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OWFZIZHT L CTEWEIFREEZH LTS Z EMRH B E 72> TE 72 (Kobayashi et al., 2022),
D7D, INEFEEIRIET D ERIZE > T, ZOAEIFEROF TR & SEEE I
IEFITEm, —H T, RSB T 2 AHEOREOIM VA L LT, 7 U7 ~0Hr ik
RELEFEDIART =V T 4 v F T OO HF/L—ILRERIT BV TV D2 (Ichiki, 2003),
NT A JEDWIRICBT D INUAGEEY MU 7 VT ESLE R X Hawaiian Islands
Humpback Whale National Marine Sanctuary | (NOAA:
https://hawaiihumpbackwhale.noaa.gov/about/maps.html)IZ A& S 5 & 9 72, AFEOHEEEZ H
B & L7 iPE R X O F% & e E13FT b Tnvie v, ANEFRIEEIC 1T 2 AR O R4 & B
EIRE L ORI RIAO oI, LA EL—LOEAITLHAADI & K
FEOABMEROE NG Z BRI ET DL Vo2 RO L TWBERH D, £
DI=DITIE, AFEOSAAHFIFCAE B 2 B4 2 3E 22 HA kD HaL D,

BHEMEIC BT, AR RIS O T 5 2 E BN BTV D (e.g., Herman
and Antinoja, 1977; Urban and Aguayo, 1987; Acebes et al., 2007; Rasmussen et al., 2012; Kobayashi
etal.,2016; Ofa et al., 2017; Hill et al., 2020), /NEFHKOF T, FRIARTZ— LT+ v F

T D ANAT ORI T DA BH S EDUEEIC BT, 1990 AR Eh S v -1 Fidse



fg E2D 0 BHEFIAE ORI R D, 200 m HEDIBEEICT T 7 I NEaMLTnD
ZEDH ST 5TV D (£R, 1994; Mori et al., 1998), LA LA S, A TIZHEA B
FAALTWD Z &R0, 2 bab oo B HRBLAICHESR T & 2 Hi[H 235 B3 S O P9 Rl D H IR &
NDZ b, MESHENEMOIRFEICEST L TEY (Figure 2-1), MEVEERSAR 551
BOHANCIB T D IEMBRE L TWD (B, 1994; Mori et al., 1998), T D7=, R EHIEE
WRERICBT 2 Ny 7 T OAEREMIZOWTIE, ZTHE TEEMICHLNZ ST
Zhhol,

MEAM O N % ERALT D700 FEE LT, ARHEMBET U v 7B EAICHN O
TV 5 (Melo-Merino et al., 2020), EE@EMET V> 7 CTld, FaF#eTEEZHOTEY
FED MG & BREER A BHESIT 5 2 & T, MHEEOERRMEEZ ER®ICTHT S Z
L MNTATRET&H % (Guisan and Zimmermann, 2000), fEFED AL, KR, K. MEEMR R L
DB M BRI K & AKFET DRI S D72 (e.g., Friedlaender er al., 2006,
Rasmussen ef al., 2007; Anderwald et al., 2012; Thorne et al., 2012; Tepsich et al., 2014; Kanaji et
al,, 2015), Z O34 PRICALSHIZRINGD 2 = X L& HfRT 5 E Tl Tk LT
EN TS (Redfern et al., 2006),

Z ORI TIE, AREMET Y oV FEEZHWT, KEEELESIZB T 59 b
v YT OEREMAEREMICHIET 22 L2 AN E Lc, M Erb0 BREBHIC X1
LIV 5 BT =2 b ELRIEERZ & A T2 S SIS ED ST 3 1T 2 AFE D 22

AN — 2 LBRIEHER & OB AR~ ~EX y FET VO EIT o T,

2.2 B E Fk
2.2.1 (& & HRAE
2013 FEFB LV 2015 45 2018 4F D 1 A FAEICHKH 1 HT D, —BALEN/NER A =

Sy T TR R0 T S TN A B B R 35 1 2 S AR



TOT — 2 &M L7z (Table 2-1), AUHKIZEB T DY bV 7 ¥T OKilEREMIZ2 AHTH
D2 ENMBATEY (Mori et al., 1998), 1 A FANTAFE O S 1 MNEH ORI & 7=
%o ARPHAETIZ, HOTOBDEFER DRENEEE OFTA T 2/ MU 2 — EICEEE R,
TA v b7 MR K DB TOILE (Figure 2-2), & TICHBEAOR AN S - 72
Said. RARZI. JELIRHE, AR, R, A do K OMEREOS e S LT, ARARAT
T, Bt S FORET —F 0o Ny 7 OTORRLEKOALEZMEH LT, £72, KFHET
(TRENLZ GRS DB ORI 7 &7 O EITRE STV RnTzsd, FRERIC L DX
AT O 21T o 72, 723, HARFOMBHIICE L T, 2018 EFOFER DAL 22—
74— NESIBERLDS 4 DLEZFET D2 LN H o7, ZOMOFHE R ORI FERIT 3 LA
TThHoT,

AFHEIZBT B U7 U7 OFEHEES R, B35 25 1.1km (70.63%75 1.0 km
LIN) T 7= (Figure 2-3), £ D7=8, &K EZ 2 km O 27V » NIZREIY, F oy 7Y
TOFAN 1 FHLAEH ST )y REAVEIET =% RRBEZIToTEPE RO ST
v RENLVERET—ZL L THo7m, 25 DOUPRIL, QGIS version 3.24.3 (QGIS

Development Team, 2022)% VN T{T - 7=,

22 2BET—¥

VRO 7O ONHICEET LERNERTET H00RET —4 & LT, KR (m), 1
A (). MR S OERE (km)3 KT8 200 m 5788 O FERE (km) % L 7= (Figure
2-4), 7pB. AN RO CIEEANICEBE 2T W ERARBINTED | 4
FEOPANTEAEMIHEIE LN EEZ BN TS Z &5 (B, 1994), BT —% & L
EWIERITA N2 Te, KET — 2%, BAKEHE T DiEE T O 2 LT —
X M71023 Z e, BT —H I A v v aT —H TRV, GMT version 5.4.3 (Wessel et

al., 2013)® surface 2~ RAMH L THEIZITV, 1 BAY 207 =2 L L, Z20D#%,
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QGIS ZHWT 2km 7'V » REAZTLIEHHEEZRTL, 2027V v REMZEIT HHE
& L7e, MEMEART — 21X, GMT Z VT M7023 7 —Z I BAERKR Lz, KiET —% LA
BRI, 2km OZ Yy FEAVZEIEEERNL, 20270 v FEADEE Lz, HEFE#R
e o EE o B B REE RO BT — X
(https://nlftp.mlit.go.jp/ksj/gml/datalist/KsjTmplt-N03-v3_0.html#prefecture13)z i L 72, 10 m
Ay o T OWFERND OEHEARE L%, 2km O27 U v R ZLITEHEEZRD,
ZD7 Yy REAOEE Lz, 200 m SEERD S ORI SWTIE, %27V v KELOE
DA EHI L7 200 m PR E CORMEIEMAZEMN L7z, b7 — 2SN T

H. QGIS Zf#f L7,

22.35MET VT

ARFZECTIE, £, —ILINEET L (Generalized Additive Model: GAM) & FVC, H b
U YT OAREHMEEEZIT 7o, GAMIIIET —# ERET — % & W CAERMEEZ T
THEIFMFEO—2>THY , AREMET Y 7 OHhTH—ROICEH I TWD
(Melo-Merino et al., 2020), L72>L. f#EO BHEMAET — 2 2B\ T, BARTOBHMITR
DF LRV LSBT ORI T 2 AR LBE L2568 H D, TDOHD, {F -
TETF =2 MO DBEE, BORET —Z SO THEEY O REZ B RGHE L T L
FOLEWVWIRED H D (Kanaji et al., 2015), =2 T, {E7 — X DA TEEMELZ THTHZ
MM ARE B O FIETH H IR KT Y b u B —F 5 )L (Maximum Entropy Model:
Maxent; Phillips et al., 2006)IZ X 5 Tl 4T 72, JATHFZECIX. 2T T O TRl
RAZHPASERDEL D Z EHREN TN D Z &0 D (Fiedler et al., 2018), €T /LIZ
X e S AERE~ y TRk TH 2 L L LT,

GAM ET /VOREITIX, 1ET7 — X ERTET =X DENENET VX LTS HEILIEY D

D 80% & FEMT—2 & LT L, ISBEEREMAELLEZY v FEMWZBT SV Y
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7 VT DAL« AEBHRIC, SRR KER, MR, YRR D OREEERS LU 200 m 55
RO OFRES LT, MMM AIE L2 GAM A HEE Lz, TORS, #atfihr Y 7 R R
version 4.2.0 (R Core Team, 2022)3 & (F mgev /3N 77— (Wood, 201 & H L7z, 72, K
FED AN BT DERBIE N &2 i~ 5 7=, MuMIn /X v 77— (Barton, 2022) % FA\V T4
TORHERDOMAEDEDOET LV EZAER L, FRHLlE R &A% (Akaike's Information
Criterion: AIC; Akaike, 1974)IZ S = EF LRIREFT 572, ~RA FEF AL, AIC 235/)
LR DBMALEBOMAEDEE L, 7ol LR OMBIREDS 0.8 LLEDEEIT
TN DOEEZFRFICET MZE DR K 912 L7z (Menard, 2002), F7-, #HEHM DS
FAARMEDORIEZ 5729, usdm /% v 77— (Naimi, 2014) % I THZEE D 43 Bk RA%
# (Variance Inflation Factor: VIF; Marquardt, 1970)2 R L7= & Z A, T CTOLEED VIF i
25 ZTFE-TEY (RK =4.18), ZEIGHEIEICHEIL/ W &KW L7 (Akinwande et al.,
2015), ABFERTHIZHT- > TiX, XA MET /L E L TERRSNZRAEROMA S DY
R L, ZNENT VXA 5 BRIESNTET —F ERET =2 D55 80%% 74 H
T—=HE LU THEELERA NETAZRT ) vy FELVORET —ZICHEHA L, XS5
WM B T 50 b0 7 07 OERMERDOZER A EHE Lic, ZOFRESEI LT —
ZDFSEY DA OETHRY IR LTS 2 & T, FHELFHE L, QGIS Z HWTHRA
M L7,

Maxent DfEHTIZ1%, Maxent version 3.4.0 (Phillips et al., 20060) & H L7=, V' hv 7 YT D
FE LN o T JERE 2 IS B EL, GAMIZ L RA M ET /UCERIEN T AE D OB 2
AL LT Maxent E7 VOWEELZTo7, 7V ZIHT-> T, 5 BOLEY
TN TR DR ERFEE RN Le, BHFERROEH S EITIT. Cloglog % A7z
(Phillips ef al., 2017), £7-. HBEREEEIZHOWT, BHH SN MHHHRET L ~D%HER
(percent contribution)ZH HH L7=. GAM & [FAlgk, #EESNIZET LV ELT Y v ROBRET —

ZACHM L, REFISBEIOMESRICRB T 59 U7 0T O BMROZERM M EHEE LT,
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2.2. 4 EF VO & i
GAM & Maxent CHEE L= b U7 2T OARBEHITE T MW CHERERHMI 21T - 72,

GAM IZ2W Tk, BT MEERDOBIZ 5 0EI LT 9 O 80% % FE AT — 4 20%% FFfi
T—2 LT D 5 R ERGEEE VT2, Maxent IZOWTIX, V7 R T = 7 TOMRHTIFIC
FRIE L7z 5 B EMREE & Uiz, WiE7 /LIZ-2O\ T, R ROCR /Xy 77— (Sing et
al., 2005)% FV T, ROC (Receiver Operating Characteristic)fi##T 217V >, F1TE] Z & 12 ROC
Hi8R > T 1Al AE (Area Under the Curve: AUC; Fielding and Bell, 1997), J&FE (sensitivity)35 & OY
FEELPE (specificity)ZHHI L7z, AUCIZ 020D 1 OfEZ LD, 0512V E T ¥ AT
<L TICHWIEEET AL E LTORENRBWI &7, F72. Swets (1988) TlX, AUC 23
0.7 A ETHIIE, EANRHEERKECTCHDL SN TWD, BIERET -4 Z2IELIfELT
WTxBEGER L, FEREIAMET —ZEIELS AMEE THITX 7285 %77 (Liuet al.,
2005), F7o. BEERFREOMDPRKNE R OMELZEBELE L (Livet al, 2005), BEIZBITS
TSS (True Skill Statistic; Allouche et al., 2006)% 515 L7z, TSSIE, & & FREZ AW T

ROFEAD BFM SN IRECTH 5.

TSS = Ji& ¥ (sensitivity) + 75 (specificity) — 1

TSSIT-1 26 1TOfEEZ LV, 04 L0 KREL 06U T E@EERTFRIKE. 06 X0 K&

LENT-FHIRSE 274 & STV 5 (Landis and Koch, 1977; Allouche et al., 2006), 7235,

BREICIE, 5O F —Zt v MIBITH AUC B LTSS O FEHEAHEE L, EFAMT

e#g L7z,

13



2.3 fER
2.3.1 BERABRR LT NPT ORARE

S EORBEICBW TSN P 7 P T, D160 Bf 234 B TH - 7= (Table 2-
D, ¥ U7 U713, KEFEOWEMTEL RS, FAUTORLIID R oT, £,
FIE T bR S e hy . REHE QAR M T OMERNZL <. M A T OMERITD
727 o 72 (Figure 2-4), 2km A > ¥ 2 Tl it 406 D7) v KD O L, sy
TDORRP DT Y v R 8, TRBEATSTENF N U 7 T ORRNR RN T
Uy RE/mE 283 ., #ilfnoiincs ) v ReEVE 35 lThoTe, IRREIT-127Y v
KeLveE PRI OTORMOBST-7Y v RENVOBRET — & OB 534 % Figure 2-5
R LT, M= Y 7 0K 1,600 m £THAEENTIY, 200 m T DB K H £ H
o 7= (Figure 2-5a), F7=. MEEMRNE 20°FL £ THE FIL TV, B2 1°PLAN OB
FEN e b %7 o 72 (Figure 2-5b), HEFHRD S OIEEEHZ W TIE, K20km ETHEENTEH
Y (Figure 2-5¢), 200 m VMR D OFEBEIZ DUV TIE, 15 km £ TOE 4L T2 (Figure 2-
5d),

PRTIPTORANGH STV v REIAOKEDAIL, 200 m LIEMEE A EE 5D
TWe, F72, 27V » KM, K% 200 m 25 600 m f1UT 6 & F4 Tz (Figure 2-
5a), MFEMEBHC OV T, A EDFEN 10°LL FOBETH Y . KR 1°PLLFRE -
7= (Figure 2-5b), ¥E/FRR2> 5 OREEICBEI L CTlE, 6 km INDO 7Y v REANREL 25D T
BY . FRZ 23 km OBHEDN ol — T, KESRHEERNZE SR - 72540 TidZe <,
MEERCH SR 72 £ 10 km BL ERENL 723587 C & #MERE S U7 (Figure 2-4, 2-5¢), £72. R
IS ORE TS 2 & FEICITERERD D Skm Pl BN/ L 2 ATHF F 7 TR
R S N7eDITR L, BMTIEL 5Skm UL EEEN T L 2ATIHITE A LHER SN2 T
(Figure 2-4), 200 m ZE{4-70 D OFRBEIC DWW T, 11 km AN TRER I 4L, 5 km AN OSHT

2327~ 7= (Figure 2-5d),
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23.20MET Y T DOFER

GAMIZHT D AIC & FIWTe ZHORIROFER, KGR, MREGRL, Vg2 D O RREE 2 5]
TR L LIZET VIR A M TSR TN (Table 2-2), kT W= TRl ORKE
R, P AU 70T OFEMEFRITAKENRLS R HIZHEWED T 28mIcdH o7 (p < 0.01,
Figure 2-6a), F7-. MBEMEAI 15°FHE 22 5 &R AMERNBDT 52 LR TSN (@
<0.01, Figure 2-6b), ¥HF#E2> b OFREECOWTIE, MFE#RD S 2-3 km THREN L |
LR 12 km FHETH R AN X 5 2 L B3PI S L7 (p <0.01, Figure 2-6¢), £ 72, Maxent
FENTIC W T, B L2 BT A~ DR REER OFGFRIT, KIRD 84.4%, M IEMR A

7.4%% KOV & OFRBEN 8.2% & HH X7,

2.3.3 GAM & Maxent D5 Y > ZHER D Ll

GAM & Maxent |2 & 0 Pl S Li/E R~ v 72 i L7 & 25, GAM D757 Maxent
F 0 b EEMICERMERMESHE SNz, BT EOFHBEAITEEL TR, £H56
DET N THRGOEVE 5km LINOAEBREREN & b i < HEE STz (Figure 2-7), 551
DRV Z LT 2 & NI AERE MR < FET DO L, ST A B 234
RWNEWIFER E R o7, Fo, FIBMICBWTHARIZHE LIZGndh b 2 EARESN
7oy, REFE ORI DWW CIIAE BRSNS IEF K S HEE Sz,

WE 7 /L OMEREIZ DWW T, AUC X GAM 3 XY Maxent (BT, E£4 0.776 =
0.041 (mean = SD)¥ LT} 0.707 = 0.052 Td -7 (Table 2-3), TSS I%, ZALZEH 0.548 +
0.045 35 £ 10 0.406 = 0.082 Td > 7= (Table 2-3), AUC, TSS & HIZ GAM D AN E VD

T WAl
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2.4 B

AMFFE T, NERE B R B A 5108 T 2% b v 7 T OZERI A & BREEEK
LORREAREMET Y IV EENICHAGNIT S22 HNE Lo, AifpEkic
BT MU UTO5MICIE, K, MEMRE X OVEEHRD O OREERBR L TH Y,
FRIZKBROZEDPRE N RSz, o, REBFISE DS O AN 1T 5 £ B
FITHME D bR < REERIOWEERN D 5 km INOLFTN . AFEIZE - T b A RIS
WLIRE TH D Z LRI,

R EHN SR 5V U 7 T OFRRIGFTIEIZ L A EAUKEE 200 m IETH Y |

RO AT THERS S AVIZ B O FE AALE b BEMIE 2 (IS WG Th o 72, £72. GAM OFE R
B KIRPELS IR DI ONTERBMERNEA T2 Z LR S, MoOBIHERIZ B
T, WU T EREBRICOMAT 52 EDRHREINTEY (e.g, Herman and Antinoja,
1977; Urban and Aguayo, 1987; Acebes et al., 2007; Rasmussen ef al., 2012; Kobayashi et al., 2016;
Ofa et al., 2017; Hill ez al., 2020), /NEFUHBIZHB W TS, WEOHFFEIZ LD 200 m LIE O
WSO NET L TWNDE Z RSN > TWD (R, 1994; Mori et al., 1998), L7 L7208
5. INETOMAETIE, REFIEEDOPREFEI B A2 PR F0> 200 m LA Ok
WZEP L TR, HESHRMOFEERNRE LTV (FR, 1994; Mori et al., 1998), AHFFET

1%, AKIROTEN P EIBSCH | O FA &2 5 A7 X 0 A7 BHFAED T — & & F W T i ic
KO0 KD EZ A THAT 2 2 L 28O THERT 22 LN TE T,

ARHFFETIE, MR & YR D OFERE LY NV 7 O T OB L TND Z LN
AR ENT, KREICBWT, NI U TORARNH-T-7 ) v R, WEMR
RIZDNIRGIINETH o7z, RO LT KIEREREDNGTIBIZEAETHDL LD,
AFEDMERL D 72272 5 DN IRIKIR DN N IR DS o T B [ 2 i A TR 5 2 & %
RLTNDEEZLND, WFERNDOIEMENAEICHEL TV Z Lo T, A

BT EAR D & DOBEBEDBEN D 1F EKIENIRS D Z LA MM L TWVWDH LEZX BND,
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GAM Tl VMBEMNDS 2-3 km INIZB T 59 F v 27 27 OFEMERNE < TRl S 7,
Morietal. (1998) TH ., FHITITWEAARD S 3 km (MHTICARENEIC AT 5 2 & RRESH
TWb, 2072, Z< OYF MU 7 T IIKIENERWVIRFMEEZRIRL TS EEZ B
Do —H T, MEMPOEEN TSI CORAMENRE D Z LR, ZiE, /b
LERESOFEGRICBIT R AERKM L TS EEZ HLD, AL, KEFIEOILHIC
T 2 H B S FIAET 2 RESISEL b RIHT 5 Z L, FIBMTRALSh
HDERIIBEN T CTh D LHEERIN TV D (£, 1994), i EOMERFHKIHE ORI, F—
=X UNICHN S Z R0 R LB EN T 2 AR STV D 2 & h | AR/ NG R RE
B —EOEE#HE L LTHHAL WD Z EAVRIR I TV D (Morietal., 1998), 7=, %
DOHFTEH, REFEEIDWEEIZ BT 2 AKFEOMAEITEZENH Y | (il A A3 L
THET L0 L, ZATERE L TREELTITBEMELRRE N LRI TV
(F&, 1994), REFIE & REESIEDRIZIH T, R EFHFTOKEDERWIEEIZ IS 1T 5 £ 8
MERDIEF IR HEE SN2 2 LT, AP FIE M 2 BE 3 DRI & KERD G 4%
WL TNWDHZEERLTWND EEZILND,
S DRV TS L7k R, AR B AN e > Tz, PEAITIIVEER2 S 5 km
LU BN 723507 C & ARTEDERR S AL DI L, BUAICIRMEERR ) O 5 km LA EBEN 7235577
TNFE & A EHER SN0 o 7= (Figure 2-4), AR FRIOFER S 6 PN 134 B i Hi )3
IS AFAET 2 OTxt L, B CIEARE 2D 70 < . FRISAEOTEM] 5 km LN OHT S E
BRGHT T D Z EDRBR STz, ZOAEIE OENTIE, PIRIIEOKEE 200 m LIE DS
FIAHE 10 km IZEE TIAB > TNDOIZK L, HITCIEMER S 5 km T EHEERD LK
AR 200 m EVIELS D L0 HHOHEOBENDBER L TWD EE 2 Hivd (Figure 2-
4), ED7H, RKEFNSGEDIZHB T LY U7 T ONMITIX, MERNDOERELY &
HHEER 7y DA R E SBR L TV D EHEZZ S D, Maxent OFERICIBWTE, I

REEWERRD D DHEHEO TG RN EL B H 10%LL T EIRVMETH > 72 Z &1, /INERFE
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(BT D2 ARFED L BHUERIRDOKIRICHRS HESNTWDL Z L2 XFT LA, B,
200 m FEEEHRD D OBEEEC OV, RA MET IS HBRITN R o772 RESIEE
WZBT D FU 7 VT O5MIEEEL 52 LBRTIIRNEEZLNLD,

1« MET—F LEDOBRT —Z &M LIz 2 >DEFNOFHIE 21T - 7= #5 %, Maxent kX
Dt GAM D73 ks E R HIHEE N ATRE TH D Z L AVR STz, ABFFE TR L7z
HET — 2%, ¥ b0 7 ¥ T O0MmEEPMROVIKIEDRWIGITS & o TRRIIZY 7Y
YITENTELDTHLZ LD, BEOBITIINET =2 NS Z LITE > T, GAMIZ
BT THRENESFHIiS LB bND, HESNTZARMEERL T 5L, GAM
DFFH Maxent £V & BEANARNMERICH o 72, 75« RIET — X TOHEE TIL, FEBRITIX
ARLTWDEN, RIELREICE D RELHW ENTAADIMET —Z b EENDLE L H
L5720, BOAEZBAFM L CLE D fIReEndH 2 2 el e LTEILND, W
W, BT — X DOHERHW-ET /AT, AR Z X0 RFEEICHEE L WD afgertEn &
%, WETAMOFRFERIITAENEC b OO, BEES ) 7 OHEEMEAITHEEL TEY |
ELLOETNVHFEAMLKEE (AUC > 0.70)2 R L CWaizdh, WETLVELF R s Y
T DREMBPANRNE =+ TRHTETNDLEBZ NS, EFOTRAFZOHRESL &b
2, HIB(ERSAT— LT 4+ v F U T ~OBIMEN G LI DTG REZMITITIEHT 5
NN L TV ZERBESIND Z LD (eg., Derville ef al., 2018; Fernandez et al.,
2018; Natoli et al., 2022), {EfFH DT b EAR TEAELRMENT Y T X 5 Maxent IZ L HHEE D
NRRITEA D

AT o127 — X2 TlE, BABEOWHST 7 7 OFEE ClIRs kSN TE LT,
FERINTETXTOME—DIZELOTY MU 7 U7 OEREMHEE 217> 72, MR T
X, MR T 7 T OFEEIZ LD AR R D T ENHME SN TR Y | FRITFER A
X, EVBEOERWVGFTEZFHALTCEREZITY 2 &N RENTWS (e.g., Herman and

Antinoja, 1977; Urban and Aguayo, 1987; Ersts and Rosenbaum, 2003; Rasmussen et al., 2007; Craig
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et al., 2014; Kobayashi et al., 2016; Hill et al., 2020), ZiLiE, FADLDNT A A 2 FOHH A
B, B OFENI MR AR T D720 Vo T Z ERBEH & LTEZ BN TE A (Smultea,
1994), FEETIZ, ZD I BAANSLDNT A A2 b OlEkEE LHET 20586 B RE Sh
T 5 (Craig et al., 2014), /NEFHEHEIZIB W T B[RO AAEE A B 5 ATREMEIL 435 2
LI, WHIRATF7 T ORBEIC L D2ABMFHAOERZLZI LN T 57201, 5%,
BEAUNERK 2 & 120 T CAEREHIHEE 2R 2 BN H D,

F7o. BENIHE S DA KEEOZAPHER I TV HHUK Y H 5 (Smultea, 1994; Ersts
and Rosenbaum, 2003; Pack et al., 2022), Smultea (1994)i%, N7 A2\ T, HAMO K AfE A
B, ED BFEOFPERNGFHEFAT L2 ME LT, ~FTAINVDT v horF
JWIBTIE, 2 BERERCHPEN (A AL ORREHMNE LTHST 5, DA 2 TR S
% 3B OB, B B DEVKEOHEWGF AT T 5 2 L RmE ST
(Ersts and Rosenbaum, 2003), FHTEEIZEI L CH . Smultea (1994)X° Ersts and Rosenbaum (2003)

T HFERWE ZAIHMT H T EDRE SILTWDH A, Pack ef al. (2022)I2 K H D
A TOWFETIE, FEOTBKEDORNGFIC ML TNl E2®ELTWD, AR
BRIZIS CTe =13 5 & B R HAL D AN, AR O A BRI RR I 2 6 ISR 3 2 72 1
. BJEENCPE D A ZEMOFEICHLEH L TR TV RERHDHTEAS, D LT,
FADHETEN RS T2 0I2iE, ZEFERBRNFELIRNTHDL LEZADND, A A
DY bT 7V TIE, BRENIEY 7 LIRS RIS 2 MRS E 2R T D
(Payne and McVay, 1971; Winn and Winn, 1978; Tyack, 1981), Y > 7 #3354 A%, RHFEE

EANIRD =X a— b EFFEN D ERCHBFEMHICE ENLEERTHL L bH DD, &
AHNITHITH % (Darling and Berube, 2001), /U A Tix, A A LOBSIXFHZICE —
7 RME D ENTEESTND Z & D (Helweg and Herman, 1994), — A 12351 B4TELL
REOBNDAAEAD—DDERI /> TWD EHEIND, BEFIEZHNDZ LT,

VT ERTDARAY VT ORK A UTAHEIEREN WREE 0 D T L IR S LD,
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IO, KW RER G BEICANDLER DD, AT 1 A NAICHE I 72nd,
ANEFHESCTIE 2 H R0 s 3 2o THARZ M D A AEESHE Uit 5 L ifE S
LTS (Morietal., 1998), ED728, RHUFRENZWKRHICZ2 5 & KD EWEITICEBT 2
IMHERDPE S RO RN H D, M T, ~NTALIZBWTIE, 17 VT OERICHEVE:
HBED AR ARIER INREL 725 Z ERHE SN TWD Z LMD (Pack et al, 2017), K 0 FEMIC
ABHFIA 2R D 7201F, 117 VT ORERERIEC X > TRIAKEFISENRH D0 E
IMBEPALNZL THEBLIRETH D,

PR I S TR, AERPREICB I Y F 7 7 VT OEEEITEIMERIC S 5
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Table 2-1. Survey effort and the total number of humpback whale sightings.

Date Length of survey line Number of sightings
(km) (groups/whales)

30 January 2013 447.7 41/58

27 January 2015 3125 28/40

28 January 2016 317.3 24/36

27 January 2017 121.8 44/71

29 January 2018 184.2 23/29

Total 1,383.5 160/234
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Table 2-2. Effective degrees of freedom, %2, and p value of environmental variables selected in the best

GAM based on Akaike’s information criterion.

Variables Effective degrees of freedom 1 p value
Depth 3.201 16.11 <0.01
Slope 8.028 23.76 <0.01
Distance from the shore 8.693 25.20 <0.01
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Table 2-3. Performance metrics for GAM and Maxent.

Model AUC (mean = SD) TSS (mean + SD)
GAM 0.776 £ 0.041 0.548 £0.045
Maxent 0.707 £ 0.052 0.406 £ 0.082
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Figure 2-1. (a) The land-based observation area on the west side of the Chichijima Islands, modified

from Figure 3 in Mori (1994), and (b) the small-boat survey area in the coastal waters of the Chichijima

Islands, modified from Figure 6 in Mori (1994). The black dots in (b) indicate the locations of

humpback whale sightings in March 1992 reported by Mori (1994).
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Figure 2-2. Study area in the waters around the Chichijima Islands, Ogasawara Islands, Japan. Black

lines in the right figure show the survey lines.
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test, p < 0.001 for neap tide vs. spring tide, neap tide vs. half tide; p = 0.02 for neap tide vs. Nagashio
tide; p = 0.44 for neap tide vs. Wakashio tide, Table 3-1), & 512, TP L 0 & B ERRCH
BIZE L O =0 &7z (Mann-Whitney U test, p < 0.001 for spring and half tides; p =
0.004 for neap tide; p = 0.036 for Nagashio tide; p = 0.025 for Wakashio tide, Table 3-1), @i
& BIFHIREO X, K L o & X I2K & )y 72 (Figure 3-6b, Table 3-1), GAM D § 7
Hlix, YU H—DOHBUTIIW ZE DA BEICRET 5 Z L /R ST (estimated degrees of
freedom = 5.44, F = 28.49, p < 0.001, n = 3,525, Figure 3-7), F7-. AET /A TiL., T 5
E COMMIEY v —DBEEICEO RN H Y . Z ORI WL 4 RefAHE TRKR
272 % & TRl S L7z (Figure 3-7), — . Tl 2 &) & 72 2 WIRNCIZ A ORISR S iz

(Figure 3-7),
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3.4 B8

ARBFZE T, PMNEFRFEBRBBREBICBWT, PRy 7PT0v v H—oRitikn, &
HEH, B X O A (AR LTRSS 5 Z BB o Tz,

£, VU7 ORI FH ORI, VU7 U7 oHIEENT 2 An
53 AT TEVWKETEZRSN, 2= BNAELT, ORI, @BEOBEFHEE
WX TH LMz SN mEEY—2 & —E L7 Morietal,1998), £7=, Yo ZIE—HDE
OREIHIC BRI SN2, Frlo, AERTE A HICE DV ZL DYy v T a=y bRV H—
PR S L7z, 25 OFFRIE, 0% < OB TR S BE N2 — 2 L AR OB
6] T &> 72 (Au et al., 2000; Cerchio et al., 2010; Munger et al., 2012; Kobayashi ez al., 2021), 7
MR DT T 2 TiE, WRNCHERH D720, HHIE D & IO 5 25 O RT3
ZNeEZOND, BORETEELIZAEAARY - 2R L2 Lid, ABTEENZ L 53
FO VT OBIATEID HEANZ = ~OEBERRERN THDLZ L E2RLTND NS LR
W, FEio, EMOIA RS2 O=y F ORI 10 5% o7, WHEHKR T Ok
FHYVAT AP D7D EMRBIETE RV, ORI, ElERIET L —
PRI BZNZLERLTND, DRIT, KBTIV TIE, PRI 0 J5 78 Sk
VB F R IOTOT Tl THELWRETHDL LB DND,

VU —OREBICAEEB R RSB R L LT, —HOPRTY U A — DTN A
WCEERELCTVD ZEBRBEALND, ITIEICED0GEE, Y F Y7 0T DA AN
M ICE > TREERIKZU D EX TWDH LW D TH D, /NEFUIATEIZ & o TG
WCThow, BEIIT-CWWEEBEZHND, PxIT, HEMOREBECKEBE
Pk D BREIATEI O AL A ATED B JFITENC 5 2 2B SR D, ~UA Tk, ARD

ICBRT BATENT HHIBICHAE Y . A RRLOBRMIFRICE—27 225 2 LIVE

2 XU TV % (Helweg and Herman, 1994), {H#CIX, H HITHEEEA THEARL S D BENLOEN
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WR DT, T —DDPD LT D ATREMHED /RE S 71TV % (Kobayashi ef al., 2021),
FATEIOMEEIT WV E S NIZEN TRV, Y U F I A RO A ATk $ 257 B —
LELTOREZREZLTND EEZ LN TWS (Tyack, 1981; Darling and Berube, 2001;
Herman, 2017), £72., TN E TOMIETIE, ¥ N U7 T T OF A TRV ER AT X E2YF
B XU NRANCHIH LTV 5 ATREMED S SAU TV S (Au et al., 2000), AWFFEORERIT
FATHIEE — B L TRV, ¥ U7 VT OF R, HEE, EIIRE O R IS 2G5
ZELSFHLTWD Z EAREN, ZHITARARCMDO A RITHTHTE—LE LT Y
7 DOFSREZ AT TV D AREMENR & 5,

T — ORI B EAB NV E U o AL, PR T 7 VT ONMENTH D,
Munger et al. (2012) Ti&, 7 A U ATEVETICBWT, BEIEXY F v 7 O N ECERED
FOHANZ B E L, AT EEE O IZBEI L TW O AREMAZ HIT 72, LL2RB 5,
AP TIE, REOFEM & FREKRICIK T2 Y 7O RENRZ —UPEBL T Z &
5, BORWEEZITERLTWNDLZ LICR > THBAZBNAE L2 LITEZIT VN, Yo i—
ORI O AAEENL, ¥~ U7 V7PN EEITEEEE O RIDEFSN (FESLS HIZHER
ALDLEFNCBEE L, BT 58 I ELEE ORI FEHN OB RISV Tn s 2 &%
AL TWDHEEMED & D,

ARFFRIZIBNT, BERENZ 212, v H—OMBUEAINITEY % 4 71 HBEEL TS
Z EMBBH BT/ 572, Sousa-Lima and Clark (2008) CTid, ¥ hv 7 VT OHIEBE O H JHA
s, WU ALCEE LI AMORELZIT L LRI TND, AFFETIE, K
WORHZIZY T — O3 72 < BAZB R ChH 72, — T, /MNHORFITIZ
bE L OV oA=pmHSh, AAZEBIAAR T -7z, Leni> T, WRSHES R
WHEDORHZIL, BTGB ~DWW DB/ NS nWeEZbND, NI TD v T—
W, K CEIE L7RRETH D 729 (Au et al., 2006), WIHE2355V VIRPLIZAK 5 125 LT

WBHDONE LIV, WIS WGEThD E, 7 VT3 ned<2>TLEH, V/
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¥ T DO —DOPER~D T E— L THh L2561, SN TIZ—EDLFN L ELT
DI PEBNCRNTH D, LIedi-> T, RO PTF, WA RW & Z2I3hofT
B2 RINT 20, MOGFICBE L T DRt nd 5, ZIUFFEAGZIROBANS b
FRREMEE B2 B D,

GAM DR, R ETMHEE TIL, o T —OHBUT LT EIRHIEM L, IR
T2 EPRENTZ, FRS, RIORICIZ 1 BIC2[BOHB R e— 7 BN4ETTE, £720 1 H
DTN R E AR T Z20F 5 T, BT & B T 2 [BI%84: L7z (Figure 3-4), K
WOREDRE &L BETOL =0T, ZoFHoz A I 7L—H LT, T
W& 7R DIFRIE Y R T 7 P TIT L o THR D O LSRRI TR W KO D HJE
RY— AT 7 CIEMEN B SN0 Lk, REBORAETIX, EFEo L&
FHRPD I~ TR0 L TIPSR~ ERONERA RIS 2 EnmbhTngd (L
RLT, 1981), F7o, HLDOAXIZE D & RBOREORFECIX, RIFWo L i3/
oAb~ T L TN LFENEBAE LD LD 2L TH D, LT WO

VI —IXE MDD BRI IR DG IR WIKEERDIR WAL T NI S 572, 1 HIT &
S THRZIRI L 2 D RN & D, —H T, ARSI ND &, KEP < BRI
JEHIFZZ &0 FEARIE ST G D ATREMED & 5 (Figure 3-1), FIFWIRFZITEINLAS T35
T2, KEOENGFTIENZ Lid, o H—I2E > TEIBIIAFNT@HL, Liem> T,
R OTERNERETIE, KO TR AR < . WO I7m b #K S O Lz
WRETIZ AWz, v U =R LT it n d 5.

(2 AWFZEICB T DEIZ OV T H IR TERL, AKFFETITo 72 AT LA K DOZE)

=
2

HEF BN FIE TRO T TGNLA DSIFREICIZRADR D -T2 Z &b, flilx Dy T —OH)
S ETEHIEMICEHT 2 Z ENTE R oTe, £io, YU T —IZ X DIRFEE HhEROR
BABNT 27201203, MEMTOFEBRNNLETHD, SOIZ, ZEEFEBINFE

FEEZRETLMEEDOHRET D5 ERMEETH LD, HoTWRWF A A ALY
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7Ol T 57— MG T L2 ENTE TN, DFED | KIS TR I 4L JEH
BIATENC DOV T, TR TOFEBCHROMERICEMAT 5 Z N TE ey,

fiiam & LT, /ANEFRMHEIZEB W T, Y7 2T OBIEENIZEMNEE N H 5 Z &M
g e, EUciX, F=HEES, BEYB L OWWER O 72 < b 3 DO JE AR
LTWe, S%ME%2 D7 2T DITER o MOZALICERZ Y TS bR HMENPMKLET
LN, AFFROMRIL, AEHEREZ GOV N7 U7 OF ZAOITENC HEAMIZE T Tl
RGBT L 2T T 50D L RoTc, RO RN G, Y RU 7 UT0
VNI ESTRELTHID 2D TELGHOARMICET 2GR AL TR, 2
TAHBISLICRFNESNDRETH D, AADY N U7 ¥ T OB COITEIHENE & v
7 OEEID X0 FEMZR B RO T2 ARFEOITENS RAT T OB S S E L IR D%

LEERRT D,
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Table 3-1. Mean (+ SD) of detected singers for each tidal type and between during the ebb and flood tide

periods.

Mean = SD (n)

Tidal types
All Ebb Flood
352+1.25 3.06 +1.23 3.93+1.12
Spring tide
(n =920) (n=433) (n =487)
3.85+1.29 3.52+1.26 415+ 1.24
Half tide
(n=1,411) (n = 668) (n=743)
413+1.42 3.99+1.38 4.27+1.46
Neap tide
(n=716) (n=349) (n=367)
3.84+£1.30 3.64+£1.32 4.03+1.25
Nagashio tide
(n=239) (n=117) (n=122)
3.99+151 3.73+£1.53 424 +1.45
Wakashio tide
(n=239) (n=118) (n=121)

44
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27°06'N
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}_‘r-ogasawara : v Islands
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27°03'N

142°09'E 142°12'E 142°15'E

Figure 3-1. Maps of the study sites, Chichijima Island, Ogasawara, Japan. Black triangles (A ) and a
black circle (®) indicate the mooring stations of the AUSOMS-mini stereo and the AUSOMS ver. 3.5,
respectively. The bathymetry data was based on the M7023 digital bathymetry chart provided by the
Japan Hydrographic Association. The figure was created using GMT (Generic Mapping Tools) version

5.4.3 (https://www.generic-mapping-tools.org/).
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(a) West side (b) East side
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Figure 3-2. Seasonal variations in (a) the mean number of detected song units per hour on the west
side of Chichijima Island; (b) the mean number of detected song units per hour on the east side of
Chichijima Island; and (c) the mean number of detected singers per hour on the west side of Chichijima
Island. The gray parts in (a) and (c) indicate that there is no data because recordings were not

performed. Note that the y-axis scale is different in each graph.
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(a) West side (b) East side
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Figure 3-3. Diel variations in (a) the mean number of detected song units on the west side of
Chichijima Island; (b) the mean number of detected song units on the east side of Chichijima Island;
and (c) the mean number of detected singers on the west side of Chichijima Island. The lines in the
middle of boxes represent the median, and the cross marks show the mean. The bottom and top of the
boxes indicate the 25th and 75th percentiles. Whiskers represent 1.5 times the interquartile range, and
dots outside of the whiskers represent outliers. Grey and white areas indicate night and daytime,
respectively. Significant diel variations were observed on both sides of the island (Kruskal-Wallis rank

sum test, all p < 0.001). Note that the y-axis scale is different in each graph.
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(a) Spring tide (b) Half tide
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Figure 3-4. Diel variations in the mean tide level for each tide type in Chichijima Island (27°06'N,

142°12'E).
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(a) Spring tide (b) Half tide
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Figure 3-5. Diel variations in the mean number of detected singers for each tide type on the west side
of Chichijima Island. The lines in the middle of boxes represent the median, and the cross marks show
the mean. The bottom and top of the boxes indicate the 25th and 75th percentiles. Whiskers represent
1.5 times the interquartile range, and dots outside of the whiskers represent outliers. Grey and white

areas indicate night and daytime, respectively.
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Figure 3-6. Differences in the mean number of detected singers: (a) for each tidal type and (b) between
during the ebb and flood periods for each tidal type. The lines in the middle of boxes represent the
median, and the cross marks show the mean. The bottom and top of the boxes indicate the 25th and
75th percentiles. Whiskers represent 1.5 times the interquartile range, and dots are outside of this range.
Asterisks (*) indicate statistically significant differences between the groups (Steel-Dwass test, p <

0.05 in [a]; Mann-Whitney U test, p < 0.05 in [b]).
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Figure 3-7. Relationships between the mean number of detected singers and the time lag from low
tide on the west side of Chichijima Island. The x-axis shows the time lag from the low tide to the next
low tide. The high tide time is 6 to 7 hours after the low tide time. The scale of the smoothing effect
is shown on the y-axis. A value greater than zero on the y-axis indicates a positive effect on the
occurrence of singers, and a value less than zero indicates a negative effect on the occurrence of singers.

The shaded area shows the 95th percentile confidence band around the smooth function.
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BWATE ANBWEBEZERY bY o O T OBRITEN KT T REF N
4.1 %65

AR, NBETEENCE K4 2 Vg BR i 2320 SN LTV %, Andrew ef al. (2002)Tld, #E
PRSI DARSER T OBE T L1 1960 8705 1990 ERIZ/ T T 10BN L 722 & %
E L7z, S 512, McDonald etal. (2006) CiL, ¥R 72BRE L~ULN 104E 2 &2 2.5-3dB
ML TWD Z & AR U, (REREES OFRARIL., BEEREE. MomiiT. LR
D13 E, BFEAY T —72 ke Th o0, ERESTIIFEEMICEIZ2 b0 EZ2 6T
V% (Andrew et al., 2002; McDonald et al., 2006; Hildebrand, 2009),

DX R ANBEEIC L D, RO IR & OWRE I T 5 ENEE S
N T 5 (e.g. Richardson et al., 1995; Weilgart, 2007; Codarin et al., 2009; Shannon ez al., 2016),
FRICHHEIT, ala=r—varotesr—rvar, HORRBICEEZHHT 729 (Au,
1993; Tyack and Clark, 2000), AT OREA ZRIRFEIRICIE T, ZOREBIIFEATH D L
BEZOND, THETITHRE S TW D8RI 2 ks S Ll LT, AR
A DN (Rolland et al., 2012), EEFITENDZE AL (Pirotta er al., 2012; Blair et al., 2016), W& %
7T DA DD (Watkins, 1986; Sousa-lima and Clark, 2008), & 0% 75 D Ak
(Lesage et al., 1999; Doyle et al., 2008; Parks et al., 2016), "WEF DJEFE LK E X OLEH
(Castellote et al., 2012; Heiler et al., 2016)72 E* N HIF b Db, LilicdhiF=L e, D%
TN THREMTH R D720, BT &M ORGEFHET 2 L ERH D, FOH
T, B 7 VTHIZ, aa=r—a VIEBEEEOREEHHT S 2 LD, MasR
FO L 7AKERFICHEUE TH D &5 2 5D (Payne and Webb, 1971; Nedwell et al., 2004),
ZDD, 77 D THEMMIER T L CED L I ICHIGT DD, FOFHEARD 5
ns,

INEFGERIZIL, ADDEICOTCTY by U7 WBHRIEB O 7= IZKiET 5 (Darling

and Mori, 1993; Mori et al., 1998; Calambokidis ef al., 2001), # 3 HETHik~ /=L o512, Fh v
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YT OF AT, BN Ty 7 () LRI SR L BRI E KT D, Vv
TEMRT DR/ EAMOEFIX T2=y b IR, o=y ERATELDN 7
L—X |, BEOT7 L —ARWATE DN 77—~ ZLTHEEDOT —~ bk S e
LON YTy var) LEFESIND (Payne and McVay, 1971; Winn and Winn, 1978;
Tyack, 1981), == M OFEAREEEIIS A Hz /5 4 kHz 1T 8T, @Y 1% 24 kHz 12
EE¥ % (Tyack and Clark, 2000; Au ef al., 2006; Ou et al., 2013), £7-, BEOHIENE, V>
7 OFWGE L~ULE 151-173 dB rms re 1pPa S HEE STV D (Au et al., 2006), > > 7 M
FKEONHHEBE LT, AARRAREREEDTD2ODT 4 AT LA A AR LIENNE
RNV HIRZE D T ODIE 7 F ADEFaEE TS 5720, BRIk T o L v 7
DR D T2 72 & Kz IGHRAE 2 5T\ 5 (Tyack, 1981; Clapham, 1996; Darling and
Berube, 2001; Darling e al., 2006; Herman, 2017), ¥ > 7 OEEEIZ VN E 2 S 20X & TV
RS, FATENIBIEINC IR D HE KB ZH - TV D LB i, i E 0%
T D IO DIRIED — D L 72 V155, FATHIRETIE, R— FOHUTICL D Y T DFA
R O 72 E2VERE & TR Y (Norris, 1995; Sousa-lima and Clark, 2008),  #AAERST 13V +
VY7 OHETEEZEE L, BEIGEE 52X SRR H D, L LRRL, @
DRI T D SUSATINC BT D HRIE R R LT 5,

= 2 CABE T, ANVERRERB R BN FERIC RV T, ZBNEEBNFREHN T E
HINUR BB OMATRFIZAE L DMlFHEES Y F U 7 T OBITENC ED X 5 g Eh 52
TWVWDDONEMRAT, RERICE T 2HETIL. Z20fERH 5, —2HIE, REPA
T biEEEN TS W 212, MO EEMBROBE T ZELZ PR TE ., BEIRN TS
EINHZ &, ZORIE, BIEE TIIRINTZ L DIZ, RO EREN K SKEHD
PRI IT Y F O 7 IR EELTHEL, HBIZY V7 2RETILHIEThD, 2

B, KEONRFIL, Tsujiieral. (2018)E LTI TIREEINTZHDOTH D,
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4.2 pPBkE R
4.2.1 MHBRE OFEBEEMEL Y o T OBBIY X T A

AWFFETHRG & LTonfiiE, G & RS 2 & HEN T 5 TR MR 57.0 m, 18 12.0 m,

EE2K 3.4 m 36 L OHE b 3453 t DEEMTH D, AEFEMIT L DAKPERE O &R

I%. Kamiirisa et al. 2017)IZ L > CTHIESNTERY . BHEMATEE COFPEFE L ~LiX
157 dB re lpParms TH Y, =3/ F—2 5B L2 EIE 54 Hz ThH o7z, FHUIGIER
ISO/DIS 16554.3 (ZHEHL L | Y%l ARk & 133 D K DT Tl L ~L OFHIIAMT
piT,

YRy OT0Y 7 OBANCIE, RER O B B/KHE#k S 24 E (AUSOMS-mini stereo;
AT 7 7 U FHEY 2T Lz, REEEIT. BS 0.4 m OEROMRIC
DA RT3 U PHERSNTEY 2 KO —EMl L 32GBD~A 71 SD AEY —H—
RZEEH LT, R 21 A OERRE N ATRETH D, FREHIFII Ny 7TV —A&EITE -
THIRSN DD, AV YA XL o THIR SN D Z LiFev, RIFHEOEFiEkE 2 8 E
LTWeleh, AEVIHEZMZ 5 -0Icgk mBRITEMT — 2 2 (MP3, 128 kbps) % £
MU, ZoHERAZRMT 5 LIk 0 SE vReR BB 17 kHz & 7o 72,
INEFRBIEFEFA ORIEO T, 201742 A 14 A2v5 5 H 10 BT T, AReREiEE
AV OrEL 3.0 km Bfiv7z 2 BATICERE L7 (27°05'48.43" N, 142°10'35.48" E B L
27°04'10.40" N, 142°10'38.30" E; Figure 4-1), sxEHI R DOKEEITAI 40m THY | ZOHE L 72
D KTRK) 20 m OAZEICEREIEE 2 5RIE Lz, £ OB, g EE 2 [EE Lo —7 Oh M0
mAbZ2 1M < & 9 (FR 8 L7z (Figure 4-2), 93 7 A OFHEMIM P, &F 213 5/, 2-3
WM T IR EEE LM LT, 2 DOERICHKE SNCEEEENOREHT., &E s
RELETRRICEMI L7z, ZHUc kD, 2 g oRELE2 O R EIRO A Z2ET 5 2

LRTES,
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4.2.2 Y v 7a=y FORH

HFEIRFZEE ORI AR EIZ L W MATLAB (MathWorks #H8) CIER Sz v o=
FNOBERE T 0 7T A EHNT, =y NOFEBRME NV —ZAXT MLV
INEEL, BRJEE S KO D A5 R L7, ==y ORI T L 3 X AFROE
DThbH, £9. NT—AXT MLORFTE—7 % 92.8ms Z & (2R L7z (4096-point FFT,
50% overlap, Blackman window), WFHIRIICEED & 9 XD —A7 ML O RFTE— 27 Ol ls
L, AXZ b I NBInNSary—4ha=y e LTHIH L7, I
TR E— 2 DIRWIBSE LT RTE— 27 3R E LTc, 2=y b T EICRERZ. f/E

B, mRBEEEL LR KRALZ ML~V EFRE LT,

4.2.3 ¥ H— DAL EFHI

2 DOEFEHEE CRESNIFH—D0=y N OREREEZ VT, 7 LA OR RN
LOFMAEEH LI, £, TNENOHFELEE Clk SN AT VAT ¥ U XV T —
2 OMAABINC LY, BEEHEED D OFIRO GO A ZFHE LT (Figure 4-3), HRRAIIZIE
2HFMNEDOFMARDIIL, 2IRITCOMELZFHHET LI ENTE D, LLARBL, K
PETHEM L7ZAT VA REEEOAESREIT. 04m &V HENN—ZXT 4 D=
flRSNlc, £, HA—0yr T—oOfEMEIZIZLDENAELL, £ T,
MATLAB TR SN2 7' 0 7T L affio T, ZAHEOFIE THEL=y hOEEL 9T
CATEHR Uiz, HERICBLRIFTRE 22 8PS ONLE N H SN2 GG 1IE, DI O 6
PEBR L7z, 30 0 Z L2 T X TCoOMBEE W T — R VEEHEEZI T T2, > T—0
PRI H T2 T, AR RAET Y 7 & @il 2R, AT 20—V EE
HEIE ORfERIL 07:30-08:00 £ TP 30 3D HDTHIThole, I—FIVEEDRKE R
DN I — DN Z R LTV D EHEE S, EEORBITE — 7 BBn8E1%, 2

BUALL ED > v H—NRIFIZHK > TW2 B X BN D, 2 2Tl SO EHRER %2
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Eie 07:30-8:00 ([T STz o H—D 5 B MUEKICITVERE LLE OFFFTICHER Lz,
B OB EEBDO AT LA F ¥ VRATFT—EZNLROT=FMALD b, 2 DOEIER~
DF ORFEREE D ORI HFAADOHTREEE CTH o T2, DI, I —FRIVEED
BRMEE G2 DALEN D, 2 DOFKEEEBOTREAN D OFAHITT L THIWZER O

R, Y A—ONEEER LI, TOBR 30 oM OGAAOTFEEE Vi,

4.2. 4 AT — 7 DIER]
U —DONEE R L%, RO @EE TR X OF Rk Y v 7 O BE

BENT U7z, XPRAARIE 07:30 1 R A HEE L. 07:40-07:50 ORI ERE HEE OUT

N\

% 1M
L7, EEENIRE SIVC Y v T — OALE &SGR L 72 GPS DRtk & VT,

A7 TR bEEE LT XA I T e FORO Y VT ETOEMAEHE L, TA b
HIM (Test)iX, XM R bEERL LIRS ORI S o GH10 o) ER LT, Bx
DORFEMATIRIL D DT T 7=, 7 A MM OBRLAREZ]IX 07:33-07:50 DO#iFH Tdh -
7o MROIEIEFTE D 15 EILAHEIE & EFR L, st A 07:15-07:25 (Pre)ds L
08:05-08:15 (Post) & L7z, thigefBHIEIEL, MROEMA 7 ¥ 2 — Il K> TEM LT, 15
SrOWEABIE ORI, AL 8.5-10 km BE) L, FEBUGEEASM 2, MAaOFTR
HIEL~UL 157 dB 28 L CER B it 2 ET 5 &, Heigoe BRI d 1 2 i A i P
TOZIFEL~WET7-78 dB LHEE S LTz, ZHUE, B HRERE LU L RS2 L
TTholz, HRARREMA YT ¥ 2 —/LOFREWT, HRiILE HER L Wb
TR o Te, SENTICHA W Tl b TEME D GEMT L2 B (2017 422 H 20 H)DO#LR % £
THa—RE L, AEMAOERBIZB T2 7 T il & ORBRREZEH Lz, 723,
% H OMBRE OZETRK 1.6km TH Y | f2S@HE~ER 225 2 5 142°10' E HS CRERR

iz,

MR E L 7 T 0V o T OEREEER TR R D0, AT ha T h o=y

56



k=2 — R T L B FRLEHINC B 7m - TiE, BRSO/ NE o T, L
L. P OFREIEEIIMIEIOES . SO T kT SN TWD 7, iy 7

= FOFEBRMEO ST O G IEE O T —F 2 Uiz, FEALOGREHE TN
3.0 km BNV CRRIE S LT Y | M OFREEEE O < Z i@l L 72 isfiah & O E R ARHTHE &
139-70 dB (272 % EHEE SN D, AMAlOEEIEE S | it < i@ L7l £ OB A%
FT5ZLidbolen. ZORE. TOHOEET —ZIIRITIEH LT, ek, B
BOEFET —ZIZB T, GO EICL D~ AF U S L > T DY T a=y
N DO HNEAIEFEIZFHHE TE WA 1E, Adobe Audition CC (Adobe Systems #:8) % T F

B CRHIE R 2 MIE LT,

4.2. 5 BERHARAT

KIGHAADFEEIZ L > T U H—DHAANERIRDE D EDT2D, R o iE
fLH &ERE OZhZEho 70— 12%F LT Kolmogorov-Smirnov MEZ1T> 72, Z DIRIE
T, BIEESNZ 7 VT 0668 £ TO a0 IERE A2 BRI V7=, £7-. Wilcoxon
DOFFFNENLIRE 2 VT, 7 A bR & Al an s o s BMIRIC 81 5% 27 ©Z 0
AT DOENEZ ATz, BATEIO ST A —F 213, Zle2=v Mk, R/NEEE KR
Bk, ZEEELVIVBEIO2=y FORRRHEZ Ve, Zh o OREHENTICR T 24
EKYEIX 5% A & LT (p <0.05), T X TORGHHENTIL R version 3.3.0 (R Core Team, 2016)

T Thbhi,

4.3 ER
4.3.1 ¥V H—DKRHEFER
— SRR OFE T, BB OEM B2V Tk, O 2688 (1 HY%720 135D

T =3 T (Table 4-1), SIRAMAOIEIR HIZI W TlE, 0 F OEMTFZ) & [F U R
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HAZOR27TBH (1 HY 720 1-380)D v H— K S 472 (Table 4-1), 47 ¥ Z 1 3@ A5
MIREINTNRN2, B HICFE CEENEE L TR S mTaett s H 5, fRiTic
RSN HEUL 35 HETH Y | [A— DR HAIC 4 UL LD 2 =B WIZHER0, f#fT
KM NI O AR F DS MR S NGB, FTICEE Lo 7z,

B &=y v H— o8& O—F% Figure 4-4 |27, B 2 S0 PRAAES R-Y
=D, FRFETTIIZE LTz, Figure 4-4a ITBWT, JREATER b LT 81k
1%, 07:30 225 08:00 £TD 30 BT DL H—DFHifaZRmLTHEY, ZOMAEIT
119 + 32 (O + E¥FEE)ECTH -T2, £o. FMNAOEILIT AT, #5504 = 1.9)%
Tholz, Tz S3ER GELH 26 B, EIRA 27 @K)IZHBWT, 30 58N
TOHNADFEHERZAT, FEIED 33% ThoTlo, ik, Z OREORIBEERH Thivid,
SUH=NFEANERLNIEENICND Z EERLTREY, 30 SO H—Dh—
FIVEEFESARIZ K - T b FF &5 (Figure 4-4b), Z OFERIT. oW —iddk-> TV HIFIC

IIRELSBEI LT L 2RIEL TS,

4.3.2 ADEFE L U T — DS HAE

SFRAMADTERT B & B BB 1T D v o H— D FALE L, Figure 4-5 (R9@Y & 725
Too Flo, BV W =IO E CORMBEREAFIR L, £ OHESA %R~ LTz (Figure 4-
6)s REAMADGEEIC LV | ¥ v H—DHARIH B 205 S 7= (Kolmogorov—Smirnoy
test, p = 0.028, Figure 4-6), &AL H (T TIE, HEE D 500 m LINIZH T 5 2 > T — O
B B DI VWMEFNZ B o 72 (Figure 4-6), M2 5 500 m LA o BREEIZ IR E L CTHENT
L= A0E, M s b OBRBEIC IS U7 /340 1 TRk 72 22 1 X8 S L7 52> 72 (Kolmogorov—

Smirnov test, p = 0.348, Figure 4-6),
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4.3.3. fREOBIBIZ X B ¥ H—DITEIEAL

S GRS AT O s BRI (Pre). 7 A b HIRE (Test)ds L Nl 4 o i sof R 441
PosH)IZBE S NT=T R TCO Y v T a=y hOFMNAOT 7 v ME, IS EE L 7= %Ik
W5 2 Lo, BUIND Z L 3% D o - (Figure 4-7), Figure 4-7 (278 L7z (a)DfEIRD

BT, frfao s JiEVrra=y PR L TBIE S, T T X MR bk

I&

ftlice LinLann, 7 A MO TH#, ==y boBEEIETED Lz, £/, v

— LM E ORECIG Ulo =y b ORI D ZE AT T2 (Table 4-2, Appendix Table
Al), WLEE D OBEE 1,200 m £TiE, 12EOZ V705 H 10 BEIZEB W T, BEHEEORD
RFEFT DOE ISR S 723, Ml 1,400 m DL EOFH T, BEEAEMSE-7 V5
WD SHT= 7 VT MEERETH -7, Wilcoxon DFF SN E DR R, *F S 8
L7 B I@BaT I T =y hOBRHBR A RSO RN E AR S (p = 0.005,n
= 12, Figure 4-8a, Table 4-2, Appendix Table A1), —J7, Ml E TOEHEN 1,400 m DL EOHiH
Tld= = b ORHEIC B 2 BRI IR S 7> 72 (p = 0.975, n = 14, Figure 4-8a,
Table 4-2, Appendix Table Al), & HIZ, XEAMAOER BTN T, 25 1,200 m LA
NOFIPH TS, == ;O M 2R IR S e o 72 (p = 0.851, n = 18,
Figure 4-8b, Table 4-2, Appendix Table A1),

KGR OB ATZICB N T, =y FOMRPEICE AR S —F T, R/hB L
O KA AL, FRGERER, ZEFE LSV EOMo T A =2 2L T, 7—4 &y
N AU & OBEEE 1,200 m INOFPAICIRE LTH . EMATE CF B2 m 2R S
727> 7= (all p > 0.05, Figure 4-9, Table 4-2, Appendix Table A2—A5) ,

BRI BB ORI OV T, Figure 4-7 1R X 912, 2 v H—05F UHATIC
FoTWEEELESA, REOZYTOHH 9 HHIX, *EMa2G@EE L ThHrH7<
B30 MITRFEZ T Lol 20X ) ARPLTIE. 1HIZFRVT, 08:20 LAREIZ AT

SHAMLIS O BEE B S LT,
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4.4 BE

AIFGEOFER, BEMIC L DMWHERSTICH LT by 7 O RHITEh 22k d5 2 &
DB E TR otz BARINICIE, MDD ORBED 235 m OERITH RS BRI+ 5 &
A1 L, MDY S 500-1,200 m D FREEIZ N2 DR 9 FHIC I TIE, s o @iz X
DRFER DWW LCHIHOFE BRI Nz, LnLRns, Yo ra=y NORK - fi/ME
WG], ZEFIEL LR P DT A—Z T L TiE, fsfiio@idic X 221k
Bgashizhrolz, @I, FATEOBLEN G RIEEMOBEFIXT A N7 U5
DFORIE, MR LTl L2 BICH O 0xRh b L) 2 & Tholo, AWIZET
(T, BRHTICEEE L7 7 — 2 OIS LIS OB EIRIIAAAE Le o T, B Y 7
e/ NSRRI U725 A 1L T CRT S S DERANT 2 2 & T K5 & TR D ARER IS
T oMlx DY N7 VT DRIMTEZBIEETE DXL OIC Lz, MRMMoEREE L~
JMT54Hz T157dB THY, ZHUT, F RO IZ VTV T LRISENENLLTORE S L
BEX DD, MGMMEEE O EERJEEER DT VU7 T OV T OREARE A
(100-800 Hz) £ ¥ HAK, tBUMa DML 5 7 7 £ TOEBED 500 m 225 1,200 m D3
B BEOMLWHERIX, KA EE 2D & 54dB 0D 62dB LRIREND, 7 VT DRFEL
~AULE 103 dB B L<IE 95dB &0 KR THOT SNy v 2=y FOZELUL
(110-136 dBrmsre 1pPa) L 0 & & I/ SV, RO TEEIX 7.7 m/s TH V| 1305
M 1 km 2887 23HHIC 5, 7 U712 L THIURX, 3 MR X pERE LR
BRHE LAV ERFETERTT L0 2 &2 5, AW CHER S L7z AvfinbE & (2t
T2V MU TT OFATEIORISIEN 2 RE T, £ OB ITEE A — MLEINT
Hodz, FATHFEIZEW T, Risch et al. (2012)1%, KJEEEGT N N7 7 7 OFITENCE
k5.2 HHPAIL 200 km [ZET D ATEEMERH D R L TWD, ZOMIETIE, BEO%

f& L% 88-110 dB rms re 1pPa TH V| ZDRFO RS L~V % 5-22 dB L[l T
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Too ZAUL, & THRCORMBIICEIT D7 —ATH D REMENH D, /INEFVERIZ I
ThE, BEBEOEFR L~V EHRME LNV OENKRELS 2L BRGNS D Lo
TcEEZBND,

SEAENBI T Y 7 BRI oo, Y a=y FOKRES LY BHE
I Uiz, g, 15 23T 8.5-10 km BB L7=, TORER, %7 Y 712x4 %
BEE LV RHEE LUV SRS, TN LR oTc, AWE TR L 0D 7
VIOEMNMBROENTEY, BEEZENRRT DR ZHM T 5 2 LN TERhote, iz,
IR AT 70 S B P 2 IEREICHEE 95 72D I21E, ARl oz IC R T - AR 2376 L
THT T 2 BN B D, ARIOFMKRTIE, 12 B 9 SHITHITEIZEIE L T, il &
b XIGUAABLIIT U 7 A LT D 30 /5Bl BRI LR EEREFB L e otz L
2L, XGRS @ L7 30 2RIk, foffn (KL Yy —AR— hRdhz— T v T
VTN OYOBRENBEIN UIAD =2 LD RRMAIC X BN O E TR L7202 %
HETHOIERETH o7, L, ¥ U7 VT OBEITENCT D xR0 21T
K72 b D Thole e E2 bbb,

FEBNTIEI, BEZELTOWL2EMLIBRETE RN ERRALE LTHITOND,
SEIOT — 4 T, RLMMOEMN HIZIBWT, Mg B2 U T —I3FEE L R0 o 728,
CHNEF R I VIRVl 2 EE2ERT 2D TR, o TWRWAFRD Y Y
T AARAF I VI PFEEL TR S D, AMFRICE T DffamiE. o TWndH A
ADHIZHEHEND, £iz, AEIOZEHEFEBIRN S X7 LK L BHEHEAIZR S5 T
LAREMER D D, BIZIE. 2L OV AT —IFBRT VA OFEMICRE S L, FEEITIEIE S
ho ER E e hr o7z, Figure 4-1 1277 K 910, FRABRORIEICNALE S 5 P 5 8 1L O
JEMIZITEME T, FEFICEOBEIDNEEN VDD, 2O Y TITY v T—RFELT
W2l LT, BEEEASOFE DRI T bz rIaetEd & 5,

AR CTBZE ST by 7 VT OIS, BEMOBIER, H 25V dEmkic, b



CEBHI0HLUEICOIsTHEHI DERHDHZ R0, EERHEROLT Z L ThoTe, ABHY
B 26 2 MR FLIE O H R R SOSIS OW T, Bix 23 % % (Di lorio and Clark,
2010; Parks et al., 2011; Tyack et al., 2011; Castellote et al., 2012; Heiler et al., 2016), &7 27 27
MIZBWTIX, et H A7 T (Balaenoptera musculus)?)s HIEEEEAT P38 P40 2 HY N &
7= 2 &% (Di lorio and Clark, 2010), F 4 22 <5 (Balaenoptera physalus)H: =7 77 2 X
2 K PBE T I AR EE SAUVTZBRICBE L0 <RV 20 Hz 22— b &2 LTI 2 LR EdaRid &
LT 5 (Castellote et al., 2012), % A &4 A&7 7 (Eubalaena glacialis)1%, 4 75

LoV OB, FaERE S LIEEW I #HiEL H D (Parks ef al, 2011), AfiABES (Z%f
THY U7 UTORIRICE L T, BISB O T8 0 REF OEME S HE ShTnd
(Norris, 1995; Sousa-lima and Clark, 2008), AMF4E THIE SN EFMET T2 ~o o
VIDORIGEH ZNHDOMAE —HLTEY, BELSANELS 2D E, P U7 U TIEHK
9 DERD DB, FEAEEA RS THMICH 5 AR E 2 b,

ARFFRNZ BT, MUEOT I (<500 m) Tik, SREMAOBIBETIC 7 27 R4 TIcH#k
D DERLD TN, LD bEEN ISP TIIM ORIV FITEI O Z (LBl S
7oo ZORERIE. AR T ORE FIZBWTH LIEL T VI BIWET 22 L &R L
TWD, B ERDIMEESEOEHRSEL~LE 157 dB re 1pPa THY . %7 2T D&
FLEE B 500-1,200 m)IZE T B35 L-Ubid, K THERMES LU (95 dB)L Y 8 dB
BV AEThoTeeEZALND, £, F IO IV IOV TOFREEL LI
151-173 dB rms re 1pPa L HEE XA TEY (Au et al., 2006), HfAEEE DOZ(E L~V LD {1k
DINTE, LIed> T AWFZEICEIT 2R TlE. SRS IS L 5~ A% o VR %k
FHIeOIT, VT DNRTA—=Z B ST DNELRMPSTeDE LV, £ DA,
fERD 22 NE ST, EKISEW 7 27 BSIAOBEERNICHK DY O &=L 51T, &
B L-ULORM T CTHVEET 2 L0 6, KO DOERLHO TEEFRNOEIND Z &2 %IR

T2b L, AWFRRO 7 —ZTid, AR L 25 EEMIC X DTS ORBITIRE
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HWTHO, wBEZITH7 P T7ORIEG RN LRI,

RO EIB ISR AE LT —A b H Y . Z08H & LTI, bk E o2 m &
BERDZE L~V OBMEDR B/ L TV D ATREMD S 2, MO ®GIZHE N T, mWEE
LAULDBEBERFEE LN, IOT SHBFICWE7 VTN b R EEE DR BEL 2T
lBEZBND, £, BIZ VT T, MOBENRA ML AL~V E ERISESZEN
WwESNTEY, Zdhor 77 DB LY T D AR B b TS (Rolland
et al., 2012), DFE V| MR EFICSHIND Z LICL DA ML AR, 0@z ic
FATEN DL A TR T ARG H Db Livevy, S%IL, BERBEL VLU

DEIG E DR RN DLENDHDTES D,
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Table 4-1. The number of singers extracted from 06:55 to 08:25 on each day. The first deployment day of two recorders was on February 14, 2017, and the last recovery day

was May 10, 2017. Grey painted days (35 days) were used in the analysis. The days that recording data had more than 4 singers or the other ship noises during the analysis

periods were not used. NA indicates the days that recording data were not available because of exchanges of recorders or the recording failure. Asterisk shows the days that the

target ship was operated at 07:30 am.

Month-Year Day

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Feb-17 - - - NA 5 4 NA| 2 3 4 3 2% 3 2 3 2* 4 NA* 4
Mar-17 4 3 3 4 3 ¥ 2 3 3 2 2 3 4 4 2 4 2 NA* 4 2 3* 3* 3 1 3 3 4 3 3* 2 2
Apr-17 3* 4 2 3*  NA* 3 4x | 2= 2 2 1* 2 1 2 1* 1 2 2= 2 1 NA* NA* NA NA NA* NA* NA NA* NA* NA*
May-17 NA NA* NA* NA NA* NA* NA NA* NA NA - - -
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Table 4-2. The results of comparison of song parameters between pre- and post-test periods.

Parameters P-value (n)
With ship Without ship
<1200 m >1200m  Allsingers <1200 m >1200m Al singers
<0.05 * 0.975 <0.05 * 0.528 0.374 0.857
Number of received unit (n=12) (n=14) (n=26) (n=18) n=9) n=27)
o 0.401 0.925 0.615 0.407 0.110 0.112
Minimum frequency (n=218) (n=14) (n=22) (n=17) (n=9) (n=26)
' 0.329 0.594 0.858 0.523 0.139 0.182
Maximum frequency (n=28) (n=14) (n=22) (n=17) (n=9) (n=26)
0.208 0.109 0.426 0.210 0.214 0.073
Sound pressure level (n=28) (n=14) (n=22) (n=17) (n=09) (n=26)
) 0.263 0.730 0.338 0.868 0.859 0.929
Duration
(n=8) (n=14) (n=22) (n=17) (n=9) (n=26)

P-value and the number of samples (n) used in a Wilcoxon signed rank test are shown in this table.

Asterisk indicates that there is significant difference between pre- and post-test periods.
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Figure 4-1. The study site, Chichijima Island, Ogasawara, Tokyo, Japan. The north and south

130°E 140°E

150°E

27°06'N

27°03'N

142°06'E

142°09'E

142°12'E

stations were deployed at about 40 m depth off the coast of Chichijima Island (black triangle).
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Figure 4-2. The deployment system of a stereo recorder. The recorder was horizontally suspended

at a depth of 20 m using buoys, with a marker buoy situated at 4 m below the water surface.
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Kernel density

Singer location [
Low High

A2

South station 3018 m North station
Figure 4-3. Calculation of singer’s location. Using two bearing angles from two recorders A1 and
A2, the location of each unit could be calculated by triangulations. The bearing angle measured by
the time shift of unit contour between two recorders (A3) is more accurate. The location of the singer
was estimated as the cross point at the perpendicular line from the highest kernel density to the third

bearing angle line (L).
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Figure 4-4. (a) Sound source bearing angle changes according to the time and (b) the kernel density
of a singer during 30 minutes. Both examples show that the individual singer did not move
extensively during 30 minutes. The singer tended to be positioned in a specific location and singing

was prolonged. Gray zone in (a) show mean and standard deviation of bearing angle from 07:30 to

08:00 am.
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(b) Without ship §

27°06'N 27°06'N

27°03'N 27°03'N

14“06'E 142°09‘ 142°12'E i 142'05'E 142°09'E 42’12'E
Figure 4-5. Estimated location of singers from 07:30 to 08:00 am. Black circles show each singer’s
location. The ship trajectory (black line) on February 20 was drawn in both maps with or without
the ship operating. Most of the singers were found on the north side of the ship trajectory during
days when the ship was operating. Singers were located close to or on the ship trajectory during the

days without the ship operating.
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Figure 4-6. The nearest distance between the singers and the ship trajectory. The estimated location
of each singer from 07:30 to 08:00 am that were used in the calculation. The mean of distance (a)
with the ship was 1,758 m, and (b) without the ship was 1,210 m. The number of singing whales
observed in each distance bin gradually reduced. Only one singer was found within 500 m from the
ship trajectory on the day with the ship operating, wheras7 singers were found on the day with no

ship operating .
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Figure 4-7. The bearing angle plots of all observed song units from 06:30 to 09:00 am on March 10,
2017. Two singers could be recognised. Dashed boxes show each experiment period (pre, test, and
post) and the down arrows indicate the closest approach point of the ship to the singer. The reactions
of each singer differed. (a) The whale stopped singing after the ship passed by the test area. (b) The
whale stopped singing before the ship passed by the test area. The minimum distance from singers

to the ships were (a) 1,180 m and (b) 235 m. Noises of other ships were also observed after 08:20

am (vertical gray line).
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Figure 4-8. Relationship between singer’s location and an increase or decrease of song. These figures

show the difference in the number of received units between pre- and post-test periods (black bars)

and minimum distance from each whales to the target ship (gray circles) when the ship was (a) present

and (b) absent. Without the ship operating, the distance between the singer and the virtual ship

trajectory were calculated. When the ship was present, at distances up to 1,200 m, 10 of 12 whales

reduced song units. The number of received units after the ship passed was significantly less than

that before the ship passed (Wilcoxon signed rank test, p = 0.005, n = 12). However, nearly same

number of whales increased or decreased the unit production over the 1,400 m range (Wilcoxon

signed rank test, p = 0.975, n = 14). When the ship was absent, no trend could be observed under the

1,200 m range from the ship trajectory (p = 0.528, n = 18). Numbers in the graph show the serial

number of observed whales.
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Figure 4-9. The variation between pre- and post-test periods in: (a) the mean ofminimum fre- quency
(Hz) with ship and (b) without ship; (c) the mean ofmaximum frequency (Hz) with ship and (d)

without ship; () the mean ofreceived sound level (dB rms re 1puPa) with ship and (f) without ship;
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(g) the mean ofduration ofunits with ship and (h) without ship. The gray circles show the minimum

distance from each whales to the target ship.
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f+4% (Appendix)

Table A1. The number of received units during pre-test, test and post-test periods.

With ship Without ship
Distance (m) Pre Test Post Distance (m) Pre Test Post
235 49 0 0 137 70 110 86
551 108 78 56 164 103 110 31
677 84 85 100 203 147 153 98
734 81 50 14 211 164 32 119
816 107 60 53 254 42 46 67
851 67 160 0 350 146 111 70
885 62 116 10 374 82 99 41
894 143 153 11 668 125 61 114
937 44 2 0 682 26 98 85
1052 44 43 63 718 85 61 0
1166 59 43 32 734 3 95 79
1180 23 34 0 767 102 52 75
1480 32 74 63 784 6 116 48
1487 80 62 53 792 104 46 65
1650 2 28 79 812 68 39 74
1681 142 146 129 948 2 70 47
1701 34 67 47 1051 13 63 63
1890 26 7 59 1130 98 43 72
2090 60 74 63 1335 56 46 30
2157 91 71 88 1466 91 117 66
2409 91 81 89 1802 26 56 42
3138 74 51 31 1848 122 111 151
3663 42 16 23 1981 83 44 121
3754 100 71 50 2233 5 18 69
3888 119 170 97 3002 21 40 83
4752 2 56 140 3393 191 128 135
4833 49 85 34
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Table A2. Mean (+ SD) of minimum frequency (Hz) of received units during pre-test, test and post-

test periods.
With ship Without ship
Distance (m) Pre Test Post Distance (m) Pre Test Post
235 362 (198) NA NA 137 413(193) 457 (222) 457 (191)
551 368 (298)  295(161)  371(180) 164 390 (249) 318 (156) 369 (138)
677 223(90) 327 (146)  356(222) 203 349 (225)  411(308) 419 (233)
734 429 (284)  425(163) 524 (139) 211 355(185) 362(163) 370 (175)
816 337(165) 346 (187) 415 (204) 254 351(162) 368 (153) 412 (202)
851 386 (304) 360 (215) NA 350 424 (248) 352(242) 443 (324)
885 307 (162)  386(170) 326 (246) 374 313 (193) 374 (235) 399 (132)
894 438 (298)  329(172) 313 (153) 668 395 (238) 444 (284) 318 (140)
937 396 (171) 202 (99) NA 682 339 (181) 342 (210) 389 (204)
1052 353(176) 407 (191) 376 (195) 718 441 (369) 371 (263) NA
1166 397 (143) 446 (102) 370 (121) 734 473 (6) 336 (162) 327 (137)
1180 423 (273) 462 (83) NA 767 554 (402) 437 (259) 430 (243)
1480 324(179)  438(239)  379(222) 784 520(239) 412(231) 444 (199)
1487 378 (206) 357 (216) 389 (160) 792 379 (161) 371 (244) 449 (293)
1650 407 (251)  336(134) 468 (315) 812 478 (223) 370(161) 426 (201)
1681 397 (227)  398(215) 414 (250) 948 154 (15)  302(132) 402 (164)
1701 392 (122) 448 (295) 513 (265) 1051 227(107) 314(197) 355 (152)
1890 33597) 337 (149) 320 (171) 1130 313 (152) 304 (133) 343 (183)
2090 523(333)  335(156)  588(370) 1335 373 (188) 361 (133) 447(152)
2157 392(175)  393(179) 389 (183) 1466 341 (150)  412(216) 511 (190)
2409 400 (252)  381(222)  388(225) 1802 459 (232) 419 (154) 467 (218)
3138 382(158)  476(218)  375(151) 1848 410 (241) 362(196) 388 (239)
3663 416 (133) 408 (286)  335(228) 1981 262 (134) 604 (157) 379 (238)
3754 502 (396)  371(210)  357(157) 2233 399(93)  337(41) 425 (144)
3888 526 (379) 508 (306) 360 (212) 3002 378 (185) 313(162) 247 (110)
4752 455 (0) 459 (213) 326 (167) 3393 430 (288) 406 (328) 481 (343)
4833 318 (143) 371(200) 370 (236)
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Table A3. Mean (+ SD) of maximum frequency (Hz) of received units during pre-test, test and post-

test periods.
With ship Without ship
Distance (m) Pre Test Post Distance (m) Pre Test Post
235 389 (190) NA NA 137 469 (196) 508 (220) 504 (184)
551 428 (290)  362(158)  412(174) 164 450 (247) 380 (175) 410 (128)
677 273(82) 394 (154)  395(207) 203 382 (221) 477(297) 452 (222)
734 518(285)  511(174) 651 (201) 211 404 (186) 395 (163) 423 (180)
816 402 (161) 406 (186) 479 (200) 254 459 (146) 458 (155) 516 (193)
851 439 (300) 451 (192) NA 350 471 (240) 387 (240) 520 (321)
885 391 (138)  465(160) 404 (245) 374 363 (187) 434 (220) 429 (129)
894 507 (295) 398 (167) 379 (136) 668 449 (233) 509 (273) 384 (147)
937 475(194) 251 (152) NA 682 404 (159) 398 (204) 463 (194)
1052 415(171) 478 (197) 451 (188) 718 511 (355) 446 (255) NA
1166 445(162)  494(133)  412(130) 734 495(12)  385(164) 378 (130)
1180 471 (276) 547 (120) NA 767 608 (405) 505 (264) 514 (226)
1480 366 (192)  485(221) 444 (223) 784 567 (237) 492 (230) 525 (190)
1487 412 (215) 403 (204) 445 (160) 792 453 (163) 417 (238) 484 (294)
1650 504 (236) 400 (124) 521(327) 812 533 (216) 426 (187) 486 (208)
1681 452 (218) 453 (211) 490 (240) 948 224(99) 390 (146) 470 (163)
1701 433 (125)  512(295) 583 (267) 1051 316 (118) 383 (181) 419 (146)
1890 356 (96) 366 (166) 386 (185) 1130 378 (153) 377 (131) 411 (175)
2090 590 (344)  396(152)  635(385) 1335 460 (194)  422(150) 504 (155)
2157 454 (195)  433(190) 433 (186) 1466 390 (152) 456 (219) 569 (205)
2409 448 (236) 456 (223) 454 (228) 1802 504 (232) 486 (174) 531 (221)
3138 424 (165)  523(208) 418 (152) 1848 474 (243) 420 (201) 445 (233)
3663 448 (127) 451 (268) 381 (225) 1981 306 (133) 660 (163) 440 (237)
3754 557 (381) 441 (205) 411 (167) 2233 414 (90) 360 (46) 497 (154)
3888 611 (367) 583 (297) 451 (202) 3002 430 (190) 394 (154) 324 (96)
4752 536 (69)  529(215)  392(151) 3393 504 (285) 475 (337) 548 (339)
4833 377(137)  422(196) 408 (229)
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Table A4. Mean (£ SD) of sound pressure level (dB rms re 1pPa) of received units during pre-test, test

and post-test periods.

With ship Without ship
Distance (m) Pre Test Post Distance (m) Pre Test Post
235 117 3) NA NA 137 117 3) 120 (5) 119 (5)
551 124 (6) 123 (5) 123 (6) 164 123 (6) 123 (5) 117 (4)
677 118 (3) 118 (3) 116 3) 203 120 (5) 122 (6) 123 (7)
734 131 (6) 128 (5) 130 (3) 211 119 (4) 120 (5) 121 (5)
816 122 (4) 121 (4) 121 (4) 254 126 (4) 129 (4) 130 (5)
851 125 (7) 125 (6) NA 350 121 (6) 119 (4) 123 (5)
885 123 (6) 123 (4) 121 (6) 374 120 (5) 123 (6) 118 (4)
894 122 (5) 122 (5) 120 (5) 668 123 (6) 123 (6) 123 (6)
937 123 (5) 121 (3) NA 682 120 (4) 122 (6) 122 (6)
1052 119 (5) 120 (4) 120 (5) 718 125 (7) 126 (7) NA
1166 119 (4) 118 (3) 120 (4) 734 114 (1) 120 (5) 118 (3)
1180 119 (5) 119 (4) NA 767 127 (6) 124 (7) 128 (6)
1480 117 3) 119 (5) 124 (5) 784 124 (4) 126 (6) 129 (5)
1487 118 (4) 120 (5) 119 (4) 792 121 (6) 117 (4) 119 (5)
1650 119 (1) 122 (4) 124 (5) 812 123 (6) 119 (4) 122 (6)
1681 122 (5) 121 (6) 130 (5) 948 118 (2) 124 (5) 124 (6)
1701 119 (4) 122 (4) 123 (5) 1051 125 (5) 121 (4) 119 (4)
1890 116 (2) 122 (7) 125 (7) 1130 123 (5) 120 (3) 121 (4)
2090 124 (5) 122 (5) 121 (4) 1335 121 (4) 119 (5) 120 (5)
2157 121 (5) 119 (4) 118 (4) 1466 122 (5) 122 (4) 123 (5)
2409 123 (5) 127 (5) 124 (5) 1802 121 (4) 121 (4) 121 (4)
3138 120 (4) 121 (4) 121 (5) 1848 125 (7) 124 (6) 125 (7)
3663 116 3) 118 (5) 117 (3) 1981 119 (3) 121 (3) 123 (6)
3754 125 (7) 125 (6) 122 (5) 2233 114 (2) 115 (2) 124 (5)
3888 128 (6) 126 (6) 127 (5) 3002 117 (4) 122 (4) 122 (4)
4752 121 (1) 124 (6) 124 (6) 3393 128 (8) 129 (7) 127 (7)
4833 119 (5) 121 (5) 119 (5)
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Table AS5. Mean (+ SD) of duration (sec) of received units during pre-test, test and post-test periods.

With ship Without ship
Distance (m) Pre Test Post Distance (m) Pre Test Post
235 0.53 (0.27) NA NA 137 0.56 (0.29) 0.58 (0.44) 0.63 (0.42)
551 0.69 (0.46)  0.70 (0.43)  0.55 (0.36) 164 0.69 (0.50) 0.74 (0.50) 0.59 (0.40)
677 0.47 (0.23) 0.45(0.23) 0.52 (0.21) 203 0.69 (0.42) 0.58 (0.42) 0.76 (0.45)
734 0.80 (0.52) 0.79 (0.56) 0.74 (0.52) 211 0.66 (0.39)  0.56 (0.35) 0.74 (0.47)
816 0.77 (0.46)  0.66 (0.41)  0.57 (0.39) 254 0.81(0.32) 0.89 (0.58) 0.93 (0.62)
851 0.87 (0.50)  0.74 (0.58) NA 350 0.59 (0.43) 0.59 (0.37) 0.56 (0.40)
885 0.64 (0.33)  0.66 (0.40)  0.40 (0.28) 374 0.47 (0.26)  0.49 (0.30) 0.39 (0.22)
894 0.67 (0.48) 0.52 (0.43) 0.53 (0.32) 668 0.56 (0.42) 0.71 (0.52) 0.65 (0.49)
937 0.67 (0.51)  0.28 (0.13) NA 682 0.60 (0.43) 0.69 (0.48) 0.61 (0.40)
1052 0.42 (0.27) 0.43(0.31) 0.50(0.34) 718 1.05 (0.67) 1.02 (0.62) NA
1166 0.41(0.23) 042 (0.21) 0.57 (0.30) 734 0.85(0.47) 0.60 (0.48) 0.61 (0.41)
1180 0.73 (0.49)  0.72 (0.43) NA 767 0.79 (0.56) 0.85 (0.70)  0.69 (0.59)
1480 0.52(0.30) 0.73 (0.51) 0.54 (0.33) 784 0.89 (0.50) 0.79 (0.44) 0.89 (0.68)
1487 0.53(0.30)  0.51 (0.36)  0.63 (0.40) 792 0.60 (0.41) 0.38 (0.20) 0.55 (0.36)
1650 0.56 (0.20)  0.62 (0.45)  0.66 (0.51) 812 0.77 (0.51)  0.66 (0.44) 0.58 (0.46)
1681 0.69 (0.40)  0.48 (0.29) 1.11 (0.87) 948 0.37(0.13)  0.74 (0.61) 0.65 (0.55)
1701 0.70 (0.42)  0.53 (0.40)  0.42 (0.29) 1051 0.43 (0.18) 0.55(0.51) 0.67 (0.51)
1890 0.51(0.22) 0.45(0.25) 0.71 (0.50) 1130 0.71 (0.39)  0.68 (0.40) 0.54 (0.32)
2090 0.64 (0.45) 0.58 (0.35) 0.52(0.29) 1335 0.52(0.35) 0.50 (0.41) 0.50 (0.46)
2157 0.56 (0.31)  0.50 (0.29) 0.61 (0.41) 1466 0.83(0.62) 0.69 (0.46) 0.53 (0.40)
2409 0.74 (0.39)  0.63 (0.41) 0.71 (0.45) 1802 0.78 (0.43) 0.74 (0.57) 0.65 (0.46)
3138 0.61 (0.41) 0.51 (0.31) 0.63 (0.53) 1848 0.64 (0.45) 0.72 (0.63) 0.63 (0.53)
3663 0.53(0.24)  0.53 (0.43)  0.45 (0.34) 1981 0.50 (0.38) 0.50 (0.35) 0.63 (0.39)
3754 0.85(0.49) 0.56(0.34) 0.63 (0.46) 2233 0.32 (0.12) 0.36 (0.18) 0.69 (0.47)
3888 0.92(0.70)  0.69 (0.53)  0.84 (0.58) 3002 0.41(0.21) 0.55(0.32) 0.65(0.25)
4752 0.95(0.16)  0.59 (0.41)  0.80 (0.57) 3393 0.82(0.55) 0.82(0.60) 0.77 (0.55)
4833 0.52 (0.28) 0.57 (0.46) 0.51 (0.48)
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