmE, <
SIWIED b ORERE, WIS O, BLOESEEOEHEZFAL T, E7 VEMHE L, MaxEnt
THERE LT T L Clix, EMEHE, < OKIENS OB, MtEE, ReEaolEicES5E208E
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<. BIMEAE, MMM EAE, T S OEEE L IZIEOEN, R HAKEE TOREBE, W)= To R,
EEEEZTAOHRENALN (FA)-4, K(1)-5a) , CARTHE LzEMET L Tlik, 6E¥ETICE
WCHBMEN A b, EMEAE, M mfE, mdio S OEE CIZEDOR RN, < bKD& O FHEE,
TG OB, BLORSER CIIRAOIRIL LR (F(1)-4, K(1)-5b) , MaxEnt THEE L 72K
HEZ VTR, KBHEHE, A< HKENO OERE, MM, keEs0IEICFERNE <, KB
FUFIEDZH RN fitH A, 2 < ORI E TOHM. B X OREESIZAOREN L LT (F(1)-4,
B (1)-6a) . CARTHERE L72/AKHEZT /L TiE, KHBEEE ORICARBREDR RN BT, dithHim
R 0 O )G O, B X OmiEm & ITADORN A LT (R(1)-4, K (1)-6b),

ETIVOIEE Z R TAICOME IZMaxEnt XV HCARET L TEMN - Tod (R(1)-4) | AR~y T
IXCAREF /W THERE L7z, CARET L OHEEN & MaxEnt EF /L OHEEME 2 7 > 7 b LI B0 B IZ S i
T (r=20.91) BEOKHAET/IV (r=0.93) EbliZEPo7=D, MaxEntET L TH oA TE
rZERRENTE (B(D)-T) .

EEREPEE LA S IAREELEZA v Y 2 BT ACARET LV CHES N ABHRIT, &
¢®%Eﬁ@fyv1®$ﬁﬁ$i0%@wﬁ%mbfwt(IO%woﬁﬁ'ﬁtﬂﬁwaﬂ%fw
TIE A L HBH 5oV o~ SHEN U 013 2 B Ik & 2 BEER A m < Pl & /= (K (1) -9a),
HEI - RMNHILOKHET VTIE, BRREBEM G, KIREOE » HEL, R, FBE, 8L,

F)NE DB A O R FEHEK, BREOREMELL ETERBENEL Lol (K(1)-9b) , TEHA
DE BRI, BT T /L TIE0.01~ 0.86, /KHET /L TIX0.02~ 0.300&HFHICEEN TV, KFED
DB EEET HRICELBEBORMELRET 256X EMAOR/NMETH 50. 01 GEHIE T LHIF) .
0.02 KHET/VEIH) DBFREEATEHEREINDEZA I,

R4 MaxEntB L UCRTHERS A E ¥ 7 DRAHRIRRE 7V, FHTTVLEA - i
sk, K HE 7 VITE R - AMHIIOEM R ZFH L THEE L7 AUCIRET VOREZ7R L, LKW
IEEBEDRRV.CARET NVOXIABEDH LB ETT . R-hatiTET VORKOR S ZRL, 1~ 1.1
DIT7E L #HREFHENE SND (Gelman et al. 2004) .

HEHETIL KAETFIL
MaxEnt MaxEnt
(AUC=0.709) CAR (AUC= 0.742) (AUC=0.722) CAR (AUC= 0.744)
s E3 E34

FEEH)  mapfgosucy " FIEK magmesgo V0
i - -5.7[-6.9,-4.7]  1.00 - 5.1[-7.2,-3.3]  1.00
Hih s 41.8 1.2[0.9,1.6]* 1.00 - - N
Rt E S 16.7 0.9[0.6,1.3]* 1.01 = ~ -
KHE®EE - - - 53.1 0.5[0.2,1.0]* 1.01
Mt - - - 7.9 -0.6[-1.6,02] 1.02
RCHKIEMNS D EER# 20.4 -1.1[-1.6,-0.2]* 1.00 31.2 -04[-1.002] 1.03
E’:‘fﬁfﬁ‘i;’mﬁ% 38 0.4[0.1,06]* 1.03 -
g;;’;}ﬁlﬁﬁ_%ﬁ 7.2 -2.1[-3.8,-0.8]* 1.01 0.8 -0.1[-0.8,0.5]  1.02
) 10.1 -1.3[-2.3,-0.8]* 1.00 7.0 -1.5[-4.0,09]  1.00
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FT) &, HEHHBRKDORA v 2 DERBMROBE SN (; HHMET VA, d; KEHET V) .

21



4-1603

S BHEE
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4-2. BERIE#E O ERIE
GPSEGEHTHE LEEEL Fuo— AR LEEETIE, B9, 8n, HK4ImDBEERH Y, L—H—
PEEE S TIPS, dn, K6 AmDREN L ST,

4-3. kM E BEAHICBIT ARITEE

167 BT OB L ONIEBERICE W T, ENEhORE & LT, KRBT, ¥HEL, X742, N~
iR2, FH)I50, IHFH)II35, #riE1e, = HE18, Mmg+126, +B21, AERE38, J\ELE345,
FEBE4AT, #ERE21, b&if25, B L OEEIB566, 11,2600 44 v 7 A OBNOTRITEE %2 BE L
72o M) -1T/RLEAET Y TA~ HD H BB, C, D, BLUGIK, —2DEBHMNICA AL 7 413
HELTHALTWAIHES XTI EEEFER I N, 2o DWEIz O N T, RITEEZH
ELEAFT e 7408, WTFRIrORSHIZIFE L TV AEELRONEZHE TERWED, ZREho
MEZRSHELTHRALTWAHAZEEL, ZNERICOVWTAEERMAIZKIT AR LN O
ERITHREDORBBREZR L, TRXTOEEMBIORCHIZHEL T, Ao LOHERERITEEIC
AR ZERIEROLNT, £/, RSLEUOHEMZ T TR, AEFTICBWTHLY — B L UM
V= ERITLTWOIHENARL B b (K(1)-10A~ P) ,
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H-11z, ZNENOEBHT L OEEL - M — v L HELY —VOFBARNRERT, TXTO4L
BHIZIEWT, SEL- MY = Z2RITLTWLHEENRL AT b, ®mEH — TORMANHIR SN
oD%, HFHE)ITIL 4%, =B T33.3%, J\RBE TO.3%, FtEE T4 3%, BLUERBE TO. T TH-
Too EBHEICKIT2EEL - WRAR L GEIRARL UK LI ZAFEENR AL OB (Fisher’ s
Exact Test: p <0.001) . #FiZE BWH & X 7R (Pairwise Fisher’ s test: p <0.04) . HEB L
J\BR¥EH (Pairwise Fisher’ s test: p<0.01) ., = S8 L& 5ERM (Pairwise Fisher’ s test: p<0.01)
THREL - M& mEHDORARICHAEEDPRO BRI,

ab ab a ab ab ab ab b ab ab ab a ab ab ab a

100% r I - =
80% |
. 60% |
P\
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$
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B B vy v B F B B B OB T B T E X B
N B + N ® B B B B B
2 B i % 2

n

X (1)-11 164 B Hfkih - BILAHICBIT 244 7 A4 OFEL - MR, 2 <5 BB TS L7 7’
TEEDONRE BEL - M/ — 2 (<130m) . & EHY — 2 (2 130m) T/ Lz R EIXE EL - MY — A
Fr, BIKEAITEHELY — U RAFEZRLTBY, LEEZOFEMEEZT VT 7 Xy N TR LE (Pairwise
Fisher’ s exact test p < 0.05) .

BEEBEBRS ETCOEBHMTIONU LD A e v 7 A REEL - N = TRITLTEY, <L X
VEZOTREHIZENTIZ, RSO DOHEHICEGRR S BE~DEHRY A7 Bm0nEEFERAL T
WHBZERELNER-STZ, BEERTIE, LR LX) ICHEEL — 2 ORARP30%TH B0 &0
DEBHIZEB T HEEL — U RAFLLD bEhoTe, ZHE, BEEAME (K(1)-1C. FAEMS2) TIT
STERITEEREIZEY OFYNERS> TV ENREEL CWHDAREEND D,

WIZ, RITEELREZEROBREZRIE L CEERICEVWT, JIOREHFICEIT 2R HILHDRIT
mfﬁﬁﬁfétwﬂﬁ BUFATRITEEO S e i & AN Tlikd 2 L, Ao sEo FR
REL, HAMICAEEERRO N (R()-5) , AT LORITHEDOEHEEIGELEEKE L, &
(D-UTR LEBREEREZHRALE L LIEERRONZ L 2A BT ABLOEEKICHEERIIRD
bieinoi- (FRRE: p=0.3946, R?>=0.365;3% (1)-5) ,

AT B E OB ILFAAEH 2600m A v ¥ =2 TRYI 72276 A v 2D H HD31LA ~y~‘/:f~‘ﬁofb\57bi‘
REZERNERITEEOBEBREZALICTIICE. LVEL DAy a2 RICBREMENICRELZ T
VERSHDHEEZXLZ2D, £, BEBERBIIBVWTELNERITEED i&h&bs%mi}:“f“&;b D v
—MREIZBITZ2RITEE 4-53R) LEXTRERZRIZIZEAERD DN oz, ETNVEEETE 2
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Moz A E LTI, REHMRNICBTARITEEDIILOERIFEALERO NPT EBEEL
TWHAEEMERH D, X5, T EOMBEALE LT, BITEEIEA v V2 & TN DBREEICH LTl
MATIREEND O TIEZRL, HEMB I OHO L OMERFRSL, RITRE LICBT2REER OB
JE, FETHICHREEL )T TERARESNLAITEFETHIEEX NS, RITEEL SRE TR
FTRHEDITFERA Yy vaT—2 L LTHRONULDEROMHT FIETIE R, KO RITITEIOERICAIL 728
TR BT FIEORBIME L B72A 9,

K()-5 MERICBI2MITEELHHTL2ERRET V. BIEIHHELROREYRGEEZ ., pldfEk
DEBEWREZRT.

BT B P
< s h o DFEEE(km) 5.605 0.338
KEBEE(M) -0.000 0.321
EERHRIER (M) 0.031 0.127
EESHIER(m) -0.001 0.962
FiEEEHERE(M) -0.002 0.611
RREBREER(m) -0.688 0.155

BHRICBT AT 7 A OABBEMBERZFE T 272D, MaxEntlZ X 0 A B#H#E 7 /L 03MERR
SN Bon-AEREMEE & RITEAEEOBBREHA OIS Lic, ET NV CTOEREED &GN - BT,
BEBETCOEMBIVESTHY, BB ECOEMMNEL ., EEMEVKRIZBW T A7 A
DFEMRITEIML T\, BEBELROREHEMEZHE L2 A, MEBEZFLE LIEKBHRIC
BN E DS > T2 (K (1)-12)

l 1 (3:8)
£ EEHbIEEL
Io(*@)

X (1)-12 @EEEOBRICBIT 544 27 4 OBIERA B E#S .

MaxEntf#ATIC & » TR O NI EERNREEREO S M Z R L TEY
BAPRATEERAMA 2, BRIRITEERERAZRL TS,
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RATEE S E DT v N LTEERRA > ME, AR EHFESK0. 12~ 1. 00OFH TH V. RAE KL L 4
B4 & OfMICiE, AEICHRWIEDOFBE NGRS b7z (Pearson®FHBEFREL: r=10.67,p<0.01) (X
(1)-12,13) , —fXBYIZ, KADKBEHONEZ v MENTIIH BIZEY TOLREAFHEO AT —F 2 AW D
b, RATREOSMMITMITICKBINTWHRY, LMELeRnL, KIFFETHRE LA e 7 A
BLEHRE 0 B B i FE 4L & FRATME AR O NS I B2 BEEER RO b i, Zhix, £FRkHEL To
MATOIZEAEDR, AL ERALFHEME L < ITREBLEHANTONRy FRIOBEI TH L Z & IR L
TWHEEZOND AR ELABEIZEWTIX 2R 2 ofmfEwmEZ R A L7z A& Bl tis 5k s Ay T,
SIRITMIRTE R Y A7 KRBT HZEDRAEETH D Z ERHLNE T,

2.5 -
r=0.67 ® ®
- p<0.01 .
a ~
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Ik
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B (1)-13 A B FE % & AT (B % D B £R.
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Using data from habitat distribution field surveys and tracking data by GPS transmitter (or GPS data
logger), the methods for creating a general and highly predictable sensitivity map for three kinds of bird
species, i.e., been goose, black-tailed gull, and white-tailed eagle, were developed and then applied in
northern Hokkaido to evaluate the adverse effects of wind power plant construction on the
above-mentioned bird species.

Been goose is a large waterbird that breeds in northern Kamchatka and overwinter in Japan. Their
habitat utilization in Japan varies greatly between the migration and the overwintering period. Considering
their behavioral characteristics, the two kinds of sensitivity map, i.e., the map reflecting on collision risk to
windmill in stopover and wintering sites and the map reflecting on collision risk to windmill in flyway were
created by habitat modeling technique. A procedure for reducing the risk of bird strike using the two kinds
of sensitivity maps was proposed here.

Sensitivity map for black-tailed gull having many breeding sites in the Northern Hokkadio coastal area
were developed by tracking foraging behavior and navigation. Habitat modeling technique was used as a
method for predicting bird habitats based on environmental data. The potentially optimal habitat was
predicted by incorporating environmental data to the habitat model. Because of difficulties in identifying
habitat uses of black-tailed gulls in all breeding sites every year, their habitat suitability was predicted
from the environmental data obtained at other breeding sites and different years, and then its accuracy
was tested.

For an endangered species, white-tailed eagle, the maps predicting their potentially optimal habitats in
breeding, wintering and dispersal period were created using the previous wide-area monitoring
information and tracking data of young eagles by GPS transmitter. By measuring the detailed flight
pathway and altitudes of young eagles and analyzing the relationships them with wind conditions, a
collision risk model to predict wind conditions where young eagles frequently fly at altitudes at which they
are susceptible to windmill collisions was developed. Then a method for creating eagle’s sensitivity map by
integrating three different kinds of habitat suitability maps and flight risk model was proposed here.

A careful analytic approach reflecting on each bird species characteristics and their habitat is necessary
for creating sensitivity map. Our sensitivity maps suggested that three bird species inhabiting northern
Hokkaido, where windmill construction is underway, face at high risk of windmill collisions.
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