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EWAKEYNHER L 7o T — 8 a =0 o35 AR, IERE T — 7 0 5
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et al. 2007), RHZHEMIMLE 2 F V22 %S Cld. © 2 7Y 5 Eubalaena
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Tyack 2003). 7 = v FIL7H 5 Leptonychotes weddellii %% % )7 7
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7 EOEMEE (Mitani et al. 2003, 2004, Iwata et al. 2015, Adachi et al. 2017).
IV RT =Ry XV RO KU (Shiomi et al. 2008, 2012)12
[>T, 1 B LoD EE CEIY O =2OuiB/KEE PR o Twv 5
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EB2EONRMETH 3 ¥ 7R X v Aptenodytes patagonicus 1%, XV ¥
YHOHPTI YR = RUFUICROT 2 HFHICKEOETH S, v /Ry
Xk, dimthio B4 (FfEE 45 E-55 F)TEIHL (X 1-1). 1 Nz 5
(Williams 1995), [ %@ U T/ CEEE L (Charrassin & Bost 2001), 3
LWREEYE LAY A 7 RoMEEEAEZHAL T 282, I
¥ COBANEYSHDOFERD SHS I I N TV S (il 213 Cherel et al. 1993),
KR CHEZIT> A ~ FIRICMET 2 7 0 —YEER Ry > a v g (M
1-DOfEEDZ 1, 70 —XiEED 5 E /7~ 400 km DL i 7 B AR A
EEEMEGHTE LA L Tw3 (Bost et al. 1997, 2009, Putz 2002),
AN Yy 7 X v Ry X U IIRMBETRR A D > TRIERESEI§ 2 — 75 T
HBEDDIZREK 366.2 m DEEREIC D RAEWIF/KZ# D KT (Charrassin et
al. 2002, Piitz & Cherel 2005, Shiomi et al. 2016, Proud et al. 2021), L 7
Do T, T MY v THO X v 7Ry X v OEAHHEITH I MR O A 12
O, MUy ZHIRIE 1 EEM Ricb b b0, XU IRy X VIIEHEOR
FAR 7 —WACE T 2 EHOMHBEtE D2 B 2 #8855k L. Z OZE)Ix L TERAIT
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(ZEE KT L . K AR 2 BREPS FT S UN s BAOKIE () — N, 2 A4 B2
Ty ZNREI NS 7D, FICHMYIORE ) v 7 hofAH#iI1Z 2-10 km
Efed . MUy ZHIRNIZEHS2 S 1 HELNTH %5 (Watanabe et al. 2020), Z
DHIRD R D EE LR EAEY) L, KISy FRIZHMT 24 X7 S8 (F
v X% a 7 & X 7 & Euphausia superba, 2 & V) X ¥ 7 I Euphausia
crystallorophias) /WO fHH (R 7 A7 X R Pagothenia borchgrevinki) ¢
HHIERHENEYSI 7 EDLSHLIZENTED (Watanuki et al. 2002),
NS DOHEYEHET 272Dy X3 50 m BREOERZ#IKET L
DA TV % (Watanuki et al.1997), SHEB TR 250 L R0 K
D 72 8 DHFIHHWFK DAL K o THIBR S 41, KT OEREHFIPH -5k < HlR =
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ZEETDL, ARTIE, MAEBELLT, v I/RUVFrE77 ) —Rv ¥ v
D EREH MG O FERE T O Mol s HE R & Z DFRIC O W TERT 5, REICH

BOFHEIzHOWTHRR S,
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1-6 X

& Adélie penguin
¥ King penguin

1-1. ¥V I/ RUFVETTY—RUXFroFEkan=—nifi, K%
DFEHD D 2 a0 = —DfiEZ EA kth = 7 —EHERL Yy > a V&, E
Yot = VR TR TR L, 7T =Ry ¥roan -
IZ2\WCiE, Schwaller et al. (2013)D 57— % % FLICHER L 72,

Fig.1-1. Major colony locations of King Penguins and Adélie Penguins.
Asterisks indicate the colony locations where we conducted the fieldworks
(Light blue: Possession Island colony, Pink: Hukuro Cove colony).
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M2 B3 NESICBITAX VIR F YD ERITEARTE)
& FRAH Hik

2-1 WREHN

HEPEBRIEE IS 35\ T MR RTRCR Th LB 722 & o TP LR 7 — L (100-1000
km) COWFERE X, BEOMEAEYTH 2877 v 7 b VRO NA F =
AR REDNT 5 L CEBELREND B EEZ S5 TWw5 (Pakhomov et
al. 1994, Hunt et al. 1999, Lima et al. 2002), ¥FVERiHE & (257 2 M8 K,
oy, ) ZFOKMALOBENBO I LTH Y, I I TIRMEIFERDIZRIC
o THMEBERMMEDOEYAEEVPIEF ICEH B 2BEIBR I NS
(Pakhomov et al. 1994, Hunt et al. 1999), Z® X 9 ZiEHEOEEUCEE L 72
FHOAIZHBRIC E > TFHIL T IR 28t 5 L EZ o0, R+
Uy 7O EORGINERICEE 2 52 5 LEZ NS, FEE LS
DD AFHIRANA A v X v 72 & 28BN % 175 72 %80 6. FAVE
CTEREI 21T 9 % < OV EIEE RS ONETERT R 2 TR SRS AT & L CTHE A
322 ERHLNICINTW S (Hunt et al.1999, Weimerskirch 2007, Bost
et al. 2009, Scales et al. 2014), #HEI\»D « EORE, Z D X 9 BRE D
BEAMALREL TV E W) i, Z DR TOWE OO EEE
ENIRT B EEZO6NS, Lo T, MSRZRRINICZE)§ 2 o H A ]
BEMEICH L TED & ) ICRETEI 22 LS E TR 2D L) 225
T2 2L E, BEOWEREAOEIGZ AT 2 L THEETHL LHFEA6 NS,

MDA ~ N7 0 — X5k - Ay a vETEHT X /Ry ¥
Vid, aa=—» 5/ 300-500 km IZA71E S 2 Rk ETRLES 2 3 2 BRARSS AT &
LTHHLTWwWE Z DL CHISN TS (Bost et al. 1997, 2009, 2015), Z
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N C. HEFEH (Satellite transmitter)e 2 #BRHIAZ > A 5 4 (Global
Positioning System)Zs & DBELEY O Tz w72 8fThi%Er 6, v /Xy
X vhian = — Lt o O S 2 w o S EE D D TE R 2 B Sk
TITERT 2. WhWw2EEA (Commuting type)DFRAE Y v 72§52 &
DIHS I I LT % (Bost et al. 1997, 2015, Cotté et al. 2007, Trathan et
al. 2008, Scheffer et al. 2010), ¥ 7Ry ¥ix, 2D k5 LEHR#»D 1
AR B2 b b2 Y v 7HhicB» T, HEORZEMAr —VIicE 5
FHOF AT REE DL B 2 B L, 2 ORFZERIAE) I MIG L CERAEfTE) 2 210 &
Wi EEZO6NSE, TNEFTHEXRTELEY, BMOX v 7o
an=—0 o BN 7 AT 2 EE LRSI E § 5 L wvo e, RN
REGRERAT =V (T4bb Yy T2 7 =)L) TORMEMIZ X CHIS 0
TWw3% (Bost et al. 1997, 2009, 2015, Putz 2002), —/5C. £zl 2>
5. MR/ 2R ZEM R 7 — v BIZIEHE R 77—, KR r—)ick
J 2 ORI EEEDOEEC N T 5 ¥ v 7Ry F v O I OW T I
FTIFEAEHSRIZINNT WA,
B, ¥V /XUy R EIChEBEAETH LN AL T HZHRET 5
(Cherel & Ridoux 1992), R¥'v ¥ a v B CEET 2 AT ICHIET 5
7' h A7 M W 213 Electrona carlsbergi, Krefltichthys anderssoniix. Hrh
100 m M LDPREEICHIAES 2 —75 T, IR D 7- O ICRIEHE £ TBEI§
2 HRESESE 21T 2 LD 5 T\ % (Zaselsky et al. 1985, Perissinotto
& McQuaid 1992, Collins et al. 2008), L 7=23-> T, MO 7- & ICHEH & iR
WEZITERT 208D 5 72 OI/KIRR] & REICHIRNGH 2 ¥ v /Ry ¥
ZEoT, TDX) MO ATREICEE L 22 M TRENE D H 22 id < v
FroMaREICEEL2E525 LTINS, LErLAERS, ITRETHAED

15



BRI R 2 &2 X T B o H 2102 E =Gl L 7298134
72\ (Pitz & Cherel 2005),
CNFETORITMIEICE T, v 7Ry XU oM A RED HEZAL
WIEC T, KEE HPTEKEEZZLIE L 2 EfHIonTw5, RU¥ Y
RIS Z O TOKP TR 2T 9 720, BREIREIME T 3 2 I % 76
RN LEEZSNTWDS (Bl 21X Wilson et al. 1993), ZD7-d,
RYFVIEHPIIAT A 7 2T 572012 100 m PLEDORGEKZ 1T
9 (Charrassin et al. 2002, Putz & Cherel 2005, Shiomi et al. 2016, Proud
et al. 2021), —J7C, HHHPHEEDORRIHHZ, NT A A 7 S HEPEREE &3
J& & D% BB T 2 R CTH 2 72 H & Hili U TR AR ORI AR
52k, IHICKMZEERIREICE T 2RERENMET LAvd, ¥V 7
Ry F L > THOF MR E K 2 2 RHH TH 5 2 LB PRI NS,
Lo T, 2D X)) AP HEORTIC Y X VI3 liRfriz £h 3¢
5AMREMED D B

S S I/NBIE R R ZZ A 7 — L TH ZKA T —LIcBWT, ¥/ _v ¥
Y DMHOFHTTREME D ZEENIC R LT ED K ) ICHETE 2 2L S & T 5200,
Z DFEM 22 BREFUEIE 2 BH & 201 T 2 72011, R¥ X ¥ D = RIuiBARITE) & ff
BB 2 M2/ 0END 5, BAENITIE, Ty /XX UIiclgL
MG SIRE O = oo T —F 056 1 BT L D= ROu/KiEz
M, FRICHigA Xy P zERLT 5, 2L T, RUFUREBKRb DA
Ry MWL TED K ) IC=ERTuiBkfisk 2 263 200, Z Ol R ERAE T
BOEEFARD 2 LT, KA =V TORMEIEEZHS 22T 5 2 & 250
EThsrLEZIOND,

AFTIE, W7 0 —YE - Ry avEBTEHETI X IRy ¥y
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ERMRELT, ¥/ RUFrpian=—»56% 400 km #in 7 5REGHTA~E
BT 20, SRETEIZ ED X D ICELEE D0, Z OERATHRI 2 H AL DI
RIA7T—NVICEH L THL 2T 2 2 E2HINE L, HlgESINEE a 42— 7>
SBoNDT =IO FHERELL 1 B2 L0 = RIGKRE-CHifaA Xy b
BT 2 EMEHAGDODEBI T2 LIck>T, O MYy PR —, ()HNE

27 =)L, (HWBEKAT — IV TDX v IR X v ORETEIOZA 2 TR 7=,

2-2 T3k
2-2-1 FidH

PARHEIZEARIEA ~ FIEX O 7 0 — X585 - R v > a V& (i 46 €25
7. W51 B 45 43). Baie du Marin, Grande Manchotiére i2% % 210 = —
(9 16,000 X 7)CEML 72, HEHIEIE 2011 4 1 H M6 3 H EAIORT
HH, ZOWMEIRF Y IRy VOBMINCEEYS T 5, Z O, BSIEA A
AARZMRTCan -2l THMECERE L, JmRICE FFGEE S 2 EREH R U
vy TERBEDIRLTW, ZBBIOT—=FIowTd, HRIFTZK (B :
AR BRI 7 v v 7 4 THMERT ARt Bh#) 23hil & o
T, HAL 7 72 v 20T — L0 FAZE L L TR S N7 -5 2flibe

TWhiz72Wnwiz,

2-2-2 {TEIHA

TR LYy THOR XV OEKT— 21, Hilg<m#EE o A2 — (W1000L-
3MPD3GT; Little Leonardo Ltd., Tokyo, [Eft x £ &; 26 x 166 mm, 132 g,
JE DR E DR 1.2% 182, X 2-1)%2 b 72478 HIEN &I X > TR 7,
MG SR & 20— 2 id, T, L, MREE, Mgk fe vy — & 7 X
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7RI NTE Y BARREE (1 Hz), S8R (1 Hz), 3 @il fi#E (8 Hz
%7213 16Hz) & 3 filioiis (1 Hz) 2 il#kd 2 2 L8 TE %, v /R ¥y
9 fAAICHIRE SRS v A" — 2 2805 L 72 (K 2-1), £7-. 9k 9 & 1 ki
FREL VY — I N RERe -2 A L, REL VY — I3 RED
REZHET 2701208 L 7782375 L 72 (Charrassin et al. 2001, Bost et
al. 2007 DFEEZ ), I olc, KERT A — 2885 L 8k % R 7 8 fElfk
D9 B 2 Ak IEE L cofEE#R %z Rk 5 GPS uA'— (CatTrack; Catnip
Technologies, 60 x 40 x 25 mm, 50 @)Z & L7=25, Bt o7 7 rick s
LNTeT =Y BBV Lol e, KREDOBFTNRE Lo 7 (K 2-2),

LEARICEEE L 7o 7 — ORRERIZRAT 182 ¢ TH D, T HLFEE N R
ROBEDFEME (10.3 kg)DF 1.8%I2H 75, —J7T, HEENRMFEER TSR
SNIBARFEEOHIPA (1-366 m)ld, AFETHEM L7z A —0D 1/6 BEDOH
= (30 gou =2 L 7Ry ¥ v OB AKEEOH & [AFfEE (3-343 m) T
& - 7= (Pitz & Cherel 2005), 2D a6, AFHECHEEL-u N —DHER
DIEEE XN RMAE D ARITENC G Z 5B IIZ NI EREL b D EEZI OGN
72,

2-2-3 7 —Z T

FREL Yy 7RISR U 72 Mg SR v A — 6 X VR v oA — IR S
nr-7r—4%1%, PCic¥ v u—F#. IGOR Pro version 8.0 (WaveMetrics,
Inc., Lake Oswego, OR, USA)E L ' IGOR Pro ET#HifEd % Ethographer

(Sakamoto et al. 2009) % > THEHT L 72,

2-2-3-1 BKITEh DT
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AKX, BKEET =50 Im DUE>» D 30 DL L2t L 72 L &, 20—
DM EERE L 72, £/, mAEKEED 50 m DL EOE/K 2 SANC BT %
EEZ 5K E LT Deep dive &£ L 72 (Charrassin et al.1998, 2002,
Piitz et al.1998, Ropert-Coudert et al.2000a, Hanuise et al. 2013), —J7 T,
B RTEKEEEE DS 50 m LU R ok % Shallow dive & L TE#R L7, E5lc, &
e b PR N b (TR 2-2-3-2 i RfTEET 2 2 ) Sk
C o ik z2 SREITEK E B R L 7o,

BAKITEIO HAMEZ 049 2 720 Wil 2 “i i, " Hrp” "BEE Ic
ZNZFNEEDTT L, ERTT 2T 7o, M RZT EEHRT o+ —
L RXR— (wwwl.kaiho.mlit.go.jp/KOHO/automail/sun_form3.html) %> & 3 #
WIFHIC B ) %2 a0 = — DAz (Fi 46 £ 25 77, k51 £ 45 7D H & H
BOWRZIE#RZ 5 v a— F L7, #EET (201141 H 27 H-3 H 1 H)
D HH & HRZ (GMT+ 4 Ri[#]) O HaPH 1 Z 11241 05:17-06:07, 19:23-20:14
ot W EEERZNZNHIORA S 1 KHET £ TOWIRK & HR DK
AH6 1R £ TOBIR & L, ATl &fE 3 Kl ¢ Gh8 T
WE" & L CER L2, £/, Hillo 5 HERG $ coliZz " Hh” & L,
WS T 0 o WIFRLS £ CO WA 2 " KR & L 7,

HIROEY . S Y » 7Oy X v oiff LOEEAALE L GPS v —d
B b 7 7NV > TRETE o720 (K 2-2), HibE HEDKRZIZ 2
0= —DfEDRA Z i, FEEDOW ETOMETIZRC aa=—DED
Rzl 2 w2 2 LIk 2RIV AT U, RICR v Frddaa=—»» 5/~
SR L7 LT (AFHEM TR 2 kD0 — MY 22 BB HEIPH), 20 73 A
E/NE VLD EEZ 547 (Shiomi et al. 2016), L7228 -> T, 20 =—DfiE
DHM & HRDOR LGSR Z Vv 5 LI X 2RI AR 2213, RN OfS RIS
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RERWELBEZ Wb D EEZ 5N,

BVGRIE 2 FH T 5 720 HEAIEE 2 7 — IR S L Twe 29458 7 1 R
7 DEEEE (ns') ZEKEE (ms') ICZH§ 5720 OfEhT 2 Shiomi et al.
(2008)D FEIHE > TiT o 7o, MHKEEZHE T 57201213, v —dD surge
HlHC B 2 K EEIC A L 72 7' R o ElfEEE RV ¥ 0 surge Biflic 1
DRACGHIEIC BT 20BN H B, 2D EZFOLEHENIZ, v —D surge Hifi &
R XD surge BiOMEAATHHEEMBEICL>THRES, 9. 1 Wb
ho7axX7oMiEH (ns') &aA—od surge BiDOMEE GRFHIISH$ 2
MAE) ZHWT, 1B EOMEBREEE (1 BdHizh oy X v oEEs
L&) Z#EE L7z (Sato et al. 2003), XKIZ, WKLY &% TIRZ £ TD
FERHOMEBIEEZBEE T2 LIck> T uRIDF— o ifEI NS
HETO7 7 ANVEFEBE L, 2L T, 7aRITF—I o8 L LEET
077 ANEFET Y — TSN EROBKEE 70 7 7 4V &% K
L7 (Shiomi et al. 2008 DX 1 &), ZD & &, FHREDEE T 7 74
WATEEE MDD RS FHHEIN TV A 72O, KK TRO 70 X7 7
— O HEE L 72 REEIX 0 12k 50w, 220 KRR TRZAOWE (0 m)2s
—HF B LI, RUYF U Dsurge I T % 0 b —DBEE ML A2 EA S (Sato
etal. 2003 D FEZZH), D LEOFIHETTaRI 7T—=F 06 E a7 74 )L
REH LD, AU XFUERIC RS L IFhERE Z L KTl
TuRGT=IDOHELLEE a7 7 A NV EE Y — TRl I 752
BROWKEE 70 7 7 A VDBKREL TN TR, 22T, 7RIDT—F D
OHEEINBRE T 0 7 7 A4 )V EHEDEBKIRE 70 7 7 4 )LD KK
D30T 2 X 9 mERE % KK Ti#EA S (Shiomi et al. 2008 D Fik% £H) .,
FWRK TR SN EEME L EBEE RS LicznEnFH L, 20 VHMH
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% KR FE D 28 v 72,
70 R DEERED T — & & MEREEICER L 0L, KD h Ol
2R L7, —MoBKICEWT, PEhED—RNRRATKEE X
535 77U XTI DEMEARIC K > GEKEET =B oNnkhrot, TDX
9 IIBIK CPEEEREEE < 1.0 m s™, 2RO 3.2%) 1£, ZXRIGEKEEE O H
FERICE % 5.2 208D D % 72 0 5% DIRITIC W22 7,

2-2-3-2 AT DT

FUIRVX VDA TH 2NTHhA 7 HBINREORETH S, 2D
72, BERERSMIER T T84 v 71, RiRtEoxXvy ¥ v Kb D
Kl ¥4k : 38°C, Schmidt et al. (2006))D3H # fRAAATZHIED I 4 2 v
7R KMT 5 E# 2 5 a (Charrassin et al. 2001, Hanuise et al. 2010),
AtgEcidx v 7Ry X v LEAR (K8) 2 oo N lEiiED 7T — % Z2 v
C. Charrassin et al (2001)D77EICfEV>, RIEIRIESDS 0.06 °C s KT L 71
MzEDy A S v 7 EBER LT, —75 T, BEKEED 22 - Wb %
7o, HOBEHCHEL EOMBICEL ARV F2KRLTw3 EEZ 6N
% (Wilson et al. 2002, Shiomi et al. 2016, Brisson-Curadeau et al. 2021),
X v IRy X Y 8 flkh 5156 NI EREE 2 W CRaBRERGRE  (Bk
4.0 m s') OEMOREE"Y v 27 LU ToRIck-> TERLL 2

(Ropert-Coudert et al 2000b),

U’ = Ul + (dU/dD), if (dU/de) > 0
U, =0, if (dU/dr) <0

E9. BERGERE U 3IEEO REEICA L 72, 22T, U 3K (1) 0B
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BELCOWKEED FRZHB L T3, ¥y oo (EREED ZE A BEn)
DEMEIE, KD ORTEIRO 22T (0.06 °C s)H SHEE I LB HHAD
FA IV ITDHEER KD D DYy > a BT 2 LI ICHREL 72 (¥ 2-
3). AWIFETIX, 0.68 m S*BLEDS Y > 2 iz Xy b EEHLL (K 2-
3). ZOHEE Ry Xy 8 DB T — 1A L, RfTEo T
w7z,

B DX v 7Ry vidan == o N REGITICERET 27 DICRE
HHBE T2, 22T, 1 HBZDOMBEA XV M Eb LT, MY v 7
XX rvan = —roREGTAKE (T Y v 7) - FREGTH»S 2
nD=—~KH (hotVy7) T2HHEEZIOND “BEI7 = X7, R
LT COMAEZ R 7 2 A R LT 220200, MBA XV 21 Hbx
h 3-665 [AlT (X 2-4, X 2-5), FFICERE F Y v 7O s AT TR AN I
WML7 (M2-5,K26), 2OEE, 1 HH) DA NV P EOEZ
I METIEEO SR LTz, 1 HH7 ) A X R 300 [
EDHLBITN—T 27 2 A4 X, A N MY 300 XD HAnS
N—T%BE7 24 XL Lo (K 24), 7720, 1fid{F (K8) 1zown<T
X, MYy 78 HHDHIRA XV M2 286 nl¢, HitgoH (7HHE 9HH)
DZNZIA00 M L 665 M2 o770, BISMICS HHZRM 7 =4 XL L7
(¥ 2-5), £7-. KF—% vy FTlE, FELH» S 20 =—~KEH7 25 BIH
DDV Y T) OF—F%IFLEALRRT LI LD TERDP LD, 1T
EOFY)y ZTEIFODD LY v FIZOTIEXAL 2ot (K2-6, £ 2-1),
KR 1 07 ) O Ny MR ARE Mmin') &£ LTHEHL %,
1 DA R PRI > EEE ZNENBTEEE L,
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2-2-3-3 I TENENT

WEVKHRES, JEKREE, 3 Wi, 3 HhEE D 7 — 5 2 v, #EHIE D
JREIZ HE > T ZRIGE KRR O R % 17> 72 (Johnson & Tyack 2003,
Shiomi et al. 2008), KM 7 A —DIEEL > —h 5B 55 7 —
ZIZiE, B R Fu—7 i EOEENIES TEMT BRI & 28
ZAb7e £ % KW s 5 RO E IR E R T O 5 S5k S b, = RIuil
KEBEFEDEHIZEBWT, Ry X v OKRKPTOMITHMZRKD 5 7DICHETH
2 DIZEIINEERTOARTH S, ZDd, MHEET—2ice—rSR7 4 )L
% — (0.69Hz) Z 1} % 2 &, HhH L 72 AREI)R 5 2 ESIMEEE Ry & L 7,
RN, BEGREE, WOKIREE, 3 B, 3 WhE DAEE O 7 — % 2 v
Igor LCEifE§ 2+~ v (Narazaki & Shiomi 2010, Shiomi et al. 2010) 2 X
> C 1 PRIk C=RoniB KR 2 B L 72,

ZRICIE KRR 2 HREEE L 72D b | WEKBIG AL KIS T R Z ERRIVICHE A
ZEHRRE OKCPERRERRE) 2 £ K ORI ChR L 72 i 2 AP EEE (m s™)
ELTHEEL (K 2-7), PV vy 77 24 XEChIMiE % g L 72, KB A
ETKHE T R 2 TERRAVICHS A 72 BERE OKPIERREREE) 2 R o X v D3RRI L
7- PR (RS EPEEE) CFR U 7o fid 2 /KRB D IERREE & L 72 (M 2-8),

2-2-4  fRETENT
HEMHENTIZ R Y 7 F 7 = 7 (R Core Team 2020) %\ CTfro 72,

F) w77 24 XM DfTEI 87 XA — % — (Deep dive DI KIGKEE., &
M HEEE., AKEBEREE, ERE)Z KT % %20, lawstat Xy r—
(Gastwirth et al. 2020) @ Brunner-Munzel #5€ % F\» T 2 BEfH b 2 f7 -

ff,
“-o
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RYFX DL RIS EA XV P UICE 2 2B 2 RD 720
Ime4 S vy — (Bates et al. 2015)D —fRAILIRZIEA € 7L (Generalized
linear mixed model, GLMM) % 27z, HINZE (—HH 7= H OffifsA4 RV b
) O7— & IiZFA— kD S EENS Y v IV sEEN S o, AR ID %
FUILMPEE L TETNVICHARAAR, 1o, HWEEIEA Y Y b7 =4 T
HHlD, BESHIRT Y vz v,

Deep dive 1ZE ) 2 m KIGFKIRED K EEEREIC G- 2 25028 25720
FIZIRA T TV (Linear mixed model, LMM)% 272, HIZE KRB EHE
8D 7 — Z I3 FJ— ik S @RI 7 T Eg En s -0, itk ID %
FUTLIRELTETIVICHBIAAL, Py 7724 X RE7 =4 X/
57 24 R) ZEEHRE L TETNVICED L, 510, RAERAE @Ak
HE x FY Y 7724 R)ZETNVICED T,

Deep dive IZE T AHiEA XV P EDVEREICEZ 2 HEZHRL 2D
LMM % w7, HINZEE (EFE) O 7 — & 123 F—8 k2> & @RS 72 9 v
TADREEFNE-0, HERIDZ 7 ¥ L3R E L TETNVITHAAAL, B
Y77 2 A R GRET 2 A X/BH 7 2 A4 X)2HEERE L TETNVICED T,

multcomp 28y 7 —L D glht Bz AW T 2N F o 7T VoA B2 e
L 72, MuMIn~ Sy 7 —2 D r.squaredGLMM B4 % Hv> T, Marginal R*(R’m)
& L' conditional R* (R°c)z 22 L7, R'm ZEEZNRD 55

BHEIEMRB IO v LR HEE I N/ TH %5 (Nakagawa &
Schielzeth 2013),
ETOBEDHRAREIX 0.05 & L, MROMEITFIELEERZDEAT

w7,
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2-3 fisH
2-3-1 F—% OWFRI

nA—EEHLE 9 kS Trou A — 2B 72, 9 Hik0S b 1 ik
K7)id, mA—EEMhcan = —2nd. BENY vy ThoFET— 5
BfED CENTERD o, 20k, i 8 HEOFET— 5 % DT — 5
RRTIC T CEE R Yy 7E:15.7¢1.6 H, £2-1), £, 8D S & 2 {d
fk (K2, K8)ICBIL TlE, m A —OREAIC K VIR T — 8 2o hah o 7
P, SROLHEKRS 2 TR T 2 J LM TE Ao T,

2-3-2  ERITEIDZEAL

FY w77 24 AT Deep dive DI KIEAKIEE (= 50 m) D Hhoufid % Fhig 3
5L, RRBEARREIBE 7 2 4 X EHIKL TR 7 = 4 ATk o7 (BREH
7 = A A:150.4£6.9 m, n = 5 fi{k, BH) 7 = 4 X: 1568.9£13.1 m, n = 8 fflfE,
* 2-2),

BAREE T 7 7 AV, BEI7 24 X - 7 = 4 AOWM 5 THENZRZ
fbZR L7 (K 2-9), EEICEWT, Ry F v id Deep dive 217b %> 72 (X
2-9), MYy 77 2A4RXEBITHEKEEZHBAEIC R 2 LRLZICHML 7
23, HEMEIC R 2 LiR4 @A Lz (K 2-9), —/T, HP ORI DK
TENCIE Y v 777 2 A4 ABTEVBE SN, BH)7 2 4 ZIEWT, RV
¥ 1% Deep dive Z#ifE L Cf19 HTLIELIE Shallow dive %175 7z DI X
LT (¥ 2-9a, ¥ 2-10a), &7 = 4 A Cl:H P ORI & 8 L CHifEm I

Deep dive 2177 > T\ 7z (X 2-9b, ¥ 2-10b),

2-3-3 fHEiTBHDOLA
1 Hb7: ) OffliEA NV b EUE, Ry X 05k L 72 RIE/KnME < % %
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ICOITHIIN T 2235 57 (GLMM : vy = exp (-0.48 x + 8.28), p < 0.001,
n =57 H, X26, X2-11),

FU Y 77 24 ZECHEEE (n min) oYz i 5 £ IR
BEI7 24 XD B 7 = 4 ACRVEAIDRSH > 7 (£ 2-2),
WREEORIEIL, 5 Hikdh 2 I BE 7 = 4 X &R L TR 7 = A
2oL, b T 1 A TBE 7 2 4 ZDOHDEL L BY 0 2 HiFTHEEE
Dotz (F2-2), BE7 =4 ZI2BWT, fBHEEE 100-140 m I2&EH
TRHEARH D, BH 7 =4 ZI2BWTIE, KELIE 6200wk (BEIfRE
DI : BH) 7 = 4 X2 30-45%, B 7 = A4 R 25%-31%, X 2-12a),
WETEOHE Y — v Oz MY v 77 = 4 AcHiR L 7: (X 2-9, X
2-10), ¥9. RUFUVOHIBAXRVIFEMENY Yy 77 24 ZITEBWT,
Shallow dive & WHICIFIZE A LR SNT  (0.8%+0.2%, n= 8 fi{f, [ 2-
9). FIZHH (80.2%+2.0%, n = 8 fAfk, X 2-9) & (19.0%+2.1%, n = 8
iR, K 2-9) DWFD Deep dive hic oz, & oic, BT ORI
MIE (n min)o 1 K& 72 ) OFHMEIL, &S H b & Bl LT H I D BiR;
[l & HHERTOBIRHCTRE &2 2235 > 72 (X 2-13), FREF7 = 4 XITE W T,
AR & i L CHPcE» o 7% (X 2-13b), — /AT, BEI7 = A4 X
LBV, MAEREREME )T LAHPTES (K 2-13b), HE Y —>
iE Yy 777 A4 ATTEV RS (K2-13),

2-3-4 BEiTEIDO 1L
FU Yy 77 24 XECKEBREIEE O hIEZ KT 5 & KERR BT X

7 2 A XX D bBE) 7 = 4 A TEWHEAIDR D > 7 (K 2-6, £ 2-2),
KR EIHEEIZ Deep dive X b % Shallow dive TiE%»- 72 (Shallow dives:
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1.62+0.0002 m s, Deep dives: 0.98+0.01 m s"'), Deep dive IZE 1} 2 /K%
B R KT ARIRE DM & & B IS T 2m 23 - 7 (BlfaftofRE =
-0.003+0.0002, p < 0.001, R*m = 0.35, R’°c= 0.46, n = 3498 #&/K, Xl 2-14a),
X5IC, WEDWERay bu—)L LK EBEIEE X, RE7 = 4 R LK
LCRBEI 7 24 ATRWEAIZS D, mKBAKEELE N vy 77 24 DRI
GREELHMERABPR SN (p<0.01, ¥ 2-14a),

2-3-5 WK OREA Ry ISR 3 ZRITIE KRR D24
Deep dive I2BWT, KD D DFIEA XV M EDEMNT 5 & ZRIuigK

TEMEDEMMIEPEL 22 L) BOMBBERYEH - 7 (HEHRDFRE= -
0.04=0.001, p < 0.001, R°'m = 0.48, R’c = 0.5, n = 2714 {#/K, X 2-15), X
5IC, HifEA Ry M EROWEEHENNICa Y b r =L LG4, EKREOE
PR IZERAE 7 = A XL L TRE) 7 = 4 X TRVEHAIZRH - 7 (K 2-15,

2-16),

2-4 E5

2-4-1 BEGT DOFRH
BHEH DX v IRy F it au=—75 300-500 km Bt 7= FE A piT i 2

AT E LR 52 2 D6 nTw3 (Bost et al. 1997, 2009, 2015),
MR X, REKEMEC, B2 6 A RUF U MBETFRICEIEL 7. TH

5o EEZoND MYy THRHBE TEW AR S - 7o (& 2-2, ¥ 2-5, X 2-6,

2-11), ZnoDfiRIF. BERET —5 26 &8l L 7 DK ZIA A%

DM ETHR IS (GRIE K 5°C fHE) THREICHD o 72 & ) FEATITZE DGR &

A TH % (Bost et al. 2015),
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BIMOX v IRy X VIREHEME L TS AL T HEMAELTED
(Cherel & Ridoux 1992), % O43AREEEEIZ/KIREEE DO VREE & Bl H 5 Z & H3
HSNTW2 (Hulley 1981), =¥ Xy OREAEEIEN Y A4 T SO
JE2 L T3 a[ReEDH D . AR O T oMk (2/5 k) Tldd
2500, HEFEEIRE 7 2 4 ACERr o7 LI, N AT HDBIIG
T2 RFRAEOKEREER S 2 n = =26 EEEHIANEL %5 2 &% Kk
LT\ aaREMAYH % (Charrassin & Bost 2001), 7. ¥ 7 =4 XIcE
W, BEEEH 2REOHEN (100-140 m) ICEF LTVl &5

(X 2-12a), FMRHTRHIRIC B\ TNS A A 7 S HHHPREE ORI E R
L CORAREDRBR I N, 06 OFRIT, BERATHIRS X v 7 v ¥
e > THOMM RS L O FHIARMES S RS TCh 5 L) T
FTORHMELFFT2HDTHS (Bost et al. 2009),

2-4-2  F Vv SR — )V TORMITEN D2,

MUY TR —VTOF v IRy X v ORBATENG, FERETR ST OEOF]
FTHEEOE S Z KL Twa L EZ oD, B 7 x4 ROKEREENEE
A7 2 A LWL TR o722 L id (F2-2,K2-6), v XV HOFH
A AR O 5 O R AR TR A 12 > CTACE NSO ECBEI L Twi 2t %
FELTWS, —T, 7 = 4 2T KR KRBT & ERE X,
PRI COIEF AR B ITE 2 KL T2 £ 2 6N 5, KPEEENEED
R Eid, RYFVORKMAENPZMETH D, RO EREIME N 2
LERKBLTw3 EEZ N2 (¥ 2-14b-e, ¥ 2-16b), 4o DFEHRIZ, &
KGKREDFRETH > TH, ZDIFAKPTOMBHEED I E VWA,
RYFXFUERE - EAPICEODBKAEZSCAEICHET T2 LItk T
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(4 2-16b), A & AL £ COBENIRGA 2 & L, SR E COMAERE
Mz AL &9 &T 5 &) ITEIFHE 2 K LT 2 AlaEtE23H % (Sato et
al. 2004, Hanuise et al. 2013), A EDOFRI D, v /v ¥ vidan=—
D253 C HEL TV 208, @ E ORI ATREME DS I C & 2 R AT A~ H) L
DO, Wi T 2 0 IBEKAERZHRET L T2 EEZ SN,

2-4-3 HRAA 7 — ) coRETE D24l

XU IORUXVDELREEYTH H NI A7 HITHMBESE 21T )

(Zaselsky et al. 1985, Perissinotto & McQuaid 1992, Collins et al. 2008),

Tl ¥ RYXVIEIMRD T DR ENY AT DT HIRE %
fTERT 2MEDDH 2 L ARFITAKTTORMZHTICEH> T2 EEZSNT
V> % (Martin & Young 1984, Martin 1999), L 723> <. HJERZEEDTES
fi E BEREOZIC L D, Ry Xt > COMORH T REME I H 2T
2 L2 505 (Wilson et al. 1993, Bost et al. 2002), diHH 2L o FE R D il
AHEPIHPPEM L D bEL-o72 2 & (K 2-13), 246 DKHHF TN A
A7 P HMBEBEIC X o TRINE OFRERFICEHIL, 2hz Xy /X
VEVDRIENICHBEL TR I 2L TWwE EEZ NS (Pitz &
Cherel 2005, Scheffer et al. 2010, [¥ 2-13), #&RIZO>WTH, NF AL T
FIZHSOMBEEH OO ICHBEIEC ML TR EEZL6NDD
(Zaselsky et al. 1985), Z DEFEHICR Y FUIZIF LA ETHEZ LTV Ed -5
7z (Pltz & Bost 1994, Piitz et al. 1998, Shiomi et al. 2016, ¥ 2-9, ¥ 2-10,
2-12b), T ElF, WEIFHZFERL, B, Mg 2700 rabiE
RERARL T LITRERT % EEZ 505 (Wilson et al. 1993, Ptz et

al. 1998, Bost et al. 2002), ZD7:®, R FUVIFHHIZ X D EOEKZITI
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LT NI AL T VENIHT HFEETHREZHE T bDEEZ N
% (Piitz & Bost 1994, Bost et al. 2002, [X] 2-9, [¥ 2-10, [¥ 2-12b),

Deep dive IZB I3 HPOHEHEIZ, FRE7 24 XL L TBEI 7 = A
A TR o 72 (K 2-13), HHUCANT DA DN TR T D EEZ 61
T\ KRR E OV X .. FRRATSR IR X D AR E O iR T \v> (Charrassin
& Bost 2001), 2Dk, BHE7 =4 ZICBWTHHIRNY AL 7 HE R
THDIE, KDROEENEKT 0B R H->7bDEEZ NS, 7,
EOIREEAN D AIIACE T ~OBEEEL N 208, BEH7 24 ATl LD
A — PR 1S U TR PR ERREE DMK T 2 BB KED > 7 (K 2-14a), L
7o T, BEMHIHEA» > TEEIT 2887 = f XI2BWVWT, v F Ui
A > I F AT REME DSHE I IR o H A Ic 8085 ) (R B o 1 /K 12 22 50 3 IR ) % 42
hXE 2 &) TR Z L2 iEsE 2 o s (X 2-10a), ZD—J5T,
IR ORI N A A4 7 S R BRI TE R UE S 2 7210 o B3
TEL. BEPONI AL TUEDIAT HRENRGEEZ NS0, O
M AR EHEXICE W EEZ 6D, L > T, XU F U IE 2 DR
ICEREESS ) (BREFICE 2 T IR 2 b S ¢ 2 W REMED H 2 (X 2-10a), — /5T,
PRSI HIE L Qe LN 7 = 4 2B T, Ry XFvidH
DIRFRIHICIZ L A EBBID - OB WIBKEZ ST, REBHZHPLL Tk (¥
2-10b), T Z &iF, FMEIRIRIC B W TZE ORI REEEDIZ L A EHEAE
LRV EW) TEZERL TS, ZL T, ZOMHICEVWTF /Ry ¥
> SRHTHLY 9 2 EREFHIP I F IS BRI LERIT A LT % 2 L 2R IR

LTWwahd Ltk (Bost et al.2009),
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2-4-4  PIK A — )L COERIITEI DAL
BRI DIERRE X, BAKDH7ZD DFIRA XY PN T 5 LK 5 L

V) B DOMBIBIR D H 572 (M 2-15), TDZ L, BN L D% ozt
L 72D BIAHEICHE £ 5 72 O ICEREIPE O 77 M isifieR 2 N S € B a2 T
J. ZOBOMEOHEBEELED S LV HIBRERS (Kareiva & Odell
1987, Bovet & Benhamou 1988, Benhamou 1992)% Bt T\ % E# 2 61
%, Lo, %4 DEKFOENE & v 5 /NRBE R RFZER 2 7 — L IcB W T
XV TRy X VIR E BRI 2B, ZOBTICEEL LT
ZOBROM E DEBEZTO TV EEZLND,

Deep dive 128V T, fififsA N M2 FE UICHi 2 72BROEMRE X, $RE 7
A A LR L TBE 7 = 4 AP THRICE VA2 S > 72 (X 2-14b-e, X
2-15, 2-16a), ZDOFERIZ, FUIRUVFUBELTWE M)y 724
R & o T, BAKRTOREA Ry Mk L THUIRIR ERRBROREZ 2L I ¢ %
Ev) BN ZEEREEZRBL TR IS Lgy (M2-16), BE7 =4 X
BT BWARART — )V TORMEIEOR E LT, v 7Ry ¥ I3 isiReE
WREIT) —/ T, BOACEBERREE £ MR T 2 72 010, [ERI R EKRE L
CTHMRW R 2T > TR H % (14 2-164a),

25 H2HOFELY

- KEClE, W7 0 —vHEREY Yy a VETEHT A X v SRy XY
ZRRE LT, RIEHE Y v 7T ORATE O 2L 2 EB DR 22 R 7 —
WIZHEH L TRz,

-« HBRESIEEE v A — 2 5 13 S UK TERIE, GRS, NS B X O HL
KT — 805 ZRTCH KRR 2 R L, EE T — S o filifs A X v
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R L 7,
MUY TR =T R X VIF TR ATC S 5 BRETHRIE A 2
5 W H Ao ik 0 2 R Z 823 2 itk o> T, KFEHT
NOBEHRE 2 D, BEMETHRIEAZNE S 2 & 2 2 RPNz
T 5 &) BRI Z Lo Twi,
- FMETRE A2 ) R I B VT, XY F VA TH LN ALY
S H ESNER BT X > THRIDE < DR\ IEEIC/HR 2 S O IR
AT Ehiiciig L, "W HhIcBEZh2EO 5 L) HRA 7 —
VTCORBERIEZ & > T 2 Loz, —J7C, FalRATHS
~NERET 3 & Hh ORI 28 U TR 2z 0o e, ZORRIE
FARRETRIE DY X > 7Ry ¥ 2 & 5T 1 H% @ U CEOF H TR NS W iff
HThsrIERRML TV EEZSNS,
s WKAT =T, RUFUVRBIDLEKDHEEZHBELZOBLIMEICHEE S
HISBRERBR 21T > T EE 2 6 N, FICFEMRAETIRIE A~ 2> 5 HE
IZOWTIE, Ry FUVIFHIBRERE 21T — T, @OKFRRELEE 2
HERF 9 2 71T, [EARIY 2RI KFE#E ¢ H AT R 2 BRAF 2 417 > T 72 AR
Wnid 5,
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2-6 X

# 2-1 7T oidixEoME, BAEERE LY v 7HBH, BERE N Y v 7R THZRT, ERIZTE T — 225 I i Twik
W 289, BWHRATEI 7 — o DR o kd > W28 7, KRR 7 =4 X (1 HH 72 h) ORFEA X F %A 300 [BIBL ) D iR
2T,

Table 2-1 Summary of bio-logging data coverage for equipped king penguins (Aptenodytes patagonicus) from Crozet Islands. Solid
lines represent the time range when the bio-logging data were obtained for each trip. Broken lines represent the time range with
no bio-logging data. Closed and open circles represent the start and the end of the trips, respectively. The bold lines represent the
period of the high- feeding phase (> 300 feeding events per day). Dates are given in the yyyy/mm/dd format.

Bird Trip Data Data Number of days from 2011/01/27 (d)
ID length  length  cover
(d) (d) %) 0 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 32 33 34 35 36
K1 125 6.7 54 o—
K2 14 6.7 48 QO
K3 22.3 6.4 29 [ S S S S S S ) S S P SR P AP S B S )
" 107 s s P s [ S T 5
K5 225 6.1 27 ® 0 s S S iie)
ke 116 116 100 @ o O
K8 17 7.3 43 [ T T SR —_——_ ........................... g
Ko 147 129 88 (- — P o)

Data recording of K8 started 96 h after deployment.
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22 RNV ZRICBITTE) 87 X —F — (RRIEKIREE, flifod e, fiaiRE, AR PBEEE) D FY v 77 = A4 RO (F
P ARAERA),

Table 2-2 Comparisons of behavioural parameters of king penguins between travelling and foraging phases of foraging trips.
Parameters include median maximum dive depth, median feeding rate, median feeding depth, and median horizontal movement
rate. Grand mean and SE of median values among eight birds are also shown.

i. Diving behaviour ii. Feeding behaviour iii. Horizontal movement
Bird No .of No .of Median maximum dive depth (m) Total no. of Mean feeding Mean Feeding Mean horizontal

ID dives deep dives in deep dives 250 m feeding attempts rate (n- min™) depth (m) movement rate (m- s™)
Travelling Foraging P Travelling Foraging P Travelling Foraging P Travelling Foraging P

K1 1,714 182 158.4 - - 474 0.76 - - 135.3 - - 1.68

K2 1,332 413 146.7 135.7 NS 1,281 0.71 1.95 <0.0001 102.1 132 <0.0001 -

K3 1,300 318 132.9 - - 751 0.76 - - 110.5 - - 1.53 - -

K4 1,777 658 149.0 168.8 <0.005 1,919 0.74 1.37 <0.0001 127.8 140.5 <0.0001 1.54 1.36 <0.0001

K5 1,839 282 118.6 - - 744 1.27 - - 101 - - 1.64 - -

K6 3,707 753 200.9 165.0 <0.0001 2,394 0.71 1.63 <0.0001 155.8 140.8 <0.0001 1.66 1.11 <0.0001

K8 1,434 882 136.3 140.5 NS 2,909 1.09 1.38 <0.0001 109.3 112.8 <0.0001 - - -

K9 3,793 1,272 228.5 141.8 <0.0001 3,567 0.66 1.29 <0.0001 188.4 120.1 <0.0001 1.48 1.17 <0.0001

Mean + SE 158.9+13.1 150.4+6.9 0.84 £0.08 1.52+0.12 128.8+10.8 129.2+5.6 1.59+0.03 1.21+0.08

P-values derived from Brunner-Munzel tests.
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2-1. MRS EE v A" — (W1000L-3MPD3GT) 2348 S le ¥ v /Ry ¥

7o
Fig. 2-1. A king penguin with a muti-channel data logger (W1000L-

3MPD3GT), on the lower back.
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Fig. 2-2. GPS track of the penguin (K5) obtained from 31" January 2011 to
5" February 2011.
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2-3. A XV FOERTE, @QF IRy X (KD BB, ks
JE, BAKRE DR RGN T — %, BEBIMEDIRRIT — & NOHER LD ZAL
E-0.06 °C s DUER -7 2 2R L, HEEKEEDORRT T — & NORERITHE
EOZEEN 0.68 m s’ L o722 L 2R LTS, (b) KD DOEER
JEOMET (= 0.06 °Cs %Ly a2 (=0.68ms )IEI%IO)BQ%O T =R
— VFIEK BB DAL 2R T, PRERIERWIERTRLZ (y = 0.93x +
0.06, R* = 0.75, n = 1442 {&K) .

Fig. 2-3. Definition of feeding events. (a) Time series data of oesophageal
temperature, swim speed, and depth in a king penguin (K8). Red lines
indicate where the rate of changes in swim speeds was > 0.68 m s”. (b)
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Relationship between the number of oesophageal temperature drops per
dive and the number of speed changes (dashes) per dive for a king penguin
(K8). The color bar indicates the relative frequency of the number of dives.
Regression is indicated by the gray line (y = 0.93x + 0.06, R* = 0.75, n =
1442 dives)
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2-4. 1 HH7DDHBAXRY MEDER NI L, T—4%13 8 ik 55
72 57 HADT—=%%2 77—V L7, BRHAEN) vy 7’7 24 REETVT DA v
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Fig. 2-4. Definition of travelling/foraging phases. Frequency distribution of
the number of feeding events (based on rapid changes in swim speed) per
day by king penguins (n = 57 days, from 8 birds). The arrow (300 feeding
events per day) shows a cut-off value discriminating the travelling and

foraging phases.
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Fig. 2-5. Number of feeding events per day as a function of time since the
start of the foraging trip. Each bird is represented by a line of a different
color. The broken line shows a cut-off value (300 feeding events per day)

discriminating the travelling and foraging phases. Closed squares represent
the days when the feeding activities at sea were recorded throughout day.

Open squares represent the days when the feeding activities at sea were
recorded only part of the day at the start of the data recordings, and these
days were excluded from analyses. Data recording of K8 started 4 d after
departure from colony.
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Fig. 2-6. Changes in sea-surface temperature (SST), travelling, and foraging
characteristics for a king penguin (K6) during a foraging trip. Parameters
include SST, depth, horizontal movement rate, and the number of feeding
events per day.
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50m Dive start

Horizontal straight-line
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Dive duration (s)
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5T K E CORPEREMZ /R T, ACPEEIEE (m s') X, ACHIERERE
ZIKIRF TR 2 &I &k o TH 7,

Fig. 2-7. Overhead view of a dive path and calculation of the horizontal
movement rate. Closed and open circles represent the start and the end of
the dive, respectively. Arrow indicates travelling direction. Red line
indicates the horizontal straight-line distance from the start to the end of
this dive path. Horizontal straight-line distance was divided by dive
duration to calculate the horizontal movement rate (m- s’) for each dive.
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10m

Dive end
Horizontal straight-line distance
from the start to end points (m)

Straightness =
Total travel distance
from the start to end points (m)

Dive start

2-8. EMEOREMNTE, BAEEKORGKR, BAIEEKOK T HRE2ET,
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£ CTOKVIEREREZ 289, EAREIE, AKPERER 2 EAS R ClRd 2

EICK o TR, EREIZ02 5 1 OfilOficRING, AL v PEaDiL

By P E2ERT,

Fig. 2-8. Overhead view of a dive path and calculation of the path
straightness. Closed and open circles represent the start and the end of the
dive, respectively. Arrow indicates travelling direction. Red line indicates
the horizontal straight-line distance from the start to the end of this dive
path. Path straightness was divided by total travel distance for each dive.

Path straightness is expressed as a value ranging from 0 to 1. Orange circles
indicate the occurrence of feeding events.
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Fig. 2-9. Typical diel dive pattern of a king penguin (K6) in the travelling (a)
and foraging (b) phases during a foraging trip. Unshaded, light gray, and
dark gray zones indicate daytime, twilight, and nighttime, respectively.
Orange circles indicate the occurrence of feeding events.
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Fig.2-10. Diel patterns in the time proportion of shallow and deep dives in
king penguins. Mean proportion of time spent in shallow (< 50 m) and deep
(= 50 m) dives were shown for every hour, during travelling (a, n = 8 birds)
and foraging (b, n = 5 birds) phases.
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Fig. 2-11. Relationship between the number of feeding events per day and
daily mean sea-surface temperature (SST) experienced by king penguins.
Orange line shows the fitted model (y = exp (-0.48 x + 8.28), n = 57 days
from 8 birds).
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Fig. 2-12. Comparison of the vertical distribution of feeding events between
travelling and foraging phases of foraging trips. a Frequency distribution of
the feeding depths for a king penguin (K6) during the travelling (black) and
foraging (red) phases. b Feeding depth as a function of time of the day for
a king penguin (K6) during the travelling (black coloured circle) and the
foraging (red coloured circle) phases. Unshaded, light gray, and dark gray
zones indicate daytime, twilight, and nighttime, respectively.
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Fig. 2-13. Mean feeding rates and the standard error during feeding dives
(dives with at least one feeding event) per hour for king penguins as a
function of time of day during the travelling (a, n = 8 birds) and foraging (b,
n = 5 birds) phases.
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2-14. @QF v 7' vX v (K6) @ Deep dive IZE I} 2K FERBREIHEE & ik
AR DBITR, RURFR IR 7 = 4 X%k (y = -0.006x + 1.5), BHEj7 =

A Rz B (y = -0.003x + 1.6) TET, KEDHIZ Shallow dive 2787, (b-

#7244 X (b, d) EfH7 =4 X (c, e) DFKIZBIT DK (b, ¢
EFRE7Ta 7 740 (d, e) O—Bl, BAIXEKOHILGR, BAZEKOK T

REERT, BORHIBXR X rofrinzRY, Bl Xy 2

&Y,

Fig. 2-14. Comparison of horizontal movements between travelling and

foraging phases for a king penguin (K6). a Relationship between horizontal

movement rates and maximum dive depth during deep dives (=50 m) for a

king penguin (K6). Deep dives during travelling (black coloured circle) and

foraging (red coloured circle) phases are shown separately, with linear
regression lines (travelling phase: y=-0.006x+1.5, foraging phase: y=-
0.003x+1.6). Gray circles indicate shallow dives. b—e Examples of
horizontal movement paths (b, ¢) and depth profiles (d, e) for dives during

travelling (b, d) and foraging (c, e) phases. Closed and open circles represent

the start and end of the dives, respectively. Arrows indicate travelling

direction. Orange circles indicate the occurrence of feeding events.
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2-15. ¥ 7 Xy Xy (K6)DIEKREEE DIERE L EKD 7 h Offifs A XV
N DOBAR, BADBEE 7 2 A4 X, RAUBRE T 24 DT =5 2R,

Fig. 2-15. Relationship between path straightness and number of feeding
events per dive for a king penguin (K6). Dives during travelling (black
coloured circle) and foraging (red coloured circle) phases are shown
separately, with linear regression lines (travelling phase: y= —-0.04x+0.88,
foraging phase: y=— 0.02x+0.66).
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2-16. (QB#H) 7 =4 XL O 7 = 4 XD =ROTRKEEREOF], BHIE
BRDBAIG R, HAZBKDOK T H2RT, BORANIRY ¥ OET A%
KT, RODIBHEA R F2ET,

Fig. 2-16. Example of reconstructed three-dimensional dive paths during (a)
travelling and (b) foraging phases. Closed and open circles represent the
start and end of the dives, respectively. Arrows indicate travelling direction.
Red circles indicate the occurrence of feeding events.
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B3 EEKBICBITATZTY—XUX O =RIGEK
frh & ER AR
3-1 HEEHMW

W51, RRA IR IRFZRE R 7 — VI I T 2 BT AT D ZE BTN L T RERIC PREAT
B2 Z S 2 0ERD 5, KT, AKP TR ZAT ) EARERS X, Ronk
KR E] & 2 O hCRIRNIC 2R T 2 08 B H 5, 207D, 1 [BOHF
IKTHRETE 2P O D774 2 DA A[BEME I LT ED X 9 IR T
FaZIE 0w 2 e, HOBGRPHAEREICRES (CHET L LE
A6,

FHOM I ATRENE X, TR VENE S 3 — [ DK THLD 9 % K 9 /BB 2z 522
27— (< 1 km)iZEB W TRICEBRREVWEEZ OGNS, BELE, IO
A=)Vl R (BARMERES) OPREIATENC X 2 LRI X > TH
B (YRR L 72D k2 SR OTER LT 5 2 i
X THAPEIHNT S ENTFHRINE-OTH S (Hunt & Schneider 1987,
Hunt et al. 1999, Mehlum et al. 1999), & 512, WM ES (2 E I 12 FEI%
DT OIHFHIANIR 2 B3 % 7 &, WA IS HI BRI L 72D Ry 7%
REITEEEdEZ oD, ZDLIHIC, KaX 4 EFOSMHNPEEN L, $RAH
DLW EFEZ SN DM T T KRS SR E 2 R0 5 X9 %17
i, AR 2EI TS LEIONS,

AN 72 IRF 22 [E] R o — LI 8\ T WK MR IS S B o0 M T AT RE 14 D 28 8l 1 %
LTED L) ITHREfTEI 2 Z LI T 2022 T 5D Iid, Holk
[l 73 i RE CIE K v D = ROTT KRG 2 885§ % & [ARFIC, #HARhowvwD - &2
THEZMEL D2 EOMETEICE T 2 ERNAEHR2E20E1H 5, L
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L35 BKEY) O =R /KEEE & BTE 2 FRIC, ZE» ORI
[ ERE TIEA 7R 13 70 < BB I3 B (H1 2 1% Iwata et al. 2015,
Adachi et al. 2017), E/KMMERS TR LR 2 HTONRE LicX v /Ry
X o—pHlzBR ST 3 (Watanabe et al. 2023),

77—V XV Pygoscelis adeliae %, FMOWETEERERICE T 2 ESH
BEYCTHY . TISAXT7 I (F V¥ a 24 X7 3 Euphausia superba, 2 7%
) & % 7 3 Euphausia crystallorophias) 2 /N O faEE (R AT X A
Pagothenia borchgrevink)z i & 2 B /KM S TH % (Ainley 2002,
Watanuki et al. 2002), $ficF v Fa 74 F7 313, AHEICBWLTEREAN
AF2 A% HD B LS HBOIFEERROH E L TAIS 4 (Atkinson et
al. 2009), MK F TNy FRICOMT 5 2 EBA LN TWw % (Brierley et
al.2002),

WY 2 4 « BILLEIE, BHICE O TH KT E o 3 R Kk
R HERE L 7KL L 72 % E K cEbNTw 5, L7adi> T, O
DIRFETEIET 27 7V — XV XV 0NE/KATRE L SR EH ST, MK RIS e §
DN BHBOKE (V—F ¥4 F 7 7 v Z7))NCBRE S N5 (Watanuki et al.
1993, 1997), TN FE TIZ, EEKBTOWK LIcEIT 27TV —XRv¥Fro
PREFTENICOWTIE, VHF 7L X R YR GPS % EOBEREIO Fikz v 5
ZEILkoT, —HEORM LY v TRV X U MEEE T ORESHT (¥4 F
77w %) —R)ZFHT 2L (Watanuki et al. 1999), i & > THIH
THRMGITICHFABH D, Al e 1 By — X NIZE W TSI
CEEMEDH 5 2 L (Watanuki et al. 2003), F 7. EREHG TN TR A &
DESFZBNT 2 - OB T 2 a0 = — O 28T 2 X 9 2 BREDS T %2 51
T52L (Itoetal. 2021) 7 EDBHISN TV 5,
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EAEDNA F 0 X v JEMOFERICHE G, WK TICBTF27 7Y —Xv ¥y
DFMAIRAATENIC OV TOWHS I NDODH 5, LY v Fho 7 7Y
=R XV, K EZESS LG ALY CBEIL, RESGHT (54 F2
7y 7RV —FICEET % &2 20K 2 ERINICIT Y (BKANY ), K E
T—ERHEDHREZRALZD L, HOWANY F2HBT2 L) Ry —v %
BOKET, SNET, 7TV =R FVOHK T ORETEICOVWT, v F
YOWKEELEET AT = BLIOIMEE T =8 o BRI NdlfE A XV
FOEREMAGOETHNT T2 2 LICk > T, Ry X V35 L 725K
b (RIIRIA 7 —)v) & —RlIDK (FEHIRA 7 —V)D 2 D OREJEI 2 2 7
— Lz iBak U, SHE 2 7 — )L COM R LIS U T KRR 2 frod 2 3R A9
52 EDHHLICE T A (Watanabe et al. 2014), — /AT, 26D 2D
DAT—=NWIZETBMK T TOT T =Xy X VORI DY — 12D
TSN TR,

WK N THRKT BB, RUYF VKT EICHRDIDIC7 7y 79U —F
DALIEICR 2 B H 5 7, —[RIOHEKTHTZ % K TOEREHHELIA X
WK DR L 25 W BRABOKIA T oK CoERATHI & il L < L D el S 1
hEFPRING, Lo T, KT LW FIHIRI N2l Fics»TR
VEVDBBRDBLEKE TSI LICKAMBEOETIZ. A X7 IO,

TECPHLEITEI 2 5 SR TR E. KO RE oML 25| S I A RerEss
% % (Watanuki et al. 1999, Ainley et al. 2015), Z LT, Z® X I RiEKA

7= CEHOFAMBEDO LB DR E WEAET T, X F U IFHIE O AKTD
PREHFERRZ b &SRB DK TOREITE 2 2L S 2 REMED D 5, I A 1E
ARl DK THI L 72K T OEREHHEIPHN T Sy F DRl 234 U 76, Kbl
DK TN DNy F %238 IRT 2 X 5 ICERATEI 2 2L 3¢ 200 Ltk b,
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ol —HOBKT L DHBEIEANY FhIcha ICREI UL, §E
RN FBAIRD & #& TITH 1 TR 2 IO R AT RE R IR T LT v <
ETPMEINDG, 207D, WK T TREZITI 7T Y =X X id, BAkNY
FBEOEKAT =D 2 DD R — )T E VT B O] ATREN: D A B Sk
L CIRETEI 2 2L I 2 08B H B L EZ 5N D,

RETIE, EEKECTET 27 7Y =R XU PRL RRFER A 7 — LT
ZE)T 5 ORI A AREIE ISR L T ED X ) LRI E L > Tw 300 %S
DT B ERHMIC, ODHBAZ —)v, Q)EK Y B 27— L, (1i)EK A
r = VB DORFZEM A 7 — VICE H U CREfTEI O 2L 2 72, BARmIzix,
7T = RYXF VIS L HBRIEE e S =00 F 6N T =896 =X
TOIERFERE 2 PSSR L. FIRFIC i RfTEi 2 @835 2 & T, WAk P RT
— NV TOE DO FATEEMEDEB A L TRy F B ED L 9 12 ZRIGHE K
ZEI VT L, £, KR — ) TOMOF I ATRENE D 2B IR L T
RYFUPRED X I I ERIGEAREE 2 2L ST 5, S5 I5HEDRA
BRI L TR E DA TED & I I ZRTTE KRR 2 2B ST 2023

N7z,

3-2 Jiik

3-2-1 i

AT IZEEEHOY 2 5 « FILLAE - SV IR T TFRBICHHR X
Dav=— (FEik 69 B 12 4y 39 ¥, Hifk 39 £ 37 43 48 B, 170 X7, X 3-1) T
fio7-, FEWIMENX 2018 4 12 H N2> 5 20194 1 H EHIOMTH Y., 20D
JHENE 7 7Y — XU XV OBHHO 9 b4 — FIICES L 2, J#EkEHh, 2
0= — A OWHHEIZEEEKTELNTE D, E&EKECIEEKOENH
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(ZAF7 7y 7% —F)BRAEL TV (K 3-2),

3-2:2 fiByAt

AWHETId, BRE LY v 7HhoXR v X oK ITENE X OHHETENCE T 5
T8 %4570, BixsrT—sul—DflartrbEzHwC2@) DfTH)
MEZITo T,
(i) Mg SR BE 1 7 — e A A

KT D = RICIEKIER 75 £ DWKITE T — 8 243 5 7o 1 MBI L
o 77— (ORI-3MPD3GT, Little Leonardo, Japan; Eft x £ &; 16.5 x 84 mm,
42.5 g, Wi, M 3-3a). GPS v #'— (Axy-Trek; TechnoSmArt, Roma,
Italy; 43 x 21 x10 mm, 18 g, & NifIc#7, ¥ 3-3a)8 L O/ NIEE v 4 —
(Logglaw-C6; Biologging Solutions Inc., Tokyo, Japan; 40 x 15 x 12 mm, 8
o, UHEICEES . ™ 3-3a)% 16 kD v ¥FricE L (1K 3-3a), 1 fEfkic
WELcu A —ORERIZ68.5 g TH D, JUIHMERINIREE 0 77— HE N R
A DR EDFE (4.4 kg) DR 1.6%I2H 72 5,

Mgk SR EE @ 47— 1%, KR (1 Hz), ME0KIR (1 Hz), ##EKGEE (1 Hz),
3 DML (20 Hz) & 3 o HifE& (20 Hz) % 454> 77 v Tk ChRtsk 9 %
Ity bL7%, GPS uf—i3, 1 o3 L IhEEREZRT 2 L)1k Y
b L7232, 3EONEEZ 25 Hz CTit#kd 5 L H ity b L, BEHEED
MREE O A — b [FARIC 3EOMEEE % 25 Hz Taldt§ 2 X9 icky b L%,

(ii) ©FA 1 A — ik

METEcET 27— 25540, E7 44— (DVLA00M130SW;

Little Leonardo, Japan; 65 x 20 x 22 mm, 46 g, ¥+ aBicis, X 3-3b) &
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GPS v &'— (Axy-Trek; TechnoSmArt, Roma, Italy; 43 x 21 x10 mm, 18g,
R R 3-3b) & /N BN 5# B v A — (LoggLaw-C6; Biologging
Solutions Inc., Tokyo, Japan; 40 x 15 x 12 mm, 8 g, BAFICEEH, X 3-3b) %
16 kDR ¥ icEEE L7 (K 3-3b), 1{AFICEE L -e " —oRE=RX
72 g THH, TNEBETA 0N —EENREEDIEEDVIE (4.5 kg) DK
1.6%I2H7-5,

A a A —d, BRI EIE L BRE N Yy Tk 2 AN —TE
Bwled, KDECWKRTDT =232 ENTEL LI A >—BLD
VIVEDx =8 =24 v F e TEKRICREZHBT 2 L) ICREL .,
%%, GPS v —DfERROMAER (1 7). 3 WOMEED Y >~ 7 v 7
[k (25 Hz)® & OVBHEREE O MR 0 2" — D 3EONEE DY > 7Y v JTH
Be (25 Hz)i%, HifgkSQNEEE v A — 35 AR OFE L #E— L 72,

3-2-3 T —FfEbT

FE RV » 7RHRICHINL 27— uh =il nir—41k, PC 2%
v u— K., IGOR PRO version 8.0 (WaveMetrics, Inc., Lake Oswego, OR,
USA) & IGOR PRO FEC#E#ifEd % Ethographer (Sakamoto et al. 2009)% fiv»

THEMT L 72,

3-2-3-1 GPS 7 — % figthit

AL L 7= GPS & A — 2 Gk & Ll ARG T — & % ML EE R > & 2. = 8
— IV A VA FOVEERR (UTM, zone 37S)ICZHR L 72, GPS 17 —13 1 7k
THINIT 2 LI BEL TV, RUFvoKbica A —I2HE» S DE)

ZRETE VD, BERICR s N EFRORRERIE 1 oHZEL T
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256050, ZOREMEEIZ TS 1.2 57Xo7, 207%o, frEEHRZ ER
i & D HEE L. IR 2Y 1 R > 72 7 — % 2137,

R LYy TRIZ, BEMESEZENE, a0 == 5 ORI
100 m %z 2 7 Ri%l 70 & Jm BN i 2 12 100 m 28 2 72 R £ T ORfE & 7E

F#L T BREN)y b icano— 5 ORKREHE2FEL 7,

3-2-3-2 s X+ Ofh

N L 72 €5 4 v A —I12 508k S Lz YR 1, Movist (cocoable ) | CREZE L
7o, Wk offif, HEMEARCT X7 oL OB 2L (K
3-4a-c), MAETHZERT 5 LT, el bnsEWiciadr> THE2ZE L T
W ATHE) (X 3-4b)% 1 MOl L 32 ML, Kb ofigORE%E A
7Y b L7, WROT=FHIFRWTHLIBLT 2 L) IC, ©T74uh—%
WHELLI6HED S B 11 kO ETA T =8 BLXOTE7— % il f X
Nl D 72 DFEMTIC V72,

KPTOT T =Ry XV OHEFOBML VEEE, RyF R4 *7 Iz
HEBELLEYA IV 2L TWw3 EEZ 513 (Watanabe & Takahashi
2013), TNFTIT, R FrOEITHT 2N LHOB & ((FRICHEEF L n
A— L VHIRICEERE L 7o n A — Rl S N E D) DWE L E— 7 B34 ¥ 7
SHEMAETZ29 A4 IV 2RILTw 2 2ot N TS
(Watanabe & Takahashi 2013), AffiicE\>TH, Watanabe & Takahashi
(2013) L AR D FNE TR ¥ v DR IC KT 2N EOE Z (Head-only
acceleration)z E 8k L 7z, EEILICERL T, m#IC GPS 1 i'— (I3 &
ANERIIGREE (BEERIC ) CZ2 N2 nadx S /e STWINEREDO X7 R Lz G L
72,
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B (m/sz) = \/asurgez + CISWCI._')/2 + aheavez

H (m/sz) = \/asurgez + aSWCI._’y2 + aheavez

2 2T asurge 3RV XV DERDOEIMN, asway (E /24T, Aneave (X T HEHIC X LT
MBS NAMEEDMEZ RS, B IZAICEES L 720 h— Tt & iz 3k
X7 FVERL7ETH D, H FEEEICEE L7z v 7 — Tl S 417z 3 il
MEEE X7 PUVEE L7 fli%E £ T, X7 PVEKLZZIEEL, 4 X% ¥ %
Y VT B 7DIER 25 RO T — 8 2T 2 e b 217 - 72,

Head only acceleration (m/s?) = Hgmoothed — Bsmoothed

RIZ, VHEBDHEFEZ X7 F VAR UGB U 748 Honootnea 2> 5«
DMGEEZ X7 b VAR L PGB U 72 Bomootnea 2 51 < Z & T, &MY
2R XV ORI T 2RO F & (Head-only acceleration) % & &1k
L 72 (Watanabe & Takahashi 2013),

RIS, ETAHT =860 7 b LEBKBOREDRIE & AR 2 31D H)
& (m sY)DWIBO ¥ — 7 OEH 3T 2 X 9 2L OB 2 ik 2 & s ikE
L7 (¥ 3-5b, % 3-1), 2L T, AR LICRE LBz L. 2D
fiTdH 2 0.2l ms* ZHfEA XY FMhHD O DRfE & L TEREL 7 (£ 3-1),

BRSNS MBS EE 0 A — 2355 L 72 RV F D0 TH AR, RIS
W Lcu S — LHEICEE L cu A — it S N E D 7 — % % Hw T
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xR 22 BE 0B X (Head-only acceleration)Zz E8{ L 7=, Z L T, N#EET
—00.21m s*DLEZESEL 729 A4 S BB A RV E LT L 72,

3-2-3-3  WAKATE) O fighT

WKFEET —4230.5 m PAZEDD 3 WML L2572 & &, ZD—HDHIH
Z 1 BIOWKEEEL 72, £/, EEDOWKD 10 BIDLFEE L, 2RI
FERERTAY 250 UL ETXY) & 1 2 —HoWik % 1 BIOFEAK Y b E L TERL
7= (Watanabe et al. 2014), F7:, KHEZIT o HHRTIZ, R XK
DIDIF LTEDWMHDEIYA F 77y 75 LIEY — FOMEICEL AT
57 (K 3-2), FHEEE L 72 = ROTi/KFEI 3 K BEIR s 0> & /KR OV K
BREEISNE  NR B AR D, R — Figih o TRE AR S B8 T 2 KD
KEL 220D Y = VIR 7 (K 3-6), FHEEE L 72 = ROniBKig
25 B L 7 K O ERE (B 3 800) OB 540 13 0.1-0.2 2 mHifil
T2 IEMZ R L7 (X 3-7a), % 2T, AZETIRIEMEED 0.4 DUT DK
% Returning dive, Z#PL EDE /K% Straight dive & L TIXHI L 7z (X 3-6,
37, 12 ROy X v ol L 2B XY D5 b 88.4%%
Returning dive HZi#d Z > T 72 Z £ 225, Returning dive (ZEREHIZBE 6 515
KERZ LT, L DB4A&. BAKNNY Pz B w T, Returning dive &
Straight dive 23E/E L T\ 7z (X 3-8b-¢), AHZETIZ, FEPhWICREZ1T-> T
Wi EEZ SN BWIRDEAKD B ZRITNRICTT 272012, BANNY btk
W, Returning dive 2% 10 [0 i U 7z —d O %2 1 Bl b & 7' X
v b EEFRLTXAIL TR 21T 72 (1K 3-8),

KN S OEIKBDSEER ) v T RO KB L o 2 H & 89.5% T
Hote, N T XY FHOEKRBISERIEAKNT T OEKEIS D 2 E &
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& 47.1% E RELERD oD, N P T XV FHORiEA XY e
N R OBIHREA XY MO 2 A 1F 64.8%TH o 7,

BERE T — 7 DX v ) 7L —3 a vk & RIS O BRGS0
DWLTE, 2 BTHRRLGELFAKTH 2702 T TRPFHAZEKT 5, 7
2L, ZRIUEKEERE OTHREEDRR, MR T — 8 7 & AR K 2 il
TEEDICHWET— 27 4 VY —DBfEIZ 2.5 Hz Z i L 7=,

SRTCIF KRR 2 TRRESE L 7212, S KDIR R & FE Ml E TORFEHF D
R 2 AR EERERE & LCRI L 72 (K 3-9), 7. W/KBAG A & #&
TR R EARIIC RS A TS HERER  EERICK U 2 TR CH] 5 72 b o & K
D =TT 7 B KRERE DIERREE & L7z (K 3-9), SE/KDEKBAIG R Z s &
L7z & EDFuwm & O sk e LCHRB L2 (X3-10), 2 LT,
L 72 Wi OIKNC 81 2k it o M2 2 E i L 72 (X 3-10),

3-2-3-4 AT DT

SIS (Watanabe & Takahashi 2013) 12 T, EKERL 100 B 72
D OREA XY P EEMAERE (n 100 s') & LTHBKTREL 7,

Bk 2 FIDL BB A XY DRI S REBKICOWT, B4 XY FOED
MeBEH L7 (M3-10), 2L, AR I >z A Ry b3 1S LA
X0 72 o7eit, 22 1 MOflifsA Nv S - A7, IRiER DAL
B2ELRE L THIZEL 7o, KB ORIREA XY DY 1 BUF ORI RN
M 7 A Y FHROBEIKEIZN L TH® 285G 1% 5.6% (1558 Kk 87 [n) &
KNS pote, FRROFETHEFARKOELKZRER, N7 b7 XV b
DRFRIIIT i L 72 iR O KB Ol s A N> b o FELEEEZ & L %
(X1 3-10),
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3-2-3-5 FRAPGATDER

FREGHONEY v b (V—=FbLLIEFA N7 7 v 725K Y Bk
ELHTD GPS fzil & il fF DAk & D ERERED> S XA L 72 (X 3-11a-b), &
512, B TOBIEHRIR (X 3-2) 28 £ 2. #EWIRFP Oy ¥ (n= 12 fil{f)
DM U 72 BRES T 2 12 f&7T (A-L)IZr8 L 72 (X1 3-11¢),

324 HINEHOIHT
HYEEE (CCAMLR 1997)% FHWT, Ry ¥ v 10 kD o BNEY Y~ 7L

DIEEZ T 72, 10HEDH B 2l kI, ET A b —285 L @k L FHL
otz 130 8 ARDBENEYDOIEIZ. T—F ah—2 o7 ATEERAE &
LT o 720y, PEEHIRIIZ E T A v — 255 L ko7 -2y ah—o
IO AR E =B S 7, B2 TENSYOHEREZ 1 g BTt
L7e, Y2 4 %7 S, S, BB L, S LIiIcb EEZE
ML 72,

3-2-5  #alENT
HEMHENTIZ R ¥V 7 F 7 = 7(R Core Team 2020)% W Tir- 7=,

BRKDIHHEA XV D= RITEKFERE DIEFREIC G5 2 5 B2 N5 7
DIZ R Yy 77— Imed (Bates et al. 2015)D#EEAE T/ (Linear mixed
model, LMM) Z w7z, /N7 b+ 7 X > bR ORGER R 575K D KK
FHEFEHEIC S 2 2B LTS -0, LMM ZH w7, SEKOFEA XV b
Bz ok LEBROBEKFORAEA XY~ OBRLFEMICS 2 2R H
N30, LMM z i, FRIC, SRS NV DSz oKd &
EEDEBKPOHEA XY FPOBRLEDOMEELEICGZ D ELTARDL D,
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LMM % w7z,

ETDETNVOHNERD T =5 (FEKDEME, RAKVFEERRE, &
VK (VA= ST 15115 EX T Rl = SN 1 e 7 NN [ 7/ \ A 2 NN T R A Rl N 74P
NS EEREY  IABEENS D, ik ID, #koNT B ID, N7 b
AV ID Z2Z2NEFNT VY LR E L TETIVICHAAAL,

multcomp 7Sy r —2 @ glht Bz AT 2N F o 7T VoA B2 BE
L7, MuMIn /Sy 7 —2 @ r.squaredGLMM Bi%% % Fi\»C. Marginal R
(R’m)# X ¥ conditional R* (R*c)%# Z N FNEH L 72, R’m (ZEERIHED A D>
5. Ric IZBEIERIRE X N7 v ¥ L8180 6 #EE Sl Th % (Nakagawa &
Schielzeth 2013),

KN b T TERT DK DI RRV-EEFREE & RPN T BAIRIE R D
KD RAFREERBED 2% Wi T 2 72 0i1c, MEDd 2 2 B TH 5 7 4
Nayy v O FIENRE 21T 7z,

ETOMEDHEAEEIX 0.06 & L, FiROMEISFIELFERZEDOEAT

w7,

3-3 ik
3-3-1 7= DHHRYL

IR SRR 2 A — 23555 L 72 16 ik 6 2Toulr—zmEIL 7z, 16 A
HDH b 2 FEERIFHBESIEE D A —DAEGIC X DR Y v 7ho— %
MBI OITE T — 5 282 2 LN TE Ao, S5k 2 fHikTIR,
GPS u W —DAEZICEDMET — I BHBTE LD o, 2D, RKET
FRTDOF—F Xy o> 725t 12 fEDFTEN 7 — 7 Z T I v 72,

B A n -5 L 16 fitko 9 & 3 fEfkid, v —2EHkpican
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——REEN ok, BT E A EEIKE Lok, BITD
12D DB T AT = 2B R TE Do, £, b 1 ko T
FF—=FIcow TR, KT TORENFELTE D, HEICK 20 ¥ ol
BITBIOBIEPMT A o, 61l 1 I e A —DARAIC X h I
Ty ERoN ko, gAY MMHICBT 2T R h o 7,
Zor, 16 flAko 56 11 HEOETA T = B LOTEI T — & ZHigg A X
¥ Mt D 72 D DfFEFTIC 72,

3-3-2  MBKIRDL

AR, 2 v = — A0S EEKTEbNL TV (K 3-1), 2D
O, RYFVIEBKEICHIET 2 — F X — PVIRDWKOBUN e ElN
H)»%4 V2 7y 7 (@WEENIC X > CEEK EEOMICRAT 280 H)T
DHEKT 5 2 EDH[AETS > 72 (X 3-2),

3-3-3 bV v 7O

BREG B Y v 7" (RSN 0 A — 25 R n = 20 MV v )OO R Y v
7513 15.8+4.7 h, D anv=—56 OV EKMHERIE 1.6+1.1 km 2> 7, <
Y¥FUFaun—2HERETLEBRTHL LI MRS VTR EEABEL, an
== 545 4 km H#PHN Oz FIH L T 7z (1K 3-12),

BNy I FIHLZZY =84 V7 7 v 7 O8I AT & 1c2EH
W25 2EMBH D, BFANT BT 2RIEA R N B P
12T HEREAT L ICMHICIE S D ENH - 72 (K 3-13),

3-3-4 HMA7T— N ToORMTH DA
FA R DV ARFE L Tl 13, R 2 & - iR O & ITfl2NIE S D n»TE
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D, BELHM NS =3RS gD 7 (X 3-14, ¥ 3-15),

3-3-5 JEAKANT b - 2T RX VAT — VL TORMATEIOZAL

Ry X VR —EREGITICEE T2 &, 2 2THEEISEAL Tz (X 3-
16), BEREEGTICHHAER, RV ¥ idZ2 2 TEEIN OB KN s 27> TE
D (P 2.5+1.9 [b], n= 12 fE{K), &K T o KEUE TS 37.5+31.8
[l (n=75 N7 F)THote, Fiho, SEREGTCHER L 728K Y ORI
HAER R O -1 65.01+£95.4 47 (n= 49 7 M) -7,

BN FHLAEANY P 7 Xy FHROEKIZE LT, K DERAKN
FIFERREE KN b B \0IE AT e 2 A Y FRARD SR T THRA I
WM 2 EmAAHR S 07 (MO FEE= 0.005+£0.001, p < 0.001, R°'m =
0.034, R°c = 0.75, n = 1558 ik, X 3-16, X 3-17),

FIEAKICE VT 2 I ARACEFENEREE X, KT BT IERT DK DME & g
LT, XREIDWEAKNT - BEIRIFER DK T2 OMEIMA T 2 @235 - 7

(74 Nayy vy OFFFIEMBGE, p = 0.004, X 3-18),

3-3-6 KA — L TORETEI D EAL

BT T BIERE LA NV P oREOBGRIZ, AE %A 0HBERR
D3RS N7 (Rt D% %= -0.0013+0.0002, p < 0.001. R*m = 0.022, R’c
= 0.25, n = 2249 #&/K, [ 3-19a), MIRFROMEE IFEEKRT L ITIX 5D EIKE
ol

Returning dive (X] 3-20)i2DW T, wAEBKEE B /KHOFEE T 20z
#118.6+£7.6 m, 78.0+20.9 s TH v, MEBHHEED 13 157.4+55.5 m,
RARARERRE O 1% 62.3228.2 m 725 7z,

HifE L 72 2 [Alo Returning dive I &1 2 A X F O HEOMEFREE, HiHA]
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DK TOIEBEA RV P DL 0 E ZITHHEDNIS B LI EELRADE
BORENT (RO FE=-0.64+0.093, p < 0.001, R’m = 0.068, R’c =
0.45, n = 1482 ¥k, 1% 3-21),

¥ 7o, WKL OMEARIZOWT S, HiEDFKTORREA XV FEDYE <
%5 EAEENNI SRS L) ERERADBERI R I N (MR FRE= -
0.99+0.14, p < 0.001, R’m = 0.043, R%c = 0.43, n = 1482 #/K, X 3-22),

3-3-7 BHANBMI DT
HNAYOERIZ T 393.5+188.4 ¢ (n =10 fil{R)TH > 7=, FHEYIE,

X 7 & Euphausia®C¢b+ v X a7 4 X7 2 Euphausia superba<TH ) |
2HEDOENEYEEN a4 ) 4 X7 I Euphausia crystallorophias 735 %
HEIINS ot (R 3-2), 10k 2 ik HNEYH TRV 29D |
3 fifETa a AR -> BB NEYEEPITE O 2 FOH & imiEO &
BE TN D o7 (F 3-2),

3-4 E

3-4-1 WKDFHEIC L > THIRZI N2 77V — v X ¥ DIFKITE)
Returning dive H' @ =R ILI/KFERE O TERRE O A 1% 0.1 —0.2 & Akl 12

ol (K 3-7), 2D L, FERDZRIGEKGEE DO KBHMG H & &7 05
O HiREDSEER IR L 2 REHE N L CRL, Thb bRy XU aTEAKK T
IRHCIEKBHIR ROE C ISR 7. 2 E 2 EIRL TE D (X13-20), MKDFLEIC
Lo TRY XV PIERT 2 72 9 DG MU/ 72 BHBOK I O AL E I HIR S 11w
52 ERKBLTCwS EEZ NS,

W % ) WOKDTFERE 7 7V — XV X v ol RITENC B L 52 2 (Bl 2
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¥ Watanuki et al.1997, Watanabe et al. 2020), %% O FEME A D
KRR & kI, 2 21 18.6+£7.6 m, 78.0+20.98 THH ., 2D
fll3, EEKBIAITTM LY 2 4 « [V LENICBBOKI DA DY - 7 4
(B/KZERE: 16 m, J&/KH: 54 s, Watanabe et al. 2020). ¥ 7z 13 BBk T
%17 5 WK DEAR DfE (28— —3&H: 26 m, 73 s, Chappell et al. 1993; 7°
) v i 22.9 m, 62.1 s, Watanuki et al. 1997) & bt U <. [F—EER X
L TR R W &0 ) RS H - 7o, Al —PREEAF IS0 U TR ZKIRF AT 23 R v
BB E LT, WBIHDOWKDOFERR Y X DR D 7= DL 2 HlR L Tw 23
72, Ry X UIF L DRLSKPGTANDBEDBHRETH 5 T &, F70% BRI
BIBOKA Z R T BN H 2067549 EEZ 51 T\w% (Watanuki et al. 1997,
Watanabe et al. 2020), ABETIEHT 721, HIBESMEE @ 27— %2 A Tk
TOT7TY =R F U O=RIuEKITE 2% 2 LIk > T, FEFIIRU ¥
YOEK T D EDREDZEMEM ZFIH L Tl z2ERBLT 2 2 L3 TE X,
kb ORE B BIERE D513 157.4455.5 m (A 342.1 m), FARKFEFE
FREED 1% 62.3+28.2 m (lRK 166.7 m) TH -7 2 L6, HKDOENH%
R ELT, 77U —XUX Ok [ OPREHEIPH TR A TH 45 200 m NO

ZRNCHIEINTHWAZ ERHENE RS T2,

3-4-2 HEAA7r — ) coRETE D21

ORI AR D HRZLIZ Ry F U HOMEBTENcEE L2525 21X
Wilson et al.1993, Bost et al. 2002, Watanabe et al. 2023), L2>L 72236,
AMFECHEZIT 77 T — XX v DR REE Pl fd B 12 13865 7
HERY —v DR ez o7: (K 3-14, X 3-15), HENBEY T OFEERD S |
AMEOHFEREAEIL, BOFETTF T aszAx7 Izl T (F 3-2),
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T¥ X a sz A% 7 I OFUTEIRRIERBRETE)NIC 3K T QBRI L T
W32 EDHIS LT 5 (Kawaguchi et al. 2010), #1212, ¥EHIHNVEK CTED
NTORWEBOUKIEIC AT 2 v F a7 4% 7 213, Hep LR CofiE
EEEZE 2 HAMEREZ T2 LPAoNT0DE (F7RYa—Y7
Everson 1982, Morris et al. 1983), L7=23> 7T, Tl 77T —v ¥
i, FrFasA 7 S oHAMEBEICEE L oM TREM O H A
LIS U TRRIBAKEECHTE 2 E2 23 ¢ 2 (Bl 21X Wilson et al.
1993), —75C. ARWtZEOFEMAR TR KR & i sl IS B 2 H S
=R e ot (K3-14, K3-15), ZO#EEE LT, AFEORER
HEDWIRICH 7. B OMWHISHKBIAET 5 2 LiIck>T, KT
HEMZRREZPEZ 53, Fr¥arztx7 I oHEREBREICHES Ho
FIFFTREME DAL A U s oo 2 AR B 2 S 1L 5

3-4-3 WAKNT L - 2T RX Yt R =V TORMITEI DL

FHAKIT BT B IR AAKEEREIEEDE AN F 5 B0 1E N7 b 7R v F
IR SR TITHT TR A IS L 72 2 £13 (K 3-16, X 3-17), *¥ ¥ V23K
o L CHEMAT 52 LIS X 2RI ORE - S EE 22 3kl &
DI DEB 2 KWL TR WRENEZ 615, 2 LT, KT CRET 2
7TV =R X VIZHOM AR D BTG U THR/K D FEI A D PR ERHIPH 2
RZICIRT % &) FREIII‘Z L > TWw b EEZ 6T,

AL O IE, RERABGITOMAEH . Z T CHEBEOEAK AT b (OF
¥ 2.5+1.9 [A) 2179 LE03% 0> 7 (M 3-16), FEREIGHTCIRER I
L 7R DK NNY PIZEWT, KREIDNY bR RY] O s RKAK-ELERREDS
A D N7 BT TERT DK O IRAACEELERRE L » LA T 2 A5 - 7
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(K3-18), S oic, #ife L 72K N7 FEOHK L TORERE LY 65.01+
95.4 37257 T LA T2 L, WKTOL X7 2%y FOOHHA
ATRBPEIZIEAR AN P B XONY b2 7 X Y PHORY X VOO ERKIC X
S TN FRETIRFIC— RIS %2 2 b 0 D 1 RFEIFREERE TIE AR 239
KOENHELS NES 2 L CHEFHAMRENSE 2000 Lk, 2L T,
D& BRIGHIA 7 —icB T, ZONMAREMESEEDIELEES A X7
T LW EERIE, R T CREZIT) 7TV —Ry ¥ Uitk >T, "HAH

|

RELGHER EEA5D0b Lk,

3-4-4 WAKAT—)N TORMTH DAL

Returning dive DKM DOEFRE X, WEKDH 72D DA X MM
T2 LK% 80 ) ADHBIBIRSH - 72 (M 3-19), TOZ Lid, HYH &L
D% D2 L 72O b BB 7 KR 2 B S S BB 2 T,
fHEIZEE ¥ - THIE T % &) g R ERRTE (Kareiva & Odell 1987, Bovet &
Benhamou 1988, Benhamou 1992)% kBt L T3 tEZ o5, 2D LD
5, WK T CHREZITI) 77V —XRUFUIZHOMEEICAE DY QEKERZ
B, ZOBROMEDEBELZEO LI LTI LICk>T, MRELT
AEE 2 0 5 L) LREEKZ L >TwiktEZ 5N 5,

7, WBAKRTOHEA XY VDR kB L. 2K EEROEKTPD
A XY FOBELFDOERE L EKITOMEEINS (G5 HIA8H > 7 2
Epn (X 3-21, X 3-22), RUFUidL DL IR TEIFAKGI DR AKX
B DOEKTH R 2 FRAKIEZ & > TWwd 2 eI N, —Mic, fiigEs
WEDFRMAREFZE L. HOR USR8, ZD0MEE s RE 21T
IR AT — VB W THOFHARESE WG AEICAEITH S L EA 6N
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TWw3 (Irons 1998), 22T, RUFUDBEAKNRNY bIZ—DDAF 7 I8y
FEHAAL, 20X X7 IRy FR—EDH - EE (0.13 m s, Kils 1982)¢C
HENEEL T SGAEZRET 5. HEBKTOREBOHEA XV F2H6XK
BIDIEKTORPNIHEA XV b TORLERRIETE 120 BWThHh-7 2 &
5, RUF UKD - DICA X7 28y F2E T B [EICA X 7 2 Hyikikk
AIAE 7 EAEMY 2 (S 15.6 m (0.13 m s' x 120 s) & AfEZ 2 &3 C&E %, &
L. FEOA X7 I8y FOEEFHIZNT LS ETIEEVWEEZILND
7o, HBRICA X7 I ekl L T, REEb - fHE D b/
{2559, £ 77V =Xy FrolEik#EE (2.0 m s', Ropert-Coudert
2002)1%, 4 ¥ 7 I OBHEHEE L g L THMNICE Y, LR >T, 77V
=R XV RPRD 7 DIENICA X7 28y F RN RERDH B L)
A DHIFID B 5 —77 T, MNINSBEIHEMR A F 7 28y F2EEIH O
BARICOT>THRDIELATE b D EEZ SN,

BABREE P ICB T, BRI E OPREIFEEIC RN LT ED & ) ICHRETTE) 2
ZALI B Ev) Tz, WMRfTEZERLL 72 LOBGEEL 726113 %5,
AR, w2 a7 R N Thalassarche melanophris &) b LRy X v
FEudyptula minor % SR U 722281 B\ T, fHOMEECHERNHR (M
T =42t DGR 6 ER)ICNT 2 KEID b)) v P TOBEFEEECE
B0z o L fs R, W IETE O Y v 7k D SR A T E il
D ~RE Yy P TRBMEIADHD 5 2 & DS 9212 7% - 72 (Carroll et al.
2018, Bonnet-Lebrun et al. 2021), 246 ®D 2 DDETHETIE, FY v 7
A7 =) (10s km) & ) IR R & WIRZERIRA 7 —vics T, #REPEED
PRERERRZ b L ICHOMAAEEEZ PHTETWE I L 2RRL TS, —
T, AR TIEF T, K /IR AR 2R R 7 — )L (100s m)IicEB VT, 35
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DRI OPREHFEERZ & & ICERETH 2 2 L3 E. oA a2 FHITE 2
AR 2 R L 7,

35 HIFDELD

- AETE, FMBKEOIETEMT 27 7Y — XX rzxfRic, L

Uy PR OB (GPS)ITIZ T, ZRIGHEKREE L i1 XY b
B 27 =956, Tk CHIEMIEDEIN T\ 7K T O/NBUEL 75 IRf 22
A7 = ICEB T2 7 7 =R X v ORI 2 BH S 22 L7z,
F9. GPS 7T—=2Ick B L, RUyFridan=—2 55 4 km #PHNOE
BICHET A —FRIA N7 7y 7285 E LML Tui, X
vE¥vIFan=—zHFETLEHTH LR EARAT Y THK L2 BE) L
PFEHGITICEIE $2 & 2 2 CHRDIBRLIBKL 72,

© EROTEKFEBEIENT ORI K 2 & RUF VIR R D S EEK T
Z RPN E, RRACFEERREADL T2 § 2 & O KREIIG A
W AGIEREL T,

- BEBAKIZB 2 ERAKKCEERZEREEIE AR P L LIE AN PR A UL
BAIR2> 5 # TIT TR Z 1IN 223 > 72, 2 ORGHRIF, KT
TRUYFvpfhE i L CRETZZEICED, X7 % E0H)E
FTIICRGYE « B F 72 3kl L 72 2 & 2 KL 22 At b 2, 2 L C,
TTIV =R F R IDL) LHEOM LRI HR T 2 fHOHM ]
REME DB LT, WK ANY bR — )V TR OBRREFH 2 1R 2 1[5 5
BRATIG 2 L > T b EEZ 6N,

BRI =T, TTV—RUF VBN S OfEAEL 2O LI
I F 2 HUBIRERR 2 fTo Tk &t B A 5,
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I o, MR RZRE R 7 — )V CLE) LT WAl M AIEtE s R LT
RYFUPED L) ICHRATE 2 2L STV 22, Z ORRARZ 1 5
PITT 70T, BEDOFRMFEER I T 5 = RIuB KR D2 L 2 X7,
ZORER, RUFVIFHIH OB K TL D S KB TERAKPTOMEDIL
CARBIDEK TR B EHTD D > 7z,

< RIS, BRICHA L RGN OR 2 Mg 3, A SR 24T )

K22 A 7 — VS BT 2D AR TR AR LG AICH TH 5 EEXS
Nod, LEBoT, 77V —XRUFUDHIBIOBKTEI DL HABETEL
RETDALE DL K AR B DR TR S &) PREJEIG 2 & > Twi 2 &
. HAEYTH LA X T I HOBEED AR <L 2 D oA P AT RE
W7 TV =Ry FUICLEoTHLIBETFHABETH S I L2 ML TW
5HREVED D 5
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3-6 XM+

£ 3-1 WBAKRFOIMEES 7 F Vol E €T AWUR 6 A7 v b LIHiRA XY FORBDOBIRED & &7z mllm=, ik
EITIRE L 7 BIEOFfE (0.21m s%) %, A XY P 2T 2720 ONEEORIE & U CTER L, gk Sk B e
B ZEEE LR X U OTEI T — 2 ITEM L 72,

Table 3-1 Calibration formulas derived from the relationship between the number of acceleration signals each dive
(x) and the number of krill captured counted from video footage (y). The average value of the thresholds from all
individuals (0.21 m s®) was defined as an optimal threshold for extracting feeding events.

SampleID  No. of dives Observed time (h)  No. of krill captured Calibration formula R”value Threshold (ms?)

V1 91 1.48 196 y =1.0021x - 0.0748 0.87 0.21
V2 55 1.38 731 y = 1.0807x - 1.8001 0.79 0.11
V3 118 3.07 361 y =0.9834x + 0.2673 0.71 0.22
\Z 52 1.28 700 y = 1.0441x - 0.3935 0.73 0.16
V5 47 0.81 112 y = 1.0556x - 0.2222 0.79 0.23
V6 114 4.53 831 y =1.0315x + 1.7158 0.54 0.28
V7 53 1.08 330 y =0.9885x + 2.1676 0.62 0.23
V8 68 1.8 314 y = 1.0093x + 1.2968 0.65 0.29
V9 27 1.13 69 y = 1.0658x - 0.2865 0.63 0.22
V10 44 0.77 134 y = 1.1249x + 0.3355 0.71 0.2
V11 44 0.74 116 y = 1.0275x - 1.857 0.90 0.19
Mean 64.8 1.6 354 0.21
Total 713 18.07 3894
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%32 BBV DR,

Table 3-2 Results of stomach content analysis.

Stomach content Identified Identified

Sample ID  Capture time Euphausia (g) Fish (g) Amphipod (g) Stone (g) E. superba (%)

mass (g) E. superba (g)  E. crystallorophias (g)

F1 2019/1/8 235 234 0 0 1 30 0.1 99.7
F2 2019/1/9 403 403 0 0 0 77 3 96.3
F3 2019/1/10 238 237.5 0 0.5 0 66 5 93.0
F4 2019/1/11 344 344 0 0 0 73 0 100.0
F5 2019/1/11 225 224.9 0 0.1 0 39 7 84.8
F6 2019/1/13 316 316 0 0 0 5 311 1.6

F7 2019/1/14 745 743 2 0 0 79 5 94.0
F8 2019/1/14 361 361 0 0 0 361 0 100.0
F9 2019/1/16 720 720 0 0 0 49 10 83.1
F10 2019/1/16 348 345.9 2 0.1 0 6 0 100.0
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Liitzow-Holm
Bay

N
4: 1km

3-1. FEMRY 2 - ZVLE F v 7 F7 7R an = —ofE, Kifian
= — (A FIERFED S FEI2HY 25 km DIRRICMET %, S IEERHICER
B X N AR (Sentinel-2, 2019 4 1 H 5 HiRE).

Fig.3-1. The location of the Hukuro cove colony (red circle) in Litzow-Holm
Bay in Antarctica. This colony is about 25 km to the south of the Syowa
station. Satellite image obtained from Sentinel-2 (taken on 5" January 2019).
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3-2. & a0 = — NSO E G K FIZA U T 72U 22 BATBOK T O i
HH, KANZ GPS OMEHHRD S BB L ZHE L XV ¥ v oFKibE of %
ALTw5, @Y—F, b))+ ©FA 77y 7,

Fig.3-2. Small open waters along (a) leads and (b)-(c) tidal cracks used by
penguins. Allows indicate the diving locations of the penguins estimated
from GPS data.
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3-3. ()RS EE 0 7 — 285k, B rhERic g sms e 7 — 1
Bic GPS v —, SHEI/NIERE 0 7 — 23 Lz, (b)ET A ah—%E
fllth, HRfice T4 ab—, & FFIC GPS v —, SERIC/NENEE a 4’ —
Z2IE LT,

Fig.3-3. (a) An Adélie penguin with a multi-channel data logger, a GPS
logger, and an accelerometer. (b) An Adélie penguin with a video logger, a
GPS logger, and an accelerometer.
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3-4. ETFAu—oWURZ 7Ry X OB OBIgE, (a)iK,
RUYFUPEBL A X7 SEHOHN, b)RVF U2 E TS L CIIRD
B35 —PRDA X7 SE2MET 2B, (o) ¥ 7 SO & MREAF DL,
Fig.3-4. Observation of feeding behaviour of a penguin using the video
footage. (a) A penguin encountered a large krill patch. (b) A penguin
captured a krill by shaking its head up and down. (c) A penguin often
foraged with other individuals.
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3-5. (a)] [ DK DEKZELE & RICR L THMZBEOEI X (m s D
29N 7a 7740, OFEBEKFOETET =067 FLEHEBEDY A 2
v 7 (Answer) DRI ETHDOFIEDE =T DY A4 IV T OB T % L9 %H
filiz PesE L7z (V1iy = 1.0021x - 0.0748, R* = 0.87, Hifii= 0.21 m s, n= 91
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HEK), #£3-1 b2, FARBEZ 0.21 m S ICED LGB SN HE
ARV FERT,

Fig. 3-5. (a) Time-series data of depth and head-only acceleration in an
Adélie penguin. “Acceleration signal” was defined from the head-only
acceleration. “Answer” derives from direct observation of feeding
behaviour from video footage. (b) Relationship between the number of krill
captured per dive and the number of acceleration signals per dive for an
Adélie penguin. Regression is indicated by the gray line (V1: y = 1.0021x -
0.0748, R* = 0.87, optimal threshold = 0.21 m s*, n = 91 dives).
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3-6. (a)iE/KBALA R S VB KB P OB K BAG RO < ~R 2 Rz Ko1Kk o
KRGS, BARANY PR TE R S6N S, (b)FEPY — Ficiho TR
MR BEIT 2 & 9 2R ROk, K NY FRIREZ P& TERD L
CAFBARNY PHIZAER NS 2 LD 5, BHIITEKRFAG A, FAEIEK
B RZRT,

Fig. 3-6. Example of reconstructed dive paths. (a) A dive path with a
characteristic of returning near the diving start point at the end of the dive.
(b) A dive path with a characteristic of horizontal movement along the shore
or leads. Closed and open circles represent the start and end of the dives,
respectively.
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3-7. BTNV v BT KD Z R IR D IERLEE DSHEE 3,
(@efidtkofiz 7=V Licha e, Ok L icnydga. TXTOMEET
ERREE DA 1% 0-0.2 DR > 72, JKHNE Returning dive DEFT T DA
vy P A 7ETHS 04 %2R L T3,

Fig. 3-7. Frequency distribution of the straightness of the dive paths during
the foraging trips. The arrow (0.4 path straightness) shows a cut-off value
discriminating the returning and straight dives. (a) All individuals. (b) Each

individual.

82



a Foraging trip scale

0+

5

10+

15

Depth (m)

20+

25

T
18:00
2019/01/04

b Dive bout scale

_______________________ Segment 1
,,,,,,,,,,,,,,,, . 1.0
> 3
E 54 08 =
- (%]
£ 104 -06 &
=% Q
U 154 - 0.4 @
= [ -
_ L >
20 0.2 3
25 T T T T — 00 @
2:30 2:45 3:00 3:15 3:30

2019/01/05

¢ Bout segment scale

[o2]
o
1

N
o
|

o
1

North-ward distance (m)

Segment 1

-40

40 60 80
East-ward distance (m)

3-8. WAKNT P ENT PRI XY FOH, (a, b)EREE N v SR OEIKEE
DRFRINEAC ETHIGKNT P ENT b2 TR b, N7 b7 AV MIFAE
FREEDY 0.4 DUF oK (Returning dive)2s 10 AL FEGE L 7-—@#H O W & E5%
L7 (OKFHITHRIEKNT PHD2DDNT b2 7 XV B,

Fig. 3-8. Example of a dive bout and bout segments. (a,b) Dive bouts and
bout segments in relation to the time-series changes in depth. A bout
segment was defined as a period of 10 or more successive dives with path
straightness of 0.4 or less (“Returning dive”). (c) Two bout segments viewed
in a horizontal plane.
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Fig. 3-9. Overhead view of a dive path and calculation of the maximum
horizontal distance reached and path straightness. Closed and open circles
represent the start and the end of the dive, respectively. Arrow indicates
travelling direction. Red line indicates the horizontal straight-line distance
from the start to the end of this dive path. Maximum horizontal distance
reached was horizontal distance between the start and farthest horizontal
point (blue circle) for each dive. Path straightness was divided by total travel
distance for each dive. Path straightness is expressed as a value ranging
from O to 1.
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Fig. 3-10. Overhead view of a consecutive dive path and calculation of
distance between centroids of feeding events and bearing difference with
previous dive. Closed and open circles represent the start and the end of
the dive, respectively. Red circles indicated the occurrence of feeding
events. Black symbols indicate centroids of feeding events. Blue circles
indicate the farthest horizontal point. Distance between centroids of feeding
events indicates the distance between the centroids of feeding events in a
consecutive dive. Bearing difference indicates the declination differences
(dive start to farthest horizontal point) in a consecutive dive.
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Fig. 3-11. Classification method of foraging sites. (a) Histogram showing the

straight-line distance between GPS positions at the start of dive bouts and
the nearest coastline. Arrow indicates the cut-off value of 80 m. (b) In this
analysis, dive bouts occurring within 80 m from the coastline were classified
as bouts occurring at tidal cracks, while diving bouts occurring at a distance
of 80 m or more were classified as bouts occurring at leads. (c) Based on
the procedure in (a), (b), and field observations, foraging sites were
classified (A-L). Red circle indicates the location of the colony.
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Fig. 3-12. GPS tracks of the penguins during the foraging trips (n =20 trips
from 12 penguins). Each bird is represented by a line of a different color.
Red circle indicates the location of the colony.
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Fig. 3-13. (a) Spatial distribution of total feeding events during dive bouts.
(b) Spatial distribution of mean feeding rates during dive bouts. The size of
the circle represents the relative number of feeding events and mean
feeding rates during dive bouts. Red circle indicates the location of the
colony.
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Fig. 3-14. Maximum dive depth as a function of the time of day for (a) all
individuals and (b) each individual.
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Fig. 3-15. Mean feeding rates and the standard error during feeding dives
(dives with at least one feeding event) per hour for Adélie penguins as a
function of time of day during the foraging trips (n = 12 birds).
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Fig. 3-16. Time-series data of dive depth, distance to farthest horizontal
point and number of feeding events per dive during the dive bouts in a
penguin.
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Fig. 3-17. Relationship between time elapsed since the start of bout segment

and distance to farthest horizontal point for (a) all individuals and (b) each

individual.
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Fig. 3-18. Comparison of the distance to farthest horizontal point in the last
dive in the present dive bout and in the first dive in the next dive bout.
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Fig. 3-19. Relationship between path straightness and number of feeding
events per returning dive for (a) all individuals and (b) each individual.
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Fig. 3-20. Example of reconstructed a three-dimensional dive path during a
returning dive. Closed and open circles represent the start and end of the
dive, respectively. Arrow indicates travelling direction. Red circles indicate
the occurrence of feeding events.
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Fig. 3-21. Relationship between number of feeding events per dive and
distance between centroids of feeding events during the present and next
dives for (a) all individuals (b) each individual.
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Fig. 4-1. Difference in spatial scale utilized by both species within the same
time frame (20 minutes). Orange lines indicate the 3-D dive paths of a King
penguin. Blue lines indicate the 3-D dive paths of an Adélie penguin. Arrow
indicates the diving start point of an Adelie penguin. Red circles indicate
the occurrence of feeding events.
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