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o EFEES oyA 2RE FHigsH HAY &858 dAY
Ee g AR el Hulel HHelE Tk AN dEs
Mtk (Ydenberg et al., 1994). 53] M71& 719 F52 WA=
AeARl ®MAS Sl A7 A FEE dolE AlFsford #
ofyel AARS AL FAste] W
3tk (Williams, 1966; Wooller and Coulson, 1977; Ydenberg et
al., 1994). HuwWAs o= @S vshAolAE W7 Eetb
A7lFAE A I AN SFE AT &S AAs Adotets
Al eko] e (Weimerskirch, 1998; Stahl and Sagar, 2000;
Saraux et al, 2011), dost ZZoA= A7]elA AlFste

HolE Folal A7|FA HFsH7]1 % stk (Weimerskirch et al.,

o,

1995; Croll et al., 2006; Green et al., 2007). 53] F4g 4 %
A3 AL vshAle AA 58S FAAAA WA upgiaf e
Aol o #w2 oyA FAE 278 (Ainley et al., 1998;
Ballance et al., 2009; Masden et al, 2010), °l& A7l&
F= T2 RAY A AEEH dAd w39 WA S
Al 4 3tk (Wooller and Coulson, 1977; Dall and Boyd,
2002; Houston et al., 2005). wjizell HigkA] FE= Hd2e St
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B33y F2 3239 (Euphausia superba)< 2 =Tt}h(Volkman
et al, 1980; Davis and Renner, 2010). HIAAL{KLS =4
R A WolA FHAAS FEA A Hota EEHLVE He B
obvel #AWste] WASHA  WEEte] (Ainley et al, 2010;
Trivelpiece et al.,, 2010; Dunn et al., 2016) =A] ajjoF3st7 9
A EFOZAN FE QQu}(Trivelpiece et al.,, 1990; Ballard et
al., 2015). I A% gAY o2y AL FHE AL
Zazb vERar Qle] A&l wA 9 A AH RUE PSS
d

s AT A4 90 arEe el AlkHAL

At} (Trivelpiece et al., 1990; Trivelpiece et al., 2011).

HESEA = 3l ¥ 2k ] -2} Aero=w A=
o]-§3lm (Hazen et al., 2013), =# H}GAl= A™o] =7t =
T o SR A7t w2 3elA A2 ghol
¥ ¢lt}(Santora et al., 2009). 53] M7 S35 23] WA A9}
o = d&dofsleE T FAH A A (central place forager) 2
B AA ZE&s Eol7l fall "oy I HAAE A9
=27t Art(Santora et al.,, 2009). oldlg|sllAx gL AN
G wet HAXE H=2A olgsteE FoE Ry
310l (Kokubun et al., 2015; Ballard et al., 2019), €33

AA - FH oA Aol =2 AYge AR
Aduegtozr A4 585 Y ZoF oid.

vpShAl A S Af7] 2] AdEe] FRE A dso] S
njxo] HE AFrEelA e xal Atk (Takahashi et al., 2003b;
Lewis et al., 2006; Traisnel and Pichegru, 2019). 2] 7] u}5kA}
PR A Es ARl Slo] AAS Sl AES | A 9 <
A4 FAF(foraging effort) ol F53t= 457 @woH, ol=

Alo]% Al 7F(Ballance et al., 2009), A2 A3 A= 3} (Shaffer
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et al, 2003), Iga ¥ FFFA wlsAelM = AR
AlZF(Takahashi et al., 2003b)& XA|3x=E o]&3ste] 3l
AM7E 719 SIS 39S A9 BEE YA
ZH|gFe] EojubH (Chappell et al 1993a), A717F Ad 3ol whep
AAgEol Welste oz d#A Utk (Takahashi, 2001;
Lescroél et al., 2010). 18y gEAASZA A A719 A ==
A& FE AA FAeE HldEex ko,
opdlgl A  HES #HS AHAows FI S Folg

#E "ol H3E U} (Takahashi et al.,, 2003b; Lescroél et al.,

2010). Meyer et al. (1997)9 HIEAA AFoA%Z A7|7t

ATl wet Rz AAolw  AREE fAEHASH

AAelEsls7 kel A71e] Hole T REE F5HO

Huwgith dobrl gEAd A7 AdAstd Addols RIEE
g 2oz d#y- (Jansen et al, 2002), & A ¥zl
X

5 e
WA Rue HA FAsb obd $mo] HAolF WEsh wlol

H
A2 FAelE e At gEAAs RS ARSI
HolQl =Y Wo] wet 42X 7t WHEletu (Santora et al,
2009; Kokubun et al., 2015), "ol A2 dlof] A2 a&o]
HojA= Aow oA Qrt(Miller and Trivelpiece, 2008). X3k
AER A S sk ofdeA M= T Aol A u FH 9o
b AAad wet AdAols Ao S7kgke]
2t} (Ballance et al., 2009). ¥2]7] &3 719 42
sFeg i otdet A7 A7), AHAS] AAE T ol
FeFs W=t (Ainley et al, 1998; Takahashi, 2001;
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Takahashi et al.,, 2003b; Kato et al., 2009; Ballard et al., 2010;
Camprasse et al.,, 2017). ot elA A}7|7} Absde] wpetp 7t
AAols AlTte] dojF on (Lescroél et al, 2010; Ballard et al.,
2019), otdg)qAn A=A SF7]ol= ERby|o Hla] 212
7 soldo]l Hax Atk (Charrassin et al., 1998; Kato et al.,
2009). gEAAANME AM77F AdEFF shEl o] oA = A
Aol HEs =9 Aldels WIEE  Edel  4dA

Atk (Meyer el al., 1997; Jansen et al., 2002).

2 Qe Hugad dnde 44 9% fEay sl
WE YA WEO WSS WE A Hga J1FAsE A%
G4 AgBFe wst "Egd AAT WA 9B
shepstust sl olE s WY A:AMAA sk
537 gEg3 Pl AW 2k, G 4449
FWodele] AFBAL ww BAGORA HAA Aue
spadel vXE 43S steksud st =d HEgH
REY 44 Fae AAolE WEA 79 ggel Fr dEe
WEa, vebh R A4 FAh oW eqe 9 WA
Srobigith B3 ¥ A 7€) ATE whgow theu 2L

AA, g3 A] =242 A (core foraging area) = THHET}H
FBA o] =2 A9 Flo]

=4, g339d A71e A FE Y F AdAols AtHEG
ol dalols Hlxol #AUS Aol

A, a7 gEsgdo]l Adad Fakst= JduAleE FH
Fatd ol FE AT|dFE, S57] FRHioR AeE FUhE

Aoltt.
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1. 583345 A9 H4BF

A& HES vpghA e A8 A dAFAAFE V=9
e wel 7HE53EkE °

upskaf o] g s el @
stal At (Greene et al., 2009; Block et al., 2011; Hazen et al.,
2013; Dias et al.,, 2017; Dias et al.,, 2018). €& 7% 429
3% s Tl olFd Aol o] FoAA Y] el W2 AT-ollA

QX FAZ= ¢} A FF7)E2A S o] 39t (Lescroél and Bost,
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2005; Ballard et al., 2015; Kokubun et al., 2015). &47]5 7 9
22 A AAREFE ofyg FAZQ AHlolEes 3
FATdorA AA a8 AHA FAE SAdssd o8E F
¢l o (Chappell et al., 1993b; Bengston et al., 1993), 7§42}
i wmE AAds dYHs Aqteked #Ed ARE
Al & stt} (Wilson et al., 1997; Lescroél et al., 2010; Kokubun et

al., 2015).

AxAdel xstd GAHAENAE FEdA FHE gIERAS
AA 7] o] whep HdAols Agte]l BhEA YEtoy FdAo R of
30 km "ofxl A@G7FA o]Fstw FF7] FQF 10 AR W99
AaolEo]l o]Fofo] xSt (Wilson and Peters, 1999;
Meyer et al, 1997; Kokubun et al., 2015). T3t #4=zlo] 9}
DA S WA wE S Az EA5H9 o™ (Miller  and
Trivelpiece, 2008; Kokubun et al., 2015), o8] o4 70 %=
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el AAFRs7E A oF 200 3] o]Fojx Fow
et (Bengston et al., 1993; Kokubun et al., 2015).

S37] HEAAS SAZRAAREA A7IE ol Sl
H2A ] o} HAAE RESE|A] o] sdloF stth(Ropert—Couder et al.,
2004). 53] AW BF vl skA Ksho] wo] B A H2
HAE  olEsty]  ofH7]  wiEel Holrt FHE AXAE
o] &3O T A A4 aEs w4 o7
tF(Weimerskirch, 2007; Ford et al., 2015). BFSAE <]
A ARl HolZ7bEEE FARSH] ofe¢-H,
AW 454 -a TEY FYE¥:E §
o] &3t} (Shealer, 2002; Ballard et al., 2019).
A7 dARALE A2 SFEAL =g Aol Sleol
v} ¢lil(Hazen et al., 2013), HZAAdelA dF4—-a 7}
el HIEAAL] Aol Fr o]FojRo]l  duA
At (Kokubun et al., 2015). o]o] HFSRAHE2] A 24]o] o] Folx =
Faok I FHe SSE e vlusE 427 v

upskaf o] Al B2l eljk o] @l wel A ®sksoh
Holg o] F= BT FF7] wnedd A4 FAe Facshe
Zog ¥ 5 o (Monaghan et al.,, 1994; Zador and Piatt,
1999), ZAAo] AztH= iy WAL ofdeA Ao A4
FA7F A2 W2 A]e nld] A UEFSTH(Ainley et al., 2004).
g9 ol d=a9e] "WEZE w2 o] AlA 'm0
Ho]x= Aow dHA Y (Miller and Trivelpiece, 2008),
Holghgol WE w ol AHAols ATt F7HEo]

A2 9t} (Ballard et al., 2010).
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SF7] FRte R s vk Af7] 9] Hole Tt FUkekH,
oo wet ofdl AW AT A Ad2lolEs AlZko] FIEFHO]
2= 2tk (Williams and Rothery, 1990; Takahashi, 2001). o]&
S37] b s el AAolFolA © Al wo] e o W
Hol| 5 A|¥3st7] Yoz FAH At (Jablonski., 1985; Ainley et
al,, 1998). Wb AN = FF7] FRbe] HAlols HEE
=8 wolEFs S7HA7IE Fo] Haud uk ltk(Meyer et al,
1997; Jansen et al., 2002).

HEAAE YelXxz Ade] wep AdAdEo]l Aol
ofdlgl A e, AFAANE HABE Zo]7h yERA]
devt A Stk opdgld AA AFEld o]
FARG AdAdes o @A ot Aoz e Rk (Clarke
et al., 1998; Ballard et al.,, 2015; Widmann et al., 2015),
A7 7 9 B AdE AddE Aolrb UEA
okokth (Williams and Rothery, 1990; Camprasse et al., 2017).
g = Ao mE AAdE Zol7b I v glon
A7 A ARolF Aol yERdel uwep Ao mE A4 dE
zko]7F A 7 Utk (Amet et al., 1993).

ggae] gdAdse gAY W, S
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2. HIAY A7) A%

dgl A7l el e ¥ L Wole] ER, WA

394 /\4/\1-33
A 5 oelvbA] 249 S Wh=rh(Ritz et al., 2005;

off

Kitaysky Alexander et al., 2006; Christensen—Dalsgaard et al.,
2018). At om mighAl Aj7)e] S =ALE H4 FHE
o] Fo] X Ak (Volkman and Trivelpiece, 1980; Wooller et al.,
2000), #> Ziztely FkAre] AR7lelA = AdEel Tk
’d7Fo] o] Fo]Zt}(Takahashi et al., 2003b; Mauck and Ricklefs,
2005; Palacios and Anderson, 2018). A7 Ad&el 3lof
Aoy FARHol= dAFel] wet HlwA dAHsHA FThskes
W Al @713EE] @Fell Al gE=ete] W statr] el Aj 7] €]
A 25 ddstr|el ¥ A 4dstoh(Ricklefs and White, 1975;
Schreiber, 1976).

aFetg o] Wk wiskAl Aj71e) Aol & ddFS A,
A7rEda 7] 3ol A A7IAl Algs = Mol F77F A71e A%
4 g Fogo] yEE T (Kitaysky Alexander et al.,, 2006;
Christensen—Dalsgaard et al.,, 2018). f-*o] &A1stAY Hol7}
F5et A7) oty A7l R dAsgd wet

AR o) 2po)7F AA vERE O™ (Lescroél et al, 2010), #o]7}t
B Al7|ol= gas@de] wAAFEo] #FHAiado] #AHd ub
)t} (Croll et al., 2006).

st Aj71e] e Rm A B dve] gol
Haoglod, RRe FAHE Fi Al AT Hels

al
Asdr= AY7I7F w=EA Adggo] vre] Fltk(Takahashi et al,
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2003b; O'Dwyer et al., 2007). of=2]7Fd ¥} ofdlg] g AoA =
Bzl Ut Ae FEO A" wE A7 s
zpo] 7k vreRkth(Lescroél et al., 2010; Traisnel and Pichegru,
2019). & ZHAlel wlal &2 AdAolsd 22 Frt o] FolA=
otedlg|sy 1 HE7F A4 G&o] w3k, e JHAe A7I7F wE
Y w2 AAAEES BYo] H1H3t(Takahashi, 2001;
Lescroél et al., 2010).

SF7] &S AiskAle AAolgor 2 Hole IR
AM7IANA AlgstHA Aamo] AZFAe) S5 1 ddHE ]
27} At} (Orians and Pearson, 1979). &3], 71 #H< 712
Hsk Aol = S35 Sl oUuAE o FATOoERA AEE

FEolld I dFol dEkd = o, wid
AalolE RISl AR, wolo] o] HEL A7l EFoA F
Aotk (Goodman, 1974; Ballard et al., 2010). webx §3F7
upshAl ROl A g Eel wE A7 el WEtE gl

nheial el EEAel HA W WAAS ol Bert g

=

A
b
o
o
£
=
2
o



3. IS A =R R

e AqelM s dujatdrE, s, Y 5 BT S
7F A5 E3 #EEA olE FAshy] 98 oYy WRlE
ojgsttt, 1 F styE ANt 9 (generalized  linear
model) & A= ®xel Ad3t(link function) &  ©]83+

T 2 18 WAE AFE #AE wgksto
#2431t} (Bolker et al., 2009). =3t A8 3 Al 5d F 4, &=
4 AMAY AVIERE Y A5Y Ae AR (pseudo—
replication) & HJAI8L7] f18 2l W =7 (random effect) & 11& 3t
<429 (mixed modeDs ©]&3tth(Bolker et al, 2009).
AntebA & &3 9 (generalized linear mixed model) & F WH=
Tt FAHeRE A(EVF BT S THAEA RO wE
AR 0 7 Qlaf AlFAo] ARG Frtste] FrHdE 714skeE
A1 eF7F EA8E o, dd eLFE dstr] 98] AEshe
2dolw g w#xe dAAgs, Ida douade FRE
5743t A3ttt (McCulloch and Neuhaus, 2005; Bolker et al.,

gl

24 2
Atz oz 7t A Fo] AAEH FEo] AAEH(Bolker et al.,
2009). Ed W oW JFe FAs7] A FE
H % (maximum  likelihood) el  ©fgt HAS A5,
=174 (likelihood  ratio  test) S &3l As dowlTE
A 4 vk (Bolker et al., 2009). B4 U nywo] A9
TFodE st s R o] &4 A (information theoretic

10



approach) & = o]&3tw, of7lo]Al AKX 7|5 (akaike
inforamtion criterion; AIC) & ©l&3 A= vo& IYWMTE 7Hd
24 ko] HlwE AAsk HARdUe HdYsttk(Bolker et al.,
2009; Symonds and Moussalli, 2011). HAEE FAJA] 3]
7V =2 AIC #t= 7 shue] Edle AAsEo A Ve

ojde REEE FTRFoEA OH AFA =S FHAE 7R
2dS gAst 4= i (Symonds and Moussalli, 2011; Grueber
et al., 2011).

FAE AZ7F HAZAAAES 2 dYgHSTE 18T et e
71E 9] o ¢ HGEAR €] H 2] gl 2 A ] A
R el R R SR RO Z4 7|qk &t e o]

AL 2tk (Fargallo et al., 2006; Rey et al., 2012; Paiva et al.,

2017; Traisnel and Pichegru, 2019). U¥l3A g & nd S =3+

A B AT gol oy gau dAmed wEzow
sgsglor], ATFRIEE oAt FEAFH EZAs:
HAWE #Ael A8 5 ok

11



2 ATe g5 FHAEHE 75 (South Shetland Islands)
%3t AxAM(King  George Island) Wl yeE|EA7
¥ QIE (Narebski point)?] E&EH ®WHAA (S 62° 14'16", W
58° 46'30M A FA LA (Figure 1). delBEA7] IJIEE
2009 A Al 32 A F=xoFHdIA 3 9 (Antarctic Treaty
Consultative Meeting: ATCM) o] A GFEHR 5 S
171 (Antarctic Specially Protected Area no. 171: ASPA
17Hoz  HF FJAHAewH, 2010 d olF Y FH
SHE ST v 9 EYE P 3 Sl

gl B A7) ZRIES] 7| 237 doly gHE 98 2014 o
A5 7174574 4 A (automatic weather station: AWS)E A 2] 3}
Z1e3 FE5, AddsE dHelHE  gxetn glow, d =
EWR Y Aasts BE X5, XaFel ds&] iy oie
Zd oFS ARSI ITH(&EAN, 2019). YHlBEAY] 2AEE
#H 5 {3 <A@ TIeol HA -29TC, Hi -14T
71538k on, A7 1PE 12 9~2 I7hA= H 08T W&

12



HE 9 ¢\ yHEA7] ZRIECAE °F 3,000 “F9]
g o] wid wWAska glow 4
AM71e] B B3de 129 319,129 219,129 239,124€
21 Yo|th(EAR, 2019). ] yi T
Hojgeow o]gsty ™ol A Ho
2o g et (AR, 2019). GAE
glole o d=s T el vlE] AL Holrt HE AHol
Hjw 2 S5 Aoz dex om (Ichii et al., 1998; Flores et
al.,, 2012), 53] YdlBA7] EQENM ok 30 km Holx 9]

st dA Qs sge B delrh ¥rd gow

o}
He St ARAAE AL

FA43l3 3t (Picher et al., 2007; Kokubun et al., 2015).
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62 °15'S

o -

Narebski Point 62 °30'S

Antarctic
Peninsula

40 Kilometers

62 °45'S

59 0'W 58 °30'W 58 0'W

Figure 1. Location and map of the study area (image source: Esri, 2012)
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2. 93349 4435 A

2.1. At 5 +H4

T ATeM = 5HERA AAdse AR flske] GPS
FAZA L FAFVIFAE olgstdle™,  2015/16  dNEH
2018/19 W7HA] A7 whE] 7l 106 ZiAle] HE S
F4ettk(Table 1). 4 91 = F4387] #% GPS
A= ZEHWE= Ecotone AFe] Uria—300(13.5g, 35mm x
22mm x 12.5mm), Uria—400(13.5g, 34mm x 22mm x 12.5mm),
Uria—420(16g, 46mm x 22mm x 12.5mm), Uria—900(33g,

»
=5

XY

64mm x 24mm x 15mm, with diving barometric sensor)-<,
s F45 A%t FF71E5A (Time—Depth  Recorder) &
Lotek AHLATI1500S, 3.4g)¢ Anlet Uria—900 o ui&s
FF715AE olgste] 1% o x5 7HA FgezlolE
At

Wr7b H= HAMEHCIZE o] &ste] AL & ofHER T4
o] AnE F2e 1 (Wilson et al., 1996), A A9
e AAZE SAl Eoksk= W GPS
Mekglth f1A #HEE 5 e 2 W
dACE VEFHEE AAsglon, e Al 1 2 EE 2 %9
SHES siv. &A FF 5-156 o
st FrlEe FAseH, 35 Aldle 9
0.1ml ¢ dHNE AA9 7| AWOoZHE zHFH sl Han et al.
(2009) 2] HWHel wep  ExRATE Wer AEE
FH3F o (CCAMLR, 2004).

N
!
4z
4
_>|i {
m
i
ol -UI

o

)
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Table 1. The information of tracked Chinstrap Penguins during 4 breeding seasons

Breeding Average . . No. of tracked No. of Tracking and time-depth recording
) Tracking period . tracked )
season hatching date penguins pairs devices
2015/16 Dec 18" 31 Dec 2015 - 25 Jan 2016 24 12 Uria-420, LAT15008
2016/17 Nov 29" 27 Dec 2016 - 25 Jan 2017 28 14 Uria-420, Uria-400, LAT1500S
th Uria-420, Uria-400, Uria-300,
2017/18 Dec 17 26 Dec 2017 - 20 Jan 2018 22 10 LAT15008
2018/19 Dec 3" 15 Dec 2018 - 21 Jan 2019 32 16 Uria-900

16



2.2. FAYF 74

FAHE gadgAe GPS #3%E= ArcMap 10.2 (Environmental
Systems Research Institute, 2014)E o]&3] HAAE &%
A 5 A SAR Bt |7hA] ZF AAolEdEE F AdAolE
A 2 SAZFE FHdols Ad, AAels Ak AAFEl L,
I 75 e B4 220 (MT dive, Jansen Software
Systems, Germany) = ARg8 7|5 A AZE ARZHH 24
FrdE ARE AR FEsleE AAbesith 4ol bm
njgtolw 20 % olst®E o] Fox el g Aol ofd olEs
A FrE B °
4m olste] FFk fiFE &2 Al dE5
st R dsto] FA oA Agstaitt. dAols W AAs

2]
ks A 7] e & A s Ao =

X
o
l
°
o
°
o
offl
o

T3+l 2. (Takahashi et al., 2003b), &7} o]Fojx AlZ+S
Al X

nestel Gz AY MARE A 9D MARSE A5E

3 Aoe BEAoA Agea, skl A
7b 10 A4 mimbolAY #HEel oFIF de Al

olgatel MAol% Are WA EH FAT
i

»

£
B R
o

ut

X

X



eSS R #H7]X “fitdistrplus” (Delignette—Muller — and
Dutang, 2015) %2 #<lst o, o]& =874 (likelihood ratio
test)= Fal WHAYE  A® AolE  glstuA SSiTh
TENHALS EFRdAM ANE & JYHTE 7 2Ed
iAo Aol [Fot Apolrt EAE A FAD 7 U=
AdHeR, B dAFolAe HAAEERD A4 Al ®A7] wE
AAdE AZ7E Fst AolE: uEhdleA Flstr] @l
ojgatitt. FEHlAE e AAEH] Slall Wk (Aol EAIE,
A 3) 7 ekt ol &5 A4 (identity link function) =

2ds FAsilon, 3 JHA delA
Aaelsa  FedEol  wHEEA AFHES - JHAE

Qepirz  EFART. obdlsl gol FEWFTF UVHEEQ

g(AABE AE) ~ A71A) [1]

g(Aa8E AE) ~ (1A) + AR 7) [2]

FEXol= R 35.1[R core team, 2018)¥ R I7]X
"Ime4"” (Bates et al., 2007), “fitdistrplus” (Delignette—Muller and

Dutang, 2015)7} AHg=Eiom, p<0.05 4 A% fosttta
Aetsteivt

st oo wWstel ol wE HIEAAL AHAH WIE
aEsk] Y8 4 WA VIEE =4 %7 (tracking period 1;
1964 o]d)9t 34 3 7] (tracking period 2; 1 € 7Y o]&) &
o] AAAE FASAT XA FA = sl 10 3] ol
#F3E7F 7159 Adolse BT olgsidlen, FAE JAXNHIZE

18 ] 8- Tl

‘-"l '|'|.



2 A7EE AAY  FeAAXA(core foraging area) 9
H o A ¢ (maximum  foraging range) S F3Fth Ad241A
FAS BEe hAL AAAE wrge] &l sd F4 A7 A
AAAA 7128 RE HEEZ olfd 500 AEUEFAY (kernel
density estimation: KDE)°o 2 7/jAE Fo AAAE T3FAL)
A7 gEge o AAAE JiAEE 8%l 50% KDE &
FAreto] AbEsklon, FHuAdAHAE FAY B HEAAE9
23 ol A s a1 o] &3t HARES A4 s}
FH 2E20178 ¥ (minimum convex polygon: MCP) 2. & R #7]A]

"adehabitatHR" (Calenge, 2006) & ©o]&3 -3}t (Harris et al.,

1990; Laver and Kelly, 2008).
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3. §F7] 4 HYA AHFEE FA

SlA AF B GRz-a FEE

riu

B Et B A
Hiokaj o] wol] FHE=E R sttt (Kokubun et al., 2015; Paiva et
al., 2017). HEF $gFi-a FTEE HEAY Hel S
&l & <]
A S vtetstr] 218 de 853 itk (Waggitt et al., 2018;
Ballard et al, 2019). #AZ<l Holgdd ZAE o &
AToM= AR E ol&dl &Y EW dFL-a &
ZAbsto]l ke A S FASa, NS FEl

gE37 A44 W weldde wmstud sk olF A

1
ﬁ
iy
o
l
o
o
ol
rlr
&
%
X
X
o
N
s
N
&
30
o
°
o
et
Ho
<

NASA (National Aeronautics and Space Administration) 2]
AQUA Ao =Al¥ MODIS (Moderate Resolution Imaging
Spectroradiometer) AAZHEH ZSAH FsHEE 1 km 9
Level 2 3¢ 954 —a ARS ARSI o, s did oz g
A Hol Al FHEE F4

wA o ARRSE 99 AE S FIHAE T 62.17° - 62.57°
M7 58.11° — 58.90° olH, FAXAE AAZ ExE VFo=
AA7ER 24 2711 4 6 4 o) =4 5710 € 7 4
o]F)E o] EARAY S d=
ZAAY Q12 dgelM e A3 ¥
717l wet GAdol FAlEA ek
BF7F AF AT wiiel A" 4 dde AVIE 3
A8kl ARl o™ (Table 6), 7 FHo] AR e

3%

|

e

4

1
£ g
e
i
-
12
rlj
=
o
N
L
Y
rir

o

25 FAH8le] o]F FAfo]lAS ¥ ArcMap tool ¢ “Kring”

N

N

Me olgdl FHel ANR A @R A% PFi-a
A

g

N

85 739t (Environmental Systems Research Institute,

~—

2014).
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A7 Sl AFa—a Bt FAAEA g0 HolgH
AxFS EEF3s7] 9lal 2015/16 WA 7IEE 2018/19
HAZ| 7R FA 8 GPS H(EE vtg oz HASS5uA3dys 53l

2] = F3l3 (Worton, 1989),

AT g9 dl SlY 2 JFr-a wEY HdS sSAAY

of gHEgAe] A Age  sigabg ol

= 7b g mHE A HE,
A

5=
Ho] g o] o]Felx

4
AOR gt FRMAAS ANelE A ADAAR
EFEAT HAAZ o §HA e FAAGY AF HA AT

i_

a L& vt FAE FAdAE Jl Y 2YW H9F
a #ol A8k AR #@= 7 el uo] ekl
U e 2te dld =S vlust’] $l@l Mann—Whitney U
ARES AN Y. F42 FAZZ I R 3.5.1 (R core team,
2018)& olgstglem, p<0.05 o W f[ost xolrp Qltia
Sk e
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4. X719 4Z A

F4E HAAS 48 7ol gEAH A oA
4] g ¥ 5 kg 84442 (Pesola, Switzland) &
o] g&ste] A71e HHFAE A8 1 ¥ 24 e A9

E 58 wyFFo] (Pawdicure Poish Pen, Warren London, UK)®
vl

54 o}elE GAste] TEstgom, LR RAY F1 g
858 o g PHOE Are PAE FFRAT S0 AAY
£4 0 96 AA A7 F 82 A 24 A% Fae Sl

o 7ol 5},
bzl B HEAgA 44 ATEyE 9899 479

BILAZE 600 g — 2700 g & w A7) 9] BEA Frte ZAMHO®
%

r_>_
o

7148 4 AATH(Croll et al, 2006; Volkman and
Trivelpiece, 1980; Takahashi, 2001). Fx}#] =7 o] o]Fox
M7l F FH A 600 g oI, FFH F 2,700 g ©]dkdl
M7= B 25 JRAIIY. A s e 7 e A7)l

el Ah71 o) A FA AEES el

2 S



g4 A71e] el dF= vAe 2”ds w47 A8l
AEEdEdy 42 #22 Fo tigh opylolAl R 715 (Akaike's
Information Criterion adjusted for small sample sizes: AICc) &
o] &gt maAMEs AREakgith(Bolker et al, 2009). WEEHFRI
7ol AdAe R O#71A] “fitdistrplus” (Delignette—Muller and
Dutang, 2015) & °]&d8 8= 7HS &l

g Al71e] el FEe] A s (LB AAols ARt

ARt Mol WE)o] Fi JFE sefals] fa vhe 2419

effect) 2 TANID)E AL th(Table 2). 1AW (fixed

4
effecy) 25 FHA AT MM wek 2tz el ABF AAolE
o

A ZE(tripT) 3 4w Aol 37 (tripN) 7 sl gloH,
Holg Ao met A ot wsks AS udste] wArE
AFYAT AxFk(chlor) & FHFS=E EIIAZAT FERO
AAEs ARE ol §H I dAols AR FE Fo] AAg
T AdAolE AREE A2Aolwol AAE IR FACE o
Arstg om AP HAols HTs ¥ o MHols HEs



MqAo)Eoe] AAE I kAo Z o] Aalstgth A7 9

FeFS v xA 4= 97 (Model la; Table

H

=
& EFaAA AR TE DFRSE 2 6 442U F4a
b o,
Y, ol

7}

ol
38
.

o] AlCc #& ol&sd AIEE Huw
(4AICc < 2, competition model) S

Tt REd(averaged model ol iEfA AWM F

o

oY,
31;
2u!
i)
w wjn ofX

fol

213}t (Burnham and Anderson, 2002).
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Table 2. Linear mixed models to explain the growth of Chinstrap Penguin
chicks. The parent's foraging behaviors (tripN: the number of parents’
trips per day, tripT: total trip duration of parents per day) and
chlorophyll-a concentration (chlor) were fixed effect parameters for chick
growth. Nest (NID) was used as a random effect parameter.

Model ID Model n
la Chick growth ~(1|NID) 25
2a Chick growth ~ tripT + (1|NID) 25
3a Chick growth ~ tripN + (1|NID) 25
4a Chick growth ~ chlor + tripN + (1|NID) 25
Sa Chick growth ~ chlor + tripT + (1|NID) 25
6a Chick growth ~ chlor + (1|NID) 25

25



S37] g FRY A FA d%Fs nAle 8Qls
sk flE dutsidgEsteda H2 xE o] fisth
otzbolAl AR 7EE ol &F EAMYS ARSI T (McCulloch
and Neuhaus, 2005, Bolker et al., 2009). S3F7] g3 9] A2
FAE AAolsd X x=E HAols AlZH(trip duration per trip) <,
MAE Axr=E dd Hd2A%™5 Azt (total foraging dive duration
per day)= ol&stlen, F W7t dub(gamma) FEF 7M=&

R #7]1#] “fitdistrplus” (Delignette—Muller and Dutang, 2015)%

77 9uAad Adelsd M4 B4 AER AHlF

Alzbel Sked, S5 AZIZE vAls e 48] A 4

KeR

= =20 - =
G5 AAS (Identity  link  function) S A&3  FA A}
DA FFAAA Y] AxE= A AAA Y Y 54 -a
% (chlor) & o]&39om, I (date; Average Hatching

Date=0)<= 2 MA7[EE YA WA Fd573d= 0 4=
Axte] ol gstlth. HRE AW wE IFs adgsr] o6
TR A (sex) & IAWFE Frleow, AT w27}

gk ARA A AR o] o] Fo|e argste] WA 7] (Year) 2

=
JeES n A o= 97 (Model 1b; Tabled) S ¥t M=z
o2 uAHSFE 7FR 8 i AdwtalAgEg
AlCc gtoz ®dl A3eE vustth(Table 3). A%
gy FAFED(JAIC2) 3} olF Fst 2o dsiA 2z}

DNl E3E vwstet

td
i
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H = O X gul «
TSl grhiEe]  WMeMSE 3 EARES
AgHeor, wgHsR A4A dF4-a Fk(chlor),

R
FAk(date) £loll A (sex)o] wWZFoR 7 neEEHIAH. dd
AA T AIZRe] B WA Apol7b yEhA] gkol(Table 5)
Aoz JHA (PID) Rt et dd AR Algkel ojd
= XA k= 4714 (Model 1c; Tabled) & EHa}o]
ME e 1gRs 8 7he] dntstdyg=stnds Pt
AlCc #tez =mE AJLEES vusitH(Table 3). 1 F
AEERA(JAICe < 20 o]F FT7e Hd(averaged model)
el 2 ngHF] FodS Sl
e BA 2733 R 3.5.1 (R core team, 2018)¥ R
#H71A]  “MuMIn” (Barton & Barton, 2013), “Ime4” (Bates et
al., 2007)& AR&-3F3ATh.

o
o
o
o

i

7H

Hr
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Table 3 Generalized linear mixed models with gamma error distribution
used identity link function to explain foraging effort of parent penguins.
Two components of foraging efforts (trip: trip duration per trip, forage:
total foraging dive duration per day) of adults were explained by three
fixed effect parameters: chlorophyll-a concentration (chlor), date (date;
Average hatching date of season=0), and sex. Year and individual penguin

ID (PID) were used as random effect parameters.

Model ID Model description n
Trip duration per trip

1b trip ~ (PID|Year) 647
2b trip ~ chlor + (PID|Year) 647
3b trip ~ date + (PID]|Year) 647
4b trip ~ sex + (PID|Year) 647
5b trip ~ chlor + date + (PID|Year) 647
6b trip ~ chlor + sex + (PID|Year) 647
7b trip ~ sex + date + (PID|Year) 647
8b trip ~ chlor + sex + date + (PID|Year) 647
Foraging dive duration per day

Ic forage ~ (1|PID) 327
2c forage ~ chlor + (1|PID) 327
3c forage ~ date + (1|PID) 327
4c forage ~ sex + (1[PID) 327
5c forage ~ chlor + date + (1|PID) 327
6¢ forage ~ chlor + sex + (1|PID) 327
Tc forage ~ date + sex + (1/PID) 327
8c forage ~ chlor + sex + date + (1|PID) 327
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Iv. 23
SF7] g4 AW F

2015/16 & W2 715¥ 2018/19 & WA 71744 2 uhg] A7)
= "HERA 106 MAE FAS A% T 2R/t
Holss  AYstz 94 A, 625 Wl AHAolwss

(Table 4). €& Fro AHAolsS Bt 944 £
5.11 Al AgHglem, 2 F GPS FHxel /7F e
Aol A9t H 38.63 £ 24.53 km 5 o]§3d Zow
Uebt o, TxeA 15.05 * 10.16 km "ol Xo=z o]t
Aoz vEebgth FAE "I Adolw Ak ®A
el WEskgon, 2015/16 d wWa7]9] AdolF Algke] thE
WA 7o wsl ZA dErwgth wkd, Aol s A g
Aol s A s MAVIE Zol7h YA kSt (Table 4).

i

Mooz
1%
ol
ol
O
:L

T 68 AN T 327 4 ek AAR

X
>,
B
\
I

SRAgS SR
FAYAer. dF FE 18254 £ 78.63 MY AARSFIH
Z1FHAa, dEd AT AP 394 £ 153 Aztew
UebsTh B30 Z58E Axe W7 Aozt YERYA

% SkTh(Table 5).

399 FoAaAA g A= HATef FA A 7]
uet wgetglon, A wE FoAHAA Aot
AR ot (Figure 2).
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Table 4. Trip parameters of Chinstrap Penguins tracked by GPS loggers in the chick guarding seasons from 2015/16 to 2018/19. Test
the difference of trip parameters between breeding seasons by generalized linear mixed models with likelihood ratio tests. Values in
parentheses are mininum and maximum values.

Trip parameter Overall Season % p

s€ason

2015/16 2016/17 2017/18 2018/19

No. of birds 94 23 28 21 22 - -
No. of trips 625 98 142 102 383 - -
Trip 9044 + 511 12.52 + 8.41 + 8.34 + 9.30 + » 0037
duration(hour) (132 - 37.47) 5.64(2.68 - 3.57(2.27 - 3.38(2.39 - 5.68(1.32 - : :

' ' 26.91) 19.04) 15.44) 37.47)

. 38.63 + 45.86 + 3523 + 33.07 + 39.27 +

Trip 1.50 0.221
length( km) 24.53(4.05 - 27.78(4.05 - 19.67(5.32 - 16.79(4.75 - 26.78(5.24 - : :

135.09) 126.92) 75.74) 66.39) 135.09)
Maximum 15.05 + 19.33 + 15.90 + 13.37 + 13.93 +
distance from 10.16(1.58 — 12.22(1.58 - 9.20(2.33 - 7.15(2.12 - 10.32(1.58 - 0.27 0.601
colony( km) 52.72) 52.72) 36.23) 29.36) 52.51)
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Table 5. Dive parameters of Chinstrap Penguins tracked by time-depth recorders (TDR) in the chick guarding seasons from 2015/16
to 2018/19. Test the difference of trip parameters between breeding seasons by generalized linear mixed model with likelihood ratio
tests. Values in parentheses are mininum and maximum values.

Dive parameter Overall Season X p

season

2015/16 2016/17 2017/18 2018/19

No. of birds 68 14 23 19 12 - -
No. of foraging days 327 48 93 64 122 - -
No. of foraging dive 182.54 + 78.63 160.95 * 174.05 = 185.49 % 203.52 + 084 0361
per day (33 - 486) 63.84(48 -293)  65.75(41-353)  68.20(33 -356)  92.73(36 —486)
Foraging dive duration 394 +
per day 1.53(036 - 449 + 3.64 3.61 412 £ 228 0.131
(hour) 8.96) 1.69(1.25-7.82) 1.25(0.99 - 6.96) 1.29(0.64 - 6.92) 1.69(0.36 —8.96)
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2015/16

2016/17

2017/18

2018/19

62°15'S [~

62°30'S

62°45'S

62°15'S 2t

62°30'S

62°45'S

62°15'S ===

62°30'S

62°45'S

62015's 2t

62°30'S

62°45'S

Tracking period 1

Tracking period 2

N

\

N

7

N

=
/

59°0'W 58°

30'W

58°0'W

59°0'W

58°30'W

58°0'W

Figure 2. The map showing the core foraging areas (grey contours) and maximum
foraging ranges (polygons) of tracked Chinstrap Penguins on each tracking period in four
breeding seasons. Merged layers of individual’s 50% kernel density estimation (kde) is
used as the core foraging area, and mimimum convex polygon (MCP) was used as a

maximum foraging range of all tracked penguins in each period.
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2. 92934 AYA AF#E 74

2015 12 €3E 2019 d 1 €71A FZo] AAHE HAY
B 12 A7 Ht Y YF54h-a FEE FoYh HA7E

Y EW HdEAL-a B I AEE 16.00 = 2.94 JHE

YIARE Pt e Riod, F4 27 ¥ 4 719

24,556 7N1¢ GPS HEE olgdl A7 Hr A HHA95%

H
MCP)E et a9 99 Fit dY d5a—a FET A71E=

F3ET. 1 A3 2015/16 @ F4 7)o M =2 sk
AEA—-a w57 e e A7) met g d54-a 559
23z ol Wslrt gely etk (Table 6, Figure 3). 329 €549

PFd B ARE vgoR AZE FoAAR (AFE AAA o)
EoAR) e HuAARESA GEAE A HolFi:
A% #F AFAh-a FEE vlus A7, 8719 A7l F 4717
2 &= Apol7b yeEhstH(Table 7).

2017/18 W27 24 F7)o= gq3o] AR AAA W et

AHh-a g27b T SlfHT Bl YERd vbd, 2016/17 54
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~
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\]
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—
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!
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At}
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rir
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o
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|
oS}

Aoz YeS T (Table 7).

34

’;r“‘-'! ) C':l -L ]

| &]



Table 6. The chlorophyll-a concentrations of each tracking period in averaged foraging range of the breeding Chinstrap Penguin in
the study site (95% MCEP of all tracked points).

Breeding Season Tracking period Date Chlorophyll-a No. of images
density(mg/m”)

2015/16 Whole Dec 31" 2015 - Jan 25™ 2016 1.42 19
1 Dec 31" 2015 - Jan 6™ 2016 0.49
2 Jan 7" 2016 - Jan 25" 2016 2.15 11

2016/17 Whole Dec 27" 2016 - Jan 25™ 2017 0.63 13
1 Dec 27" 2016 ~ Jan 6™ 2017 0.84
2 Jan 7" 2017 - Jan 25™ 2017 0.33

2017/18 Whole Dec 26™ 2017 - Jan 20" 2018 0.48 18
1 Dec 26™ 2017 - Jan 6" 2018 0.57 6
2 Jan 7" 2018 - Jan 20" 2018 0.42 12

2018/19 Whole Dec 152018 - Jan 21" 2019 0.41 14
1 Dec 152018 - Jan 6™ 2019 0.48 8
2 Jan 7" 2019 - Jan 21" 2019 0.36 6

35



2015/16 2016/17 2017/18 2018/19

f=
N
&
Tracking period 1+2 [
f=
[ 53
3
<
w
f=
N
S %
Tracking period 1 2 a
=
2 &
w ®
3 =
& £
2 [ Jozo-030
‘ - e[ Jus-o3s
i R % [ oss-044
) ) “ S o044 -076
Tracking period 2 S Bloms-17s
3 = Bl s
= E -4
v 5
59°0'W  58°45'W 58°30'W 59°0'W  58°45'W 58°30'W 59°0'W  58°45'W 58°30'W 59°0'W  58°45'W 58°30'W

Longitude
Figure 3. Chlorophyll-a concentrations in averaged foraging ranges of Chinstrap Penguins in each breeding season from 2015/16 to
2018/19
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Table 7. The chlorophyll-a concentrations in the core foraging areas and maximum foraging ranges of the tracked Chinstrap Penguins
in each period. The mean + SD of chlorophyll-a concentration and the number of valued points were given. Mann-Whitney U test was
used to detect significant difference between chlorophyll-a concentrations of two areas.

Chlorophyll-a concentration(mg/m")

Season Tracking period Date p
Core foraging area Maximum foraging range

2015/16 1 Dec 31" 2015 - Jan 6™ 2016 0.60 £ 0.63(n=606) 0.55 £ 0.15(n=878) 0.067
2 Jan 7" 2016 - Jan 25" 2016 2.34 £ 4.46(n=563) 1.84 £ 1.72(n=753) 0.307

2016/17 1 Dec 27" 2016 ~ Jan 6™ 2017 0.84 + 0.42(n=359) 0.74 £ 0.33(n=93) 0.012
2 Jan 7" 2017 - Jan 25" 2017 0.32 +£0.21(n=377) 0.30 £ 0.11(n=80) 0.418

2017/18 1 Dec 26" 2017 - Jan 6" 2018 0.54 £ 0.10(n=137) 0.43 +£0.22(n=81) <0.001
2 Jan 7" 2018 - Jan 20" 2018 0.38 £ 0.22(n=301) 0.41 £0.18(n=181) 0.028

2018/19 1 Dec 15" 2018 - Jan 6™ 2019 0.47 £ 0.18(n=165) 0.36 £ 0.12(n=73) <0.001
2 Jan 7" 2019 - Jan 21" 2019 0.35 +£0.16(n=372) 0.36 + 0.20(n=330) 0.279
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3.HERAA A7) A dF= F= 8

FAo] A FA F

48 7N FANAM M7=

13 E 41 ) 54 82 MAL AN7)eA F7 AdZ T
/\

AERE R S5 A A7 FAZE 600 g o/l

=7 A 2,700 g °]at A)7|= 25 JRAIG e, s
472 99.78 + 2251 g ©F YEFRLTH(Table 8).

g9 A71e A4 REe 6 e RE
Aendo] AAHAL A7 AFe] ofEd wA

FA 9= o7FAd (Table 2, Model 1a) 3 HRo o

W7 Z3tEl e (Table 2, Model 3a)2 A3wrt o

H13 =4 ey (Table 3, 9; Model 1a; AICc weight=0.42,

ge99

Model3a; AICc weight=0.27), t& 4 719 R4S

M71el e Adrgsk=d AdetA o A o® e

ha

Foll whek Al717F whaA A Ashe o

2 FF el ;AW RE

4015

:
kit
o\
N

e}

1

v)u]3A JERgtH(Table 9, Averaged model,

X210 &3l Estimate + 95% CI =6.65 + 21.46).
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Table 8. The number of measured chicks and the growth rate of chicks in the nests of tracked Chinstrap Penguins.

No. of chicks

Breeding Season No. of nests No. of chicks measured twice showing the linear GI‘OWt]jl rdate (g/day) in
growth pattern OCY mass
2015/16 12 24 7 99.48 £21.72
2016/17 14 22 5 106.38 = 15.18
2017/18 9 16 4 80.05 £41.51
2018/19 13 18 9 105.12 +12.29
Total 48 82 25 99.78 £22.51
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Table 9. Estimates and 95% CI for fixed effects in two competitive models for chick growth of the breeding Chinstrap Penguins on
King George Island, Antarctica in 2015-2019. Models are ranked according to Akaike’s Information Criterion adjusted for small
sample sizes (AICc) and averaged for the predictive parameter (tripN: the number of parents’ trips per day). The estimates of fixed

parameters with 95% CI (confidence interval) are presented. AAICc, AICc weight, degree of freedom (df) are given for each model.

Selected

Response Model ID Fixed parameter Estimate + 95 CI AAICc AICc weight df
Chick mass growth(g/day) la 0.00 0.42 3
3a tripN 17.00 +22.40 0.89 0.27 4
Averaged tripN 6.65+21.46
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Table 10. Estimates and 95% CI for fixed effects in two competitive models for foraging effort per trip of the breeding Chinstrap
Penguins on King George Island, Antarctica in 2015-2019. Models are ranked according to Akaike’s Information Criterion adjusted
for small sample sizes (AICc) and averaged for the predictive parameters (chlor: chlorophyll-a concentration, date: count for average
hatching date of season as 0.). The estimates of fixed parameters with 95% CI (confidence interval) are presented. AAICc, AICc

weight, degree of freedom (df) are given for each model.

Response 151?)1(?3 el% Fixed parameter Estimate &+ 95% CI AAICc AICc weight df
Trip duration(hour) 5b chlor 1.33 £1.47 0.00 0.43 6
date -0.19 £ 0.07
3b date -0.19 £ 0.07 0.97 0.27 5
8b chlor 1.33+1.47 1.65 0.19 7
date -0.18 £ 0.07
sex -0.43 +£1.33
Averaged chlor 0.93+1.71 7
date -0.19 £ 0.07
sex -0.09 +£0.71

42



T
al

N

-

~A
<
I
()

—

0

Gul
o
afl

(m

ol

2 7)9) Agtwde] WYRAT Y o] xe v

=
K

)

o

1
-

11;

3t th(Table 3,

%3

I
0.34, Model 5c¢; AICc weight

0.20).

Model 2¢; AICc weight

=] oﬂ }\1

a3

B

;OH
Mo
ol
n

ol
O
J)J
~
fife)

‘mo

ol
7

¢
~H
<
e

—t

0

M

Bo

[e;

F3Ath(Table 11; Averaged model;

S

=
a 5% Estimate + 95% CI = 0.42 + 0.41).

=
-

o o]

R

37

TC
Y

-
R

GAZE el

SRk

[e)

okolth(Table 11).

43



Table 11. . Estimates and 95% CI for fixed effects in two competitive models for foraging effort per day of the breeding Chinstrap
Penguins on King George Island, Antarctica in 2015-2019. Models are ranked according to Akaike’s Information Criterion adjusted
for small sample sizes (AICc) and averaged for the predictive parameters (chlorophyll-a concentration, date: count for average

hatching date of season=0). The estimates of fixed parameters with 95% CI (confidence interval) are presented. AAICc, AICc weight,
degree of freedom (df) are given for each model.

Response I\if)lgg ?dD Fixed parameter ~ Estimate £ 95% CI AAICc AICc weight df
Foraging dive duration per day (hour/day) 2c chlor 0.44 £0.40 0.00 0.34 4
5¢ chlor 0.39 +£0.41 1.04 0.20 5
date -0.01 £0.02
Averaged chlor 0.42 £0.41 5
date 0.00 +£0.02
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Aol gHEAAe e HAols Al HuAow of
9.48 A|ZF&sqk 15.05 km "ozl AAXZ o]Fsto] wojdEs
gom, Ho olFAeE 50 © km ° o= tH(Table 4). o=
Signy Island ©A Lynnes (2002) 7F <53k 7jAle] n]a)
qogdoz #2 Agel, Bengtson et al. (1993)¢ <+ %
Wilson ¥} Peters (1999) ¢ AT-olA F8%¥ Ayl FAFSIH £
ATelM = Aol wek Aol AIREY Apol7F yERtom, o=
g3 A Fosede] Wskel #eo] Sl Zlow

=

Heltk(Jansen et al., 1998; Croll et al, 2006; Miller and
Trivelpiece, 2008). 53] t& <dXo| Hld Al olso] <2
A4E 2015/16 W HA71S] A9 dlg xd dF42-a 9 57
th2 A7) ef vls] =A e TH(Table 4, Figure 3). o]+ Hol7}

ZRe A7lel Al FEF ol AT T RE A

soze] qUAE BESHEE APl Uehd 7Ee] uhuha] 23
A7 (Zador and Piatt, 1999) ¢} FAFS Az Holm, 1
Aol ES B ~xmo s nEss AAASS Pk

0 Z2 HAtH(Weimerskirch, 1998).

®oodTeld  FHE HegAe d¥d o 180 39
AARSE sged &% 385 AE AAES

AH]8F9tH(Table 5). ©]+= Seal Island oA FZ%E 4 »1g] 9
gapo] AP 140 3], 2.81 A7Fe] AAZFE 3 Ao vl
R Ao oz ei X AlZFe ARESE Ao
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Uels ot (Bengtson et al., 1993). & AFolx FHE 7iA<t
Sdst WA FAHS AW AN AHAols T
BeAor 1 ARl 20 3] AAF7F o] Fo R, A A oF

= FHoldolA Bl Ro 7 B Yo (Kokubun et al., 2015)

e MAAS ARHAEAE A me
Mastgon, ol Fuagw A weh ggie] Ayl
Fikol = AAF Zeow FAEJYU(Ainley et al, 2004;
Lescroél and Bost, 2005; Ballard et al., 2015; Camprasse et al.,
2017). =4 slgelA Helzk He Ado]l 27 wxHY =
u] (Santora et al., 2009), S35 98 A2A 9 AAAE <
HEghAf el A mEAQl AAe flal Holrl SEd AAAE
Aesto] HAolss Ao drh(Weimerskirch, 2007; Ford et
al., 2015). w2 HE3U9] Fo AAA= G d o 2AHT
AAE 7HAE ACE Holu(Table 7), HAAHAE g,
FA9 JhAe AAEet S5 Ayl wel HAolw At
Hslato] gl e o r F59H(Clarke et al., 2006; Ballard et
al., 2010, Ballard et al., 2019).
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$%7) 9244 444 A387

BoATAE HEaae welan s s s AT
PYARE ol §F AW WHoR WX Fu HIRAL
AR B AT AAE 7B 033 mg/m® - 215

mg/m’ o WSl A7lel weh AAA sk B PBa-

Heles 584 SHAEQ A" dUn F7d #o = Ho=
FZHH (Silk et al., 2016), A4 Ux WH3= Fx| wpgA]
Ho|gt Ao AHAo R AAS zt=r}(Volkman et al., 1980; Reid

and Croxall, 2001; Santora et al., 2009; Bertolin, 2012). A7}

ANE AzAN AT Y B Puh-a FEE A6l w

o

Hslshy g0 537190 12 €, 1 99 93+ sif 54—

a FTE5EE 028 mg/m® — 1.27 mg/m® 2o oA

AatetATH(ER,  2019). MY H@Fi-a wREE S
A

FAde wwsidle W AxAd AT el oF 1.88
mg/m’ ° dY¢ W 4Fi-a FTEE M SHAENE T=

ol E =& AYAAS 717 Aoz F=FHQth(Ardelan et al,

g olgsl sU

=
Arde wlaska, HaEde] A Ades s dgabd oo

A e AR FH0] A" 4 W W], 8 JHe] AV
s w2 w7l wlE sfFAAbdol w9kd 2015/16
A2 7] ells AAAe A e dAZE dEA ekgkout

2]
o2 W7ol F2 x7]d giEde Adolso] ZSkd F£Q
% 5 1 o7

~
w7k Fw el we wgd



Uelsth(Table 7). ol= W2 Z=7] A7]9 Ho]Q %7} do}
AAol AaA e A7leli WMAA FH ade] Be AR
guge) vo FRED walsto] % A=i-a FEIF ¥
Aolol A7 AHo] oFold Zow melth et WA
F7)eli= o] Aol Aage] wet WA A Aeie] Hol

FHE7F #A4AsHA Ha(Ainley et al., 2004; Ballance et al.,

olf = Hu AgstA FAetr] s AH 1
St = A @2 v&3
glgo]l FAgstt, wEel dAEA ARE Tl A=
At dAEA AR Y
=9 ARAQ AxE ARESEI]
stAI o] ) ok (Waggitt et al.,, 2018; Ballard et al., 2019;
Venkataramana et al., 2019), ¥ A5 A3l o] H
SAPHS A=A wpgiaA e woll o) Ul o] AHA S
7hA @A o ® uighAf o] wolg g s i E & Utk (Block et al.,
2011; Hazen et al., 2013; Kokubun et al., 2015; Silk et al., 2016;
Paiva et al., 2017).
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3. €& A7) Al 9¥Fs F= 29

® ATelA SA4E S g3 A7 E5A A
99.78g/day * 22.51g/day =, ©°]+= 1980 d Volkman 3}
Trivelpiece 7}  FAFSE Z£(102.3 g/day *+ 2.3 g/day) ¥ =
ZFol S HolA ookt (Volkman and Trivelpiece, 1980). Af7] <]
A A 59 AEEY ol sttt (Benson and Piatt, 2003;
Ainley et al., 2018).

T AToM = 5 A7 e Al F-Ee Aol RIET)

H
gom, A AHols Atdes FEd o=

P ol
Aq=FstAqnt. AS¥ Fo] HIAW FRIE AdAolwel A£=F
AZEE A7 kel dRIAe] dEhA kta, Al2lolw
WE7l F7heeEE A7l Aol whEAl uEhdent T 9ol

1
A ktth(Table 9). ol ¥ AFolA FHT B2 F71 Ao
7 gEo]l FHEA YERA] 2 Ao E BT upghA] F-RofA
A AAelEe AF HHe HHelg: A¥E ThsAdol
oA X9k (Ainley et al., 1998; Burke and Montevecchi, 2009),
omAf o] AZ|FAE Yl ARsE "ol ekl H 7
wolrth A7 Aol sk AAFEHE AT (Weimerskirch
et al., 1994; Ropert—Coudert et al., 2004; Carpenter—Kling et
al., 2017). B34 WAs st ofdylsyl FEAM AAolF
AlZke] vr& iAol Hlal ZAl Wbt al (Takahashi et al,, 2003b;
Lescroél et al, 2010), HEAAANAZ AAst= 719
Hol QTS SFY] Slal g2 AlAolwe BlEo]l ke Sl

A&ZE At (Meyer et al.,, 1997; Jansen et al., 2002). ©]= %3
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3 RIS H2lolEo] A7l Al o B wolE AT

ATH.

Hol g 2> HEAASE 719 e Fost 4R dHA
) O 1} (Salihoglu et al.,, 2001; Olmastroni and Pezzo, 2004;
Chapman et al., 2010) ¥ <dFoA FAH & Hol
G (FFa—a FE)o] A7Ie] Aol #dgeA fde= Ao®
UEFRTE ol FAMA] FHe wolrh FH-5lo] (Ardelan et al.,
2010) Holgk7go]l 7)ol Aol Algtaclo] A gk, woj
ool QRlol  A71e] Aol d dFE FUV wWEows
F4d @t (Williams and Croxall, 1991; Zador and Piatt, 1999; Ritz
et al., 2005).

oATeA 4 3 WA ERE gyl F RO A E
x3e Fu A7 e ZARIIoY A71e A=
-

GA el I} 7] (Ritz et al., 2005; Descamps et al., 2015),

o
[

5%

4o

-

F3kA1 7] (Viduela et al.,, 1996; Moreno et al.,, 1997) 5 t}Fst
QQlo] s F= Zoxw AdHAH AvH(Ainley and Schlatter,
1972; Blac kmer et al., 2005; Fargallo et al., 2006). ¥ 2]

B9 ZAIRFERE M9 Aol ZA (B4, 2019), WA

Aol BEPHY AFE A7 ot BAeld  FAL
Anste] Y wWaEe Q@ R AHgS Aow
Az e FF ofg WAle] AW A7 AR EAb

glof BHs) RakAE AFBAR FA 1T st Uk
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oA g R A Fake AdAA 9
AFgel Hers FFV7F JdEFE S Zlow
oSetor, ol JHE AAolw Al ARESE oA A%
2ol AlZFE (Ballance et al., 2009), st 7BAI7F A AI7F &<t
Aol Abgst oA AuzE dd AA™%F AEE o] &3]
2443}t (Monaghan et al., 1994; Takahashi et al., 2003b; Kato
et al., 2008). &4 ZA¥, A53= Do RigE gEg9 FEOA
SF7] FRtew gdas AAolE AlZto] Fhaskion, Holghol
ForE 4 A4Es A3kl F7Eekth(Table 10, Table 11).

g3 98 SF7F 1S 718 Hole 4 =rt ke,

el HFE O HAe O B F e e "olE Aj7|elA
A &stofof stk (Davis and Miller, 1992; Jansen et al.,, 2002).
ofdlgl oM el A+ Aol A3 HE H2AolE ARt
SF7] FHto R AaE Frhekglon, ol AAoR Qi W
Hol7b Haste] wolzh FHGE AAAE Frol FIhst 79
Hole s FTHAII gz F4sklth(Takahashi, 2001;
Ainley et al.,, 2004; Balance et al.,, 2010). 184 & d5-9
ZAMA= °F 5,000 e AHo] WAsh= FARE HlwA A
TR HehdAzolH (A5 2019), ¥ Holrt FTHSIo] L4
Ar=el Hal ®ARdE U FAgo] Ak Ud= o=
of e th(Ichii et al, 1998). W&ol 53¢ 3o wWE FHY
HolFHE a7t AA ol F5F F7] AAolE Azte] F

e 9 Rlow g,

O

_
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g AdgoA A7) HolE FFA1717] &l 10 AdAlols
Z3)] k2o HolE A Fsh= #H ¥ (Jablonski., 1985; Ainley et

=
al., 19985) #&ar g2 A4olss Tl wollEs sd= ol

¢

2t A t}(Takahashi et al., 2003b; Lescroél et al., 2010;

Meyer et al.,, 1997; Jansen et al., 2002). ¥ Ao FAH
AL Ag 71 SF7] g3 A4 %E A5 (Meyer et al,
1997; Jansen et al., 2002)%} #o] Aj7|e] wHolQ % F7te
Sto] gEAgd FEO JIE Aol AfkE Eoli, AdAolE

TE e AEE FHshe FoE Rtk dd XS AIE
AxE olgg MAE A2 FA= EAel wE xpol7b e
okt ol gEAAolA A7) Hola g FaetA HE9
A AA FAZE FAEHEA A WEA7]7] oz
o 74 ¥t} (Croll et al., 2006; Green et al., 2007).

2 AFelA] Holgd A ZmE o] §st AAA Y FFA-a
S5O AF HEAU FE AAolw Aztel F FF= mIAA
gorom, o= uE A uiukAfelAd wolghgo] i uf d
AYE olEsl ZFEt Hol BAS = Ay dH|H=
Aol (Burke and Montevecchi, 2009; Ballard et al.,, 2010).
ol & ATAY AF TRl gEAAe oyt S48k (Ichii et
al,, 1998; Flore et al, 2012), FA %] wpgtA)7E W2 8=
APATe] A g @y 2 AFA A= ol H o] Hlw A
ABHA] ool wol7p AL Al7]e| = HAX] ZA A FEs HolE
T QA" Aor Bt JRAL dY A AR A5
FAAg ol =2 Aol FrbeRlEdH, 1
e 7 Ank AR, A7 HoleFEE FHA7IEH

oAw7F A AL 9 FAe Holg Alwstr] fld ¥ zlo], 27

o
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f
-
)
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a4 sk Ff-olt}, ol oA Fr]o] ol A2 o]

oy A$ oy 3d8kE F2 He did, fFHo] AHL o=

=171 A8 AAE H2 vHlEo] F7MeF L (Ainley et al.,
],

1998), YA o eZst

A
o] FolX & ozt AAolEol FTUIEFE FiaV|E 9 HEO
Z7}é9tl (Jansen et al., 1998; Miller and Trivelpiece, 2008)
=AE FE AV Axre AARAE S AAAEE
A I Zls 7Hsdes AT & dv g§EAdS S35 28

AR o GAZIY ¢ B2 HolE A5 AAdZS
#8FA vk (Wilson and Peters, 1999; Ichii et al., 2007) o]z}
THE A 9 g2 NS EoldA o 5

AT A7) A FEIF Hol

=
Mol AdolEeA o edAt AAREE FRToRA
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sloFgatdo] ke 2015/16 W7o FH=E A AHAolF

Alzbol o2 WA 7o mle] Al yEbtH(Table 4, Fig 3). a9

4

F2E2 B ddAdE A4 E99c F A4S
WHow gy Wl e gEg) o) WaE shelsti,
A

A2 A5 ALY AFHstE glsks A st

ATollA S37] g7 e mE g4 Fae BT
Aol 74 vrebuA]l ekttt w12 7] obdlg oA = kAol AT
A2 F2A7F A4 Y= vEA (Clarke et al., 1998; Takahashi,
2001; Takahashi et al., 2003b), RFA A= HEIE 2po]7}
UElA] k=t g A itk (Williams  and  Rothery, 1990;
Camprasse et al., 2017). £ dAFodxe] ga¢del H-¢
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A Al FAFSHA YERSE S H (Bengtson et al., 1993; Wilson
and Peters, 1999), si¢s7d wWsle] wep wHA7]E AAols
Al Zkoll 2ol 7F vreRi T
oA FHY A Al Aael w2
Helsialon, S5 %7 g HAS Aol =&
FaE AU ow o]geitt. 1y S5 7)o AR
+ O 2 4 (Ainley et al.,
2004; Ballance et al., 2009) sid4tdo] B339 woldAd<
HEg ol s 291 obd Zo = yEMTE o|2A HEA9

FOAAA FARG B AP S A Aolge A
P

49k A7 A Atolells #EAd o]
UEbA edster. Adddqtels  FRe AdAels WE F7

FARD Adols Wlmel #Ao] & Flojge= FHA 7HEol
A e = At

Yo A4 R ey I s we Jlo®
vER e, ot 22 dooled A4 FAs §F7] Few
g fgasiia, Ae] A4 FAs sl werE
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Abstract

Foraging effort and chick growth of the
breeding Chinstrap Penguin (Pygoscelis
antarctica)

Kim, Youmin
Major in Forest Environmental Sciences
Department of Forest Sciences

The Graduate School

Seoul National University

Breeding seabirds need to efficiently manage their energy
for feeding their chicks and maintaining their own body
conditions at the same time. Chinstrap Penguins (Pygoscelis
antarctica), one of the top predators in the Antarctic marine
ecosystem, may change their energy consumption for foraging
(hereafter, foraging effort) and their foraging sites according to
several factors, such as size of the chicks and the marine
environments.

This study aimed to understand the relationship between
marine environments and foraging area selection by breeding

Chinstrap Penguins, to identify the relationship between

75



breeding indicators and parents’ foraging behavior, and to

investigate potential factors that influence the foraging efforts
of the breeding adults. The Chinstrap Penguins were expected
to enhance their foraging efficiency by selecting a foraging site
where the marine productivity was higher than in surrounding
areas. The foraging frequency of penguin parents may be
correlated to the growth rate of their chicks, while foraging trip
duration i1s not. Furthermore, The foraging efforts of the
penguin parents might increase as the guarding period
progresses and the marine productivity decreases.

Using a tracking survey with remote sensing data, this
study examined foraging behavior and site selection and
compared marine productivity of the core foraging area and
surrounding areas to examine the hypotheses. A total of 106
Chinstrap Penguins rearing two chicks each were tracked by
GPS loggers and time—depth recorders (TDR) during 4
breeding seasons from 2015/16 to 2018/19 on King George
Island in the South Shetland Islands. The body masses of the
chicks were measured before and after the telemetry study in
41 nests where both parents were tracked. Phytoplankton
concentrations collected by remote sensing data were used as
indicators of marine productivity in different seasons.

The telemetry study indicated that the Chinstrap Penguins

moved 15.05 + 10.16 km away from the breeding colony for

9.48 + 5.11 hours for foraging, and the foraging duration of the
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2015/16 breeding season was longer than that of the other

seasons. The parents performed 182.51 * 158.80 foraging

dives per day, spending 3.85 = 2.47 hours daily underwater.

The marine chlorophyll—a concentration in the foraging range
of the penguins ranged from 0.33 mg/m?® to 2.15 mg/m?® over the
study periods. In the early guarding seasons, the core foraging
areas had significantly higher marine productivity than the
surrounding areas, which means the penguins selectively use

the marine space according to the marine productivity. The
parents’ total foraging duration had no relationship to the chicks'

growth rate, but the frequency of foraging trips did increase
their growth rate. Trip duration of breeding Chinstrap Penguins,
an indicator of foraging efforts per trip, decreased as the
breeding season progressed. The foraging dive duration per day,
indicator of foraging efforts per individual penguin, increased
when the marine productivity increased.

Marine productivity in the early breeding period, estimated
with the marine chlorophyll— a concentration, may reflect prey
abundance to the Chinstrap Penguins, especially in shelf areas
close to their breeding colony. However, it may not reflect prey

abundance in the late guarding season, when the penguins
consume more of their food near the colony. The parents’

foraging trip frequency was related to the growth rate of their

chicks; however, the relationship was not significant. As the
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chicks grew older, the parent penguins changed their foraging
strategy to shorter and more frequent trips to get more food.

In a favorable marine environment, the penguins spend
more time in foraging dives. When there is enough food to
provision their chicks, the parent penguins are able to find high
quality food or maintain themselves with the energy efficient
foraging strategy. The antarctic marine environment changes
through the seasons, and recent krill fisheries and climate
change are no doubt involved in these marine ecosystem
changes. Marine environment changes may negatively affect the
foraging ecology and population fluctuation of Chinstrap
Penguins. This study emphasizes the importance of monitoring
on both marine environment and foraging behaviors of penguins
to identify potential threats under predicted changes in marine

envrionments in Antarctica.

Keywords: Chinstrap Penguin, foraging effort, food supply,

foraging site selection, foraging dive
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