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ABSTRACT

The work reported here aims to assess how Knots, Calidris canutus, accumulate rapidly large energy
and nutrient reserve at Red Car in England.

Most of Knots in England belong to a long billed, long winged population compare with subspecies
in Korea. The rate of prey intake of Knot increases as a nearest neighbour distance decreases. Forag-
ing rate and vigilance rate increases as flock size decreases. The calorific value of each sized of Com-
mon Mussel Mytilus edulis, main food species of Knot, are almost same each other but the calorific
content of each size Mussels are quite different each other. The rate of daily energy intake of Knots
have been estimated from 192 kcal to 270 kcal.
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ZEI AARANA KhEste o154 REVE AF3AoR ¥ 87 M
o =& 3 Fox 383 BET energyd dvlhFE BRESNZ A&7} e HEA ¢
g dld}, dttke] Tundracl X %fEste By <3 8L AF Satd #HAs ATH
2.2 Fystdop g EEF FAAC A ol AFHQ WAL |F2A]
FolA 1, ¥o] ¥& F FA HAE A xddol spE), 2ok 2L ZHEL A Eo
HAA ZL WA Ao ST A 23 Fol= 932 E A 94& 5 g2
B2, WAL 3 vFEY HH0] oygA o, AR <A vi2EE EIACA
HASE e 4532 & B A T2 712AA A FXsA ga vy o|F3}
o AR xia-g 3ti(Davidson ef al, in press), 19 Z& uj#-& energyd o4l &
o] v]go] We] Ex}, I EE nlgo YEE RolE B T WA HEe 9L,
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RES Bl WF=2r FidA Fatx, w2 A o] FojA o) (Davidson, 1984),

364 WAsE 7187157 AFAA 1S 517 A E HARE o} 717 ¢
3 MFazan e A FadA HEEESD el %3 339 Foof o WA s}
% 3tch(Ebbinge et al, 1982), 29 7187]§F2 dFoA BW, 29 o] wF2E
i A FL ol A Eo] HAE AFHLZ 8] A% ¥4 8922 JYehta
gl t} (Teunissen et al., 1985).

859 BEHY #HBxd A Ad dFe $AH2 B wds R
(Goss-Custard, 1969; Ashmole, 1970; Burton, 1972; Baker and Baker, 1973; Baker,
1974), IREE 2 (Goss-Custard, 1970a; Burger ef al., 1977), =] %% (Bengtson and
Svensson, 1968; Brook, 1967; Goss-Custard, 1970b), #R8# A= (Recher, 1966; Thomas
and Dartnall, 1971; Holmes, 1966; Holmes and Pitelka, 1968), *7 %% (Hamilton,
1959; Recher and Recher, 1969) 5-¢] 2. H%=dl, o] & A7+ Helg HLAet &
< HWe A Alad) d3d FFolu HelE FEslgch. Tl Evans et al,
(1984) = =859 /KREH Bl s ReFue] o83} Hol e H3, A3y 3
%, oFES3 oL egtAle] o] olF AR gl BEHF AHY o)L Wiy {2 S
B3 ANALS g, olE A7 ALEH 54 20U 9o] oL dF FoAY A
AR FA FHFFE (=87, FFFY o)) U=z AAAQ W3, Ho] 43
energy &5 AUAA oF AT FoA, Bold HolFoZ WA MAAL A AHF
Ae FAQ T2, HolFd =], ALH AR Holsl e FhdAM MAFE
Z2HFE FEsA

27V R 8 Calidris canutus+= FF oA A& &0, WA A x#sl7] ¢t #
A=l F3AEF vYE stu, vy olF A+ 3,000 kmE S (Dick ef al., 1976;
Davidson, 1984; Dick e¢f al., in press)., A2 ©1F& 3l HFA HAsdE AL
1A A 2F F FEHEQA A7) He E27leESE AAE oES A 2~3
F B¢ AA wF2e R EES wEA vy, Fe 223 YT energyR
oo B2 Holg AHATT, v EHA E#Mme JdyEe £fipel ALEsl =
SA e o8] mze] Ho glom ®RFI HiE FHIFEEL] GBS e A vd
71 Eel doh, =3 BE AX FHAE 4546 E 7Fr AsA FL2E QS
< AL 2L Y3 ¥ energy® 873 (Davidson and Evans, in press),

WA A7171 obd A A R ToE BFTHAA H4& shy, BEI WO °f
TF5U RE AE A 209 A Ao %S FF L A FHIE FLE AT
F 831t} (Evans ef al., 1984), 28y §5 27549 53 74829 AFHe HAH
B dFA L Boll FA] HF2ZE A A9 energy ¥ Fe A A AEE F
2 Holr},

o] A2 EAL FLilEE 2 HAMAA energydt FFE wiEA AHAs= 94y
3} foraging® H71stz, drvh}l @2 energy® HolodlA HAsNEAE FAF Aol

Wik A HiE

2AAGL $LAEEL} FYHL2 & TS o] MES B 3T R d
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Zhe]l Tees 37 1A & Red Car At

BO7l&E 8 E cannon net® o433t THL IE, FA Aw, AR, N Aol
Bae o], QA3 =& 2sgden] AAY AHe 98 2% - (metal ring) <
PVC color band& t}ejol #2334,

o] REHNER

Red Car #H¥9 #MFe vwiglels "UARNDRA  Mytilus edulis Linne(Barret and
Yonge, 1985; I=EE33], 1971)7F QAR 3o, HLUleEs s ARG AE 74
Hol2 e 109709 & FE Ao HES 2 A L AFE o] &3t W
Fame wislg F& wig g7A FIshed AsketelA &¢I %73 (10%50), timer,
tape recorder® F e, ol AHEL U T MAY AE A 1E A=
x4 42 71239, BerlsEart AFste dAREN Y Ar)e e Aol
Halg Wy gel2 FA3,

Foraging 178}

AATSY dA=E kgl F& 294 KAtz de & FHE AHT F 30~50
Ao A ERED A AL 2ES J1FLR sto G, ) 30&Evid WHE
A& st Fiwe Hsto o (AR #ES WE5E 2AEdd, o] AF Fdd A
AL § Ag A8

A A Wl g 37 A¥ BF, ¥4 A9, AA T3 A A& = Red Car
AA S RPN ol & AMAste Hrierse 2 FHE #FFeEA £334
o}, & RAY A ditde 1¥ D2 5L T}, Fd AAd A FTH
NE2L FAige, TR F AN AAR Ho)F T AfE 35, AAT HEE §
3 FY4E AVE YPFo 52 | E3A

wol 9 energy ¥H%

BB A core samplerE o] 23t transect collectiondt WA RFAE HAH(3N)e
goel 2 AWrY g AES AAALD F, 60C AF Ax76A 647 A=xAIA
t}, 2/ =8¢ BEL homogenizer® FU3HA ZolA 0.3~0.4g% F 3t 5
712 pellet& WEFE oxygen bomb-calorimetry® A4-3}e calorific value 3 energy
contents® T3l th,

R Y ER

JUE il

Red Carell A #3 &27l¢=29 8%7 BAAH, foraging® ol F¢ F8¢ A%
& 3 F9) G "ol 2AHAE Fig.1l § Table 13 2t

Eerlex 89 35 b shdcle] FFo $1X’ A3} Greenlandol A A& 3t #
P AR, B3 AF < H Y, TFE NFAA YF3e Calidris canutus
islandicas Aol FFAA WAtz Fdelrlole 3 oA UFE I, VI F
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Table 1. Bill and wing-lengths (mm) of Knot from Red Car in 30 Jan. 1987 and elsewhere

bill i
Race ! wing Source

n X S.D. range n X S.D. range

C.c. islandica 96  32.83 1.68 27-37 96 17533  3.55 170-180

23 31.6 1.54 29-35 1

C.c. canutus 60 34.6 1.34 32.3-37.2 2
C.c. rogerst 17 31.7 1.20 29.3-33.3 2
31-32 150-175 3

Source: 1. Davidson and Evans (in press) 2. Roselaar (1983) 3. < (1981)

®2 338 Calidris canutus rogersiiche ¥-212F 39 Aozt tha v, A e
of AF gl FHA WAL 3lu F7 AMFE Ay FIAsld olzelsl F¥-d4 AL
€ XA Calidris canutus canutus B <he 219 Aolzl A etz i,

Red Caroll A 2AM A dslandicas T34 olF rogersiBole Adig oz Hae
FAe Aelrt 7 MATLE Fig 19 o3 &g},

Foraging 8§53 o] 44

Aol A3 x2€ wrxE 3.5472, A3 9 wrAE 2.54 %] AR
(Burger, 1977), Tif< W3sld w2 Herlgx e FFAI7HS 3A oA 5417 30
o] 28t Tl W3l wel FAHCZ FIFY FLUleE89 MAF dEE
bR EEER A9 MR iE&kEsded 1 AFE Table 29 2o,

MATZS FEE g 249 2oe BRA7E o o T #4tel o2} ut
tEo] Tt e F2tel E9& de AT Y= AR Edr)

F74e] ERAd H2EE8E vtk @7bEdH e X vk A e TEE A
o ARt F4 @ & Az dew, M shrbe] BEEY Ao AL WA fRFHa
Rt vlthEo] ol wa =8 ¥ A2 WUy B PES e, wiEsd
F@ie) FARAAL ErlolM Ao FF& A WA dHdod, 714 slrke] BEET A
E Atele] kA A9 g dFEe FHEFEHF)E 27 AEE €17 A

‘T Table 2. A nearest-neighbour distance of feeding
z Knot at different tide level in Red Car
€ st
) Area Tidal level n b S.D.
B Rock High 9 1.42 0.97

== Middle 17 1.03 0.50
B o 180 %0 Low 8 1.24 0.48
wing length  (mm)
Sand High 8 2.29 1.22
Fig. 1. Wing lengths and bill lengths of adult Knot Middle 2 116 0.08
in Red Car 10 Jan. 1987. Low 2 2.04 0.21
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A EL2 Fojur] AEE de s fEAHe] Heol, TR} Helo I A
o] 4A€c}, 1828 =8F= HEFH UEY EZAE g} foragingd o} (Evans,
1979). olA-& mwE xRy} Edzx] Ao AL Pz dolgen, o] FFE Hxl
g, B2 2o 25 2 & F4& AU, dEE dE5AY, E&
e ol A B8 F& 3oyl X AFHAHA vt AR F& A o]FE I
A}, ol9} nlgt d 2 AHelA foraging® e IAF-EgE Holrl HE HUAY
f8Ae] P& dFE foragingd 39, 2217 F Yol HE A HHd =W
foraging&o] olAx Helo| dis] of & AddAe] Hrl, olAL A3rfe HE A
W Eol o] B HAE A 5 §l7] o ol h(Piesma, 1986).

BTEAA A9 g7 A2 Jdehds A7 BEE ARE F AT Fedeld
(Burger, 1977), H&7t45x8 9 REETEIS FA17 Foto 4E T2 UEo] Ay F
1A 7 Atolof 744 &#3] o] FolFT, o] A|e|¥F HL7/tEEL ML time budget
& Aol 19.49%-43%, AEIE7 50%-44%, =& 30.6%-0.05%, & 0.05%, #&E7]
0.03% 9] ¥&2 el foraging¥ o] Z4sta ANA22 F4] YFo] F7ksidc
F2rlex s N del 713 U e iTEIE sle AoE fFA A,

EHFolA 37074 A7} roostingF el AL AP EY Fdd YA AAY R
<+ WY E S Y e An glov FHe AAF 249 AAe HEE E
, F2 FEE e AEn IAHE MA 2§ € AE FE FFE FAH F9
g AAE 3 7HEY Ao 5§ s

+Eo d9Y AU 2FY BT A 7= dAZ AL Aol (2 4HA
ZFd A& Verner, 1965; Greenlaw, 1969; Wiens, 1969; Schartz and Zimmerman,
1971; Stiles, 1971; Utter, 1971; Custer and Pitelka, 1972; Verbeek, 1972; Utter and
LeFebvre, 1973; Post, 1974; Austin, 1978; Pearson, 1954 %), 25+ energyd 82 &
Aste AU 27 9% P 493 =3P 8AL opnh, g upgte A
o ALg FaAA B ol energy8THE F7HAIRIY, ¥ vigte] so] HF &
G AL Holzt £ AA AZE At delAA RHAEE W 3r] wl-Fold(Durgan et
al., 1981), MAL A% 719 8747 3§ vl o] XY EFL Poj=2gnj, Hol¥
E7F & Fos RolA {r}i(Pienkowski, 1980), =2 A¢A 2F 9 energyL T
= A 2xo ARAA W3, o] Wxel W o2} HEID(Evans ef al.,
1984), vt Ao MA3e AFM A foragingZd =l 249 o] 4L F9
#Ao LX) Esn, T PF S-S FL& L£xd u Wi, =g R #7
Al 4] 7tate ZHe&d Y5 JAF E AL A olv] 4™ energyd] 9¥o=
Ao "ch(Austin, 1978), YUE3t AA slA4Ql Fote], =hAl, Chichadee, Tit-
mouse, 28 F9 foraging ratex 71F A A3 &%), wigte] At A
A 2xrb stEetd EE REE(Z/E)e] F7hEY, $%5 & 932 e AAS/E0)
Z7he, Hol& Aol g A (m/¥)7} 743} (Thomas and Gubb, 1978).

Red Cardll 4 & 7ME¢E8& FFo] 3 7] &e] -10Ce|slE Wistd Aezde
& energyR F-#ol F713te, =3 o] 2 Mt FHIIZZ BRs @ wiA AL
e HA]L 4t

MAL EE Halel o & Holo AL Fig. 2, 3, 4 o e s,

£
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Fig. 2. Pecking rate per 100 bird-minutes (E) in rela-  Fig. 3. Pecking rate per 100 bird-minutes (E) in rela-
tion to flock density of feeding Knot at high tion to flock density of feeding Knot at mid-
tide level in Red Car. dle tide level in Red Car.

9.0

Norway &4 H2714x89 F3
Hol= kRN Macomabalthicas}t 2
ABEN Mytilus eduliseltr, 53 A ¥=
A2 NN Macomazt 90%°1%4,
Mytilus7} 60-80% 2 e}y o} (Davidson and
Evans, in press).

Red Cardl A €A RHA = H27l¢=87}
" = T 35 2o T2 H3 REe A F8F Hololm

o clsance B fonatn 2, 8¢ wAAHLE w2 AEC] 2H

tion to flock density of keeding Knot at low = Fig. 2, 3, 414 B whep zbo] e

tide level in Red Car. AHEL T F7l6 aet v BHs

viehiie] 7B Jlrte] QI A8 Aol

FETE o] ALl BA Jehday, Y5 Ho] A Eo) HA el oJAL

o) ozt #3 =3 TS 7] dEd dA Al HE 5 le Held Bl

Aol Hu (HEEEEe] WXt Fo ot AL Hel A4 EE A Jepd, jES
B ®E g wel @ A R Adye A Jehve AL o9,

R BEKEE & dd gelia & HolE HE o= R HEse] F43 7
438l handling timee] Z7}3le A& Ba o} (Zwart, 1985), H27l4E8+ & =77]
(15mm) & Macoma= FAAC 2 o, o] A%+ handling timeo] %7}8l9, 9 mm
ol e =AE 7}A F obd o}, (Goss-Custard et al., 1977; Prater, 1972), =&
Balsfiordell A B2 2719 Macomad By AL Hol AFES wA34 A&534 A4
3 AL Al ARty $3 5 & HIF Ao, Macomart HIvw A7l
Halg wa ozl A £ e =8 AA7 xe)7} wre}(Davidson and Evans,
in press).

Red Car8] A% H&r7l¢=8+ HES =277l & A9 (H#E 2] = 20 mm)
£ 98 " AAL 8y S dE 2AAS HEE 3, AY aFEY A =2
717V F7re)AY EF& 2 uANGA (AR Ao = 13 mm)E HEAZ 2oq 713

pecking rate log o (E +1)
o
=3

Fig. 4. Pecking rate per 100 bird-minutes (E) in rela-



September 1990 Kwon. : Foraging of Knot 209

70| { 7.0
r=0.73
- P<0.001 .
w 60)- 3 eof
H §
§ 1
% sof % 50
0 ) 2.0 35 40 40 1.0 20 30 e
h=-n distance bird length . n-n distance bird length
Fig. 5. Walking rate per 100 bird-minutes (E) in rela-  Fig. 6. Walking rate per 100 bird-minutes (E) in rela-
tion to flock density of feeding Knot at high tion to flock density of feeding Knot at mid-
tide level in Red Car. dle tide level in Red Car.
7.0 [-
7.0
E a0 * by = oo
E C L >
/ ;
] .
i %
. 5.0
40 1:0 2..0 3‘.0 4.,0
n-n distance bird ength X N
4.0 )
Fig. 7. Walking rate per 100 bird-minutes (E) in rela- o e b >
tion to flock density of feeding Knot at low  Fig. 8. Vigilance rate per 100 minutes in relation to
tide level in Red Car. flock density of Knot at low tide level in Red

Car.

wel Wt Fobste Z7)ojch,

Fig. 5, 6, 714 R& A o] Tl 71 R 74 st7te] BEst 49 2134 ot
2t A e Hel€ 7] A3 foragingel Mllv 3ot A2 T A A W
TF @A vebgd,

2t =719 A7t BEY BELE Rz, AAY Frbste AL HAM $& =¥
£ WRE ddste FAFA gl MM Hel A Eo] HAAE AL Ayt ®
A2t A3} SelE 32 FHIE A7) die A7, Red Cardll4 FLrlgzgd
HREE AATL 2L 7R o1& B A vlF ¥ EEE fAsx 3, Fig 8,
9, 10914 B A} o] x89 W=y} F24F BHE 3 FUE A¥E AA ¥
Tol Az, ol #A3e FAY AATHAAE AAT FHAA A e A
€ MATY T4 sl MARD AALe] %3 AAH22 714 o2& @] =
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Fig. 9. Vigilance rate per 100 minutes in relation to
flock density of Knot at middle tide level in
Red Car.
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Fig. 10. Vigilance rate per 100 minutes in relation
to flock density of Knot at high tide level
in Red Car.

olgt= whdis & A4z KR 4 F ¥

B8 Tl AAG AAE g AN} AARYG B JolE xE 4 go

W, 9 WelE 3
FAeld 4A¢ AL AAE T2
ek,

AASE A5 T /1064 232 ASE A o A% s
AARE A2 6.032/3% /%] 289 HE 3

FLMEE 8= ®M foraginge 1A @Edh, a8y A S AL g5t o}

7roll foragings 3} (Pienkowsi, 1980, 1982; Townshend, 1982),

by oz WEM

2 o7} M Fuch #9987 9o} (Evans, 1976).
A7k WA A 2ol wol Hslrl A EAAE TASE W7} FonD ol

LA

€ 9=

A4F #A o)tk (Mayer et al., 1979),

Y o] A t} (Goss-Custard et al., 1977).
Evans, in press) ¢ Red Cardl & z¢}zt-e
s tell Al AA e Azt AHA o] R
gk, $4FY 2t 2E des weld "WaF Holrt 233 Eilu, e
Ae TES AVE=ert 4 e P98 e Adxez JqsE
W3] et AAAQ wbelrp Er15so, a2eg AHY v SR
24 delvl dejdth, 2 A ArlEER7F wolste A YA =) Aol

22jy  Balsfjord (Davidson and

T AZAE B 5 Ao wWTE
F8 Hold F7FY W= g&

o % of

4o

=7}

E =

27tex87t ¥4 A
Ao, dAwFA

WE7F 2qv AERE 93 A A9 AoHes FRang welg syl 9%
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AAZS FAEE A 24% 4 9z, WFES AL A AL A7)
A% A4 9oz v 9,

Hol9) energy ¥HFF ¥ energy ¥5
F27tEE 871 A3 ste 9ol energyE A ¥ A Table 37 3},

Table 3. Calorific value and calorific contents of Mytilus edulis

Mussel size

(mm) n Mean D.W. (g) Kcal/gAFDW Kcal/Ind.
41.54+3.24 11 0.697 5.24+0.18 2.39+0.05
20.28+2.48 26 0.098 4.87+0.29 0.41+0.04
13.99+1.09 175 0.018 5.83+0.06 0.1 +0

QARG A 2 calorific valuexs 2 A6 fAIgel AY dAsA Jelygeony =
A MAZE 7FA 3 A= calorific contentsE 2748 @7 wrel Wskw g, “HWEHE
€ BH¥ glygogend] o]&3 A A Fasted FAL A3l FAAGEo] AA] af
2t Wdce AL A d#EA dd asEd 93 F AA A7l Macomad =79}
calorific value®l #WH3le] Whgt H&3 A4 Fui=o] g4 ¢} (Davidson and Evans,
in press), =¥ AHA ZFAAE JolF9] £A4, Holg =Y, HolY caloric density
% FAAD dE, TAHY A4, HAE 9, dE 59 89 HEES T WA
st A 7tell #Ro] =W, foragingsl Bl Al X9} 4Erh Al wisle] gL
gh=t} (Verner, 1965; Greelaw, 1969; Schartz and Zimmerman, 1971; Utter, 1971; Custer
and Pitelka, 1972; Austin, 1978).

ERFE 180 HE Holy 80~90%F F3A14 4 2t (Evans, 1979).

Red Carell 4l 271458 MNATLS AFH 22 foragingd 3 A|Zko]l 19 14]7ke]
o, Hol& W& 3IgE 40~503 /ol =F A7t 13m WA EARGAE 249
Hel2 FER FFo s energyBe AeFoT #H2F 192kcal-270kcal o402
FA el Xtk o] energyHFL AL #HE HXG-64ZH)F ke dgoz txal A
AL & 4 98 dE dvsy, =3¢ S38E F3F FH43te] HARE o] F & 3,
WA Ao =34 & Follx AT HAS 37 A&, FANA 37 YEo Yo
3% energyRch o] W& HolE AMae] Aol AWE FHEE Ao yFrow 2
A,

Pienkowski et ¢/.(1984) & oF9]¢] 2l Aef 3ol =2 F9 energy F45& 2R3}
7l S e ATl Mool Bule A2, Adste HolE, g, AN Holy
27], Hol MAT4 energy &% 5& melste FA ool 3kn], 19 Wyt b
§ g iAo &53tEu ) 20 oj49 energyE RAsE Au 24 93 ¢
Hl HrHE Fzsda, WEE87 35 A WRE shE energy budgetd Hihol
46kcalo.2 FA st}
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w =R

AAY F3IAF o] F g 3l FFoA HAE e ALE /A A 2F FAH F
dHel A7t He BrlEE 8’ Calidris canutus7t 953+ A9l D32 Red Cardll
A BFe =3E § F AFAQA HY) H_F JdE Aol wFsr] HHA Fste
foraging A =3} 2ol energy ¥# 3 AHE 5L =AY

Red Cardll A A8 € /MAl= 54 ofFhct Adx oz Ko d2 ZHelzt 7 7
AT2Z2 Jelyd, Tiie W3 aigl 722 #3d AATY Y= SERE
7t gskew, el Aol qFo] A WAt

Hol AAEL 71 TAY A A #4485 A e, foragingd Bule
get A7k b 23T A9 BFe] WESE 9A Jveldm, AAd dde g
2 A e FobstA o

Berteax gt AAste 2AREA Mytilus edulis® energy ¥-43< A3t =4l
calorific value: /M9 =7l FAGe] A2 dAHA Jelk e}, calorific contents
t 249 zard wet FrhEa

2714587t Red Carol Al 31F9] 33l energy %2 192kcalodll A 270kcal2 FA
",

5 B X R
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