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Abstract: During the breeding season, both adults and immature Eurasian Oystercatch-
ers (Haematopus ostralegus osculans) were observed to feed on prey, such as gastro-
pods (Umbonium thomasi) and bivalves, at the tide water line around Yubu island in
Korea.To determine differences in the foraging efficiency between the adult and imma-
ture birds, we recorded the feeding behavior using digiscoping with a telescope and a
smartphone. We compared the pace, the prey search rate, the proportion of prey search
techniques, the feeding success rate, the handling time, and the heads-up rate between
the adult and immature birds. There were significant differences in the proportion of prey
search techniques when gastropods were consumed and in the prey search rate and
heads-up rate when bivalves were consumed but there were no significant differences
in feeding success rates. Therefore, although the immature birds on Yubu Island were
inferior to adults during the breeding season and they lacked the proficiency to locate
prey, their overall foraging efficiency was similar to adults. This was considered to be due
to the continuous eating of bivalves during the wintering season, which requires a high
level of foraging efficiency.

Keywords: adult, breeding season, foraging efficiency, Haematopus ostralegus oscu-
lans, immature, Yubu Island
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12 o EElA oA ALY A4H vle T8
O & (Skérka and Wojcik 2008; Berén et al. 2011) 2
2129} Hol 9, 44 7&S Ade¥shs 4] B
Hoh (Wunderle 1991). 55 WollA o] 44 53
Jlofl whet Zfo]7h Q|9 ARk 0 = Aol whet &
He Zom A vk WA Aol =Es
2 ] A| (Immature)+= ‘3 A (Adult) ol B]3H H
etobA Q1Aoh= 7ol FE A1 (Espin et
983; Bertellotti and Yorio 2000), Ho|¥& thF+= 59
1| <35ko] (Burger 1981; Greig-Smith 1985) 4341577}
2] 9] Alzto] Q.2 A= ™ (Porter and Sealy 1982; Sutherland
et al. 1986), 3A|€F0] Al thet th3] F2lo] sttt
(Slater 1983; Berén et al. 2011). ©| 215t SHA|H & FE5}7]
A3l o] dA+= Hol P2l 37] (Sullivan 1988a; Gomez et al.
2009), HAAE M oh= Aok o867 = jitt. 1=y
ol gt md A o] A Aol 4 a4 A2 ot
(Burger and Gochfeld 1986). ‘g A2} &7 4213 72 A2
A &2 G} (social facilitation effect)©l] I3l 0] <] 44
A dE8Eol 23518 F7Fste AR g HalEict
(Burger 1980; Porter and Sealy 1982; Sullivan 1988b).
NI 7 (seabird) = = ©] Z 1 (Holmes and Austad
1995), A RS- ofH, F-27 (site fidelity) ©] = oFY
Z5Fof g3t (Wooller et al. 1992). £3], s 27+=
HA] 7haeh o] 24 3y oo g thE Tt vl wst
of o4 o8 Ao A= Hol=d, ol= A9 A4
= ZF7|7HA] ARt Algto] "asithe AMdTE
o] = Aoz dfA lrk(Marchetti and Price 1989).
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20| Zfolof] Tt A+ 7Y A T2 tFF o= E-8EHL
QJ} (Nisbet 2001).

FE 27 5 ostuel A2 Ew A (Haematopus
ostralegus)x= S Q1R AR} T R|, AEAE HIF
2 etto 2 S FRIkof| A FA]5EA (Gerasimov et al.
1999; Moores 2006), A X HF-& A A2 o] &dh= FO
2 A (Hulscher 1996) B+ 5= 11~134 (van de Pol et al.
2011), o8 of| A Q1 2|t 4=7H-2 43'A (Staav and Frans-
son 2006) 2.2 Tgo| A H2A] 7
4~5d e =2 ol &3trh mule] AAlsh= A2
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g Ml= A AlAC FESH= 401 F FoMA|of oFF
(H o. osculans)°ll SIF2HC} (Gill and Donsker 2019). ©] oF
T 2 7P FAT 2 HekE Kol el gl
T8 AAzIolH, 2]/l oF 11,00001 7HA7F A&7 A
© 2 FARLE (Melville et al. 2014) =A| 2] HEQ7|F0
2 IUCN M EZZ (Red List) o] =9 &F (Near
Threatened; NT)¢ll 55 %©] 1t} (BirdLife International
2017). TN = EE97] oS 11w (by Wildlife
Protection and Management Act)Z} %4 47| & (by Cultural
Heritage Protection Act), 24} S| %8& (by Conser-
vation and Management of Marine Ecosystems Act)i 1]7@
2 HE I Qlet o] ofFo] & o HHow A
A2 sk ARl =We] 7= L7t FLsth
Melville et al. (2014)-2 “gotA]oF oFF A ZHAIE2] 50%
ool 7= Ao dFsh= Aog Hilstglon,
Lee et al. (2018)-= HA17| FH5 &= Aol oF 30001 7HA|7}
&2 0 g mgm WA 9 M 5= S Slski
o dojof MAsh= deHEediiie T2 24 A4
1 (tide water line) & ™ttt ™ EZF (gastropod)H ©]
tj o7 (bivalve) & A3 A1 SH=H (Lee et al. 2018), ¥14]7]9]]
& QAL n A7 E A E o A AE St Bgol A &
Z %t} (Lee et al. pers. obs.). & A7+ HA7] 5% Adf
g

o AAske A2 elEwA AAleh nldAe] 44 53

2 %8 volgEE Bajsle] MnFoRs YR
Ao B AAZ L AAA BT HA ot 9]

RV A

NzAz sne 2xo e gt

= 9

1. 937 Xd

R (N 35°59'35", E 126°36'07") & &9 Add A
= sddol ARG RO {RAE=A Fujo] Teffst
£ oA EMF F8 AM41A] (Kang et al. 2010)F-&
Jutol 2008 FAIE 229, 2009 FALE 54],2011d
FoMAoh T AMol s 2] T2 A A Y (EAAF
Network Site 101) 2.2 A= A}, FHlo] Aol 9=
HHogHy Bx0Z oFkm Ho7l 37]9] ot &
FI dojjof] A5k A2 EuA o] 8 FAz]oH,

7% A ¥ o] Edlube 27 AL Fa 447

—



Age-specific foraging efficiency of the Eurasian Oystercatchers

Fig. 1. Map of the study area (Yubu Island tidal flat). The open circles indicate the breeding site and the dotted line indicates the monitoring
range of the foraging behavior of Eurasian Oystercatchers (Haematopus ostralegus osculans). As the tide ebbs, the tide flows in the direc-
tion of the arrow. The tide line formed was the main feeding site of Eurasian Oystercatchers (right).

2. 4N B =9t

20169 Ao BuAe] W7ol 38 WRE ¢4 o
A S 28 A 2 AR A
52 9le)z AHsle] 47 dAres Hske A A
AR 2 o] 8ot 2RES Yo R & A a7
T4 7HA EA] (banded)©] ©]Fo]Z]A] F2
S Adsto] JAEE A4 ARE gHst= A

H7] w20l (Catry et al. 2014) F-5-°] HTH 2
MAES ez Al e=olxe] 7
T3t A-5o] HilE Ad=rolth(Altmann
1974; Goss-Custard and Durell 1983; Whitfield 1990; Martin
et al. 1993; Berén et al. 2011). ©| 27| A &St A& W
73 (Swarovski ATS 80 HD w/25-50 X ) 1} 2~PFEE (Samsung
Galaxy Grand)& &3t t ] 237 (digiscoping) 841
Soll A oF 37 7hel A e Hetstal e, o
ofl, =2k FUgollAl APt Holdo] HEetA FEE o
of stH = g NASS =3t | FAE otA] Y= |
S ol gt 235t A2 9202 S5H3ITt (Lee et al.
2018).
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3. YA B

L=5he) GAHS AFE A Hcio] Eeflo]olE ol gato]
B stk $4H0 2 Hote QA U A 99 5
Qo QA% oAz FRent A F-emt 9
o] 7, A HM Helot ir, BEM thelg AU
Sl W, WA A0 2, A2l i, e o
AL, o} g HEAY] Thelg AU gle] Fie] b
sk (Fig 2). ©1% AT FolA Belsle so]219]
At CEDER DEES LB

Qe 4 2.

Hol A JA|eF n A o] HA 5E& Hlwsts] flof
ol Hold g FFTE A AISH= (specialization) 94 TH
dos B9l AR AT ool 2] 91T 3

=t A ge] HeE HEste Hold HAAES]
T, AT RTE ST o] F Hold FHAAES]
T A2 e o SRl AR (single

H
peck), SEE 3 (multiple peck), 2218 7] (boring) 21 ~2]
Zero 2 FAJH T} (Hulscher 1982). AlF24 02 A HH
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Adult

Immature

Fig. 2. Comparison of age-specific morphology of the Eurasian Oystercatcher (Haematopus ostralegus osculans). Adult (left) and immature

bird (right).

Shell of Gastropod (Umbonium thomasi)

Flash of bivalve

Fig. 3. The main prey of the Eurasian Oystercatcher (Haematopus ostralegus osculans) on the tide line during the breeding season on Yubu

Island. Gastropods (Umbonium thomasi, left) and bivalves (right).

SIEe A TR of 1~20mm 201E WE SER
19 Az W5oln, FEGHE A8 BUS Tk 2

o|l& 2t 33]of|A] 73]o] ZA B2 HAE A=+ P
£ 5ol B SIS F08Y 1912
Falolch Bejgr|e A 2 YR 13] 756 ¢
o e 50 2 Relst Holx g Sgol et 4
WA} S molsl A4S e ALaek Bao)
4 2018 M SR, FAE, e
£ S ()2 VRS, A0 Pl 590
Tv:Zl‘ HE gAlo] SREE =172 9] 227t (handling
time) 7t ZZA|ZF Y] LE0] A A (mgllance) B5oz XA AN
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B WS frxlske HeE 501&27] (head-
up) S5 S7Joto] B SHA T (Boates and Goss-Custard
1992). oluf M| Sol&e]7]= SRt 2] Ao HwE
ol 291 A1) 5= ARSI

I )
=
=

AtEE Avk= B F52 2} (SE; Standard Error) 2
ks J HS= -‘H%} A 32 Shapiro-
7514 o]-OﬂT;]- 71-7]-_,] A

A€} TQJ&J“.:_E B 0.05 oL 7

]
o}m
=1
o,
o
02“.,
HU

Wilk test=
Ftof| tiaf A<} 1%

oL



¢ 25 A T-test, Sh2HE 0.05 PITHL 79 Bl
7?1 Mann-Whitney U testE ©]-8-5F3ITh o, 44742} 7]
QA 2420 2471 10 BT 73-%- Shapiro-Wilk test 7
T8 A% A3t TAGle] Mann-Whitney U testS ©]-&
St BE SA1= SpSS (ver.18.0) 5 53f ~a51%.oH,
p<0.05% ol gFsto] FA A fo e A8t

(2) 79.96(11) % Adult
—~ 68.23(29) # Immature
1)
\;‘T 26.01(5)
g 23.08(9)
|

-1

Feeding success rate (preys min~")

2.64(11)

(e) 11.5; (12)

5.53*(24)
%4

Head-up rate (No. min™")

ND %‘

©f Q

Gastropod
(Umbonium thomasi)

Bivalve

Age-specific foraging efficiency of the Eurasian Oystercatchers

2 3

A (n=29) 68.23+5.013] &' u]A (n=11) 79.9
4263 H'o=2 FAHOR FoJgt Aol glalom

(b) 203 (29)21.78 (11)

Prey search rate (attempts min ")

(d) - (24)45.05 (12)

Handling time (s)

2.84(337) 2.88(111)

~ : o

Gastropod
(Umbonium thomasi)

Bivalve

Fig. 4. Comparisons of the foraging efficiency between adult and immature Eurasian Oystercatchers (Haematopus ostralegus osculans) by
main prey (gastropods (Umbonium thomasi) and bivalves) during the breeding season on Yubu Island in Korea. (a) Pace rate (the number of
steps per a minute); (b) the prey search rate (the number of the bill contacts with the surface of the tidal flat for feeding); (c) the feeding
success rate (the number of prey eaten per a minute); (d) the handling time (the time consumed from prey search to swallow); and (e) the
heads-up rate (the number of the times the head was raised and the bill held parallel to the tidal flat per handling time). Handling time was
converted to minutes. The numbers above the graph indicate the mean and the numbers in parentheses indicate the sample size. The
asterisks indicate a significant difference in mean values between the significance levels in the Mann-Whitney U test: *p<0.05; ND: not

detected.
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Table 1. The proportion of prey search technigues between adult and immature Eurasian Oystercatchers (Haematopus ostralegus osculans)
by main prey (gastropods (Umbonium thomasi) and bivalves) during the breeding season on Yubu Island in Korea

Prey search technique (%)

Prey/age
Single peck Multiple peck Boring
Gastropod (Umbonium thomasi)

Adult (n=29) 9741+1.03 241+1.04 0.18%+0.13
Immature (n=11) 90.72+£4.24 8.33+4.26 0.95+0.47
Statistics (Mann-Whitney U test) U=76.5, p<0.05 U=75.5, p<0.05 U=112.5, p<0.05

Bivalve
Adult (h=29) 29.33+10.18 66.80+10.02 3.86+£3.39
Immature (n=15) 25.19+13.17 65.85+14.95 8.96+2.61
Statistics (Mann-Whitney U test) U=20.0, NS" U=22.0, NS U=9.5, NS

Ynot significant

20.35+0.965] 27 n]AA] 21.78 +1.443] B 107 A
AR CZ [oRt Apol= It (Fias=0.081, NS). “1¢]
L g o] 1A vlgofl A SRR A 9741+
1.03%, U134 90.72 £4.24% % A7t o W2 H]S-S o]
8-t ¥hd (Mann-Whitney U test, U=76.5, p<0.05), =5
22 A 2.41+1.04%, B1dA] 8.33+4.26% (U=75.5,
p<0.05), Ae1Y 7= AA] 3.34+0.29%, P1/9A] 0.18
0.13% (U=112.5, p<0.05) 2 H|AA|7} ©] -2 H]8-2 o]

£35HATH(U=75.5, p<0.05, Table 1). FAZ535+E 4
A 3.34+0.298] &7, 0]AA] 2.64£0.493] E' 0 R B

)
o= Folgt Afoli= O (T-test: Fi33=0.001, NS,
Fig. 4), AollH|@ 155 A A6E7]17kA] 9] ZZPAITEE AdA|
(n=337) 2.84+0.08%, "]/d A4 (n=111) 2.88+0.19% =
AA] FAH S FoJet o] 7F T (Mann-Whitney U
test, U=18,347.5, NS). ZZAIZF U B2] Sol&2|7]= 4
Ao} m A Bl Al A EA] =] et

gHH, 39 Holdo] ojmjujF Y wf @] AIXME AS
= Al (n=9) 23.08+6.603] £, 0]A7] (n=6) 26.01
19.393] £'0=2 FAACR FOTt Aol= glYlon
(Mann-Whitney U test, U= 19.0, NS, Fig. 4), B o] T4 4]
L8l A 6.81+0.913] &7, 11494 11.51+1.793]
o= ulgArt o g2 SHX S g Ao YERE
H(U=7.0, p<0.05). FLEH2 A 29.33+10.18%, 1l
AA] 25.19£13.17% (U=20.0, NS), SE& -2 A4 66.80
+10.02%, B3 A] 65.85+14.95% (U=22.0,NS), D=2 7]
= A 3.86+£3.39%, TI/9A] 8.96+£2.61% (U=9.5,NS)=
AR o2 g O] 14 g HoM = SAXCR
213t AFo] 7} QST (Table 1). A A1/d8-815= A4 0.97

+0.143] 27 0]A4) 0.66+0.135] B0 EAHoR

wn

o r
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O3t Zfol= gl (U=13.5,NS, Fig. 4), Al &8
2 A (n=24) 35.92+0.08%, 1A (n=12)
4505167622 A BAHO R {23t 2lol= glE= A
©° 2 =25t (U=100.0, NS). eI 52 44
et 22l ojujui FE HAlshe ¢ He S0
Fol EAE o, A7t 5.53+0.623] E'|HE Ao
Hhelf u /g Al= 11.57 £ 1.743] £ 0 2 u[/gA|7} w2 S0
=217] P Y RIIsHA g AR BAEIH (U=

50.5,p<0.05).

>

o, ok

J
w2

$RE Arfo] A4lsHe Aeniegue] WA Fa
E
[e)

Holdel Msfu|etalgt ofufjuFo] 4 Y-S El
gAe o1 dA o] A 58S Hlastl AsH g e
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se1g 4 ¢l
2 A, FERET el v AL E e
2 ol gotelr. shery

=
SITt. Dierschke et al. (1999)2] o] w2 HA]
©]'& (migration)ot+= Y= =8 (Calidris alpina) 7HA]
2 71%A] (stopover site) 21 'WE. 3l (Baltic Sea) ‘B& A
Aol =&Fete W 194 vl dAl= At 2 BEER
Q1 hydrobia ventrosa's = A4 SH=H), o= tfE Hold
of el Tt 7lemE A4lo] 7Fesh] Hlwo s Bl
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£ g1 glo] 2L AW BEFY 49 oGS
SAZ 2SI E 2 (Piersma ef al. 1993) £ ‘?:-_a@' 7|&o] &

8 giek olek= g 2w Eu A= 2 UiFof $14]
Sh= 24 (ﬂesh)—‘:—g AW Aok LRt AafFelth
(Hulscher 1996). o] 21gt 419852 A2 2 =m A7} 7}
F Aostk= 1110]%?1 o=l (De vlas et al. 1996; Hul-
scher 1996; Schwemmer et al. 2011)°|%F = 2] b=

SRR TS A O A o] Ei 41412 St 1)
B2 B (foot)= FE|2 ol 43t ¥hg-Z o]-&5to] of
243} 242 Helg 5 AR 3). TebA A evie)

O = Qs oJR7F Hel 4
E%E]'(Hulscher 1982; Boates and Goss-Custard 1992). 2
= ulgAe] SEEHY Aegr] o] vleo] 9d A2
gAell vlsh Mafulgals 550 Y215 AesA 'A
She 2o WolAlk 2ol 7]21e At Bekck
olul RS Al A9 T A7 A B 414
3L TS AL 09 ol Aol
B A] koo, AN Sl u] A7 A A|of H]s)
‘?1_0}71] /‘] s Ziii 3l 51"*5} et HAA RS
Aol A ol et ZFol= )
E’r V‘WH E’”‘“/‘]E P AR god A2 A
5] A9k 448 205 woliltt g e
S ofuulEsl o) Ei A4S Slal ztel &
(cleft)% HEd Yed S5 Jﬂ'(siphon)g Aels] Q1A
T 1 FEE H2]2 A 2= (stabbing) 'S ©]-&5t=t|
(Hulschur 1982), a9
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oL,
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E

a rlo

w
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0, AduIEE
Solgel7]t olifuR
B Ik, Al

1 So]glo]n

44X oj2] Bol 271 ofel A7E Bol EAAE 3
Alst7] f1gt 4F-2] BFELA] (antipredation) ¥ 02 I
Z] 9lom™ (Loughry 1992; Gochfeld and Burger 1994; Arenz
and Leger 1997), ti5-= A7} vl Aol vls] &4 ¥1H
St st= el A= Ae= Hilskal Qltt(Arenz and
Leger 2000; Boukhriss et al. 2006; Avilés and Bednekoff 2007).

ool thal Arenz and Leger (2000)= All 72| 7Hd-& AA|
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H]é o /;_ﬂ,iﬂ_o,] A1 (body size) ©] ZF0.E 2 /Ao vl I
éo] o] AN A WES
”Jﬂﬂ 04‘:} 111) Al 7ol wAllofl 2w st
o] Aol Blsf Aol FoFet Adelol Bz FAE 279t
O g A B YR E5& Hdidlsh= Aelth 1
it 2 Ao A= mAdA o] M Sol&d] 77t AR
oF g HIHSHA| ke o= gRlE o] Hdatt Al 714
7Hd Qle o g o] B Aoz . Cayford
(1988)= A2 =H A7t 2] S01&27]E sk ol
+ AR} ofd FFO| v MMAIES BAISH fI't 3
22 7|50}t Ens and Cayford (1996)+= 27 2=
Ao} A Rl Ee] FAIl AHAIES] HolE wiote
345 (kleptoparasitism)= FIHSHA| oli= Z o2 H 11513
o, AAz 2w 2w A7t HolE thE ZRAofA]
St71&= Hlgol AAell Hls vl g 417t - =AU THE Goss-
Custard et al. (1998) 2] A= Ao oJH4= Al &
d 71540l Atk A2 Y53t ATkt Kersten and
Brenninkmeijer (1995)+= H-2m 2 S0 A B/dA47F 434
T A4 FES ZETA ste=tE AdAlS] AR
(dominance)= =E35}7] o] EA 2 AFstL At
T o g AT R Aol AAlshe HamEE
A vl g4l Aol Hlsl A FEol =i, Hold e

g2t 91215 GAoke ol "ol ARk 4
A 582 AR el 7t glgiek 1Rt Hem e
Al iAo A Rl A A LR REETR
Goss-Custard and Durell (1987)-2 J3l Axof ejojd A
SHZEHA ndAlSo] DEAQ 2 7 (River Exe) S}
T Ao o] 5eh 294l 8ol 1159 A4 Tl A
Aol dutel e m 2] 2] Foh= 44%0] Estl o, DF
71Zto] frFl= olF dff 2€ell= AAAIeE Folgt &ol7t
A o2 AS gelskgirt. ool tiol Goss-Custard
and Durell<> &5 7|%t &< o[w5f7Q1 Mytilus edulisE A
£ o072 HASH= 718 AA] =2 SFAFo] 2 A o] glo]
O = Aigtstaint. olmisiF= A2 w45k
Hold F AAFo] =ot oz SHA 2 aaFo

2|9t (Rodrigues et al. 2006), Z2Fo] A& 73 A4 Y 5

e 7F ok @A ol Qo 24 BARAA P ALk
9] 7140l ™ a3t Ho| Yot} (Goss-Custard et al. 1996). A
Az F7= ddiolAd DEshe d2H g2 ZideE

_l

m{
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Fig. 5. Immature Eurasian Oystercatchers (Haematopus ostralegus osculans) eat bivalves in November 2016 during the winter season on

Yubu Island.

o] o|ufuf{-E HAlI5H= A2 HI¥oH]] T T (Lee et al.
pers. obs., Fig. 5.)

S, F I et AIQH Aol Al Elelidt ZiAlE oA
Y2 Fafote] B ARkE RUE R A9 R
Aol 4] elojd ZfAELS dF Wl &4 o= fHE
Adfjoll A |EE= BlA] (sedentary) FEE EHolu, AIQt
Aol A Hofd AMAES F5E ddiollA dF7te
Bl § o]t 2] (natal site) & 2 =07 H= FFS
ATt (Joo et al. 2018). O] 5 ETIE A7 2T Ao
A A ks 2w EHA ndAlEe] B5 5 Lol
A Bjold ZRA|E0]2HH, Goss-Custard and Durell (1987)

o] Aletet ARt BAI Thr|Tte] ofm] A #Fo] A
o2 23902 P50l ek ke,

2 AFE Bl AsiHEal sy ojmis {RE Holdow
o5t 22te) vlgo] RSt A 7t folg Aot
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H+= oY R|E A 3FsA (Nam and Kim 2017), 7342 1

[¢]
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4], o)At AR S50 414 el BEege A9
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