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1-1 giEFERov<Kp

Mo EROWER. BLIMREKFO LV VTR BZELHTETEBY, &
MoREEROER. BEREOP CORYES » F ORI 55k & BREL <F
bhcxr ( <9 h—¥%—, 1982; Pianka ,1973; Shoener,1974) . #IZ I, —H%i
R s SRR DS 5 LHO = » FRREES 37455 L FHEATO S (K7 Y
7. 1978) o

ET AP, BIESBRBIONT, fTc B ThIHEBPRIEhENFEORE 2EHEH
;i 6%Ob>®f&1ﬁﬁ{$ﬁb> S - TWBIEAHH 5 < &(Fox & Morrow, 1981)%, fa[T
LETH A HREREO = » FIRR. SEGEHET 3 ZBEIN oS L FBER oK, &
wHEEhBZ & 2F VESKBHNORBERSKEVWEGHH 5  &(Roughgarden, 19
78) HIEHEES hizo Roughgarden HE S & 3 & LS aicll  BEF QBRI R 3 Wik
sV ANEROBE LY Oh IS 3T LREETH 5, AL, HEREFREE LTI
e ETh 3 >ORERIBVT. ARFTIEOSHOBEP SKY. BRE?
=9 FRLED3EROHMEI OB LTS ET 5L, BEF (BB DFfcE 580
ZR7 b 5 AT hEBECHONHLS —REES sHOEBRAL LGS, ACiME
H BRI k3 U s 5 B — B OMIR ISR TR 5 < S0k S LB L
iz, ZOBZRBEBRL <AV TRIEFHELCILLA I EHBTERYL,

AEOBEAZEROTFSIEFox § Morrow(1981), Partridge & Green(1985) k- TV Y
12— EhTBY, EESBEI O VRV E L CHIRBEKEE (Pianka,1973 X &SH0
MR EA B <L HE—4E#S 7 5 X (Schoener, 1967; Storer, 1966; Selender, 1966;
Clutton-Brock, 1973 #5&) . M@ ( Heinrich, 1976, 1979; Roughgarden, 1974;
Herrera,1978; Partridge, 1976; Norton-Griffiths, 1967, Goss-Custard et al., 1983
%&) BEEShTV3, ThoOPESLEL CRTOEEFXORHECRELE—0
B UCHERBERRNAS A — 7 —2HE LD ETVEDL -2 Y T B EHERTHY
B Is & ORIV RNV THES 5 5B D 5 LiEHSh T35 (0°Neil et
al., 1986; Begon et al.,1986) .
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0L BRUECHENZERLI|ESEIIEHI W ( ob L 6T b, Fox & Morrow
(18D REAHE R OBMEHORHOHRLIIE]l — 1 Y LBERELELTY
%0 #5BEEREHORH e OHlkZE R & ] ORI ORI RICKRIL. #
Hicit, FHEI 358280 TONSER, AENER, il oG ofikiyzr R,
flaORATEIIWEHOFE. HOREOMBER, HAHE. SV M FREOFESR2
HY T3,

HORM A OBRE R >\ C HEOREREE B E 5920, F 250y —Ofift
Bk o2 oBEERE LT Teleki(1981) HIEHL 2 &k 5 KRBRAEOE(LEBEL 13
PO O AT IBELFETH A5, floEFHoBE20ERE LT, TENERK
| onTi, BEECHEECE > THORBESERFS ATV 3155 LIERS h(Kavai
, 1965) . EEAISIIE EERVHI O K S HBRERIETH 5L L EbNS(
Hi. 1980.;#2101. 1986) » ~t O—ECRAMOMBERIAZNERE S 2 &HBA
SH T 5(Arnold,1977) . L ORFHBRMOIBELZ 26 LT0B L SN 34
+ HEEEEE B L THIES v 3( 5 v 7, 1974; Brown & ¥ilson, 1956; ¥7 »
¥, 1978) . & 3HEYORBRITEHOHIKER 7 » € — B S h T 5 (Seghers, 19
4) BHREOREN  hicHiEL <R e ZLs 3 0 BH O H TRV,

— AR RN ORHER 25| S $ERHLE Ui Partridge & Green(1985)H5 v
Fa—ULTBYROE>HOBHEZ LT 03 (F1-2), #oRITHOSMHB N
FRCH T, DEHEEBEEDES>ON y FTEET BRABBROZ LB LRED
HEEBB 5155 LTW5E, >ECEBRCAEBKET 2846L L EE (&
Loy 4 X)) BHE—FH, Ak, CRBE>CBYERLKHEPRES
(Selender,1966; Schoener,1967). #E—fFRick - ¢, 23X Nm¥—, BAHE. BEXEH
DERREEBD Y. < OEPRETH ORI %5%#& 2 3 (Clutton-Brock,1977;
Clutton-Brock et al.,1982), HE—fE@h. & 3\ iMEHKIC & » CHNBPIENIHREY £
R X > TREBITHOERPIEIES 5 (Goss-Custard et al.,1982; Ens & Goss-Custard,
1984; Barnard & Sibly, 1981; Peter & Grubb, 1983; Ekman & Askenmo, 1984; Post
et al.,1980), FmdD L5, BROWMIBALFVS 5HORAT 7 = » 7 HBH LT 3



1-1 BREEROREORELEOEB 3B (Fox & Morrow, 1381) .

Table 1-1. Factors influencing local specialization in food habits
(Fox & Morrow, 1981).

Number of usable foods restricted locally.
In space. ‘
In time.

Several potentially acceptable foods available; animals do not
use all of them.
Preference fixed.
Preference changes locally.
Bebavioral variation.
Genetic variation.
Competition between species and within species.
. Changes in abundances of acceptable foods and unpalatable
foods.
Changes in food quality.
Others.




#£1-2 EP‘JO)Q‘EEOM{I:’Qaéﬁz I %A (Partridge & Green, 1985),

Table 1-2. Factors influencing intraspecific feeding specialization
(Partridge & Green, 1985).

Patchy food supply.

Differences in phenotype

Age———----——- Energy and nutritional requairements
Feeding skills
Competitie ability
Predation risk

Sex-----=---—m-- Nutritional requirements
Size and behaviors
Competitive ability

Individual----- Genetic variation
Ontogeny

Competitive ability
Experience

Frequency dependent selection




(Greig et al., 1983;Burger & Gochfeld, 1983). MAMIHEMOEZS 77 = 5 7 D=
BHELEEEBRV P VHEIE X Ry + 5 4 X3 3(Partridge, 1976; Heinrich, 1976,
1979) . FHR X3 {RER & » THERE U HRITFE 25 (Norton-Griffiths, 1967;

| Montgomery & Sunquist, 1978,7:7:L C hidEROMHRCBIEL, AL bEROGAEE
HWTRswiEss) . iRy X7 BERCL - TREY 2RNRATHHELS 3
(Werner, 1984), &V o 72BH%2HY T3, FEEETRCEKORMERBIKEL T
WL EHBPRINCO—FETLLDBDEN T B(Arnold,1981) . 35 O & o8> ikE
BEHFEU T - C SIS R TR BB 5 ISR EE L T b
5o RUEAZHEICL 52 5L, ChOoOBHBE VA VOEEMH CHRE LT
&5 oM ERROWHF L ERAFOBMO 2 > bh 3.

| 0K KEROBHUEROF — X CRESESS Uy FRERBEES DD U<
RL-THIRESKEL5. AUHEROBELZHOSIZL. EOURNVTE S 0., 2 EREH
HEROPBHTL & 5 & UBIZIE Roughgarden(1974), Cords(1988) i & %ERW s
|3
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CDXSBHEPOVSNTHESh 3 RIEOERIEELIERR BV TR, &
OHA ek DAL, Bl BROMSFOb V0B kicd dis - <lilkE. H—a
7 5 A, MIRECRE S L EEL5 2. SGIRYIECES 592 & ek » CTHER
BiEcBib - T 3% %5 (Partridge & Green,1985) . |

SR T RE S 2 » HENORBERIENS 5V BBNORS OBRIE b1
GLTCWBEMNEINZZEBD3 (= v —4—, 1982; Clutton-Brock, 1977 75 &)
o THEMHE (B5VEEBED LRV TEZ 3 LARRIOBHOERIEIEL OB Y
D HEORFIRNE %2425, dLAHOERSBRENTS 20 FTHER L
> CTRREES NB 15 5D BREORYE b o L EEORENS S5 D € ORFORE:
DEALI B EV I FHIKYOU. 0L SEBRE ORI S SAEKERIRR
Dl <8 S IR SRR OBE SR S h 30 S Lhis\v, Davkins IS
HEYSERBEH T 3 & SR ZERBEE (ESS) BEREEIESRIESEE T
SRV, MPEEEL L 2R OHESEELE LD - TEELLTH L, EBOTHS



O d5VHFHEZEOPEIEOPIRES SOWRIE > TREBCRBEVEF > TS
(Davkins, 1982, E7E) . L LEHS>AELHEHOE(IED - LI 2RGHER
3 &S TCOBESIBHEROHEDSTZSh, EB5TH50pB-XVIEHILBEE
TH55. AEOERMEEZMBERICBOCE OBEERE 53 Ob BT 58
F3Dige (Partridge & Green,1985) o
—HOTEhARITONEERICBY 3 WHROWRR. BE2HMNE L TH MY
EOERBRBCRET 3. TRABROPTCEOBBEELZRLZL TV 0 EH LRI
L&3&3380THoT. LBLEBORUEDHAKERSREVE SIS 5EOD 54
RGBSR AEBRECET 220U Lo/ V- 72882 L35V S5 50T @
BHEELCOEOTCHEABRHBRE AW ERIE S, C0L 5 ANERORE
éga#®VN»fm5bm?5:&ﬁiﬁiwﬁbfiﬁt%—voaaof§6o

1—-4 »Ee2BBIIRHEBOYE

ﬁ%xﬁ®ﬁﬁﬁﬁ&ﬁﬁﬁ\ﬁﬁﬂ§§&ﬁﬁﬁ‘ﬁﬁ@mmm,w&ouﬁn—)
» 2 wu=—[(Harris, 1965; Spaans, 1971; Trapp, 1979; Gotmark, 1984). #&
(Pierotti, 1981; Neibuhr, 1983) . AEEARI(Davis, 1975a; Monaghan, 1880; Burger,
1981a). K OM@E{kRi(Harris, 1965; McCleery & Sibly, 1988 e BWICERBER >N 3,
KRROERLE 1 53HEAL LT LAOEE 5B, EillB XX 22 H L TRIEE
CEEEEES. v - —HoRv i oflaieit s MR, Fm7 57X
rﬂmtﬁﬁﬁvaw;a&ﬁﬁ&%ﬁﬁéiﬁth5oL019E\m<0#®v«w
CORMOEROEEBRE H>VWTCRHIEINTETVEY, IXTOV ’\}W‘E& - =W
REH T, EOBEHISVTREROBRENEVHOBEV, ¥l TOLIBERIK
FETTEN & BTEFINC & D & 5 SFERE LTV S0P ROV TOMEDDIE,

COWETCHS e B2 A A v vl E £, Larus schistisagus& 7 I 22, L.
crassirostris €% 5., CO2BREE7 V7 OBEAH L. A4y aferRERE
i, FB. 1YY, Ha2F+ o W T4—-OHEEHEL. AAFIESOHR TBRLY
o YIzaAA s uhEr XS EDLYISVYEAT, HAFIEEBOMH,
ﬁ?Es?AUVsva—ﬂﬁxﬂﬁ$éﬂﬁf4—gﬂkﬁﬁbsH$ﬂ%§%®ﬁ
B, hERE, PISRERREE S CBRXT 5, M1 — 1 kiRl BY 5 HEOSSHE
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Fig. 1-1. Map of Hokkaido showing the positions of the main colonies of
_ Slaty-backed Gulls(closed circles) and Black-tailed Gulls{open citcles).
Sizes of circles indicate order of magnitude of numbers of pairs.
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Levels ‘ Components

Species :-+e++----+----. Slaty-backed Gull Black-tailed Gull
Interpopulation ----- .- T?rri Daikoku‘ Yururi
Intrapopulation .. .Sex Male Female

\\\ ‘
-+ Individual . 1 -2-3 -

Intraindividual Temporal difference

Fig. 1-2. Levels and components of comparison in the food habits of gulls.
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An=—05Mi% LY. LEETRIBMERTCECRAA Ty vEx, 1 RTE,
Y Ixa3RO5TRTEESEHL. Tho0 2B iR EEEERO P CEERAES
HOTO S LR S h P OH O (KH.1985; BA. 191D 2%, Al Gk
ROUIFEREDLTH 5, _

COMFEOHNOGL ik, LE T 3 ho Ve E2HBORMOTRLH |
—2ERLEe&S k. B, HREEH (cu=-) | # @Eor<y (B1-2) cH
AL CERORERHS L, BVANVCHEHIER L > CERS 3 5T BRBiEE
THILTH B, AMOHRIMLE(LIAHEROFERMECH Y. —B” AT
B” THE3HEAR FYV 7 B EARRBOCAEEEL <AV TORMIISHMN kX
{#A{Ld 5 (Andersson, 1970; Spaans, 1971; Furness & Hislop, 1981)#. < & Ciifl
IR > iR, BRIMEELIhEv,. 335000, BEOERHBLEN
B R OU SV TORGETE, ST E 5 Blb > { B EHBHIEI & » TS
B32LTH B, |

C OFX TR, BNORHERSEROEREFAL A SVAXIVBAYS 30T,
RKITOhTEL” 8 2BAL LR OMRRESISHENRCBY 395 LTl
ZROEBEZTHHOAEhBELWHAILABVI &, VIMEREROERBRE - TE
Yy IRTCOVRNCORMOER 2HMBERC L - CHWT 503RETH 52 &
&ﬁﬁbtm&ﬂéoik\%&ov&»f@ﬁﬁ%iézﬁ&moﬁﬁﬁkomtéﬁ
HLIzw,

1-5 »E;EOEMKIIE D 3EH

e A ROSGRSII AP b S £ 8 3 BERHMD - TL B, T OWETHR
Hh& 2o OB E OB At : SHRII & ORI L - % D S¥ ALV EELTY
Bo VEFTEMESATCOSHRHRL L CHBE Wi ERBRE 20T, SFERDE O
BIEHEAE | — S EELBDTRS. HEABTR. . BORECIDZEEN, 7
EEHE ) LH. BOTCHET BHRE > T 54 MR, SoMms. &5
DEBD LB %" AR 2. EEE. KR BRE &\ HESEEL b5
CEREST 77, BROERX 3$HRDOEB oS h3EELZ N3,

EEEBbbhARACOWCEobR~<S (H1 -3 bBH) . —EIE AR



Prior 7 Direct » Reproductive
Investments investments | - ' success
| Male Female :
Breeding time - Courtship —> Egg production — Clutch size
: feeding g | Predation —» l _
Nest position ' Incubation----lncubation Brood size
: Brooding-- - - - Brooding Starvation.
Size and quality Guarding----- - Guarding Predation \\\\\\,
of territory Feed}ng _____ Feeding Intraspecific
frequency  frequency attack
‘Food' quality---Food quality Intraspecifiq,/’z
y

predation d
.No. of

‘.-' fledgling
Chick growth

’Environmental factors

¥eather condition
Availability of foods
Predators

Nesting habitats

Fig. 1-3. Relationships between environmental factors, reproductive .
activities and reproductive success.
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oM RIGEE(inkler, 1985; Pierotti & Bellrose, 1986)& % X DYFAD T X NV —
B4 (Davis, 1975b; Pierotti & Bellrose, 1988) ik » TiEZE WS READBHEHhT
W Be BIEIOA X 2k BREMREN A DT X VK —BE LIS © IR, RS
BRELTBLELSNBDBLAKOY, A XORERHERIEOBROA X o & B8
 BEREOT T LBEL T Y 2P A X BEEE L UCEIIEOA R OBEITE 5T
W5 &3 sHE(Niebure, 1981) 8% 3. SHOIMMLETIECHBEERE U TR, =7
DR L U CTHISRFT 858D - v 5(Drent, 1975; Davis & Dunn, 1976) .

FOFLT L  RENBER LR X 5 & Sh(larris, 1984; Brown, 1967) . HAR
BEWRL > THRON — FEFHIDE 5 5. BORRHES/NS (R FITEGS 52
EHBE LB, FWRVERWNS O, ABBHHDE CHRShDTVEE NS, S5
U BOSEHCRY, Vo Bl X 20RE B L Rt B CEREENG
WV 2filES 30 AR ORESENER LR L S EEAE (T3, L&
Z 50T 5(Patterson, 1965; Parsons, 1971, 1975a, 1976; Hunt,1972; Hunt &
McLoon, 1975; Hunt& Hunt, 1976; Davis § Dunn, 19765 Burger, 1973; Pierotti,1982)
o 72J U, Fetterolf(1983) WRENERIC X BIT-RBB < MARIC X -T2 vo — 548
ALENLEIBT 50755 & LT Hunt § Hunt(1976) 0FEHHL TV 3. Zh oo
AR BHKE. fifLv - REEHOM, FEXRLSGEEON. So% kb
s> TW 3 LIhTwb(larris & Plumb, 1965; Vermeer, 1970; Bongiorno, 1970;
Morris & Chardine, 1985; Becker et al., 1985) o

COBIXTCRPRUBENECUDER L isd - 15, BT BHOEGR /T BEE
DAL TOBZ &M I V2Ll e CHESHTB Y (Coulson & Porter, 1985), By
LHERE#EL TV 3L Sh A ROREEE BEHRI OS5 2 — ¥ — L UCAEETSH
%o

PED &S R oEDPERE s » CRISERAOER © 3 & CEYTRRIOEN 872 5 %
NZ0TH5H, 3LEAZHhSOBRDBBRANCTRENCZELTWSEEEL oh.
BRI OB EH: SIS h B L 22 TH Y, b e 2 BTREGEN S BEE ) DAk
&, BpfEB(MacRoberts & MacRoberts, 1972; Hnt & Hunt, 1976; Parsons, 1972,1975b)
v AROKFEGEH L EORO Y 7 (Niebuhr, 1981) oBE#E (K1 -3) HEEshT
V3o ZORNTRIFE, BRINZ VAN L - CRIEE hOTHE & OB 85E
B E OBEED & 5 X I b5BD T BT & BRL I,
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1-6 hREomEs

CORXTUH, LI Ak, R¥EE SIARIOMEIEE, . BIRE. k0%
VARWTHERS B Lok - CHIRT 3, WS OWEE Lack(1988), Crook(1965)
k- CRALRE, EARKLly X7 A0S EH~ LD ifibhiz,. 2O
K&ﬁiﬁﬁﬁEEMﬁK&aéﬁbbx%éﬁoﬁﬁﬁu&ﬁiéfW—fxﬂﬁﬁﬁ
OERHPI LTINS 5 EEbh 3, Lack HE 3L w5 ek
BRA DB 5(Lack, 1968; Krebs & Davies, 1981; Clutton-Brock & Harvey, 1979,1984;
HE 1986). |

TORMORIEHREE R 3 T L2 K HRBIROBRSED > CLESECH 3.,
Crook(1965), Lack(1968) iH#ED 5 3 v T BEOAHEN. KEUEIEEE RS 12
ﬁiﬁkﬁiéﬁmfﬁéaééifsb(¢H‘mw)\anﬂ%mﬁﬁﬁﬁﬁiaﬁ
BOBFHPRREEBCHATELRT W E2{HEL TV 3. Andersson & Gotmark(19
80) 7w}/ 7 HEx Stercorarius parasiticus W HEREoZEROME Iz
&otxﬁﬁ%wﬁﬁﬁﬁ‘?Kbﬁdﬂ:—ﬁﬁ\%ﬁbgﬁﬁ%h%n\M@ﬁ%ﬂ
H>OMMEE, Blle XX o REBUHT BHHTH 5 & O35 H Lz, 0’Donald(1983)
REHELSEROSHOERBRENITH 20 ESHRETH 5 L. ROSHHBRLEOR
ROBREVLTEILL Ooh EnE b RUSROMGBEROEROERE L CRIEL 220
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. Breeding habitats of Rhinoceros Auklets at the south-western part of Teuri Island. Breed ing habitats arc: ¢, Calamagrostis
area; p, Polygonum area; a, Artemisia arca; m, gull-mixed arca.

Fig. 2-1. Map of seabird breeding area on Teuri Island showing the main |
sub-colonies of Slaty-backed Gulls(large open circles) and study sites
of Black-tailed Gulls(closed squares). Breeding habitats of Rhinoceros

‘Auklets are shown also.

H2-1 REBOHEEE. 1. 2. SUAA L/ uAE2OERYFaw=— (]
HHE®) . A, B, C, DY I 2 2 0HEMETRT .
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Fig. 2-2. The measurements of a head and bill{above) and a wing(below) of
gulls: HEBL, head and bill length{Coulson et al., 1983); BL, bill

length; Bl] bill depth; CJ, carpal joint; ¥S, wnig span. For measurement
of wing area(hatched area), see the text.

K2-2 7‘J°l‘:)¢ DA (L) BXUH (F) O‘fﬁﬂ*ﬂﬁo HEBL, SRR+ ; BL,
WARERC ) BD,URMEE; CJ,Hf; ¥S, HEIE. ﬁfﬁl‘ﬁ(‘a)ﬂﬂik?b\‘t{iﬂiﬂﬁ
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Table 2-1, The body measurements of Slaty-backed Gulls and Black-
tailed Gulls. A few samples of Slaty-backed Gulls were collected
on Daikoku Island. All units are given as mean+SD(sample size).

Slaty-backed Gull Black-tailed Gull

Body weight(g)
King length{cm)
Tail length{cm)
Tarsus length(mm)
Bill length{mm)
Bill depth(mm)
¥ing span(m)
Wing area(m 2 )
Aspect ratio

1265+165(9)
44.2+1.4(12)
119.0+1.2(5)
69.0+3.8(13)
56.0+4.4(13)
21.0+1.9(13)
1.35+0.08(7)
0.203 £0.03(7)
9.01+0.42(7)

Wing loading(kg/m 2 ) 6.23

583+58(5)
38.9140.9(7)
14.9%0.5(5)
58.0+2.0(5)
46.942.1(6)
15.5+1.1(6)
1.18+0.07(7)
0.131 +0.01(7)
10.6%0.6(7)
4.45
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Fig. 2-3. Radar chart for external morphology of Black-tailed Gull(jnner
line), Slaty-backed Gull{outer line) and the equivalent of Black-tailed
Gull with the same weight as Slaty-backed Gull(dottet line). All units
are shown as dimension 1.

K2-38 v3ixa (REOEE . A4/ uyer GHIORE) REY I2alH
goeTAA e/ uner LEALBEOY €2 (5H) OAREEOV—-F—-F+—F,
 FRTREOFA VY 2 Vibb¥TH B, BW, #E; WL, HE; TLL, BK;
TSL, »L:E; BLL, W&E ; BD, W& ; WS, HEE; WA, HEk;

WL O, Hffi&E ; BDL, k.
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Table 2-2 . No. of aggressive interactions observed in feeding
groups on fish offal and bait snack.

Loser
¥inner ShGadult ShGjuv. BtGadult BtGjuv.
SbGadult 22 15 12 6
SbGjuv. 0 0 3 0
BtGadult 0 0 21 13
BtGjuv. 0 0 13 6

Note: SbGadult, Slaty-bﬁcked Gull adults; ShGjuv., Slaty-backed
Gull subadults and fledglings, BtGadult, Black-tailed Gull adults;
BtG juv.,Black-tailed Gull fledglings.
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Table 2-3. Food intake rate shown as no. of items taken per 5

min. and mean distance between a target gull and a food provlder
at a dock. Sample sizZe is in parenthesis.

ShGadult SbGjuv. BtGadult BtGjuv.

Distance(m)
Feeding fish offal  4.9(34) 9.4(21) 4.5 (18) -
Feeding bait snack  4.5(22) - 1.7 (26) 2.8(B0)

Intake rate(n/5min.)
Feeding fish offal  0.8(7) 0.0(4) 0.0(8) -
Feeding bait smack  16.6(3) - 1.5() 8.0(12)

Note:SbGadult, Slaty-backed Gull adults; SbGjuv., Slaty-backed Gull

subadults and fledlings; BtGadult, Black-tailed Gull adults; BiGjuv.,
Black-tailed Gull fledglings.
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Table 2-4. Percentage occurrence of food items in pellets and food
remains of Slaty-backed Gulis and Black-tailed Gulls found on

their territories.

Slaty-backed Gull Black-tailed Gull

Fish

Seashel ]

Crub

Cephalopods
Echinoderms

Seabird eggs

Seabird adults and chicks
Rodents

Insects

Meat bones

Paper

Seeds

Total no. of food items

51.1
1.2
9.5
0.6
1.8
1.4
28.6
0.6
0.2
0.6
1.1
0.4
3,625

71.8
11.4
6.3

158
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Table 2-5. Prey items found in regurgitations of Slaty-backed Gulls
and Black-tailed Gulls. ‘

Slaty-backed Gull Black-tailed Gull

, %occ. Jwet wt. Yocc. fwet wt.
Sardinops 17.1 10.2 40.5 50.1
Ammodytes 11.4 3.0 28.6 20.2
Cololabis - - 4.8 2.9
Sebastes 14.3 11.9 - -
Pleurogrammus 2.9 1.2 - -
Unknown fish - - 14.3 16.6
Squids - - 2.4 3.5
Octopus 2.9 0.8 - -
Chiton 2.9 1.1 - -
Seastars 5.7 1.8 - -
Amphipods - - 7.1 5.6
Insects - - 2.4 1.1
Black-tailed Gull chick 11.4 16.0 - -
Rhinoceros Auklet chick 28.6 52.1 - -
Garbage 2.9 2.0 - -
Total no. of samples 35 : 42
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Table 2-6. Wet weight(g) of food loads for chicks shown as mean weight
*SD(sample size).

Slaty-backed Gull Black-tailed Gull

Sardinops ‘ 37.8+20.0(6) 20.5+10.5017)
Ammodytes 16.7+10.8(4) 11.7+5.4(12)
Sebastes 52.8+5.9(5) -

Black-tailed Gull chicks 88.8+33.8(4)
Rhinoceros Auklet chicks 127.2 +42.9(9)
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Table 2-7. Percentage occurrence of gull species using each

feeding method or feeding site.

ShGadult SbGjuv. BtGadult BtGjuv. No. gulls

Surface seizing - 1.6 0.1 g8.1 0.2 1541
Surface plunging 2.2 0.2 97.4 0.2 463
Bait snack 3.8 0.4 64.1 32.0 488
Fields 7.3 1.2 90.2 1.2 82
Dock(fish offal) 68.4 3.1 - 28.4 0.0 545
Dump 90.8 0.0 9.2 0.0 76
Kleptoparasitism 2.0 0.0 98.0 0.0 603
Predation on seabirds  100.0 0.0 0.0 0.0 19

Note: ShGadult, Slaty-backed Gull adults; ShGjuv., Slaty-backed Gull
subadults and fledglings; BtGadult, Black-tailed Gull adults; BtGjuv.,

Black-tailed Gull fledglings.
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HXRahzfHosHick 5L, ROBHVEECRE-TEY, v Ixaldw(yy
Sardinops melanosticta. 4 %7 Ammodytes personatus X EDEM, 3axl
Amphipods ICIFE A EEKBEL TV AN, A4 €7 vl idBHaofhx ) 2 X)) Sebastes
s % v % Pleurogrammus azonus K EDEBI L BTV, A A€/ vl E X BifE
OEERLBN, TH (RHOME) dRNTVWE, |

KEBTAONEBEABOS BAA Y vlEA B THLTIEH 1.6% (3
—221) Ths., COHEERL CHIRETHRITS Ve 2 FAOHMENES 5 &
HERBCOOVIES, RORAS, HIcORER. Y+ Y Cerorhinca monocerata »» oD
B L L RATHRY 2 IRBERL S o0, BREORRE. T553Y, HEO
BOHBE VS ERRTHRAA L/ o T AKBRREL A0, o EZTEARY
IR AREOBBTHEIR LB - TV, HEHTOOVES, TRUASTRIFEICE L
Lk=4 7y, 4453, a2 tBRAIK TS LEEL OGN, RELOFRATCH Y
AXW, Byl HRETCHYA 7Y, A AFIBRAIhTV, _

Ub%¥&E05E. 3o0HECHEONEERIEL—HL. ¥ Ixaid@LcRzee
2L ERHRL. YV UHhOBASHREL, A4S ahe s REROMAROMH, ET
BEMBR LA, THRTCHETCHEMiRH LY, HEOMIHREHRT 5. COLD
WY I X IQHBAA LY v A &Y bREOEBK, |

Hoy 1 XREBNEHRE D - 128, EERULLHOBRRIE2-6RL5E1Y
YTCRAA T uHEADFHBY I 32K VEP 5 72(0=18 P<0.05) o A HFTTHAF
e aherOnERUEHOGHED - BEOEREFE T, - 7:2(0=15 N.5.)
FhAA T EXDPHEIRUEIY ANXNDGEEBORRIRTY I abkER L
HOBKERWUR) Lk0FEhote KoTC AALTuATAOLDBY I X2LY BRE
BHZRNTWEEEZR 5.

2—-8—-4 BGiRY KRBRGOPIGIENNHOMEEBREMNERCR2 -4KkRT,
A A% 7 v i OPRESRH I IHEEEHBID - 72 (Kolmogorov-Smirnovd 2 sEHRE
: 1980 vs 1984, D=0.116, N.S.; 1980 vs 1985, D=0.164, N.S.;1984vs 1985, D=0.12,

3



oo~ @ .&=58=0

90— vy
80— A;.”qf/o
ol 4
- .
50— /;g/
2ol :
2 30k 2
2 20k Y4
“— /70,
S w0 AR
BQ f.'"n
© P TrrrrrrrrTmroT1
2
&
S Lo
:Es 100r b .73::2-—-;3_——0—0
° oo} AT '
80~ /.’ i
70 ./' A
60~ {2
50} [
a0l !
301 1¢f
20~ 12
10+ [
om
T T TTTTTT T 11
261 61116212631 5 10 15
May Jun.

Fig. 2-4. Cumulative percentage of clutch initiation for (a)Slaty-backed
Gulls and (b)Black-tailed Gulls. Open circles indicate data in 1980,
open triangles those in 1984 and closed squares those in 1985.

BI2-4 REBOA+Lrunes (a) &vsxa (b) ezﬁmﬂm
H.
B3iz 8 04k, EEﬁﬁ84ﬁximﬁﬁ85$®T ¥ —.
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N.SOBY I % 2 OFISEESIH i3 1985 4Eid 1980 4E (D=0.237, P<0.05), 19844E(D=0.3
20, P<0.001)&k Y ELL 1980 EDFH 1984 L O Fidp o 2285 1980 £EE 1984 EDEI}
HETRISb 7% (D-0.083, N.S.)e FYFIMERHEZ5H 1 Hp 53183 3E, 44%
7 v € A i 1980 4E, 20.7+11.3H; 19844F, 19.149.3 H; 19854F, 17.1£10.0H<
HYY I xaid 1980 4E, 16.5+4.8 H; 19844F, 18.1+6.4 H; 19854, 14.7+6.6 H
EYIRADTGHBAA T 0l EF LY IEREESNSSEEPGRETREI D o720 B
AT RFEIERE i3 4 4 & 7 v & 2 CH(F=1.600, N.S.) ¥ 3 3 2CH(F=0.283, N.S.) 4
EHIIRb ok (E2-8) .

R ED — OlR T, A A€ UHE A CHEBIEL b okt (/1,02 %8
bE¥T, X2 =181, df=2, N.§.) ¥ 3 32Cid 1984 SEl/h& { 1985 FElekE o1
- (X2 =8.388, df=4, P<0.1). SMABRIE. 1HEBRB(E BSRIERIC & - CB(LT 30T
(Parsons, 1975; Pierotti & Bellrose., 198675&) [RIU—HEE <Rl ESRIAR 08 &
5 LOSKROFE(L2S): (F2—10) o A4 €7 vl E A CHEELREEE TS
3 - 12(C/3-a, F=2.203, N.S.; C/3-b, F=0.050, N.S.; C/2-a, F=0.002, N.S.; C/2-b,
F=0.029, N.S.)% C/3-cleBWTit 1985 EDH BN &SI o 72(F4.401, P<0.05) o ¥ 3
X ARBVCHEE(LREAE Tk - (C/2-a, F=1.008, N.S.; C/1-a, F=0.831, N.
S.) BC/2-b TiAA LT v e LWl 1985 £OB S BAId o7z (F=4.402, P<0.0
5)% | N |
- SR B 0IMEEED . o1 OHRICBY 2HFE QLSS - 0 ke
B0 RURTBE LN ) ORTEER) OFE(EEE2— 1 1Rk, #
A 2RBETEE( T~ S &, BMERBA A &7 v b€ 2 CREFREL(LITED - 12
B (X2 =5.488. df=2, P<0.1)s ¥ I R I CREE(BROAI (X2 =1.715, df=2, P<
0.0 . #010HBEBY BEERRA AT v Er (X2 =4.343, df=2, N.S.) .
I3 (X2 =0.742, df=2, N.S.) & BEEBBEONED Tz BYBREAA €S
B A CHAEBIEL I o 2B (X2 22,527, 4f=2, N.S.), ¥ § % 3Cid 1985 EiE
{ 1984 fEifip -7z (X2 =16.577, df=2, P<0.001).

£2-1 2ERUBLEBERT LB T, BOREEE SRR L. v xaT
it 1984 FRPSOEEBS S, ESRECU BT OBASHETH 5l A4
T hE AT 1985 SRR EVERSS Shlz. LhLERS. BOREEEOESE
{Lid, A4 €7 vhEr ORI H(F=1.486, N.S.) . FET- U7 8(F=1.035, N.S.),
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Table 2-8. Intraspecific nearest neighbor nest distance(m) in Slaty-
backed Gulls and Black-tailed Gulls shown as mean *SD(sample size).

Year Slaty-backed Gull Black-tailed Gull

1980  2.5811.04(33) 0.981+0.33(88)

1984  2.83%1.06(64) 1.0310.40(80)
2.52+0.94(62) 0.991+0.47(66)

1985
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Table 2-3. No. of nests of each clutch size in Slaty-backed Gulls
and Black-tailed Gulls.

Slaty-backed Gull Black-tailed Gull
Clutch size 1980 1984 1985 1980 1984 1985

3 .30 51 81 8 1 14
2 3 15 11 68 52 48
1 3 5 1 28 239 23
Mean 2.64 2.65 2.79 1.81 1.71 1.89
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Table 2-10. Egg volume(cc) of first(a), second(b) and third(c) eggs

of each clutch size shown as mean *+SD(sample size). Egg volume=
0.476xlengthxvidth 2 (Harris, 1964).

Slaty-backed Gull Black-tailed Gull

Clutch Egg 1984 1985 1984 1985
c/1T a - - 56.8+5.5(29) 57.7+4.8(22)
C/2 a  90.2%9.0(15) 90.4+5.0(9) 58.7+4.5(52) 60.2+4.3(48)

b 88.0+8.7(15) 88.6£7.1(9) 55.0+4.9(52) 56.9+4.1(48)
C/8 a  94.0+8.1(50) 81.6+7.6(51) - -

b 93.0+7.6(50) 92.6+8.6(51) - -

C

90.0+7.3(50) 86.6+8.4(51) - - -
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Table 2-11. Hatching success and chick survival(10 days) and fledging
~ success. Fledglng vas assumed wvhen a chick reached 30 days age
for Black-tailed Gulls and 35 days age for Slaty-backed Gulls.
Percentage success is in parenthesis.

Slaty-backed Gull =~ Black-tailed Gull
Year 1980 1984 1985 1980 1984 1985
No. eggs 111 188 176 188 123 161
No. hatched 79(71) 127(68) 138(79) 151(80) 87(71) 109(68)
No. chicks(10days) 55(70) 87(63) 80(58) 100(66) 62(71) 76(70)
No. fledged = 31(33) 53(42) 68(50) 57(38) 16(18) 50(46)
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Table 2-12. Chick growth{(g/5days,100-500g) of Slaty-backed Gulls
and Black-tailed Gulls shown as mean *+SD(sample size).

Slaty-backed Gull Black-tailed Gull
Fledged Died Fledged Died
1980 158.1 *+37.8(10) - 115.2 +27.8(8) -

1984 161.2 +36.8(51) 121.5+33.4(268) 99.0+21.9(15) 91.2 +31.9(40)
1985 173.7 +42.2(48) 133.7+48.8(21) 110.8 +29.5(51) 106.1+27.0(20)
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Table 2-13. Causes of death of chicks of Slaty-backed Gulls
and Black-tailed Gulls. Chicks died out of their own territory
frequently had scars on their head and were assumed to be
killed by neighbor adults.

Slaty-backed Gull Black-tailed Gull
1980 1984 1985 Total 1980 1984 1985 Total

Accidents 6 0 0 6 2 0 0 2
Predation 3 14 7 2 1 2 9 12
Killed 2 4 3 9 g 7 1 17
Unknown 4 6 3 13 4 7 2 13

Disappeared 33 5 57 139 78 5b 47 180
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ﬁfﬁﬁboto1ikfnﬁﬁffﬁ%ﬁ%btﬁ@ﬁﬁﬁtbkﬁxDﬁﬁﬁgﬁk
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HRILS) . v IXaCHRRER X 3RESEh -2 (2 -1 3., HHlcHED
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2-4-1 EBEEAHE AALToberx0fFERYIXI02LINEHY, A4S
B E 2 OFPHHICTACOLTVE (RI2—-5) . #EABERVWCHEOEZ LD
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W5 (Vermeer, 1967; Witt et al., 1981; Gotmark, 1984) . APFELBVTH, LK
CHBAART OB EAOHBY I 22k AHERLEOY 4 XBKEWV, ¥z
AA T 0l Er BHPRCHBOBREHA L. ¥ I 22 BHSOEED X0 AZH
HORERS < LRBFEL LS oREOR RS 5 2 LBHZEHREP o720 £T
» BORESHHEL TR T EHBHRIBWOY 1 X2 RD T B LIERSh B,
Gotmark(1984) SR TH 54 4 H € 2 (Larus marinus) it L b AR CHES
H&d s Lli~Tns,

FKoffcEH R 2B oh 3 BN HAV B CRA S Y a e
—HAEY 3 X 2%BVIAS. FEOENZ OBFEBROERLEE TS EEbh 3,
ZLC COBRFGBROEE. BB CIAPIA R TROBRMSIIEE VTN (¥
VEW 10 m x 10 m) KRKSEOHBERL COIBHCRAT 3EAMBA AT 0wl E
FOHFHIIXILOBIDPREFVOTHEEELI OB, COXSH K. BlOBEEN
BEREN S S 57 DRBPHHBEH R - TB Y. BRUsiEs” Rvw” FREM%
HDSEVSHILT 51 FEA(. atricilla)$i& 7 v E 4 (L. argentatus){Burger,
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Fig. 2-5. Scale and shape of Slaty-backed Gulls(in flight(a), head(b)) and
Black-tailed Gulls(in flight(c), head(d)).

K2-5 xxtynﬂfx(ﬂﬁﬁ(a) W& (b)) &Y 333 GRITEF (c),
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1981a)s =¥ &7 wjs€ (L. fuscus) ¥+ v € # (Verbeek, 1977a,b), &/ vk
Ay Y HEA L. ridibundus, A A %€ *(Greig et al., 1986) T HH|EIh TV 3,

UEbok sk, hoy 4 Xk > CEECABHR 2800 4 X, B¥ 3EYOY 1
X\ BEHHAVWBY 5E8H5RREH 2BERE 0. ToERzoHoHOL -} Y
ABRELOELEEZ DS, Thiz b IXMRESBRRIRLTTL3EHbh B i
ACHAOBRBRREBNETHAA A 2 hEABBMUECDIEL I, A4 LT )
EXRES>THHHAVEALY DRBROEIBRVEHTH S, L0WI0BTFHEINS
—DDEAITH B0 BBH (LY 470, &y F) B—ILRETS 100 g (120 keal/100
g vet weight), > IEZCHAE—> 0.43 g ( 500 kcal/100 g. FIZERTHES.
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RTOBEADORIPPB LT aBEr LY IAFESGVOR=Y T a I EXORIB
7 ARY PHBRE O EB—DOFHETH B EF-TVB, Fhy ¥ I X IBHEKR
9bﬁbéﬁ%§?5ouﬁiﬁynﬁ%xx0%¢ﬂfbotﬁ@ﬁﬁﬁ%vﬁfba
wlfighEdiH 5o Furness(1978) &4+ + 7’7 J % # (Catharacta skua) &7 w97
71 %€ # (Stercorarius parasiticus) DfffEETEIHE L., ENESSw 7o vy Y
e A RBRBLRITT 5% 27 7Y% ¥ (Sterna paradisea)dr b dEEE S 3 2 L HBHIKS
ERXTW B,

2—4-2 BGEAEOHOEE AA 7 vheriEBVWCHERH. —EBK. 2o
B4R, B BE, JEEEOFE(LIFE L. BIHRHC/3 Oc FIc8 44485
FOMEZEBRONEZEYTTCH ML TOR ERERFR(LI LD 1. ETBHBY
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42



EHBEL D oTe 8 OLEIITENH i1 8 SERK~NTHETEL 8 OF0— I, RS
i1 8 4% & 8 SEOPRIDOMERL 120
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e 2 OEESIEHICESESEY C L 2REL X 3 RRETCHAT s 00METH 5.
WH oW CEL 5. BRI AA L7 nhEA, VIFTLBRAEHE
KELTWB, )Y v brcEaE cHARETETHIZVY, FECEL-dO
@Eﬁﬁgf&g@’iﬂﬂﬁfﬁll:iéé\ yIxaaaxe, A FIRE AAeTel
A BEMHREL S 9 FEEOEBEERR - COWEEL DN D, FRERSEIH
$ aEEN TSRSV, KERSEEEE (HOE—IK BB ks LXER. B
REED, Fgibc5Ab56H b Tiibha( 17T 0FRBORERILB SFE
B SAEHAH. SOERPIRBTH -1 (F2—-14) . B4FRAHFTIOH
EEDBNES D 202 OED S AP 55 b CoORERKESOPED - 1252 3
vbnﬁhoi9184ﬁkﬂﬁkwﬁ?6?$$3®Eﬁﬁﬁﬁﬁ<dﬁﬁﬁﬁ¢$#o
2ol ((2-6) ZOEOBRBRESINS - 2BTH5EBbh 3. LHLRIER
OREZEHBHEZEL CTOLOT, BARKFLTO3EELohEA A€/ v ES
OIS, —ESBOEEERY I X 3 RN THECRED - O LRI RS,
Winkler(1885) {4V 7 2 w=7 HE A (L. californicus) €, &% v =—O—HIH
DBBETHENTHRD U O BERERN OHEREEOMB LBEL TWELELTV S, —
¥, RS OMEEE OGS R—EREE g cRE IFREHV T e H 5
o SEFZ Shreiber D17 5 4 ¥ € # THHROEE(LEBIEL T 5(Shreiber etal., 1
979, cited in Morris & Chardine, 1985). &Z AP OWFETRY I 23T 617]‘-&7’
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Fig. 2-B8. Cumulative snow depth(a), ten days average of mean daily air
temperature(b) and sea surface temperature(c). Colonies and years are:

T0, Teuri 1980; T4, Teuri 1984; T5, Teuri 1985; D, Daikoku 1982; ¥V,
Yururi 1983.

H2-6 Bav-—-0oHAFLBYIRIFE (a), 1 0HMHOTHRE (b) BLUY
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D. j(%%82ﬂ2; Y. JIV')ES 3ﬂ':‘o
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Table 2-14. Harvest(ton) of sandlance, valleye pollock, and Japane sea
greenling off Haboro.

Year Sandlance Walleye Pollock Japane sea Greenling
1980 115 122 336

1981 1509(?) 95 238

1982 79 39 100

1983 205 T4 119

1984 9% 27 253

1985 166 ? ?
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e 2 ORFEE P8 0% 5 8 ALY CAML TO 35, B EREEEOFR
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5. hollfic, MFHEOHE L > TRUCHIKESRHIh L LPBH2H,. F+
A BT hBERBRH L LPIERS 5T bhiw, | |

e 2 mOBE TR, HoAAREOMBZES 7 v = —9 4 X (Hunt et al., 1986)
» —HEIE(Winkler, 1985), BE{FFR (Pierotti & Bellrose, 1986), BORKEHE

(Barret & Runde, 1980) OMUEEHEL $7:. RAEHE COMBEHEE Y — K35

B 0ZE% 67 6 LRI B OEFRIEES 5 (Hunt, 1972) EEX ShTWw 5,
Andersson & Gotmark(1980) ZfHOF|HalfEftOBR VWHEREFY: GEROSGib 10 =—
i) OFEEBI5L T BEEHL T 3. 7272 LR~z & 5 120°Donakdo, 1983
3% S B - 1 BRI ARERORY ShiswWRERZSWT, ZOEZ TS 5.

COETRETAA R ner 00 v=—[{loRHEOER L HOF A e O
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BREE X > TRHLTYLC EiT 3, 20T, RO v =[x LENH.
—HESIEL. RoliRREIRERE. AR, BoNEEE, MR, BoidEs,. BokrEHE
EVSBHICEDL A E RO I v =[O L OBR AR T 3. BRAVEABDS
hﬁk977ﬁ%)ﬁfﬁ%ﬁk%b5§ﬁ®%ﬁ%%6t6?§Eﬁ%kéh<?bb
Y, Iu=—9% (X (Darling,1938, cited in Gochfeld,1980), iR # & B REig
(Furness, 1977; Burger§ Lesser, 1978) . SRR (Young,1977) . Bd >hTH 0,
Cho OB SERERB YR U 2.

3—-2 K

3—2-1 HEH FEREA~LEKEZE (W4°25°N,141°19%E) <. 1979, 1980,
1981, 1984, 1985 #Eiz, JEFEE. ERHL, KEB (42°56°N,144°52°E) < 1981, 1982,
1986 iz, HBE, R4S, =) BU8%18°N,145°36°E) T 1983 EikiT-7 (K1 —
188 . $7. HINET - 22 V) BORKES 3T V)BT 1981 i, 293
WY, FE¥C 1981 FEicfi.

RKEBEOVLTRBCE2H i~ HEX (H2—1) i3, ¥ 30x50m 093
VEHOERHE T, EETD OB cmOBBTEIBLTBY, R H ) ¥ID
T/ 2EX, Artemisia montana O/NEEH D5 (GEL K BEH, 1983) . WEOHAE
ELTA R, 22 BBEREREKS, »v 79 (Falco peregrinus) 1 ZHEERGEL )2
BRY 9 b 2B 5EERNMEHER - TBYHEOWARELE L TCREETCIRIIVL. KL
s 1-2HRY 1 2X72BOHE (BAYIXXA) 2508 20BE IS 5—HE
BHLI: GBE, B3 . BRENY T 5 2T HBVHBBY, HEOHRHRL .

RERBRERFOEY 1Y ¥ih 1.8kmicd b, Fb 6.1km. H5ES 108m B o]
DA E 50-80mOWTEL IS » CW B, 1982EIiIA A 7/ v E A4 3.5007 BT D
WIER U LD 2 Y ¥ X, ne=v=7(Elyms mollis) » TV I EXOEZH]
H BLECERU . 19824ERBNAY TP H 5 X 13 RYBBOHKIERL, #HED
SEHARLZ. XaB 1V EBECZBMECESHL CBYFAEMKATCIRI L3
WEOARIRob ol olz. HAXBAENRLIY. 1R 15x30moBH 20-
30° T JHYYR, Ny=v=y, myaeXBELEMAE [1- 1K, [1-2Kize
hENRH 10x20MmC, Chk YEfBEO oy ae¥hEEL EBROME, 111 K
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(33 15%20m T Y 3B FPEA L f2 RPN & B ISR IZIS » 28 575 B0 K
RE O, MRS & oW IRBERM(1972) . YIS iEmNE (1981) LWV,

ANVEREANYIBEL BEASMHY SkmizhiE L. AREY 7.5km. S5ES
BmOT TN RELLEBABT, AMEES 20-0moOBiEE K- Tw 3, Botig
BEREITSH 5, 19BFIBAA LTl EA  § 8007 15 OEFEEMET s LI
EBONT ==y R 740, BOESICH NS IE, MTEER UL, Tan
VEBRENY 7 —BODBERL AL €/ uh 2 OBL2EIMBBHSh TV 3 G
flt, 1986) o NY T FH S RN, EANYVHBREEGEL TRV, HPREA
BT GECADB PR » CETHAEL 2. $2. F 72X (Rattus norvegicus)HEEL
CBYHEOHEERHRLCWBEEI ATV S,

HABXR3EAHLSU, A, BRIREhELM 10x25mT A & ¥ 5 ROEES+ ¢ mii
ROLDBUEH DO, FRICTY gL PEL, ERVEROBEH SBT3,
WA COEPESILVIEDO LSRR EBEL 2. CXIZHE 310 mTPSEWMON v ==
7 BEZIFECSREL: GELARBERT2) . AV F 5/ vDan=—Ray &
Lf’ﬁ%ﬁfﬁbﬁf& B RINELRRCIER S Tz GEEEMRIIE) o 2 VY -T2 VYK
BOHIE, HiEic > TIEEAME(1976), HEEM(1988) IS L v,

XREEHRTGERBEIRE. KREBRASE. 20 ) BRBETcRAB W T~ ¥
—R & o (HXRXSEAIHEESEE. 1980-1985),

3-=2-2 A XYy FERVELHORHONBIRIAHBIBVCSRUE
HOPORHOMBILRLBERY BRI = —TRDIz. V7Y ¥ 7 EMTHERSWL
TRE2FCR~Sz, <Yy b ERVEEL HKEE T121979.1980,1981.1984, 19854E . K
RETI 1981, 1982 45, = V) B Tit 1983 46, T2 )BT 1982 4. 20 TR
1981 AERELBEHICE —8HOF — 705 %o e HERLBREE TR 1
984, 1985 fEic Y B Tid 1983 ERFEL L. KEEBTRHSRLOY Y /) > 7 i
TH3. 1986 £ THEEBRI X - CREANELHABEL CRHOBEES RD . i
EDRDLYT - IBH 584, FEBRESBBERED-120T, AitLE 0%
> 720

BoRRES OREIc OV CRIEES 0o O~ 7 v2:%, KE 1008 OF 4+
I uiE: OROS bR B HERRV: SOERBL I v ) —, 57, HIEN%
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HERRBILEE B CHMEL 2. €othitBFo M X - 1.

3-2-3 5§ FE2ECHREFELLED T £7 v — OFEXA CHINE
SHEL. —IBESE. SRISRR CKEEBOBENIEY) « SHMEEIIE. B0 10 HEERR, 2
WHE, BOKESR. ROFEE, SHRMEELH ., HEIEKEE T 1980.19
84 1985 fEic. KEBTI 1982 2. 2 Y BTt 1983 FEfTolze 2NVETR
W OhORIEDVT, —EI. —R47: b MEEROABNRE. 7 x ¥ X COH
VWRABERETF- P ChoOROF— ¥ — koW CREGHKIIE, ok, BO
CEEOMTEE D DAL, COZRREOVWTHRICEET 3 TETH b WETH~
h kS KHEER X ABASR ORI 2 SHE SR ENT 3T LETERLHY
7 v = —[OHHNEHBEEEESS 5 L EX bhb.

3—-2—-4 SGETH A YVBOCRKRBWC, 3—4RORTEOVTCHOHPH
OED oEER L. KETHLEOKE IH HEHEL. BHWI06:00 H» 513:00
ONEEBES U, 30MEREESEBEYARRVEDLESHEREEL. BEESE
BN ]S 1 HEK., SREY WSO/ BBENMET LA REXX
OREEEGEFLCR7 BEEEOACO R E Uke T2EHE SRRV CVWEDb S
BRI B R U CoRib 1o 0BT RSBTITRIREER L T 4o &7 v 0y 6 # PR
XRLCAEDB MBS BRBEVEHCKAIRAS, BTELHIRIT B30, ZOH
VR U (repeat feeding) BHAMEEICSDIEH 7.

KEEcbRiEoFET. #EY v, FELBEREY 2Hh T EEE.
SR 2R DIz. REBTRRTOIB—HRE7 Y VEBRT?—7 LT 2ERR
Uz, 19844E& 1985 4E, &2 3 TREDVT 1 S5HEREEEB VI E I EERL
Fzo KAEBOBHIZYWTRHBOFEAECHL ik~ b, KRBT 1 55l 1 ~7 ofl
HE 1V NELEBaVIETCRIB 1 ROBRE2 1Y /I NVELEDT, Chod
S OHRBRBIERCRZEY CRBVWE—oOHEZEE L 2.

3-3 &%

3—-3-1 jpe
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BTRRBEIRAA LT hEr CREORE S HEEDSH 50T, KEBEAER
DA AT AN E A OBEE, 2L EEAREF ARDFTES— 1 RS ¥V TN
b HEHRETE S o o, 2OERABBOEH I v —THRORE SEERITY
X5CTH %o

3—3-2 fHoRHAREH

s © 5 — 8 H o T OH/KE O S OZORKER. KR ORERR
& 80 kmOBIHETIY 30 cm, 2 ) BoOJS TkmoOfEBE T 110cm, K
HE P 40 kmoOJEETIEY 1600c mTH 3 (BioPyE. HARZEAIEE
ﬁ%)o%%%fﬁ4ﬁ4@gu@)%ﬁ%ﬁbrm5ﬁ¥ﬁoﬁﬁ¢é<11ﬂfﬁﬁ
€4 B EAAHREV. KER. 2V BTRAFAIRKEREEL T, A4 VE
¥ 5 3 4 (Cryptochiton stelleri) i b#HEERBOME I IHERL T 5 HidbiE HAE
flciEa L cvin( FE. JE, ROAH, 1960) . 3XTOT v =—OfREDBER
HRECHhOA A7/ uneAPRACEZ 7YV REDOHIKIIISV. 7)W=
(Telmessus) HAERMOBAH L. 2 U~ EH =(Pugettia quadridens) i3JbigER
BTIRBECLE N, Yo, EFF BEOIu=—THR R h B BHBIGHR
VHEATB O A4 7 vl A s > CRAHR SR BEVLEZ 503
(Sibly & McLeery, 198332H) . kB v=—0FHNEORPEIATTCH S L
HEbhs, '

i %3 — 21k = — YT S HBOBERIEEVEIERT. KRBV
131980.1981.1984,1985 EDFHIHIEERL 2. HLX OGEHL, Yatanuki,1982; S
HiSYite,1981; JEEEfh. 1986; FEfh. 1986 CARRERHIC L -2 (Appendix 1) .
SOERVHOWEE A LR h o OMRIEHEL V. KEBTRERYFY, ¥ 1232, K&
BTidayyay Y2 Oceanodromaleucorhoa . AA Ty akEx, VYU, 2N
—ga VBT AA R alEA, Y Y, ¥ 37 Phalacrocorax capillatus %3S
LCWw3, 2V BT 1983 fFlcid Y 3 % ks 2007 SHAL 1205, 19844 6H ki
v —BiRESh, 18MERRTThick - TERIBHIHARL 2 G, 1986) .

3-3-3 f# |
<Y o FAMTORERES -3 RT, Y ERREDOIn=—CHRHBRST



#3—-1 KEBLRKERBOAA RS uberoBlE. L 1 E.

Table 3-1. Bill length and tarsus length of Slaty-backed Gulls

on Teuri Island and Daikoku Island shown as mean +SD{sample
size).

Bill length{mm) Tarsus length{mm)

Teuri  Male 58.3+4.6(5) 71.24+3.5(5)
Female 51.6+2.8(2) 66.1+3.5(2)
Daikoku Male 58.4+3.2(3) 71.1+0.7(3)
Female 52.6+1.3(3) 65.2+2.3(3)
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VWORBETHY, tYETRASBLHE L, KRBERERTRIEEORLKEDH
BLEBHESD » 2D 2 v = —CRGERFBEHBL Kb » 12, HEESESHYO
HBIR LD - fo . FKEEBTEY V7 7 ' (Tugalina gigas)h ¥4 1 (Cellapa) =
YRUXHAPBN AHA, auvnel=, AF%—2 7 ¥ FFY(Pagurus ohotensis)
REBE. 2, 222Y8, o) 2ol REOIn=—CRAANVEFSH A,
7 9 =, BERELNTE VFEEFEDGHORM et oligS s —HL <. &
HOF. #E. BT REBHORVELREOIv=—T 3B L, Spaans(1971),
Sibly & McLeery (1983)i3& 7 v 1 € * OBHOMET, BL{ BTV BEOERY 4 }H

SRCHBURWHEL T I X2 T3, AF T uFEXLBVTE, 2CTOa
HE—T31 I XOMAMEESSVEEDLN AMBFREEL, FLHEXRIh:HL OB
I IXBHBL TR,

3 -4enERIM:HoNBELERHERT, KEBOF -y 3Eid~zLS
REBEHECL 3 30 CHBERLPRLCOEY, KEETRYIv Y, ()T (B
) ExVArn, ko (B PREZECHBERIGDOECH]OHS0%%2L D
Jeo BODBEAEBI I TEYIRAOETH T2 2 NVVE, KEETRA 7V H
BRAEEZHTHY, HBHLREBE 5030 -RBVWCHRIES 0% 2D 5. KER
T RY 5 PPITR3 0% EFEVIBE R ER 2y Yay I N KBRIEXRLTC
BE5% U hdTnn, chily I 2 2 COBRHZREEE(Watanuki, 1984) »o>EZ 3
LAy Iuy I vntOEERRNLBARPHAELRERY v FE LTSS h 3385
BEFRZVAELEDN S, k- TCEBOMPTCOaY Yy I YN KEOEER R,
KO, BRIECHOEOES— ey b EE1 55 (. 1985 o RAVHEEY
ORI E DT r = —C B HBILLH, KEETHDDED T

HERLHOERRIFERB LNV B2HET 2L, w47 ¥ (U=56, N.S.) Th4
AFA (U=, NSOTHIHEZRED I, A W FTOHERLOERR V) BOR
IVBPPHEP 1 (E3-5). ’

Ub¥ewsd, KB TREALEBNPE CTLEARVEEOE. KEREAWVVE
T4V Y BERHTH - 1. HHECORBRTCHEONZH, 7=, L }F, V=i
FOEBECHED

3—3—4 HWARE#H
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Table 3-2. Estimated no. of breeding pairs of seabirds on
‘ each colony. See appendix 1 also.

Teuri Daikoku Yururi Moyoruri
Year 1980-1985 1982 1983 1981
Slaty-backed Gull 300 3,500 800 1,200
Black-tailed Gull 25,000 10+ 200 10
Rhinoceros Auklet 172,000 2,000 . 600 500 +
Common Murre 250 - - -
Spectacled Guillemot 200 50+ 20+ 30+
Japanese Cormorant 500 350 90 260
Pelagic Cormorant 13 - - -
Red-faced Cormorant - - - 5
Leach’s Stom-Petrel - 420,000 - -
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Table 3-3.Inter-colonial difference of food items in pellets and
food remains of Slaty-backed Gulls found on their terrxtorles
between June and August shown as percentage occurrence.

Teuri Daikoku Yururi Moyururi Erimo
Year 1973-85 1981-82 1983 1981 1981
Fish 46.1 44.4 B87.2 80.0 22.2
Seashell 3.8 7.2 16.0 14.5 50.0
Crab 9.2 7.8 10.4 ° 11.8 19.4
Cephalopods 0.5 - 0.6 2.7 -
Echinoderms 1.9 0.3 0.2 - 5.6
Seabird eggs 0.5 0.1 0.2 - -
Seabird adults and chicks 85.1 33.2 1.1 7.8 2.8
Rodents 0.5 0.1 0.8 - -
Insects 0.5 0.7 1.2 - -
Chicken meat bones 0.6 3.8 1.1 3.6 -
Papers 0.9 14 1.2 - .
Seeds 0.5 1.1 - - -
No. of samples 2,828 1,011 644 110 36
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Table 3-4. Prey items found in regurgitations of Slaty-backed Gulls

Teuri Yururi Daikoku

%occ. %wt. Z%occ. Jwt. Yocc.
Sardinops 17.1 10.2 47.5 49.2 42.5
Ammodytes 11.4 3.0 15.0 11.8 -
Sebastes 14.3 11.9 - - -
Pleurogrammus 2.9 1.2 - - 12.5
Hexagrammos - - 7.5 5.7 -
Unkown fish - - 10.0 7.1 27.5
Squids - - 2.5 1.2 -
Octopus 2.9 0.8 - - -
Smails and bivalves 2.9 1.1 7.5 18.3 -
Seastars 57 1.8 - - -
Annel ids - - 2.5 0.8 -
Euphausi ids - - 2.5 0.8 -
Black-tailed Gull chicks 11.4 16.0 - - -
Rhinoceros Auklet chicks 28.6 52.1 - - -
Leach’s Storm-petrel adults - - - - 5.0
Garbage 2.9 2.0 5.0 2.2 12.5
Sample size 35 40 40
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Table 3-5. Weight of food loads(g) for chicks on Teuri I. and Yururi
I.shown as mean *SD(sample ‘size).

Teuri Yururi
Sardinops 37.8+20.0(6) 34.5 +12.8(19)
Ammodytes 16.7+10.8(4) 26.2 +15.5(8)
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<Y o b ERVELD SHEL L HEOEEO > SEESHL i b OOBKEES —
BIRT. ZNVEBEEINYVERY VY INVEDBDIED 5120 C— It Ui. RY 5 F &
BRVEL 0k ORBEOHHRIHR L L EYOERL L MATL 3 —HULEBVWIESS,
nyynvsvwx@xam%§$ﬁ%mgmfaﬁ&@&ﬁ$ﬁﬁ§§&am«tmw
BIcE {55755, Furness § Hislop(1981)idA A4 + v 7 & 2 R OBEOH T
» 2008 DIEOHWERR - EBEIES -4 ERNT3 —4A[HBR~<Z0T] F% R
3L3—AWONY » FBETEEL, <Y 5 | Oh SEYOERL TS 5L 5
ODEZERBLTCVS, A4 a B EATCREEBECIAEYIZa0KELEE. ¥
b YRR A EAFBELTOEOT, XY 5 b ERVELHTONRELR »
I ORERL I HBIE(KRLC03 EELI oh. COFMERLIED -2,

REBTRECY I 238, Yo, YEAB A4 vher8. KEB, 2n
Y—a2WYBTCRERIYYuY I YNNI KEOHEE (F3-06) kot 3
XBBLEY b vEE U CAES BB U T CE~3 & 5 CEEORTHEHE
Fhs,

BROD 3 Wikt 8% (Watanuki, 1983 & » TR O W HIRITE . KL
5as BEYeBBULBIIRLEBE. FEHUWEKL2E - TBORL TR~ alfelt
BB BIHREHOYTES - T RL . BEPOBKIIRY v FERVELOMTEE &
3—6) LBIFEFELL, KEBTRIEAREOE. VYIXTO0RVHE, VIvolsb s
WRRVHE, RKEETRayIwy I v KBRZRER L, 2V )BTClRA 4%
TOaREABY IVOREHRT 0% 1 BIHEL 1. ' '

—HNy TS5 ZABBHEROHEME T, BHONEEHHREL. vIvoR, 3y
By YN ORE, BARNBHYE A BOBERMEBRLEY (FS—T) .

AACSuHEABY I X IOPERESBAOKILRIR 5 % (BT THRVYELHE
SBEORIIE 43 %GB/ XVEY (X3—T) . ¥LBEESIBACHIPIVELE
SEEDE S HBREVELE S X Y 3KTIEHE V- (Natanuki, 1983) . ¥ F Y OBRSHR
S 5FHIISEEHBEINLY, COBAA LS HEARY P VORRBRA EBOTH
& FRAOERWEEEIETOHL TR, 7 F Y OROHR (H30VIEEHLWE
BER ST 5FE) BRI > TBZE XS h. Fatanuki,(1983) BAA €y vhE 4 it
T+ v oREEH GG BELBERROALLE L FTlkcw 3HHTEic he
WRS 50TH5LELH, BERITLALBEEMRITOhTBY (Hatanuki,
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Table 3-6. No. of seabird remains in pellets and food remains of Slaty-

Gulls on Teuri 1.{1979-1985),Daikoku I.{(1981-1982)and Yururi(1983)
and Moyururi(1981) Is.

_Teuri Daikoku Yururi&Moyururi
Slaty-backed Gull chick 36 2 2
Black-tailed Gull chick '’ 444 - -
Guils egg 38 - 1
Rhinoceros Auklet chick '’ - 366 - 1
Rhinoceros Auklet egg 11 - -
Rhinoceros Auklet adult 25 - -
Ancient Murrelet adult 4 - -
Common Murre adult - 1 -
Tufted Puffin adult - - 1
Japanese Cormorant chick ’ 1 - 1
Leach’s Storm-Petrel adult - 539 14
Leach’s Storm-Petrel egg - 1 -
Eastern Water-Rail chick - 1 -

Total no. of bird remains 925 544 20

1);including fledglings
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NYTEHS A SEYL FARLZHRTEH. EMNRERORR,

Table 3-7. Frequency of successful(S), unsuccessful(F) predation
attempts and carcass feedings(in parenthesis) by Slaty-backed Gulls
(Sb6) and Jungle Crows(JC) on Teuri 1.(1979-1985) and Daikoku I.
(1981-1982)

Teuri I. Daikoku I.
ShG JE ShG JC
S F S S S
Slaty-backed Gull egg 1 - 2 - 2
Slaty-backed Gull chick 8 4 - - -
Black-tailed Gull egg. 2 - 13 - -
Black-tailed Gull chick 35 12 2 - -
Black-tailed Gull fledgling 3 i - - -
Rhinoceros Auklet egg 1 - 17 - -
Rhinoceros Auklet chick D1 149 - -
Rhinoceros Auklet adult -3 ?2 (2 - -
Common Murre egg - - v - -
Common Murre chick 2 - - - -
Japanese Cormporant egg - - v 1 1
Leach’s Storm-Petrel chick - - - - -(5)
Leach’s Storm-Petrel adult - - - 6(1) 2(15)

1); M.Aotsuka personal communication.
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Table 3-8. Inter-colonial difference in prey preference shown by
Ivlev’s Elective index. See text for detailed explanation.

- Teuri Daikoku Yururi&Moyururi
Slaty-backed Gull chick 0.928 -0.380  -0.481
Black-tailed Gull chick = 0.711 - -1.000
Gull egg -0.458 -1.000 -0.721
Rhinoceros Auklet egg -0.944 -1.000 -1.000
Rhinoceros Auklet chick 0.048 -1.000 -0.149
Japanese Cormorant chick -0.589 -1.000 -0.267
Leach’s Storm-Petrel adult - 0.011 1.000
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submitted 2EHX 1) . WHRVETEF T EE 555 2L C0 3RVTGBHBERADIT
WBEEZLRIBLV. T vORORYIcA Aty b s OHONEDSE Y b
v OROFIEHHL S5 (atanuki, 1983, ROKRERRIC X 3) 2&dThekid 3,
HEHAEERY » b RVERLD SHBL EBh oHRTHISBE S EY (4
7aBe 8. vVIxag FEAEM. VFYS URYE, vIivED) kownT,
Ban=—Ficlviey ORREK (EDd)E LB,
Ei = (ri-Ni) / (ri+Ni ), : v
Pri, NYy b, BUERLYTOEY i ONBE ; Ni, €203 u=—ToOEY
i OB (1 v v 7, 1985)

EiB—1»5+1FCOMEEY, KEVFEERESEV. Niddi{Es 100
7&L¥ﬁbtm5ﬁmbmt§3—2xDﬁﬁ*?ﬁt~ﬁ@ﬁ\&k*%%btﬁﬁ
Uleo —HESRBIAA /a2 Tl 2.7, ¥ I 22 BFKEBTHE 1.8, (BR) 2
VETI 2.0 BE. £ . YF9i 1.0, Y3V} 5.0&L. MEBRAA LT w
BEAETIXITR 075 R . 7 F X 0.87(Vermeer,1980) « 7 3 ¥k 0.7 (
KE) &Lz,
2EELTRayIuy I YNIEE, JEBREORRESEL. KEOH, vy
O, V3V OROFRESBE 57z (3 —8) . av=—[ITERECETOESS
D, REBCTRAA LT BHEA, ¥ 322 OBOBRESEOLARE, )BT
CRED ok, ¥ FVBRIKEETCRPPENINIOEKER TR bk
7zo '

3-3-5 ¥9i

REOYIENH O 2 BEMMER TR 3 — 1 Rd. 2u=—[Tcihio%s:
Kolmogorov-Smirnov®d 2 EMRE TH 5 & KRB TIHAEE X YR {(D=0.447 P<0.0
01) #7220 Y B X Y5 5 7:(D=0.528 P<0.001) , KEETHINYEL O Ei oD
=0.266 P<0.001) ., PHIESIH & e OBEEXI. 51 1 H2ERL 5L, KRB, 2
.8+10.1H. KEB. 30.2+7.1 H. 24 )5, 38.046.8 HTHOEHAOIE SO X2
KEBORIBRER, 2V )BED dKEP .

BRSO 2R3 — 2R . BEERERIRFEE CRAER L Ok
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Fig. 3-1. Cumulative percentage of clutch initiation for Slaty-backed

~ Gulls on Teuri Island(open circles, mean of three seasoms, n=175), on
Daikoku Island{open triangles, 1982, n=114) and on Yururi Island(closed
square, 1983, n=102).

R3-1 AFes/vieroXKEE (Gi. SEMOAZE n=175). 7(,%% (H=A.
n=114), :L;V')% CEMA, n=102)icBY 2 ZRYISENH.
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Fig. 3-2. Nearest neighbor nest distance of Slaty-backed Gulls on Teuri
Island(n=159), on Daikoku Island(n=114) and on Yururi Island(n=102).

H3-2 FK#E (n=159).
# OESRIERRITERE.

AEB (0=114), 298 (FI02)BY 24 ahE
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{(D=0.233 P<0.01) $ /=2 &Y B & D AEW(D=0.450 P<0.001) . KEECRINVIBX
okﬁmmwznpmﬂm)o%ﬁﬁ%mﬁﬁoﬁﬂﬁ&%ﬁﬁ%u%%%\z&imm
m (n=159 ) , KB, 2.08+0.76m (n=114 ) , =AY, 1.7620.66 (n =102
) Thot

—E O E A ES - tRT . 2 v —RTIH OB REDN DS 5
E3pH4{ 2RRETCHANS L A n=—RRETER -2 (X2 =2.855, df=4, N.S.),
KeB& 1wy BoORERR2E—EEE. SEMR>VWITE3-10kxRY, faw=
— BRI 3 M b - 72(C/3-a, F=0.053, dfs1-146, N.S.; C/8-b, F=0.453, dfsl-
148, N.S.; C/3-c, F=0.532, dfs1-148, N.S.; C/2-a, F=0.008, dfs1-39, N.S.; C/2-b,
F=0.411, dfs=1-39,N.S.)e

KB EaV)BComBlick 357 —%2%3—11K&RT, EEPRKTELLHO
FHEEL. BOHSS 1 0 HUF CREESFEEEEED 2Bh 3 F3Eh oo K52
B & 2 ny) Befasph e lSsEg v v s e 2138 L (7-0.347, N.5.) . BEP
B U W AR $ 213 ED 5 72(7-0.633, N.S.) . EEPicHEBpER
IR 2N COLFRIER KRR O I PR E L, KEHHAER 2 VvIBORSBP
VED  EDBEEODVIEICHELRED - 12 (B, 7=1.568 0.05<P<0.1; fREHHRE
, Z=1.120 N.S.) . |

SRR I v = —[D%E2ES - 1 2WRT. MBI v = —[cEREDP 12
$( 12=0.101, df=2, N.S.) , B0 10 HEF COEFRIREE> 10 ) B=K%E
(X?=23.485, df=2, P<0.001) ¢, PUHLRIKBESKEE> 2 ) BOMA( ¥*=13.
793, df=2, P<0.01) €Hh Y auv=—fiEBRohiz. 1 OHED SRULETOEYE
HHAEE(63.9%) EREE(68.9%) TREHED 2. 2N ) BTIR5.20) Bbo
2o

SOXLBHE2E I =— oW TES— 1 SERT . HELLBR2REENFE (1
HhoTHE, SO0TRA-TCHENELESEEKE) BPBRVOTHE (INXTAA &S
RhHEARES) L THEOERRET 3L, Iv=—RCRCEREESS -
T( 2=50.341, df=4, P<0.001) KABTHENER. =) BCuBBEke & 25
OHEHGE L. REBTRIBEOYNTRETCRRINLEBEP 5 .
KEECHAMRC L 3T HBEL D250 a3 v = —CRERHRIC & AFETHB2L
Rohizwnwe &it, AEMITOERE 3 3, Than) BTRlREMEKC L 55ED
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Table 3-3. No. of nests of each clutch size in Slaty-backed Gulls
on Teuri I., Daikoku I. and Yururi I.

Clutch size Teuri Daikoku Yururi
‘ 3 132 88 81
2 35 24 17
1 g9 2 4
Mean 2.70 2.75 2.7
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Table 3-10. Egg volum(cc) of first(a), second(b) and third(c) eggs
of each clutch size shown as mean *SD(sample size).

Clutch Egg Teuri Yururi

C/3 a 92.8+7.9(101) 93.4+6.9(49)
b 92.8+8.0(101) 91.916.1(49)
c 88.3+8.1(101) 89.4+7.6(49)

C/2 a 90.31+7.6(24) 90.5+9.1(17)
b 88.2+8.0(24) 86.4+10.4(17)
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Table 3-11. Parental hehaviors of Slaty-backed Gulls. Sum of male and
female care is shown as meanXSD{sample size). The data on Teuri I.
are for single individual pair and those on Yururi I. are for nest
days.

Teuri Yururi

Incubation period

%Time on territory 119.9 +£9.8(34) 119.1 *12.6(15)
Chick >10 day age

%Time on territory 104.5 +13.5(36) 108.6 +13.1(18)

4Time both parents absent 5.7 £7.7(36) 3.1 +5.2(18)
Feeding frequency(n/hr) 0.21+£0.06(37)  0.23+0.1(20)
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Table 3-12. Inter-colonial ‘differences in hatching success, chick
survival(10 days) and fledging success. Percentage success

is in parenthesis.

Teuri Daikoku Yururi
No. eggs 475 314 143
No. hatched 344(72.4) 230(73.3) 105(73.4)
No. chicks(10 days) 222(64.5) 191(83.0) 73(69.5)
No. fledged 153(44.5) 122(53.0) 33(31.4)
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Table 3-13. Inter-colonial difference in the causes of death of
chicks. Chicks died out of their own territory frequently
had scars on their head and were assumed to be killed by
neighbor adults.

Teuri Daikoku Yururi
Accidents 6 1 1
Predation 24 - -
- Killed by neighbors 9 2 14
Unknown, without scar 13 21 12
Disappeared 133 81 45
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Table 3-14. Inter-colonial difference in chick growth rate(g/5days,
100-500g) shown as mean *SD(sample size).

Teuri Daikoku Yururi
Fledged 166.4 +39.5(109) 178.6 +26.8(11) 185.9+49.7(95)
Died 125.9 +41.2(48) - 133.1+32.5(41)
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HESRURA TS 3 B3P 0BED 53515, 2NV )VBCHHEDE 2 5 Th~: L
5 RRERY 2 &M< > TR & 3RS CRRETT - e BORTH - 72 7 W—
7CiB/ 30%OWKE 200 g COELE (1 OHEEFENE) 1 83.3 %. 500 g
COEHFR (RUBELYRP/NEW) i 66.6 & KEEBOHIED, -2 (. £R
) o ko TR L 3BRESBI NIV ) BOBOEEEIAEROEhE BIF
L EZOTREOD LIRS h B, |

BOBERLE2— 1 5md. BB LB CRREEEE 2 ) B> AR >Fs
%omfﬁozn:—moﬁuﬁ§f5ok(&&MLdﬁﬂam,kmm)ﬁ%th
ﬁfﬁfﬁ%&lwUE&OﬁK%ﬁﬁ#otGwﬁ%,Mﬁ%ﬂNs)o%iBbtﬁ
- OBRFEEFEC UL D 38 o (KE; F=31.098, dfs1-155, P<0.01: <)
B F=38.417, dfs1-134, P<0.01)

3-4 @

3-4-1 RBHOERLzoEH

HREMTOERHE. KRB TREA, BE, HETH - LBKEE, 2V BCuE
B (ERrM7Y) BEBEHCH o T0 F— IEHBDITL BEHRECE B o 1205, A
AT RHEFDRESRRFBERBETAERL (#E3-1) . Y1 X0OELE LT
BADIu=— 050 0RMOELZFHNT 2 FIT IV,

KEA €2 RORKEED 7 v = — BRI cH ORI O MER & S how
% (Harris,1965; Andersson,1970; Spaans, 1971; Trapp,1979; Vermeer,1982; Gotmark,
1988) o AA €S WHEATH <Y 5 b SHBIL SRS H ORI o v =
—TCOIH SO OXERML Tz, ¥ KEE CHEOHASEEE S h
20RY I3, VY OSGEEEES OB TEY (E3-2) OF—ooEETHS
3. BAHER. BEARERRGIASOAF €7 0 hE 2 k& » ORI o0
TEETE 3BHIE, SHORMARY L oS OBIR >V T RN C X ik
-7 |

HETENZEIRY I I BBRARPBEYIIRY + 5L XLTEY, Y Fvide4y
Vs AAFI, Fy S, ¥ < Cololabis sairals &3 BIcS5 2 THY (Hatanuki ,
mmnmoas*n;oééaﬁ<ﬁﬁamﬁbtmaozoZEMX%Efﬁ§ﬁ§§
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LTw3H, KEE, 2 V) BECREEHRPEIDEY (ES-2) . 2hooEhs

SR TRBREARY v 54X LY IX2ET Y05 BEE” BOBEBtF
M AEARPEBITEEPHELHELTVEL LI RADBEL SNBh LI
Vo A4S vl e BB TOEBNEAV BV CRY $ x a2l cx 3
DT, CORFIE. VIXAETFIBAA RS vhEAPYGEHCAATERVL S0
FCHAERERRAABPOIE TV BB/ 2D, LELEESE OWETE
ShIBED ol 2B < 3 HRFORL SoligE X 3B oBMORI LR T 501
HEE<H 5,

Aot e X OB OHBOWKOT v = — OB SEE &R ER ORI
%ﬁ&gﬁ%wﬁ&wb@?ékiorﬁmfﬁao:v?nwsvﬂxm§ﬁ48gf
BT (W, 1985) « A4 €7 uhEr B hE—TTTRIAALCLE S, HOBED
REHERREOY F Y T4 550 g ¢ (Katanuki,submitted) &9 €D 5 ZRITRES.
KEAPRA X T a N2 B oOEESHAT 20RRHETH5EEL >N 5,
AATaHEr BEIRBE2HOBSTavrIuy Iy 258, v vHEELERT 3
FRZT {HTH 3(Watanuki, 1983, 1986) . FHHEOHIBKER L > CEESHT
BYOIhEHRIZOMRETH2LEEIONS, COLS A A upEARhary
2T IV ERABEORESHON, RUBRRERT 2HEOBRHRT 52 LHE
B, ChoDiELT OIS LBELTW3EE55,

L LSS oRBMBOERNEY » F HIEBRITH F 085, kLT
XOBHELTOIRESDELBEIT OV, ko TA U7 ORIMEMCREINBIE
POBERO T v = —HOBLHEOL T 5 X & » TR 3 OREHTH B0 1AL
VIV RERE R TR R HE R AR LTV A ORKREE CRBIBEOSE 50
RERLCBY, KEETY I VORBHREShEVOI Siegel-Causey & Hunt(1981)
DIEHL T 2R EHECOMRLF oS ELBELTw3oh A LhisW,

KRB TRRINEY 12008, v vOoBRAEE, 2B edflATRET
HEBREAEHBINEVL, A ATl EsDBIAKER, 2 VYV BOHH
FAEESS VR 322D ST, ChoDavo—CREEASHEINT, KSBT
BPFEHR Sh T 3, Furness(1979) @A A F 7V 7 4% * OWECHAHTREHE S
HROWHNEHE DV CERN SRR EIRCORVLE, L2 0= — cEYORE
HiESS ZEHPREI LT 3, HIBT OX S BERELOHMKER” L K0T
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BB5LLT0E, BLOF YAy —ORHE (b 5WVIEEGER) OMSEOHEHE
Tb, RttolKMoESHOFHEME cRHTIBRVWES. ” XHL” BES 0D
HEhs (#2111,1986; #HH, 1980; McGrew, 1983) o 7272 LE->hORYIC > Tk ek
DA B oh CRIAAfE ORI & » CHHS - K BABH TS (FEH, 1981)
o COXSISEERIIRBIITIIS 3 HBIEH TRV, FAEER BV, ” XYL &
FEShBERM oD ELBTREESRVES S, COWETH” XL” Ol
@B h L,

3—4-2 HNER ITREAMROTv=-HoXicowCRIEAEEOE,
SHPUTEZDEIDRIIDLALATsECan=—[Hk” UE” 30i” g
TI7=297” OEBBBLEELLOPELTH5ERRLEV. 7 4 ¥ X—5 Y (1975)
B v e 2 EBOTRIERY 4 XHK S <5 5 EHNBRIEREED 5 LB~
b0 AA T 0 HEATCHHEEEY A XBKEE>S 2 VYES>KESBOIATH 3
(Appendix 1) o MEABDERIEML <7 BECHE S h 3BSHEERY 1 X0
ABLA3v=—TC RONB LT 3 EEHRY 1 APRRKOKEE CRNBRIE
HRohs ETHENZPHERIRE S CRIZV, Gotmark(1982) 33— v » OB E 2
BEBOTIn=— 3 KPR LHENHRBBE D 0T 0 &0 STV & BT
w3,

Y %A (L. ridibundus) . =¥ ¥ nE A CHEREESEVERCRIENER
P BZ Y B OFEIHY |55 5 (Patterson, 1965; Davis & Dunn,1979) . A4 &7 o
AEARBOCHBFBERANERSR DS (EREESE VL) BCRBENER I
EAERGNT, FREREESEVCKEE CHBNBRPERCEZ s CBY oL
—HLiv, EREEIENHROEC 903 SidT 3125, ¥/ ulEATHE
QX =T VBNET 5 FORIDBEOI -5 5 & VBOFTEHE . B OL<L
BENBEREIL 2 30TH 5(Pierotti,1982) . A4 &7 vy E2 CHIEOEAPNES I3
BCHE) BREShKBE T, THTEOEANDE LY B Y D BN
BHLHBDIEI 5 Teo ETBH. KFEBEINYVBOERNE Y » b IZHEEH c&Es
HOTHBL I HTHLCV 30KRER CRENRASHERCEC Y 2V BTl
BLAERZ s TN,

7 i E A TUEGEH OB R IMEL B E KD 0 AMEL BSBNHR S 0P
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3 (Parsons,1971) o« 7Vv—¥F——F ) 78RR Lo =—F L IHBKIL
SAEHHE O TERHED R < 3 O RIEPRERT 5 LB RLEWTH - 1o
(Gochfeld,1980) @b kEGEOETEH O L W EHHBRESE L B30T ioEhE S
B 5LDEERITHRT 520TH 5L I RFERER S hiz(Kilson,1975) . KFEBT
RAEE. 20 ) B LD SENHOE 5o bk  SHIOREEAB. & -T2 oK
HBREECEABRSHRCEC 3L THL, —RERE-HI 3. LbLudd, X
B CREGENOPD L LB KDL Y RIMMEL 2 BOFH BRI VPIT VDT
5 QB SMEL O BRRE ST VEASE SR, 1ML -7 01 0H
M (B3—-1, 6HOH»S14HF®) d. BRERID - 2T <XTOB2 4N
108, 2%9 2 ¥BIMELTBY CORJIBTLEBTCRELII,

7 ke A TRIRRBHECOERBECLDPEHEE Y - F4 3ElBLEvan
S—THENEERLZECHESVMunt,1972) . LA LAF S uler CREERES
2V YBRE~S EGERN - FI AL EER LS, oy 7 -BhizvipieX
SEOEPENHRESVPTLORTRISL,

Urok3e, MEHY 1 X, BREE, BB EY 5 b, WlodH, Picksr7
— Ol CREBTHHSHREDVPT WL VIS BEERLHNAT s L BHECH 3
o SO OETIHE, ” FHHBHFETH 5”7 L IHBHILHEEICL - T, Bk~ &
IRKGERBDOAA T 2 BEEOR MBI IEVIRRT 7=y 72" X" 1y
Kd->T05DELRLTB (HfETEKROE T OB B EHEER >V Tlx
%) . HPKFEE CEUEAERO” UL BR300 E>VTHAREERE R
Bl KEBTRY IZIOBE0IF A vl el s > CBEIFEOEWE
PREECH D (o v =—CcpldLizv) ThEFALTEY. ZORAT”
2y 7% PEEIBILAIOA AL u e OB RVHOEIBEALEOE LT 23BN
B§EKE B 5,

H=nxy Xa (ERHR) RSZEEERE CHBEEEIh, b =~) XA EERE
W ERE Ll EFRoZEAMES L Cw 3 LORADBEL P OB S
Wynne-Edwards, 1962; Fox, 1975; #ili. 1980) » L LU EicilixizkH i, A4
W% A CRENHROHE MR Y 1 X EEERSE LEEL B > FEEKEN R
HCBHELCTHLERELOREY,
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A A7 v 2 ORI REE 4] Tk 550 FH. KERTRSH
PO6H LA 2 BCR5HP P S6 HPHTCH Y, KEBTRRPLIVIBETE
T ohe TOXS RIEEOEFETIORBABRIER S ) 53 BERE L CHERE
e IR OMBESEL ShB. FTREEMHCOVCER S, ENEISH2E B4
55 HORBIKEE, KRB, 1) BofcAsiksnmd (M2—6) . Rl
OHYRBOFEC K > TAA S vy € 2 OEFEHIOEEFHMT 52 LB TERY,
RESEHOBEORES. 20 ) BOWS SERUBEL (B2-6) KEpbaEk
BATHMO 2507 v = — QEFEIIZE S bY TRITV,

REMEFCOWCEL 3. R » b OHMTIC & 5 & ESHOTERIIATH S (
7202 LB OBERAY) .  OROAMAREEOSMMAIL RS 3T, W
Bk E OIS E » CHREBEDORE > BEO 2007 v =—FlL b dE . K
BN TCREEEROMASRVEIHEBE - 200 3 LhEW,

BECHECRAI & S CHRERE, 30— ¥4 XHAE & ENH OREENS <
BOBHKIIE LT BB EBRBEIhTH 5(Gochfeld, 1980 Vv 2 —) , & O
T SRR BRSNS CERFREDE L, FhLIv =P f IBAEOKER L 2
WY BOHHRES K D bESH ORBESED - 2. Lis L5 &S ORFESE
20 ) B OB oL ERIHRAESEVRER X 0 JEL . SHORELOSE s kot
HFREOGEOau= - L AT U AMEEL WISk - 220

—HEIE SMEEIRIE S D0 v =~ CRES . R, SR BY 3D
WIER R KR & 2 v ) B ORI TEED » o & O & IHERIEY, faREEN:
BY SHOAFL D ST v = —[ICEIED - 12 & & 2BERE 5,

—%. BORIE, RELE, BR300 v — [ CHEERENE S hiz,
- RERTENHASFRIEC s Cw3FR >V BREZ L, a V) BEKER
RHER BE. 20 ) BCRBEEKE X 3BESHS R, ©hidkichnr L
3. KEBTHEER/IS EY v » 7 TEIE Y SRS h OB O BRIEEKC & 3 T
BZOTo0AELEDLNS, HE 20 ) BT HRBEKC X 3 TE2H ¢ L BOEGE
HABBOZhEFALL BVETCERLE. LALKSBE 20 BERBLEES. K
HETOBOERER, K1 0 HRUMTOEFES 2V ) BREATEVE & ORMi
Wft<ch 5,
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Table 3-15. Energetic density,(cal/wet w.g) of edible portion of
food of Slaty-backed Gulls.

Species cal/g Source

Sardinops 2,500 This study

Ammodytes 1,600 Harris & Hislop, 1978

Sebastes 1,200 Hunt,1972; Harris & Hislop, 1978
Pleurogrummus 1,200 STFCJ, 1986

Hexagrammos 1,200 STFCJ, 1986

Mollusks 800 Spector, 1956; STFCJ, 1986
Starfish 630 Hunt, 1972

Shrimp 780 Hunt, 1972.

Seabird chicks 1,800 This study

Garbage(fatty) 3,000 Hunt, 1972

Note: Mollusks include shellfish flesh ,squid and octpus; SIFCJ,
Standard Tables of Food composition in Japan.
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Mmummuhfnﬂ%xksmtﬁoﬁtﬁﬁ&Ltﬁﬁﬁwmxaﬁ%ﬁﬁéiﬁ
CHBELTC B, HRERPHE COBFESE VI v = —ClHBE N — K4 ZEE50E
<Kbﬁﬁﬂéh¢?<t5&ﬁﬁthaoik&&ﬁﬂﬁ%ﬁﬁﬁ%ﬁbkﬁﬁ%ﬂ%
Lﬁﬁ&béﬁﬁ&gﬁ¢éhﬁ\anﬁﬁﬁﬁg®¢émﬁﬁﬁﬁbtz&éﬁ?®f
ﬁt<\ﬁ%ééi?ﬁﬁkﬁotﬁﬁﬁEDOEﬂﬁﬁ60§§bofﬁﬁﬁﬁkﬂ3
NPTVBTH 5L LTS (Hunt, 1972; Hunt & McLoon, 1975; Hunt & Hunt,
mm)oiﬁtfuhfxfé@ﬁbﬁtbk§®&§ﬁ§u%iﬁLkﬁO&EﬁE&
D&ébotﬁ\f%%i01»9%@&5ﬁ&§ﬁ§ﬁk§#okkébbbéf§®
TRV ) BOESBEL DORBEK & 3 BEOHEN D o e Vo R 3H
B B0 THOHER Y o SBMEERER & 20 ) BTERED 2 e &oTs
Hunt 5 ORFIC X > CRFEBE 2NV ) BOBOEGROE LTINS 3 2 & HHETH 3,

ﬁQ&EﬁﬁﬁfﬁéiDlwvéfkibotﬂméﬁoibLﬁmo%ﬁﬁguﬁ
Fw = —RTRRED . BESRES L LHOBRKIITE T v = —Chis DRE . T
50ﬁkﬁiéhkﬁkomt&07F&Ltﬂﬁﬁéh5$ﬂ(%@E\ﬂxE%t&
» Watanuki, 198422 ZRRAL:ESHSOBNEERSZD L V¥ —25E3—15
Eﬁio%3—4&%3—15#6$ﬂ%ﬁﬁ®$ﬁ@i§%t0®I$w$—§&$b

&, REETIE 1.TTkeal/g, 2 VY BT 1.91kcal/g EFFa My BohrBEn. &
CEH, BHIVRBPLERLLHOY ¥ I VB —HORBRESREEL W EEL T—H
DRIV CEZONB I N - B HTT 3 L RSB T’ 112.4kcal, 2 WYET
i3 64.9kcal EFIERORIBRELE S, £EL, BLHER - HBAEE 2T
BLL-> TR ONB0TY Y I VOBRBBHEL D SIS B 51D. 24 ) BOK
RPNHEShT0 3, BPT L, 2u-—HolBBuTHobickf- o & it
»3n:—ﬁ®ﬁﬁ£§kﬁﬁwﬂmﬂﬁﬁ®%ﬁﬁkﬁﬁOﬂMEﬁEQ%ﬁﬁéﬂﬁ
kﬁﬁfﬁivﬁo”ﬂﬂﬂ”Kﬁﬁéﬁﬁbfh5BLMZé\EW%ﬁOi?iv?
ﬁﬁéh%fﬁ%o:n:—fﬁﬂﬁ@ﬁ%ki5§®ﬁﬁkiofﬁ®$ﬁgﬁﬁ<K
2 TVBZED2ETH B, ' |
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=~

4—-1 BUL»k

AEFRORY. RETHOI v —NEROWER I/ u T2 RETBIBbh
THY. W%, ERE. WEESEES 3, . | |

HREL Ty e 2 TARIEx XL OKERMB RS (Pierotti,1981), 4 X iLEL
THTRAT SR 2 X & i@ (Monaghan, 1980; Sibly & McCleery, 1988a), [ElfE D
LRI ORI ~NTAHRTHS (Henley, 1979,cited in Sibly & McCleery, 1983b), »
ABAZXELY BAH 12k {5 Niebuhr, 1983) B & EHESHhTV 2,

FHELOVTRE I vy €2 CHREIKELY b5 ¥ 7 oEVANOER TE TR
&9 3{EEHH 5 (Monaghan, 1980) R KE L b SHRABPHMEEZ LT W (lavis,
1975), RS BER TH CRKE X Y 3RAMENDE(Greig et al., 1983), K ITE
BCHTRERE X Y SRR ClofE 2R s 3 2 & 58V (Burger,1981a), 75 4
WA THE CORREBOCHKE KL X  SEIESEY (Burger & Gochfeld,
1983) \ WREHBRCEBAERET B (F 4y N—5 v, 1975) 2EHBL ATV S, L
b LIH OREIE » Th b OFERE RTEOBRI EEBIEShTLisL,

BFEE LTl AADEATRY 5 ML > TXT — Bl REOERSS 52 &
BRI HNTY B (Harris, 1965) B 7 ulE2 THRY 5 LR L > CREOEEH
BRI 30ERES W iETH 52 &(Parsons, 1971), 7 U x b ¥ —iE5{fi - 1 @GBS
K& - CTRARSPDBHEFEICRIL> T3 2 E(McCleery & Sibly,1988) BEShTw
5, :
Ok, £ 5 H, BRECRh3BEOERS ) 53 BEHLT
f®ﬁﬁﬁ“<0b$3nfm6oi?ﬁﬁ®ﬁ§ﬁ¢®?410ﬁﬂ2ﬂkﬁﬁbfm
B3LIBEANDD. THEOBIEABTHRAROHBA X LD bATETH Y
(Ingolfsson, 1969; Harris & Jones, 1969; Coulson et al., 1983), EDI DA XDIE
IPARALY BRECHZUIC X 3 (Harris § Jones, 1989; Pierotti, 1981), A X ®
RODARELY SERBTEN T HRAHEBAX VO CER CECRAT 3 HEH 58
b\(Mona_ghan, 13805 Sibly & McCleery, 1983a) &IEEShTWw3, —HZ 0k S xR
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DHZEL X X QEIRFIc BY 3 RBER LBBL T 3 & 331 55 3 (Nicbuhr, 1983).

ELIRIRTE 2 2 L RRBHER I E 52 5B, 2Dk S KEREROER 2B
PEEIR (Ingolfsson, 1969; Pierotti, 1981 & 3V cof$» ¢ 3584 (Harris
& Jones,1969; Niebuhr & McFarland,1983) OERE U CHILL & E B2 005, 27
LES S ORPUEBB O OP >0 TR ELDEDS 5.

RS LR EOZRERCER TR0 X 5 KRV EBET L Cimd s co
B R eI 0% & > T3 & h 5 b5(Monaghan, 1980; Burger & Gochfeld, 1983)
A CRAEDOERC & B L HBEL T 3 ERESh T 5(Greig et. al., 1983
Yo AA LS v i EXTHRAERAT SHRKEOHHERE, HEL VB THS (
£2-2).

PR 5 XEEL KO RIEOREE, 523V EKORIEORELOERE LT
. B8, RAEH. BFENRESTHINTO S5 McCleery § Sibly, 1986) F#
HZXhTuvizn,

—HIOX 3 3RUOERDEIETE. BHKIE & 5 EEL T3 0h koW T O
FREEFLZBERTOIZW, Trivers(1972) BHHK & 3 FicHs 288% (Parental
investments) ZFEROTFHRIEE T ENEHBRL b 2 FHOEEOF + v 25 HINS
¥ERTCORBEER Lz, LI, CORRRI - LB L 3T 2188254
T 5ORRERIELL CHHETH VBERW TRV, COPETH. WEFTORE
OEGATTE OBIFE(Montevecchi & Porter, 1980; Burger, 1981c,d; Pierotti, 1981;
Butler &Butler, 1383) &HEWEFERINEID - T S AfEMES S 5178, >3 v, ME
Y sHFREE GESEIT I N, oHSHBI0HLTF, T<10 . ZBOHSHI0HLLE, T
>10 ) . faSpEERLE, 1N, SoHRHI0HUT cofgusiit, B r (0HLIRET Iz
LISV | MG, Ff. SOHKH 10 HUgEcomg SHER Y 2FEh Tzl
Fllt, PAB (I0HBBICHAT 5 5hOBBMED 20 3) . BHIL 55T & LT
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CRIEOERIL, MBS I LHOMI L -, EfZEERERBES 2805
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Table 4-1. The body measurements of male and female Slaty-backed
Gulls. All units are given as mean *SD and sample sizes are in
parentheses. Data were collected at Teuri Island in 1985 and Daikoku
Island in 1986.

Male Female
Body weight(g) 1336+ 145(6) 1123+104(3)
Bill length{mm) 58.4+3.9(8) 52.2+1.8(5)
Bill depth(mm) 22.1£1.4(8)  18.1+0.8(5)
Head and bill length(mm)  135.5 +4.5(8) 123.3 +4.9(5)
Tarsus length(mm) 71.2+2.7(8)  65.5+2.4(5)
Wing length(cm) 44.9%+1.2(7)  43.2%+1.1(5)
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Fig. 4-1. Head and bill of male and female Slaty-backed Gulls.
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Table 4-2. Number of food loads delivered to chicks by male and female
gulls with percentage occurrence in total diet in parentheses.
Unidentified items are excluded. See appendix 3 also.

Food type Male Female
Fish 451(58.1) 442(79.8)
Marine invertebrates 15(3.3) 41(7.4)
Garbage 76(9.8) 62(11.2)
Chicks or entrails of seabirds  234(30.2) 10(1.8)
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Table 4-3. Number of food loads with each fish species delivered
to chicks by male and female gulls with percentage occurence in
parentheses. Unidentified fish was excluded.

Species Male Female
Sardinops melanosticta 92(33.5) 121¢51.1)
Ammodytes personatus 13(4.7) 17(7.2)
Cololabis saira 1(0.4) 1(0.4)
Pleurogrammus sp. 64(23.3) 35(14.8)
Sebastes sp. 73(26.6) 46(19.4)
Pleuronectidae 16(5.8) 8(3.4)
Hexagrammos sp. 7(2.5) -
Cottidae 9(3.3) 9(8.8)
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Fig. 4-2. Percentage occurrence of seabirds in food loads brought to chicks
by male and female Slaty-backed Gulls. Dotted lines show the mean value
_ for male gulls.
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Fig. 4-3. Seasonal changes in the type of food loads brought to chicks
by selected male Slaty-backed Gulls in 1985. One symbol indicates one
or more food loads of the same type. Symbols used: A, gull chicks;V;
Rhinoceros Auklet chicks; M, entrails of seabirds; 4, unknown bird; F,
unknown fish; P, pelagic fish;"B, bottom-living fish; O, garbage.
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Fig. 4-4. The relationships betveen the occurrence of seabirds in food
loads brought to chicks by parents and the occurrence of bird debris in
pellets and food remains. The arcsine transformation was applied to
‘percentage occurrence. Numerals indicate the pair numbers. The pairs
enclosed by dotted lines are called as fisher pairs and others as hunter
pairs. Pair 49 in 1984 shows extreme value and was excluded in the
regression analysis.
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Table 4-4. Number of food loads with each fish type delivered to chicks
by hunter males, fisher males, females of hunter pair, and females
of fisher pair. Pair 16 in 1985 was excluded. Percentage occurrence
is in parenthesis. Fish of unknown type was excluded.

Category Pelagic fish Bottom-living fish

Hunter males 14(24.1) 44(75.9)
Fisher males 75(48.4) 80(51.6)
Females of hunter pair 55(639.6) 24(40.4)
Females of fisher pair 64(62.1) 39(47.9)
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Table 4-5. Number of food loads of each seabird species delivered to
chicks by hunter males, fis@er males and fisher females. Food loads of
the pair 16 in 1985 was excluded.

Prey items Hunter males Fisher males and females

BtG chick 40 1
SbG chick 5 0
RA chick 34 19
Entrails of seabirds 76 2
Eyick unidentified 51 8

Note; BtG, Black-tailed Gull; ShG, Slaty-baked Gull; RA, Rhinoceros
Auklet.
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Table 4-8. Number of pellets and food remains of each seabird species
found on the territories of hunter pairs and fisher pairs.
See table 4-5 for explanation.

Prey items Inter pairs  Fisher pairs
BtG chick 426 21

Sht chick 23 4

RA chick 185 33

Bird unidentified 103 30
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Table 4-7. Number of pellets and food remains of each bird species
found on the territories of hunter pairs. See table 4-5 also.

Nest no.. BtG chick ShG chick RA chick Unidentified

1984 .
2 ' 33 1 2 8
6 1 - - 15
7 15 - 1 3
12 13 - 3 - 6
17 , 21 - 10 2
21 2 - 7 -
10 2 - 14 3
41 16 2 - -
8 16 2 - -
52 2 1 1 5
54 12 - 2 -

1985 '
13 3 - 6 3
17 30 1 - -
19 21 - - -
25 ' 1 - 19 2
26 16 - 3 -
28 8 - 18 -
32 21 2 1 -
63 23 2 12 -
41 ‘ 6 3 - 8
47 3 - 12 -
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Fig. 4-5. Map of polygonal territories in 1984(solid lines) and in 1985
(dotted lines). The nest positions are shown with the pair number,
gross ones are for the nests in 1984 and slight ones are for those
in 1985. Pairs ,in vhich territories in 1984 and 1985 vere highly
overlapped each other, are indicated by the stars. A hunter pair and a
fisher pair is indicated by h and f, respectivelly.
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Fig. 4-6. The relationship between the percenatge occurrence of bird
debris in pellets and food remains in 1984 and those in 1985 among

pairs with stars(see Fig. 4-5). The arcsine transmation was applied
to the percentage value.
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Fig. 4-7. Five days average in (a)territorial attendance,(b) feeding
frequency in male{gross lines) and female(dotted lines) gulls and
(c)percentage of time both members of parents were absent from the
territbry as a function of age of the chicks. Data of selected hunter and
fisher pairs and pair 16 in 1985 are shown.
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Fig. 4-8. The time investment in territorial attendance, incubation and
brooding, and feeding frequencies of male and female gulls in hunter
and fisher pairs. Numerals indicate the number of pairs observed. A
vertical line on a bar shows 1SD. Within each investment, symbols are

used to goup sub-sets of means that are statistically different(P<0.05
or P<0.01).
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K, T<10%oHSH 1 OHLUATCOMRY v 3R, ; B r el ; F 145
HAE; T>10Z20HAM 1 QHLIETOEEY ik 365 ; EG V—EBEEH 3
DROEIRR.

Table 4-8. Relationships hetween‘parental cares and food habit in male
and female gulls shown by Peason’s correlation coefficient. The
arcsine transformation{Sokal & Rohlf, 1981) was applied to

percentage value. Test of significance in correlation wvas done by
t-test, and indicated by *x(P<0.01) and x(P<0.05). Sample size of
parameters other than EGV was 33 and that of EGV was 27.

Male
%8B TIN IN T<10  Br Ff
TIN 0.25 '
IN -0.11  0.51xx
T<16 0.25 0.20 -0.01
Br -0.15 -0.07 0.17 0.42xx
Ff 0.30 0.03 0.12 0.12 0.03
T>10  0.53%x 0.37x 0.02 0.47%x 0.03 -0.13
Female
TIN IN T<10 Br Ff T>10
IN 0.74xx
T<i0 0.20 0.08
Br -0.06 0.15 0.34
Ff -0.08 -0.04 -0.01 0.32
T>10 0.0 0.01 0.38x 0.14 -0.16
EGY 0.10 0.11 -0.14 -0.50xx-0.42x 0.01

Note: ZB, %Occurrence of bird in food loads; TIN, %Time on territory during
incubation period; IN, #Time incubating, T<10, XTime on territory during
chick feeding period(chick age < 10days); T>10, %Time on territory during
chick feeding period(chick age > 10 days); Br, ¥Time brooding chicks(chick
age < 10 days), Ff, Feeding frequency(n/hr); EGY, Total egg volume(cc) of
3 egg clutches.
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Table 4-9. Standardized Beta values from stepwise partial regression
analysis of the relationship between T>10 and %B and other parental
cares. Significance of Beta value was tested by t-test and that of R?
was tested by ANOVA. See table 4-8 also. ’

Independent variable R?2
Dependent variable 7B TIN IN T<10 Br Ff

Male T>10 0.59%x - - 0.36%x - -0.36x 0.50%x
Female T>10 - - - 0.38%x - - 0.29%x
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Fig. 4-9. The mean absence duratioh(AD) yeilding each food type during
chick feeding period and that in incubation period in hunter pairs{dotted
bars) and in fisher pairsopen bars). Within each categoly, triangle(s)
indicates the significant difference between sexes and star(s) indicate
significant difference between hunter and fisher{(two symbols, P<0.01,
one symbol, P<0.05). Sample sizes on the top of bars.
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Table 4-10. The proportion of absence bouts yeilding foods for chicks by
hunter males, fisher males, hunter pair females and fisher pair females.

% N
Hunter male 50.7 367
Hunter pair female 44.1 263
Fisher male 6.7 501

Fisher pair female 47.8 462
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Fig. 4-10. The relationships between male and female parental cares in
territorial attendance during chick feeding period({a)chick age <10 days;
(b)chick age >10 days) and (c)in feeding frequencies. Open circles and

closed circles indicate hunter and fisher pairs, respectivelly.
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Table 4-11. The relationship in cares between pair members shown
hy Pearson’s correlation coefficient. Sample size was 33. See table
4-8 also. The arcsine transformation was applied to percentage values.

r
#B -0.043
TIN -0.380x
IN -0.944xx
T<10 -0.610%x
Br 0.573%
Ff 0.035

T>10 -0.703x%x
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Table 4-12. Difference in the frequency of repeat feedings between
food types. Hunter pairs in 1985 were selected in this table.

Times of repeat feeding

Sex Food type 1 2 3 4 5 8
Male Seabird chick 3 3 246 1 1
Entrails of seabirds 51 8 3
Fish 4 19 1
Female Fish 86 18 3
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Table 4-13. Clutch size, brood size, no. chicks survived day 10,
and no. of chicks fledged per pairs.

Hunter pair Fisher pair
No.of eggs or chicks 3 2 1 0 3 2 1 0
Clutch size | 31 6 1 - 31 6 - -
Brood size 2 17 1 - 16 19 2 -
Chicks 10 days age 14 18 8 - 8 28 1
Chicks fledged 8 12 15 38 2 13 12 10
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Table 4-14. Reproductive success{%) and chick growth{100-500g) shown as
mean+SD(sample size).

Hunter pair Fisher pair
Hatching success(per eggs) 89.6 ‘ 83.8
Day 10 survival(per chicks) - 88.4 84.1
Fledging success(per chicks) 66.3 50.0

Chick growth{g/5days) 169.6 +44.5(66) 151.2 *+33.9(59)
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) BUYBERNVT—RTOFB7 4 9 v+ — T LY &L (X2 =5.003, df=1, P<
0.05) WOREME (100-5008;2/5days) &N Y T —STOEIBT 49 ¥ +—_T LY
dRED -7 (10 gEBEKH] - T Kolmogorov-Smirnov @ 2 REHRE(m>40)%3 3 &,
D=0.254, P<0.05). O BRHIZOWTR, "r¥—7 T, BRHER4. BEYN
T2, BNKE2, HER26THY., 7 4» v+ —RT7 Tk, BHER1 0. BEY
RELCO. BAKES, HER3 1 THoke 7 4 v ¥+ —RT7OR I BETHNERIC L
BIELBED S Ie Y VI WY L NS RECEB D o T2 DFONVF—RTET 4
vy ¥ ¥ =7 TRENE. MLBREBBD S BNV 5 —RT7 OB S BB ORI
PELBORNBESEGD - 12,

ORMLEGETE IMEHOAGRN YT —TH7 4 v ¥+ —T AN H(OIMEH
- OB oFh Tk o7 (B4—-1 1. Kolmogorov-Smirnov @ 1 HEH&E. » v
7~ D=0.186, N.S; 7 « v ¥+ —7, D=0.190, N.S.)o FSlick 35 7 R (i
OB, —IEREN 3 OROBIREEEAL — | 5IRT . BATT — I BEBAEAT
BURRBSTBYY Y INVI A XPBRE-TC0E, FHERELZ I TEAIDFTERAZXD
FTORMEBRCNY Y =T ET 49y v =<7 OEEURETH~S &, BORBS
1 0 HEBi BY 34D oW BRI O(z=0.992, N.S.) 1 0 HUic BY 345
D I\ BRI ORNZ=0.642, N.S.) 10 HEHiBY 3 sl ofi(z=0.904, N.S.
) BB OR(Z=0.561, N.S.) BAYF—RTET 49 ¥4 —R7 CEZED 20
ﬁﬂ&%ﬁﬁ@%ﬁntmkﬁﬁ&ﬁny&—oﬁﬁ%*kimokﬁ%oﬁuﬁﬁfﬁ
5ot (221567, 0.1P) » HEEDERIEN ¥ 7 —OFBETAEb - L BEOERG
BECHIT »72(21.328, 0.1<P)s C/ SOBRIKREON Y I —27 155 v —DEBA
NOVATHE~NS EHEOMICEIED » 2 (F=1.915, N.S.) .

OHOREM NV I—RTE7 ¥+ — RV RHNZEBEFEZEDOr 7 REIL IS
omnyy—&Toﬁaﬁﬁ747v?—&7®ﬁxoémﬁﬁgﬁﬁma&u\ﬁ@%
BPN 7 7 —R7 O BEODBOEBN Y 7 —R7OFHBEFO ERERL TV 3,
COPFETINY T — &7 4 v ¥+ —ENThICOVCEN: ) ORHANEORER 2
EEES 5 LB TERD -l 2BRIE TR~ & S KHEVEASRE LT
SBRAERHUL LD 347 D ORMBIKEVEEL NS (H4—16 bEH
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Fig. 4-11. Hatching date of the first chicks in the broods of hunter pairs
(dotted bars, n=38), fisher pairs {open bars, n=37) and total population
(open circles, n=134). Data in 1984 and those in 1985 were combined.

H4—11 Ny¥—=7 (Lo, n=38) &7 4y ¥+—7 (A% n=
37) oENMEH O EARERETY (n=134) .
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Table 4-15. Parental cares(Sum of male cares and female cares), territory
size and total clutch volume of C/3 clutches of hunter and fisher pairs.
See table4 -8 also.

Hunter pair Fisher pair

T<10{¥%time) 118.9 +6.7(13) 115.9 £8.0(21)
T>10(%time) 106.5 *+13.4(15) 108.1 *13.7(21)
#Time both parent absent 6.2 £6.1(15) = 5.3 *8.7(21)
Br(%time) : 21.11+17.4(13) 23.3%+11.2(21)
Ff(no/hr) 0.210 £0.05(15) 0.207 *+0.08(22)
Territory size(m® ) , 10.51 +£2.53(22) 9.26+2.94(20)

~ Egg volume(cc) _ 273.5 £20.0(31) 272.7 *17.5(30)
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Table 4-16. Wet weight(g) of food loads of Slaty-backed Gulls.

Sardinops - 87.8%20.0(8)
Ammodytes 16.74+10.8(4)
Sebastes 52.8+5.9(5)

Black-tailed Gull chick 88.8+33.8(4)
Rhinoceros Auklet chick  127.2+42.9(9)

Seashell and Seastar 21.718.9(3)
Garbage 45.2(1)
Entrails of seabirds 50.0(assumed)
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) o NYFT—RTDAYNR=ET 49+ —RTOR Y N—HBREBHLEEHI L 7O
HEPEEBEC L > TRDEL -1 TERT . AHARESR, ZEBHETCEL 00
Bﬁk&$fﬁﬁtﬁﬁkﬁﬁkoC@ﬁﬁ&t§ﬁ947®1@®%ﬁ§(§4—16
)\ By 4 SOARBAOT VK —& (E3—15) b5 | HOPELIEREL I
¥-—E2HETBE. NI RTDEPB7 4 v ¥+ —RT XY IFETFTRKED 12 (F4
-17).,

@ OMIERER] B Begging LIG®H Th 5 2L E R & h 3 < ok 2 hut
ERENBEEM - T Begging time & U, HBHERINTH SHHBLR2IP heRS
RABHPBEE hERBAL OB % Handling tine ELTR4—18KFT,
BEETIX Begging time 3F U o 7205(F=0.094, N.S.) Handling time XEDOHHB5
FU LR - 72 (F=71.590, P<0.01) . BOB/RARHENTESEKOBHETCHY 12
—S DY 4 ABREOOTHIE » THROFT SVHO L5 255 Y Shi.

GRME. F7. $KY KiHTOBOKE, 77, YGEEI EEEERE LT
5 (@1-8 ). FTRUDLIIARDOUESE > L OB EH T, £4—19
R U & S oS i OIS OEHE BB E D - 1. B4 DR, 1
O HEMEFZN. RYSEREHECEEESS 0, RUSEKE 1 OB ONRKEEE
BRKTH - I BORFEE ORI 3IEOMBIN S - 7zo 2T TRELRALBREEOR
7 OO S BIKEHEEPRERTH - L BOKESEE S HNZEHR. &, 77, 3MLH. &
O HERERATHR E U CELORS 21T > /2o Hunt & Hunt(1976) B OKEEE 8
OEFFLRERWT 2EHE LU TR - T 3. ROREEEAE SBHTEE Y 7 O/
FCHBLELTEOY T BREORERECED - T BHAFTLIIES BRI BBV L
EEREL B, 0% VROLFELREAEOHBBIREESIC L 37 7 &7 BE” &
Rz & 5 KRR E A RERCH B EEL BT LT B | %
4-20RARDY T EARDY 7 OMEBHEFNOBEME, X4 -2 1 AR5 T E
ARDFTERGT, Thd EFGRY OB OMHERE RS . EHAMIELTO
EHEIMY TAREFNERT 5 77 4 Xt (EHOWM O ASERIERHRKOF it 2
PIE) k> TBLHote AREZROY 7 ORICOVTI T<10 &T>10 #100%
2T OTCHERERIAA LS 72 B4-200RUBH AL CORRRA5 L
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Table 4-17. %0ccurrence of each food type in food loads delivered to
chicks by hunter and fisher pairs. Energetic value of mean food
loads is estimated from table 3-15 and table 4-18.

- A

Food type Hhter pair Fisher pair
Pelagic fish 21.3 40.2
Bottom-living fish 26.8 34.3
Marine invertebrates 2.9 5.7
Garbage 4.2 16.4
Rhinoceros Auklet chick 8.5 3.0
Black-tailed Gull chick 11.3 0.2
Entrails of seabirds 18.0 0.3

Mean energetic value(kcal) 105.5 93.2
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Table 4-18. Food begging and handling time of chicks feeding seabirds
and those of chicks feeding fish shown as mean+SD(sample size).

Time(second)
Fish Begging - 113.2 +83.1(94)
Handling 26.3+36.7(72)
Bird Begging 121.6 +132.9(12)
Handling 155.8 +105.9¢(16)
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Table 4-19. Correlation matrix for clutch size(CS), brood size(BS),
no. chicks survived day 10(No10), no. chicks fledged(NoF1), and
chick growth(CG). No transformation was applied. Sample size was
27. See table 4-8 for fufther explanation. X, P<0.05; xx, P<0.01.

cS BS Noi0  NoFl ca
CS 1 ‘
BS 0.319 1 ,
Noi0 0.166 0.817%x 1
NoF1 0.108 0.502%x 0.551% 1
CG 0.007 0.319 0.285 0.721%x 1
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s RERE L 3EF A CRERRABR2EHOS S SRR LEMBRE (R) £o0T
it FAEHS 5.84 5OTHo:r-o BEKRE 1 X TRASNB. B (8) LoV TE%
Bo B4 0.44 T OEYRMRIKD t S 2.89 SO THo: B-oBERES B TRHAISH
2, oo OV Ho: B0 BEHIShizV, —HRT » 774 XBk
XBER? I3 0.52 /S Is3H Fifiid 22.02 ERX{ky, HEEREKIEPA
BZ2oOWTOIDTH 5,

EOEEEETFNERYAL DSV TCOEREHEIEAN R COMAY (2F
—1) CEERMIEB BVRETE 3R? 252 CM3RROEROUAEBERT
ETHB (FYE—s, 181) o XoTEL-200-D2OEFVIREHLE SBERET
w&ﬁ%iﬁmbébnmmoaarub%%ﬁoﬂﬁﬁﬁﬁfbbbbé”i%i%k
» BHRODY €S BEREE Y AEET VS SBREREER? 254, R? wB#L
RS 3 EERIVEAREh S OEEBHRINCHES T 2HELERCTH 5 LE
ZABERT B, .

FOBTBRELUCIT- AR 3 E 38, —BEmEBlE SRIWITVEFRHLD
BV EEHSBNERPHENEBRRBEINPTVWEEZIONTEY (Hunt, 1972; Graves
et al., 1984; Pugesek, 1983). P A BBV BRI Bb 3EELEH CH 5 &L THE
hizds, £4-20OERIFLPABBAEVREIBUBEHBREVETRLTBYT
HMEKd 3. PABRENRLUMTIRSEVEMERT LBEVHER2 O HUBRBIZESh
VBBEET BRI BSEVIEESSY (R4-T) BOEBHEBKE(RYDS
EHBFVERELTCELBS0T, BUBEERATI2ERE L CHITREVWEEZS
h3,.

B50R%BTH 5, £4—2008RIHATOEOHEIFV IR LEBEVILE
BRLTCV 3, RRLEL S EHTOBORENHVE—HOHRM X NV —EHBKE
(BBDT, TOERRTLESELB5ET 5DRMGHBE - T 5, Spaans(1971) ik 4
S V¥ DRy aiE T, RERORY: YRBEENEE 3 LT OBERPORE G
(BT EERL. ChEBOHEREIEL LR, €OBEREEELIALABCT
KABHTH BREENEEIRRT B LI B D TH B EHRTY . A4 €S m
HEATIRA—3— 1 T~ XS ESRS B oEER S oMMN & WERIME
ORHEL L THRE STV BEDTH > T BOEERYE (HEREVKEVRT HEOH
RELTEBERRAI DY TREY,
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Table 4-20. Standardized Beta values from multiple regression analysis
(a,full model; b,stepwise method) of the relationship between
reproductive success and food habit, hatching date, territory size, and
parental cares. The arcsine transformation was applied to percentage

values other than T<10 and T>10. The square root transformation was
~applied to no.fledglings per nest(Sokal & Rohlf, 1881). See table 4-9
also. Sample size was 22. %, P<0.05; xx, P<0.01.

Dependent variable
Independent variable No. fledgling Max. chick growth

~ Method a b a b
%Bird in food 0.44x - . 0.56%kx 0.52xx
Hatching date -0.24 - -0.30 -0.23
Territory size -0.06 - - 0.34 0.40xx
No. cont. territories -0.16 - -0.01 -
#Time brooding -0.22 - 0.05 -

T<10 -0.07 - -0.29 -0.29%
T>10 -0.33 - -0.17 -
PAB | 0.30 . 0.72%x -0.22 -
Feeding frequency 0.27 - 0.06 -
Mean egg volume -0.04 - 0.25 -
R? 0.84xx 0.52%x 0.79%x  0.76xx
F-value 5.84 22.02 4.41 13.65

Note: Hatcing date was divided by 5 days period; No. con. territories,
no. of territories contiguous to that territory; T<10, sum of %time
on territory(chick age < 10 days) of male and female; T>10, the same

as T>10 but chick age > 10 days, PAB, %Time both parent absent from
the terrltory
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Table 4-21. Standardized Beta value from multiple regression analysis
(a,full model; b,stepwise method) of the relationship between
reproductive success and male and female parental cares and food habits.
See table 3-20 but the arcsine transformation was applied to T<10 and
T>10 also. sample size was 27. %, P<0.05; *xx, P<0.01.

Dependent variable

Independent variable No. fledgling Max. chick growth
~ Method - a b a b
Male
#Bird in food 0.69x 0.54xx  0.41 0.53xx
TIN 0.16 - 0.15 -
#Time incubating -1.80 - -2.13 -
T<10 -0.26 - -0.42 -0.33%
%Time brooding 0.25 - 0.23 -
Feeding frequency 0.22 - 0.03 -
T>10 -0.78% - 0.21 -
Female
#Bird in food 0.05 - 0.37 0.50%x
TIN -0.19 - -0.29 -
%Time incubating -1.32 - -1.72 -
T<10 -0.07 - -0.45 -0.65%x
#Time brooding -0.41 - -0.16 -
Feeding frequency 0.44 - 0.00 -
T>10 ‘ -0.56%x - -0.04 -
Mean egg volume 0.07 - 0.12 -
RZ 0.84x 0.29xx  0.75 0.68xx
F-value 3.96 10.29 2.23 11.57

Note: TIN, %Time on territory during incubation period.
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PIFROREREE IOV T SR E R 5o FA— 200k 5 LRAMETVTHRT
y I 4 XEE & BEF VT HR? OEBEERU TS 5o X7 » 77 4 KHLLBET
NORSH FEBKECHRVEFATH 5LELI00B, AECHADRITHETH 5
BRI %B, HMEH, HEEVOKE X, I0 &OVWTCOLDTH 5. %BHEEROD
RERE D - T 32 &R Eodntz, BLAMELEBOREEES RN &11E L
O R E A RBOWERCIHHEh TS (Spaans, 19715 Hunt & Hunt;1978; Pierotti,1982;
Coulson & Porter,1985). MEEVERPARX W L LBOREEEIKE WV & OREH
R - E D LW, IOHEY S EORREEINS T & OEMFEREY b
Th5 (Thi20TRETHU®RT 5) - :

FA-21TRARDT T EZA RO TEFOERE L CHHTL 2. RULEBEEL
Tl 2ERETF NIRRT v 79 4 XHER X 3EFVOFHHBRZ B/ hEwis F
BEiAsEw, A XO%BOERMERIEEL SOEFNTCIEETH - 2. T>10DEHRRH
BAEHEFNTHEETCH oo THEEOVWTIHPABEFRBROEFHEDBR BB E
HA-TERLEES CEED KWL AEMES/ME K BE LV SEIREIBERETCH 55
Zohb. BHAKELRZEARXTH 2 XATHEREY RV IHETKBFDPL T3 (K4
—7) . BOREFELEL CRAEREFNVORIPBAT v 774 XKLL BEF VK
OéRzoﬁﬁkimﬁFﬁﬁmé<ggﬂ%?»oRzmbmtﬁHo:mﬂ b 3l
CEBDPoTe AF v 7T A XHBEREBEFNTRA R EF ZO%BOERREABEET
Bote FhAREAZD <10 OEHIHRKBATHETH 1B, <10 BREWILE
LEBOEERESMNS L & OEE R YW ORISR RRETCH 5. HYVFHE
R, T<10 HAEWEEEH 1 0 HEALEI< oRSFES/NE {5 - THBIEESER
2203 BOTHBH, T<10( FFEEBL ) LEoHERN 1 OHUT COREMAED
B0 12 BRI ED » 72 (A X, r=-0.028, n=31, t=0.151, N.S.; * X, r=-0.340
, n=31, t=1.974, 0.05<P<0.1),
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@ #HoRHuRet: BEORBIL Sibly EMcCleeryldt 7 v 1€ 2 T, Kk
>h MBS TORAIKIE. COEEBPRERLCOTRATEVS T BT H I
NCEHBHHH X LTS bV RIZ>TE Y, kGBS oBT BRI
TWBESRL 72(Sibly & McCleery,1983b; McCleery & Sibly,1986) o # > OHAMT
REBRER S IX, 4442 € b7 BERYCHY ThEn OB ORI AT
BoX0URHAMNDD -2 KvBOAA T u T AT I XE 4N 1 SHEEE
HEE~AF—ETH 0, v+ v OBIIAY Hic(Watanuki, 1983) « K& AT O
& 3P SFAIP LY TR 5 LBDh B Y, ¥ ROWPER. RffsE
HRE AR ARV EBbh 3. & -T2 TREMEO BEESE & HofH
alfEfE o H EEOBRE®IER U ish - .

$H ORI Al etk 11 B K S < Z{Ld 5 (Hatanuki, 1983; $E. 1981) . LYK
IR OER & » CRTHOBRHOEDSFHTE 3 S ERTRITHORI M CES S
BLERBTULAEIBVERLE S, LLEBS, BTHANRBLIENVT—RTET 4
v ¥ ¢ —RT7C3LHEEREL, 43— 100TH~L &S ky — X V&Pl
REHSEE 29 F Y OBRHIIR BTV AERT DLHBEBVDHOI T I 1. &
foo BIS—ARFELEXIENAVY —AXRY —XVEBULTCT - LERTHZOTHO
Zifk & B OZ I X » CREOEAKESZRMST 5 LB TEREY, ChoOEADPH
v HoMk%i, SHoRHef oA LEFEL iz, KEkolRLTchsLEL
THEW,

OFERIE oM Tciiicl~lz kS8 4L 8 SETEDMHEL & ofiEFE—
HEBOPARCH 2o HEAR. PV 7 A ABOFCRAPESHIEFEROVT
. EEF—O~T A —ONE O KBRS 5T LHH 50TV 5(Coulson, 1966;
T4 ¥x—¥% v, 1975; Pierotti, 1981; 0’Donald, 1983) o CCTAA S OB EXT
BB 8 AL 8 BETHIEA —X— 5 » TULMERD TRE L <7 BERU I LT
$5L, BAOXT DB AELSHEONY » F HOBOHBEEEL L (F4—6) .
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ESHAT 30REEAETRCARE 5 2OTAXOHNOEOREIFERL TH 5
RS h 3D E & KRS L BEURSHIESRETS 3,

QDY 4 XEFHREM LA F 7ol eARY I X IRKRCAEBZOTHED
PLrERUCHAT 30X LRz, RUGRREA 4 €7 vl T 4 ORMOMIFH
FERESTRD 5 &, NN ORESER SO MR 5 L THTE 20
BLAIEY, ARiEA LD IR CHEORLHRLLOBELAEHA R 5120T
\ﬁﬁmohtﬁ:®%§ﬁétﬁiabébnﬁm;tﬁbxxvéﬁwﬁéﬁéﬁw‘
BPot, X B E R T%Iﬁﬁ@ﬁ%ﬁﬁ?‘%@&iixffﬁf&é5&3&‘(89(Henely,
1979,cited in Sibly & McCleery,1983a; Parsons, 1971)4 ZDE I H* 2 LY KEL
(Harris & Jones,1969) .

— A AN OREOBRIER S Y { X 0% LHEESY BIcY ¥ 7 VEHDIBE 515
ROT — 7 REHTH 3. 8HERHANMECEAMBEOA X >0 CEER &G
NETOBOWE (%R Lod L, Nolb, 64.4m,(8.0%, n=25); Nol3, 61.2mm,
(82.9%, n=35); No8, 55.0mm,(9.5%, n= 21); No9, 52.9mm,(0.0%, n=48)TH » 2. mK
D Nolt HEBERVWTHY, A XEHPOEOHELZEESY 3 & ORFH G 2T H»
U5,

HhoOKE S IEY~OBERT). BHETEIEYOY ( XEHET 5 ik, FRWHEBN
CENTREA T 58, A iFEs (BER) offR. ORI 4HET 5L T
HMaxhs, COMECHRBRAORRBLEBY 3N OGS LEOKE SOBRIAEL
Bipotelb, AZROFHBAZ LY BEPBRELERZ LB > TOLOTH RO BIRA
BELOPBLIEY, 7o EATEAANBAZLY bREL, BRTHTHERENT
% % (Monaghan, 1980; Sibly & McCleery,1983b) . X >RHTPTOEBOHFEN TV LIELD
HEEV &0 5 —EHEH I EOXB N OF & EHRTHEN OG5 S OBEIE R RE
LCw3dhsLhikv, UL, COfHidd  Fc—RERTDH - THREOHED
BEOHEEZHHS 32 bOTRIE,

@R a®mﬁfﬁﬁkﬁﬁki§kﬁﬁﬁ®$ﬁﬁ*%f50koLbb?ﬁt@
AR BEEHRE > TB Y, SETHE (MESh T IHBLTERE. YERORMED
#ZEBEFRCBR I V. RERTRERXE LI, BRI EERBNIE2KRELT S,
RAT7 =9 7 BAE LT 3L 0 -2 ELRELTRESES 5L 0 S RABEETE
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KW,

OWET 7 = v HEABOBHELY— FShTEY. HEBRErsnsEh
ey vy, BERELSULPT S (54 25—, 1975; Andersson, 1979; Kruuk,
1964, cited in Lack, 1968). KZBOY I 3 2 3BFEHBLIIELTWEA A S 0
HEARHLTEy ¥y, EEERLT 50, COBEIREKEHBECRED -1
(Watanuki, 1983).

AART uR A H0E 2 BROBLHAT sHHIC O & 5 5Blic &k 5807 BiTEy”
BT 2 AEN S 5155, FRIBETCRALEISTRELLY I 2 0B 2RI
BREBECDT, KELX BV EABORLHRT50UBERETHHLELS
NB. —HY FVOBRBEKY — FEhTBT, FIRT A RVBAF I uB el
X 2B RIEROY SBHETCE L HPOMTHV » LABES W GBEREHIR S
nfﬁbﬂmth%$\%ﬁﬁ@ﬁ%@ﬁvaﬁﬁﬁﬁbéﬁﬁﬁkbﬂtﬁ%%ﬁ
FUHEARE > TR ARBLE SEBCHRTCE 3 EWTH 5 EELOND. N
S ARBBOENY T —RTHT 49V v —A R, AXBBVRT 49 ¥ ¢ —<T &k
T E A BORB X CREL 7 % # BOBIHIRS 5 LEL bh 5 BONELEHT
BT EBED ke |

ChOOEEBICHRIE T, EAVOHMNRERBIVSERHEF 7=y 7b 50
WRIIEBENSE - T3 RS hB P LAY, €7 a¥E A (Parsons, 1971) %
South Polar Skua(Younb, 1963b) T d[EEOB 2RI 50T {BohiflikThH -1
o ¥1:FA—-T%AHBE, AA LT B EAOERHRLEORTOSILEERTIEY IX
TOBLRLHALTBY Y F VOB LELHRL T2 1985 SED Nob3 7T -
Jzo ThRBEISECH~L, KRB TEUVEBRHEABROh30RY I 270 OHRT
729 7 AL TWEEDTH S LEORHAEZIRT 5.

Niebuhr(1983) it 7 vt * TENUO 2 2B ANy T AOBEREHEOOTH VY
TAREBLEBUATA2R{BREOTREVHIERELTVS, KEBOAA S o)
EATHARFARCHNCHEEFHEDY. LCRHZRGHL TN, ThiBE
B C 175 < e BY 2 BIE T H Y Nicbuhr OFRBEROBV ORI OFEHT
BESIV,

B LT, BEREHPFENSEEE ShEV L ohoBElY HEOEE (inE
*Bog. Ef) olEK BB Y. BRT7 7 = v 7 LEEL L EBRE g0
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BHETRS B0 Zhitd  FTEEHBBIATH > T Ny I —Oticd Y b v ol
RRAASI ST HBYER QBRI LY 3O RRETH 5. k7T, LLEOHKSD
TIGEL Tz & 5 5 fRiF OWERES & MBHRIC, BYOBIED A OB T ORERLE
(Tinbergen, 1960 g, 197683151 KEL-TEELTVRETEHRIVFOLZ AE
ETERY,

4-4-2 REEELNGRTH

ORMEEgOH - ¥ HEHOAKERIMBEL TV EY 7 RBOHBHS 1 0HLY
BCOMRIARCOEEIMETS Y, + 2 CRETNOEOHESTVIE & EEEEE D i
BY. BRYRERNIARERT S o o A RBBEHBRBNEA R E ST I I
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Fig. 5-1. Inter-specific, inter-colonial and intra-colonial variations in
food habits, shown by occurrence of each food type in food load for
chicks, in Black-tailed Gulls and Slaty-backed Gulls. Food types are:

Pf, pelagic fish; Bf, bottom-living fish; Mi, marine invertebrate;

G, garbage; I, insect; C, euphausiids and amphipods; B, seabirds. Sample
sizes are in parentheses. The star indicates the sample of regurgitations.
Data without star were obtained by direct observation.
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Fig. 5-2. Results of culuster analysis by nearest neighbor method in

(a)morphological data(shown by mahalanobis distance) and (b)diet data -

(shown by Pianka’s overlap index). Symbols used are: BtG, Black-tailed
Gulls; D, Slaty-backed Gulls on Daikoku I.; Ta,

total on Teuri I.;
Tm, males on Teuri I

.; If, females on Teuri I.; 8m, male 8 in 1985,

9m, male 9 in 1985; 13m, male 13 in 1985; 16m, male 18 in 1985; 10f,
female 10 in 1985.
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Table 5-1. Reproductive success and chick growth rate(g/5day,100-500g)
of hunter pairs and fisher pairs in 1984 and 1985. Sample size is in

parenthesis.

1984 1985
Hunter
%#Eggs hatched 90.4(52) 88.9(54)
#Chicks fledged 61.7(47) 70.8(48)
Chik gowth 159.5+39.6(33) 179.8+47.3(33)
Fisher '
%Eggs hatched 79.6(54) 88.5(52)
%Chicks fledged 46.5(43) 52.2(46)

Chick growth 145.9+33.6(31) 157.0+33.9(28)

146



Schulter, Price & Grant(1985) EZh %32y, X SEEDBOHERELERBL TN
WE7 4 vF G fuliginesa WREBHICALET 35T IRABOF I NI 7 4
YT ORLEBEBOTIEY « v FHRIACS 5255 L PALE.  ABECHE
ﬁ@ﬁ%kﬁﬁéﬁ%ﬁ&@?—7ﬁ§6nfhﬁho%4ﬁfﬁiﬁﬁfnﬂ%x0ﬁ
ﬁubﬂbﬁﬁﬁt@%btméa&\f1ﬁ11£05ﬂ<ﬁﬁkﬁﬁbfh51&\
BORREE, $UBRIBMCFEREIA X ORBCEELTEY Y £ 2 252 Al
ALEVWHEOBEHET 527 ORGIRKIES SV L 2R L. HobEoio oS3
ﬁﬁﬁfé0&T®%§ﬁﬁﬁﬁﬁ6%&&%Hﬁ&®%ikmotxﬁ$aU-VaV
<hB. |

v 32 2 QREASHHC X > CTRARESRD L C A oMEEARHT 32 L HT
%fﬁﬁéﬁﬁﬁkﬁﬁ?%ﬁééoi%ﬁfnﬂfﬁ@ﬁﬁ%ﬂ(ﬁﬁ%ﬁw(ﬁ(o
ARE—EBOAR) ORESELIZVOE B, 2L CEAEESBHMs 50,
POV IRAPCNERRCRDIEBROEA S L u e OBREMSEEY § 31

55L\E%K%ékﬁ&éOﬁt$ﬁE<K%bébnﬁhoC@X*#av—yay
RE ORBER > TV 3. BTEIRAA 7yt 2 OREOBNEROS { e
CHEL BV OTHEMORCE S & » CHEEHOEEHIc WL CRESEILSE 30
HESTCH3p LBV ETHS, ” B V<A CORMOTEHE Y EAE. + v
77 0 HOBIETH B L RRCEDN B ML, Furness, 1979). LLEOBERT
ERRORMEELV <V COREOTERTH 5, Hd 50 EEEL <V TBEL TV
DT REFEORYEORZEIE X » CRIEOBIINELB B » 2 ObEhe & ARERS
BE S 1 OB5p i RERMOBRERHRHCHEECH B, H—F—Xx—7

Thamnophis eleganus TR D 3 RERENTS 3 5 L\ (Arnold, 1979,1981). 35
L5ARUBFR L - TFRICKEZ Sh B S B 5 (Norton-Griffiths.1967) . 3L
LI SRUEORZEEARDBTRIEEZShTO IO A LhkW. 35 1 & SREHE
REOHBOFHEMEHS/NS VOTHE2 D S 2BF2IXB T L > G0 20T
K0S LAY, HOT Cody(1973) BE2BCBRF LS 3BT 3 175 AHOK
BIRBEFEZHFILCO 3L LS, EFHEORICHED ¢ 3BRIPESTOI0
& 5 RIS LT 5 (BSdard, 1976; Hoffman et al. ,1981; Schneider & Hunt,
1988) o IO 2 > OIS REEER% L. BINCRHER L SR 25 5 2

147



ETHODREBEESD, BREOHED & 3oV COMEIIEERILT 3 ObHSE
fﬁ%o'
5—-4 /YUEROHH

B1-23RHERPBEST 3BV SAERLEBOTH - T, ST L dREHS
ZOVRNVOBROBHTH 52 LR TRVWIEL, AREB OV VOB T
520PY ohicd 5T LRUT 0D SEETH 5, Hic k2 & 5 k. Furness(1979
) BAAYY Y7 2 MERRECRESRRT 7 = v 7 280 BIETH L 35S
LCH->TBY. COk5% ChEEHTEL L TO) RtORKLESSHERORASE
2 ER3E, —HTigilEoREOSHERATERAYAH 2L TV 3 EELTL
%o Furness MAFE V<NV TOMFELTB LY, dLAA I vl EL DX ko
REORKHISB S 251X OB BK Y Iz, Arnason(1978) O ED > OEIRE
BRES>THEZUTTOE 7 v b Y/ 7 %€ 7 ORI AERO 2B >0WT, %0
 HEEHTCHREBE I A TROVWTHIEE LT SHEPKEELEL L TCOA A -V 3EBT o0
e disy 4 7 OHBRERIIE S E . 2RO BRI BB Db - Tvw 3,
&EEZJ2H, Furness & Furness(1980) 3 OERE - FHBR Y4 TBZED FFRW
itk vialfEE 35 2L UCHELTB Y, ¥4 708k s U Ccidis { kot
U IS 3AEBD B, |

OMAEORBTCRAMRELAOVANVOEHETH 2Ok S k- T HIZH,
HERHRT 50BAA T A EA L VSEORIETH 5. ¥ KR HERORE
H5L0IXIk. L LEBRHEOHRTHIKREMEEO—FOA X EYH LD
Eﬁféb:nﬁ§Vwaﬁ§oﬁﬁ§ﬁ&Ltﬁﬁéhfhkogv&»fﬁéoﬁ
REHEET 5 B oh-BH (BREKCWEE. ftfHoticif o
D) BBV TiRE-E3SLVFNRE L. KROS54 A DHERHRS 52
EOABOEVIREHTHY, K BLEDY I aBHERHALIVHEETIES -
LHISEREOA XY DHELHRT 50 TR CTEEH » )0

COLIRHBEHIBLVSNTCONY 7 Y 2AOKESH OEL CHAERORKE TR
Aot TH 2. < ORI EEL <V EEREL <V BT 3 LBk, iR
B2BEHLTVBEL S bNE, BEEEL <A THFRTHAHAER S E 5
< & CHNHRHE A EEFHO/EL L CORORIRO ERIES L Tz, B

148



NI R O BEEAN s <, ERBZEEOREMERESLCvw3LilELoh
B ote & ADBEEVANTRIBEORORFIZ T O L U OB ORE#
B, EELEE2G5D TV, 2%, SLENFIREESHAEREE L (LT 5 (LT
&2) BoE. Thid oFHRHF-EEBEOERIMEEE L Ttz (koG 2E
LTTH 5%,

% A BORVZERIE, hiR@ER. H—F87 5 X, BFov<rciiish. &
ROUSNTCORBERED 3ERcoVWTH S ic S hook 355, L < iokkE
oL TCRAMICRL OhEZ L ED S 12, _

AMAECRILHEEDCEGEdT 244/ nhEe A &Y I 2 a0BHloREREZ>VWT
ROLERWSHI L. 1) A4 &7 vy 2B CRiFliogEEbElorR
EHEL BVKEVIBAHS Y. BECEIGIEE & OEWHIIS L 0 b LB
OB X ARPEF BT 5L E 0D LBHLTOEY, 2) REERCHLD
ZEE L L CERKE s, AR oR it ” Sk BRaTH
o3, HRETIkE BEEERCRIZERT 7 = 7 OENEBETHELEPL 0N, 2
TOUVRNEBY 2AUER L2 —DO0BRHI k> THAT B2 LRTEEVL, Hr<n
Tl & E S S NEBERBAMTREED - T 3 b€ 3B LH— RN T 201
REcH 5. 3) BELHORMMAEEL. &3 EBEbHEOEHMYHaT 32 &
OFRRETRS ZPRBEZITRIEV, 4) BEREIET 5 V< Vg il 5%
BO(EE, Blick s 7. BRI SBE S EBEOLPEELTC0EEELES
. EEREE. FENER EEEANECER TS O BEREE ORISR D -
T0BET BRI BV TORERED BT LIk » CHETRENS 3 LB 5
nBZETH 5.

LEoiERE. B2 b CRBEBRIEBY 5. & AW BY 38 TH 5
EEXBELORBBIE, b3 UVCRES R FLIERMEESERDO. k5]
DOURNEHAET 5 L OBRIERTREL TV 3,

149



51ASCRR

PfERF 1967, KEBTET 37 F vOLERBELBA (2) Ki3BER>VWT &,18:
174-179.

--------- » THHREE, FKHES. BAEME, sk, R, NREE 1972,
ayyny I vN: ORRMAKEHEE DR S, (PP - LHEREE - B,21:
346-365.

Andersson, A. 1970. Food habits and predation of an inland-breeding population
of the Herring Gull, Larus argentatus, in Southern Sweden. Ornith. Scand., 1:
75-81.

Andersson, M. 1979. Predation and kleptoparasitism by skuas in a Shetland

seabird colony. Ibis, 118: 208-217.

---------- & F. Gotmark. 1980. Social organizatidn and foraging ecology in the
Arctic Skua, Stercorarius parasiticus: a test of the food defendability

hypothesis. Oikos, 35: B3-T1.

Arnold, 5. J. 1977. Polymorphism and geographic variation in the feeding
behavior of the Garter Snake, Thamnophis elegans. Science, 197: B76-678.

—————————— . 1381. The microevolution of feeding behavior. In: A. C. Kamil'& T.
D. Sargent (eds), Foraging Behavior: Ecological, Ethological and

Psychological Approaches: 409-453. Garland, New York

Arnason, E. 1978. Apostatic selection and kleptoparasitism in the Parasitic

Jaeger. Auk, 95: 377-381.

150



HIF 1979. £EPoWIT Twv—rn9 72 Fxih, B
—————————— . 1986. EYre xOFBL L WEIx kKR, #HE

Barnard, C. J. & R. M. Sibly. 1981. Producers and scroungers: a genéral model
and its application to captive flocks of House Sparrows. Anim. Behav.,29:

543-550.

Barrett, R. T. and 0. J. Runde. 1980. Growth and survival of nestling
Kittiwakes Rissa tridactyla in Norway. Ornis Scand., 11: 228-235.

Becker, P. H., P. Finck & A. Anlauf. 1985. Rainfall preceding egg-laying: a

factor of breeding success in Common Terns Sterna hirundo. Oecologia, 65:
431-436.

Bédard, J. 1976. Coexistence, coevolution and convergent evolution in seabird

communities: a comment. Ecology, 57: 177-184.

Begon, M., J. L. Harper & C. R. Townsend. 1986. Ecology: Individuals,

Populations and Communities. Blackwell, Lond.

Boag, P. T. & P. R. Grant. 1981. Intense natural selection in population of

Darwin’s Finches (Geospizinae) in the Galapagos. Science, 214: 82-85.

Bongiorno, S. F. 1970. Nest-site selection by adult Laughing Gulls, Larus
atricilla. Anim. Behav., 18: 434-444.

Brown, R. G. B. 1967. Breeding success and population growth in a colony of

Herring and Lesser Black-backed Gulls, Larus argentatus and L. fuscus. Ibis,

151



103: 502-515.

Brown, ¥. L., Jr., & E. 0. Wilson. 1958. Character displacement. Syst. Zool.
5: 49-64.

Burger, J. 1979. Competition and predation: Herring Gulls versus Laughing
Gulls. Condor, 81: 269-277.

--—-——----; 1380. Territory size differences in relation to reproductive stage

and type of intruder in Herring Gulls, Larus argentatus. Auk, 97: 733-741.

---------- . 1981a. Feeding competition between Laughing Gulls and Herring
Gulls at a Sanitary Landfill. Condor, 83: 328-335.

---------- . 1981b Sexual differences in parental activities of breeding Black
Skimmers. Am. Nat., 117: 975-984.

---------- . 1981c. On becoming independent in Herring Gulls: parent-young
conflict. Am. Nat., 117: 444-458.

---------- . & C. G. Beer. 1975. Territoriality in the Laughing Gull, Larus
atricilla. Behaviour, 55: 20-32.

---------- . & J. Shisler. 1978. Nest site selection and competitive interaction

of Herring and Laughing Gulls in New Jersey. Auk, 95: 252-268.

---------- . & F. Lesser. 1978. Selection of colony sites and nest sites by

Conimon Terns Sterna hirundo in Ocean County, New Jersey. Ibis, 120: 433-449.

---------- . & M. Gochfeld. 1983. Feeding behavior in Laughing Gulls:

152



compensatory site selection by young. Condor, 85: 467-473.

Butler, R. D. & S. Janes-Butler. 1982. Territoriality and behavioral correlates

of reproductive success of Great Black-backed Gulls. Auk, 93: 58-66.

. & -. 1983. Sexual differences in the behavior of adult
Great Black—hacked Gulls, Larus mafinus, during the pre- and post-hatch

periods. Auk, 100: 63-75.

Clutton-Brock, T. H. 1977. Some aspects of intraspecific variation in feeding
and ranging behaviour in primates. In: T. H. Clutton-Brock(ed), Primate
Ecology: Feeding and Ranging Behaviour in Lemurs, Monkeys and Apes: 183-222.‘

Academic Press, London.

—————————— . & P. H. Harvey. 1979. Comparison and adaptation. Proc. R. Soc.
Lond., B205:. 547-565.

- . & . 1984. Comparative approaches to investigating
adaptation. In: J. R. Krebs & N. B. Davies{eds), Behavioural Ecology(2nd ed.):
An Evolutionary Approach: 7-23. Blackwell, Oxford.

---------- , F. E. Guinness & S. D. Albon. 1982. Red Deer, Behavior and Ecology

of Two Sexes. The University of Chicago Press, Chicago.
Cody, M. L. 1966. A general theory of clutch size. Evolution, 20: 174-184.

---------- . 1973. Coexistence, coevolution and convergent evolution in seabird

communities. Ecology, 54: 31-44.

Cords, M. 1986. Interspecific and intraspecific variation in diet of two forest

53



Guenons, Cercopithecus ascanius and C. mitis. J. Anim. Ecol. 55: 811-827.

Coulson, J. C. 1966. The influence of the pair-bond and age on the breeding
biology of the Kittiwake Gull Rissa'trydactyla. J. Anim. Ecol. 35: 289-279.

---------- .» C. S. Thomas, J; E. L. Butterfield, N. Duncun, P. Monaghan and C.
Shedden. 1983. The use of head and bill length to sex live gulls Laridae.
Ibis, 125: 549-557.

---------- . & C. S. Thomas. 1985. Changes in the biology of the Kittywake

Rissa trydactyla: a 31-year study of a breeding colony. J. Anim. Ecol. 54:
9-26. '

---------- . & J. M. Porter. 1985. Reproductive success of the Kittiwake Rissa
tridactyla: the roles of clutch size, chick growth rates and parental -

quality. Ibis, 127: 450-468.

Crook, J. H. 1985. The adaptive significance of avian social organisations.
Symp. Zool. Soc. Lond., 14: 181-218.

Davis, J. ¥. F. 1975a. Specialzation in feeding location by Herring Gulls. J.
Anim. Ecol., 44: 795-804.

m—————— . 1975. Age, egg-size and breeding success in the Herring Gull, Larus-
argentatus. Ibis, 117: 460-473.

~==------_ & E. K. Dunn. 1978. Intraspecific predation and cdlonial breeding

“in Lesser Black-backed Gulls, Larus fuscus. Ibis, 118: 65-77.

Dawkins, R. 1982. The Extended Phenotype: The Gene as the Unit of Selection.

154



Freeman, Oxford.

Drent, R. 1975. Incubation. In: D. S. Farner and J. R. King(eds), Avian
Biology V. 333-420. Academic Press, New York.

Duffy, D. C. & J. B. Laurenson. 1983. Pellets of Cape Cormorants as indicators
of diet. Condor, 85: 305-307. '

Ekman, J. B. & C. E. H. Askenmo. 1984. Social rank and habitat use in Willow
Tit groups. Anim. Behav., 32: 508-514.

Ens, B. J. & J. D. Goss-Custard. 1934. Interference among Oystercatchers,
Haematopus ostralegus, feeding on mussels, Mytilus edulis, on the Exe
estuary. J. Anim. Ecol., 53: 217-231.

Fetterolf, P. M. 1983. Infanticide and non-fatal attacks on chicks by
Ring-billed Gulls. Anim. Behav., 31: 1018-1028.

Fox, L. R. 1975. Cannibalism in natural populations. Ann. ev. Ecol. Syst. B:

87-106.

Fox, L. R. & P. A. Morrow. 1981. Specialzation: species property or local

phenomenon ? Science, 211: 887-893.

HORRE. AR, BEX 1976. =), T2V EHEOBM 1. v, »EH
E, 8: 68-88.

Furness, R. ¥. 1977. Effects of Great Skuas on Arktic Skuas in Shetland.
British Birds, 70: 96-107.

155



p—

---------- . 1978. Kleptoparasitism by Great Skuas, Cataracta skua, and Arktic

- Skuas, Stercorarius parasiticus, at a Shetland seabird colony. Anim. Behav.
26: 1167-1177. |

—————————— . 1978. Food of Great Skuas, Catharacta skua, at North Atlantic
breeding localities. Ibis, 121: 86-92.

---------- . & J. R. G. Hislop. 1981. Diets and feeding ecology of Great Skuas
Catharacta skua, during the breeding season in Shetland. J. Zool. Lond., 195:
1-23.

Furness, B. L. & R. W. Furness. 1980. Apostatic selection and kleptoparasitisim

in the Parasitic Jaegar: a comment. Auk, 97: 832-836.

Gabrielsen, G. W. & F. Mehlum. in press. Kittiwake activity monitored by

telemetry. Condor.

Gillett, K. H., J. L. Hayward, Jr. & J. F. Stout. 1975. Effects of human
activity on egg and chick mortality in Glaucous-winged Gull colony. Condor,
77. 492-495.

Gochfeld, M. 1980. Mechanisms and adaptive value of reproductive synchrony in
coloniél seabirds. In: J. Burger, B. L. Olla & H. E. Winn(eds), Behavior of

Marine Animals, Vol. 4. Marine Birds: 207-270. Plenum, New York.

Gotmark, F. 1982. Coloniality in five Larus gulls: a comparative study. Ornis
Scand. 13: 211-224.

Gotmark, F. 1984. Food and foraging in five European Larus gulls in the

breeding season: a comparative review. Ornis. Fennica, 61: 9-8.

156



Goss-Custard, J. D., S. E. A. Le V. Dit Durell & B. J. Ens. 1982. Indivisual
differences in aggressiveness and food stealing among wintering

Oystercatchers, Haematopus ostralegus L. Anim. Behav. 30: 917-928.

---------- . &S. E. A. Le V. Ditt Durell. 1983. Individual and age differences

in the feeding ecology of Oystercatchers, Haematopus ostralegus, wintering on

the Exe estuary, Devon. Ibis, 125: 155-171.

Grant, P. R. 1981. The feeding of Darwin’s Finches on Tribulus cistoides(L.)

seeds. Aim. Behav. 29: 785-793.

Graves, J., A. Whiten & P. Henzi. f984. ¥hy dose the Herring Gull lay three
eggs ? Anim. Behav., 32: 798-805.

Greig, S. A., J. C. Coulson & P. Monaghan. 1983. Age-related differences in
foraging success in the Herring Gull, Larus argentatus. Anim. Behav., 31:
1237-1243.

---------- , , & . 1986. A comparison of ofraging at refuse

tips by three species of gull(laridae). J. Zool. Lond. 210: 453-472.

Harris, M. P. 1964. Aspects of the breeding biology of the gulls, Larus

argentatus, L. fuscus and L. marinus. Ibis, 106: 432-456.
---------- . 1965. The food of some Larus gulls. Ibis, 107: 43-53.

---------- . &¥. J. Plumb. 1985. Experiments on the ability of Herring Gulls

Larus argentatus and Lesser Black-backed Gulls L. fuscus to raise larger than

normal hroods. Ibis, 107: 256-257.

157



---------- . & H. Jones. 1969. Sexual differences in measurements of Herring

‘and Lesser Black-backed Gulls. British Birds, 62: 129-133.

Hand, J. L. 1980. Human disturbance in Western Gull Larus occidentalis livens

colonies and possible amplication by intraspecific predation. Biol. Conserv.,

187 59-63.

Heinrich, B. 1976. The foraging specializations of individual Bumblebees.

Ecol. Monogr., 46: 105-128.

---------- . 1979. "Majoring" and "minoring" by foraging Bumblebees, Bombus

vagans: an experimental analysis. Ecology, 607 245-255.

Herrera, C. M. 1978. Individual dietary differences associated with

morphological variation in Robins Erithacus rubecula. Ibis, 120: 542-545.

Hoffman, W., D. Heinemann and J. A. Wiens. 1981. The ecology of seabird feeding
flocks in Alaska. Auk, 98: 437-456.

BARIEE 1979. (T») OFL YIEHE Yk, I

Hunt, G. L., Jr. 1972. Influence of food distribution and human disturbance on

the reproductive success of Herring Gulls. Ecology, 53: 1051-1061.
---------- . 1980. Mate selection and mating systems in seabirds. In: J.
Burger, B. L. Olla and H. E. Winn(eds), Behavior of Marine Animals Vol4:

Marine Birds: 113-152. Plenum, New York.

---------- . & M. ¥. Hunt. 1973. Habitat partitioning by foraging gulls in



Maine and Northwestern Europe. Auk, 90: 827-839.
T . & S. C. McLoon. 1975. Activity patterns of gull chicks in relation
to feeding by parents: their potential significance for density-dependent

mortality. Auk, 92: 523-527.

---------- . & MW Hunt.>1976. Gull chick survival: the significance of

growth rates, timing of breeding and territory size. Ecology, 57: 62-75.

—————————— , Z. A. Eppley & D. C. Schneider. 1986. Reproductive performance of

seabirds: the importance of population and colony siZe. Auk, 103: 306-317.

Husar, S. L. 1976. Behavioral character displacement: evidence of food

partitioning in insectivorous bats. J. Mamal. 57: 331-338.

Ingolfsson, A. 1969. Sexual dimorphism of large gulls, Larus spp. Auk, 86:
732-731. ‘

TIEAE. 19758 MGt AR I5EE. H
DEERG. 19763 BPREREE (F) %43k, Rx

{7V7 B. C. 1965, BEORBEEE (E. HEEH hioBRE. KT
RZHRHASE 1986 PIETRREAE KTREBAFHKE.

Kawai, M. 1985. Newly-acquired pre-cultural behavior of the natural troop of

Japanese Monkeys on Koshima Islet. Primates, 6: 1-30.

FvE—i M G. 1981. X =M (B, KEF KA, F5

159



HEEEA. BALE,. SEE 19862 2 Y e 22 VYV HBRBY 2 EH#H oL, B
i B e fa =SB, 1° 33-46.

Krebs, J. R. & N. B. Davies. 1981. An Introduct‘ion to Behavioural Ecology.
Blackwell, Oxford.

giEsThia - EtfE  1981. REBR O oMo HEREE. ppl-3l.
EHEA 1963. X%Eﬁ%ﬁﬁ it BEE. LIBXEBIR,3: 363-383.

Sv7 D. 18T, ¥—94v7 ¥  GEA BOR Bk EHx

Lack, D. 1368. Ecological Adaptations for Breeding in Birds. Methuen, London.
<y A—¥— R H. 1882, hBEERE (& KGF BHER. 3

MK 1977, [EiE: Y v 2 OLBNESH LRI 2% hERZRERE
13X

MacRoberts, B. R. & M. H. MacRoberts. 1972. Social stimulation of reproduction
in Herring and Lesser Black-backed Gulls. Ibis, 114: 495-505.

McCleery, R. H. & R. M. Sibly. 1986. Feeding specialization and preference in
Hering Gulls. J. Anim. Ecol., 55: 245-259.

McGrew, W. C. 1383. Animal foods in the diets of wild Chimpanzees, Pan

troglodytes,: why cross-cultural variation ? J. Ethol. 1: 46-61.

Monaghan, P. 1980. Dominance and dispersal between feeding sites in the

160



Herring Gull, Larus argentatus. Anim. Behav., 28: 521-527.

Montevecchi, W. A. & J. M. Porter. 1980. Parental investments by seabirds at

breeding area with emphasis on Northern Gannets, Morus bassanus. In: J.

Burger, B. L. 0lla & H. E. Winn{eds), Behavior of Marine Animals Vol4: Marine

Birds: 323-366. Plenum, New York.

Montgomery, G. G. & M. E. Sunquist. 1978. Habitat selection and use by
Two-toed and Three-toed Sloths. In: G. G. Montgomery(ed), The Ecology of

Arboreal Folivores: 323-859. Smithsonian Institute Press, Washington, D. C.

Morris, R. D. & J. ¥. Chardine. 1985. The effects of ice cover over the colony

site on reproductive activities of Herring Glls. Can. J. Zool., 63: 807-811.

Mudge, G. P. & P. N. Ferns. 1982. The feeding ecology of five species of gulls
(Aves: Larini) in the inner Bristol Channel. J. Zool. Lond., 197: 497-510.

FHEE 1986. BieBYsv—xeav=—5 (FEH. EHOSEEE (P
RBRFHRE, HR

KHEE— 1985. EBOY : 33 AFHAERSLE. Xty ) — X$E8s

Niebuhr, V. 1981. An investigation of courtship feeding in Herring Gulls,

Larus argentatus. Ibis, 123: 218-223.

—————————— . 1983. Feeding strategies and incubation behaviour of wild Herring

Gulls: an experiment using operant feeding boxes. Anim. Behav. 31: 708-717.

—————— . & D. McFarland. 1983. Nest-relief behaviour in the Herring Gull.
Anim. Behav. 31: 701-707.

16l



HASSBadbfEXa. 1980-1985. JLiiEoOX% 1980-1985.

Nisbet, I. C. T. 1973. Courtship-feeding, egg size and breeding success in

Common Terns. Nature, 241: 141-142.
FEEFIE 1980, F vy —o3fE F2,500 146-158.
---------- . 1981, BT o1 v B hATE ek AR. ER
Norton-Griffiths, M. 1967. Some ecological aspects of the feeding behaviour

of the Oystercatcher, Haematopus ostrolegus, on the edible mussel, Mytilus
edulis. Ibis, 109: 412-424.

O’Donald, P. 1983. The Arctic Skua. Cambridge University Press, Cambridge.
FHZE, AEBEZE. NEHS 1960. FiHEAEHHRE (b)) JeEfE,

0’Neill, R. V., D. L. DeAngelis, J. B. Waide & T. F. H. Allen. 1986. A

Hierarchial Concept of Ecosystems. Prnceton University Press, Princeton.
Parsons, J. 1971. Cannibalism in Herring Gulls. British Birds, 64: 528-537.

T . 1972, Egg‘size, layig date and incubation period in the Herring -
. Gull. Ibis, 114: 56-541.

---------- . 197ba. Seasonal variation in the breeding success of the Herring

Gull: an experimental approach to pre-fledging success. J. Anim; Ecol. 44:
553-573.

162



---------- . 1975b. Asynchronous hatching and chick mortality in the Herring

Gull, Larus argentatus. Ibis, 117: 517-520.

---------- . 1976. Nesting density and breeding sucess in the Herring Gull,

Larus argentatus. Ibis, 118: 537-546.

Partridge, L. 1976. Individual differences in feeding efficiencies and feeding

preferences of captive Great Tits. Anim. Behav. 24: 230-240.
---------- . & P. Green. 1985. Intraspecific feeding specializations and
population dynamics. In: R. M. Sibly & R. H. Smith({eds), Behavioural Ecology:

Ecological Consequences of Adabtivé Behaviour: 207-226. Blackwell, Oxford.

Patterson, I. J. 1985. Timing and spacing of broods in the Black-backed
Gull, Larus ridibundus. Ibis, 107: 432-459.

Perrins, C. M. 1970. The timing of Bird’s breeding seasons. Ibis, 112: 242-255.

Peter, ¥. D. & T. C. Grubb, Jr. 1983. An experimental amalysis of sex-specific
foraging in the Downy Wood Pecker, Picoides pubescens. Ecology, 64:
1437-1443.

Pianka, E. R. 1973. The structure of lizard communities. Ann. Rev. Ecol. Syst.,
4: 53-74.

7 ¥% E. R. 1978. #{kEfsy OHERSR EHNSRE. FX

Pierotti, R. 1981. Male and female parental roles in the Western Gull under

different environmental conditions. Auk, 98: 532-54.

163



. 1982. Habitat selection and its effect on reproductive output in

the Herring Gull in Newfoundland. Ecology, 63: 854-864.

. & C. A. Bellrose. 1988. Proximate and ultimate causatuion of egg
size and the "third-chick disadvantage" in the Western Gull. Auk, 103:
401-407.

Pietz, P. J. 1986. Daily activity patterns of South Polar and Brown Skvas near
Palmer Station, Antarctica. Auk, 103: 728-738.

Post, D. G., G. Hausfater § S. A. McCuskey. 1980.Feeding behavior of Yellow

Baboons, Papio cynocephalus,: relationship to age, gender and dominance

rank. Folia. Plimatol., 34: 170-195.

Pugesek, B. H. 1983. The relationship between parent age and reproductive

effort in the California Gull, Larus californicus. Behav. Ecol. Sociobiol.,
137 161-171.

. & K. L. Diem. 1983. A multivariate study of the relationship of

parentale age to reproductive success in Califoornia Gulls. Ecology, B4:
829-839. '

Roughgarden, J. 1974. Nich width: biogeographic patterns among Anolis lizard
populations. Amer. Natur., 108: 429-442.

Safriel, U. N. 1885. ’Diet dimorphism’ within Oysteratcher, Haematopus
ostralegus, population -- adaptive significance and effects on recent

distribution dynamics. Ibis, 127: 187-305.

Schneider, D. & G. L. Hunt, Jr. 1984. A‘comparison of seabird diets and

164



foraging distribution around the Pribilof Islands, Alaska. In: D. \.
Nettleship, G. A. Sanger & P. F. Springer(eds), Marine Birds: Their Feeding
Ecology and Commercial Fisheries Relationships: 86-95. Can. Wildl. Serv.

Spec. Publ., Ottawa. |

Schulter, D., T. D. Price & P. R. Grant. 1985. Ecological character displacement
in Darwin’s Finches. Science, 227: 1058-1059.

Schoener, T. ¥. 1987. The ecological significance of sexual dimorphism in size

in the lizard Anolis conpersus. Science, 1550 474-477.

—————————— . 1974. Resource partitioping in ecological communities. Science,
185:27-39. |

Segers, B. H. 1874. Geographic variation in the responses of Guppies, Poecilia

reticulata, to aerial predators. Oecologia, 14: 93-98.

Selander, R. K. 1966. Sexual dimorphism and differenctial nich utilization in
birds. Condor, B68: 113-151.

Sibly, R. M. &R. H. McCleery. 1983a. Increase in weight of Herring Gulls while
feeding. J. Anim. Ecol., 52: 35-50.

. & . 1983b. The distribution between feeding sites of
Herring Gulls breeding at ¥alney Island, U. K. J. Anim. Ecol., 52: 51-68.

Siegel-Causey, D. & G. L. Hunt, Jr. 1981. Colonial defense behavior in Double-
crested Cormorants. Auk, 98: 522-531.

Sokal, R. R. & F. J. Rohlf. 1981. Biometry(2nd ed.). Freeman, San Francisco.

165



Spaans, A. L. 1971. On the feeding ecology of the Herring Gull, Larus

argentatus pont, in the northern part of the Netherland. Ardea, 53: 73-188.

Storer, R. ¥. 196B. Sexual dimorphism and food habits in three North American

accipiters. Auk, 83: 423-236.

il 1986, BEUEER - 3HEF vy v — 7 =<167: 87-91.

H S, BAME 1983. SESHIHRIE BREGEH. =8

Teleki, G. 1981. The omnivorous diets and ecletic feeding habits of Chimpanzees
in Gombe National Park, Tanzania. In: R. S. 0. Harding & G. Teleki(eds),
Omnivorous Primates, Gathering and Hunting in Human Evolution: 303-343.

Cambridge University Press, Cambridge.

Tinbergen, N. 1958. Comparative studies of the behaviour of gulls(laridae): a

progress report. Behaviour, 15: 1-70.

FALvN—F5 N. 19715. ruberotR (&8, gD HBEEH w0
Trapp, J. T. 1979. Variation in summer diet of Glaucous-winged Gulls in the

Kestern Aleutian Islands: an ecological interpretation. Wilson Bull. 81:
412-419.

Trillmich, F. 1978. Feeding territories and breeding success of Soth Polar

Skuas. Auk, 95 23-33.

Trivers, R. L. 1972. Parental investment and sexﬁal selection. In: B. Campbell

(ed), Sexual Selection and the Descent of Man: Aldine Press, Chicago.

166



Trivelpiece, ¥., R. G. Butler & N. J. Volkman. 1980. Feeding territories of
Brown Skuas, Catharacta ldnnbergi. Aok, 97: 663-676.

EHEA 1985. #Ee280 4 X—» XEEHE EPEE, 370 113-124.

Verbeek, N. M. 1977a. Comparative feeding ecology of Herring Gulls,Larus

argentatus and Lesser Black-baked Gulls, Larus fuscus. Ardea, 65: 25-42.

---------- 1977b. Interactions between Herring and Lesser Black-backed Gulls

feeding on refuse. Auk, 94: 726-735.

Vermeer, K. 1370. Breeding biology of California and Ring-billed Gulls. Can.
Wildl. Serv. Rep. Ser. No. 12.

---------- . 1380. The importance of timing and type of prey to reproductive

success of Rhinoceros Auklets, Cerorhinca monocerata. Ibis, 122: 343-350.

—————————— . 1382. Comparison of the diet of the Glaucous-winged Gull on the

east and west coast of Vancouver Island. Murrelet, 63: 80-85.
¥atanuki, Y. 1982. Size selective hunting by Slaty-backed Gulls Larus
schistisagus and influence on fledging success of Black-tailed Gulls L.

crassirostris. J. Ymashina Inst. Ornithol., 14: 25-34.

—————————— . 1983. Predation and anti-predation behaviour in seabirds on Teuri

Island, Hokkaido. J. Yamashina Inst. Ornithol., 15: 167-174.

---------- . 1984. Food intake and pellet of Black-tailed Gull Larus

crassirostris. J. Yamashina Inst. Ornithol., 16: 168-169.

167



WHEE 1983, BITHHAECHIT 3BATHELCOa Yy Yuy Iy,
Oceanodroma leucorhoa @ HJEEE)% v Ot JbiEAZEERELHRT

---------- 198 LREED BY 34 A€ 7 v 2 E 2 OSEN O/ HAlEERSE,
16: 212-218. ‘ |

—————————— . 1985. KEBRBY 32y vwuy I v 0SGEER IEEHE, 17
—————————— . 1986. #HERBY iR « HAFHERR LFEE. SHOSIAREE
(F) - 158-191. RFHRFEBERE. Hix

---------- , HEEE.  FRER 1986, FEBIBY SHBOWRRE 8, 34
146-150.

Kerner, E. E.‘1984. The mechanism of species interactions and community
organization in fish. In: D. R. Strong, Jr., D. Simberoff, L. G. Abele & A.
B. Thistle(eds), Ecological Communitiesi'Conceptualllssues and the

Evidence: 360-382. Princeton University Press, Princeton.
Rilson, E. 0. 1975. Sociobiology, the New Synthesis. Belknap, Harvard.

¥inkler, D. ¥W. 1985. Factors determing a clutch size reduction in California

Gulls, Larus californicus a multi-hypothesis approach. Evolution, 39: 667-877.

Ritt, H-N., J. Crespo, E. de Juana & J. Varela. 1881. Comparative feeding
ecology of Audouin’s Gull Larus audouinii and the Herring Gull L. argentatus
in the Mediterranean. Ibis, 123: 513-523.

¥ynne-Edwards, V. C. 1962. Animal Dispersion in Relation to Social Behaviour.

168



Oliver and Boyd,‘Edinhurgh.‘ .

Young, E. C. 1963a. Feeding habits of the South Polar Skua Catharacta
maccormicki. Ibis, 105: 301-318.

—————————— . 1963b. The breeding behaviour of the South Polar Skua, Catharacta
maccormicki. Ibis,105: 203-233.

---------- . 1977. Egg laying in relation to latitude in southern hemisphere
skua. Ibis, 119: 191-195.

169



&1 JElcBY 388082 v = — 08k,

Appendix 1. Status of seabirds breeding around Hokkaido. No. individual
on breeding ground or around breeding site was directly counted. No.
breeding pairs was directly counted for cormorants and gulls with small
colonies. For large colonies of gulls, no. breeding pairs were estimated
by concerting no. individuals on breeding ground into no. pairs by’
multiplying factor k=0.7-0.8. In some cases, total number was extrapolted
from a count of birds in a known proportion of the colony. For burrow
nesting seabirds, no. active nests were estimated from nest densities,
area of breeding habitats and occupancy rate. No. in parenthesis was rough
estimate. For detailed methods, see references. In references: WW, V.
Watanuki; JEA, Japan Environmental Agency; WBSJ, Wild Bird Society of Japan.

Species & colonies
Slaty-backed Gull
Teuri I.

Yururi I.

Moyururi 1.

Daikoku I

Shiretoko Pen.

Breeding No.indi-

Year no.pair vidual
1963 50 :
1979  (130) 228
1980 163 366
1981 230 371
1984 ~ 320 426
1985 114 517
1972 118+ 458
1972 4399
1981  (450) 589
1982  (800) 1,250
1983  (800) 1,280
1983 258+ 1,127
1984 403+ 1,360
1985 345+ 1,445
1959-60 400
1972 117+ 1,174
1972 1,431
1981 (1,200) 2,125
1982 1,970
1983 1,350+
1984 1,420+
1985 1,328+
1972 100+
1980 2,152+

1981 (3,300) 6,656
1982 3,600 7,000
1986 5,980 9,300
1965 1,061
1979 434

1980 410
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Kushiro

Erimo
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Hakodate
Choshima I.

Sanganjima 1.

Black-tailed Gull

Teuri 1.

Yururi I.

Moyururi I

1384
1385
1982
1985

1981
1382

1981

1981
1381

1981

1957
1965

1985

1982

1963
1973
1380
1981
1984
1385

1972
1981
1982
1983

T+

60-70

30

30
284
333
126
155

140
371
Several dozen
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20+

10+

1
50,000

(23,000) 29,000
(20,000) 25,000
(21,000) 26,000
(23,000) 80,100
29,466 36,714

0 12

Several 50
150-200 300
164 421

1384Jun. 150

1384Jul .0 144
1985 1+ 16
1953-60 20
1364-65 +

1972 + 530
1981 10+ 34
1982 ? 2
1983 ? ?
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1985  ? 75 Kondo et al.(1986)

Daikoku 1. 1972 ? ' 1-10 Abe et al.(1972)

1980 1+ 300 Hashimoto(1981)
1981 ? 100 I
1982 1+ 35 Y¥
1986 2 28 YW
Esashi ,Menashidomar i 1982 2,204 Esashicho(1985)
1983 2,001 Esashicho(1985)
1984 2,567 Esashicho(1985)
1985 2,928 Esachicho(1985)
Mathumaekojima I 1965 ' 5,000-8,000 Kuroda(1965)
1972 26,000 JEA(1973)
1984 + WBSJ(1985)

Japanese Cormorant :
Teuri I. 1983 100 Kuroda(1983)

1980  (250) 300 ¥

1984  (500) 328 YN

1986 766 431 Katanuki et al.(1986)
Yururi I. 1972 61 125 Haga(1973)

1872 61 Fujimaki et al.(1976)

1983 88 163 YW

1983 65 170 Kondo et al.(1986)

1984 49 168 Kondo et al.(1985)

1985 49 133 Kondo et al.{1985)
Moyururi I. 1959 65 - Fujimaki(1861)

1960 50 Fujimaki(1961)

1964-65 + Abe & Mathumoto{1968)

. 1972 198+ 325 Haga(1973)

1972 172 Fujimaki et al.(1976)

1981 260 637 b4 '

1985 237 Kondo et al.(1986)
Daikoku I. 1972 + 41-70 Abe et al.(1972)

1980 172 | Hashimoto(1981)

1981 (350) 610 'L

1982 305 530 YN

1386 214 ¥
Shiretoko Pen. 1965 256 Fujimaki(1985)

1979 690 Nakagawa({1981)

1980 305 Nakagawa(1981)

1981 489 Nakagawa(1985)

1982 3N Nakagawa(1985)
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Esan
Mashike

- Red-faced Cormorant
Yururi I.

Moyururi I.

Hanasaki

Pelagic Cormorant
Teuri I.

Moyururi I.
Hapasaki
Esan

Common Murre
Teuri I.

1384 463

1985 548
1957 +
1965 3+
1984 80+
1957
1960 72+
1972 155
1972 140
1981-82 0
1983-85 0
1959 , 25
- 1960 35
1965 50+
1972 9+
1972 35
1981 4
1983 4
19884 13
1985 2+
1964 +
1951 ?
1963 ?
1972 ?
1981 3+
1984 9
1985 13
1964-65 +
1981 0
1883-85 0
1964 +
1957 - +
1963 +
1972 +
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70-80
20

20-30

70
73
11

20

8,000
1,117

.Nakagawa(1985)

Nakagawa(1985)

Kuroda(1958)
Kuroda{1965)

Shimada({1984)

Nagata{1959)
Fujimaki(1961)
Haga(1973)
JEA(1973)
Mathumoto,per.com.
Kondou et al.{1986)

Fujimaki{1961)
Fujimaki(1961)

Abe & Mathumoto(1988)
Haga(1973)

JEA(1973)

Y

Hiura,per.com.

Kondo et al.(1986)
Kondo et al.(1988)

Abe & Mathumoto{1968)

Udagawa(1953)
Kuroda{1963)
JEA(1972)

Y¥

YN

Watanuki et al.(1986)

Abe & Mathumoto{1968)
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Kondo et al.(1988)
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Yururi I.

Moyururi I.

Mathumaekojima I.

Spectacled Guillemot
Teuri I.

Yururi I.

Moyururi I.

PDaikoku I.

Shiretoko Pen.

1972

1977
1380
1981 .+
1984

+

1985 217

1386

+

1972+
1981 0
1983-85 0

1358
1960
1964
1965

1972
1981
1982
1983-85

© SO o+ ok D e e

1965
1972

1963 +
1972+
1977 +
1981

(100)

1385 60+

1972+
1983  +
1984
1385

1353-60
1964-65 +
1972

1972
1982
1386

1965 +
1880  +

1724

500
953
687
300+
283
230

46

18
23
30
500
300
230
15
0

0

50-2,000
200

3,000
384
400
400
243

338
61
46
40
160
289

41-100
80

WBSJ(1977)

R -

¥

Y&

Watanuki et al.{1986)
Terasawa(1986)

JEAC1973)
v¥ v
Kondo et al.{1986)

Fujimaki(1961)
Fujimaki{1961)

Abe & Mathumoto(1988)
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Haga(1973)

JEA(1973)
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Nakamura, per.com.
Kondo et al{1986)

Kuroda(1985)
JEA(1973)

Kuroda(1963)
JEA(1973)

WBSJ(1978)
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Watanuki et al.{1986)

Haga(1973)

Kondo et al.{1986)
Kondo et al.(1986)
Kondo et al.{1988)

Fujimaki(1961)
Abe & Mathumoto(1968)
Haga(1972)

Abe et al.{1972)
YW
W

Kuroda{1985)
Nakagawa(1981)



Mathumaekojima I.

Ancient Murrelet
Teuri I.

Rhinoceros Auklet
Teuri I.

Yururi 1.

Moyururi I.

Baikoku I.

Mathumaekojima I.

Tufted Puffin
Yururi I.

Moyururi I.

1365 30+

1972 280
198¢ 7

1356
1963
1981
1982-85

500

o+ o+ o+

1963 63,000
1972 398,820
1977 300,000
1885 172,041

1972 . 6+

1983 600
1853-60 +
1964-65 +

1872 150
1981 500
19712 ? 11-40
1982 1,080+
1386 4,400
1865  +

1972 3,320
1384 3,000

1972 3+ 15

1972 10
1983 7
1984 4
1985 4
1959-60 + 250
1964-65 +

1972 2+ 36
1972 101
1983 24
1984 10
1985 16
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Daikoku I.

Kiritappu

Leach’s Storm Petrel
Daikoku I.

Paikokukojima I.

Habomai

Streaked Shearwater
Mathumaeohosima 1

1972 1-10
1381 5-6
1982 5-6
1986 1
1381 5

1972 1,070,000
1982 415,000

1982-86 +

138¢ +

Abe et al.(1972)
Yi
Y
Y

Y¥

Abe et al.(1972)
¥atanuki(1985)

YK

Tanahashi , per.com.

Note: JEA, Japan Environmental Agency; WBSJ, Wild Bird Society of Japan;

YW, Yutaka Watanuki,
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Appendix2 . No. of food loads of each food type delivered to chicks. Repeat
feedings from same load are excluded. F,fish; MI, marine invertebrates;
G,garbage; B,birds; U,unidentified.

Year 1984 1985

Nest no. Sex F MI G B U Nest no. Sex F MI G B U

1 M 7 - 1 - - 5 M 101 1 18 -

F 1M1 - - - = F 25 - 1 - -

2 M 19 - 3 12 1 8 M 15 - 3 2 1

F 8 - - - - F 12 - - - -

5 M 1 - - - - 9 M 81 9 - -

6 M - - - 17 - F 7 1 1 - -

F 6 - - - . - 10 M 19 - 2 11 -

10 M 8 - - - - F 17 3 - - -

F 6 - 1 - - 12 M 33 - 10 6 -

1T M 2 - - 1 - F 17 138 - -

F 5 - - =1 13 M 3 - - 29 3

12 M 4 - - 15 - F 20 - - 1 -

F 17 - - - - 15 M 4 - - 24 1

18 M 22 2 - 1 - F 51 1 - -

F 18 5 6 - - 16 M 21 - 2 2 -

22 M 8§ - - - = F 10 2 2 8 -

F 7 - 1 - - 20 M 66 - 4 1 -

24 M 4 - 1 - -~ F 19 1 1 - -

F 9 - 3 1 - 21 M 4 1 1 - -

25 M g 1 - 1 - F 19 2 9 - 1

F 6 2 - - 1 22 M 2 - - - -

28 M 10 - - 1 1 32 M 8 - 3 12 -

F 5 - - = - F 18 - - - -

33 M 1 - - = 1 33 M 8 - 18 5 -

F i - - - - F i9 - 8 - -~

3 M 0 4 - 2 - 3 M 15 - 1 20 -

F 9 - - - - F 7 - 2 - -

36 M 1m - 4 - 1 35 M 8 2 6 2 -

_ F 3 - 1 - = F 12 2 5 - -

42 M 17 - 2 1 - 39 M 9 - 1 - -
F 5 - - - = F 6 - 1 - =

49 M 12 1 - 2 - 40 M 2 1 1 - -

F g 1 - - - F 6 1 - - -

50 M Mm - - - - 41 M 4 - - 14 -

F 5 - 1 - - F 9 2 5 - -

52 M 5 3 - 16 - 42 M 9 - - - 1

F 4 4 - - 1 F 6 - 2 - 1

5 M 7 - 3 - 2 45 M 3 - - 6 1

F 121 - - - F 3 - 1 - -

62 M 3 - - - - 46 M 2 - - 1 -

F 3 - - - - F 5 1 - - -

49 M 7 - - - =

F 0 - 2 - 1

63 M - - - 12 -

F 1 - - - -
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Appendix 3.. No. of pellets and food remains of each food type found on the territories.
F,fish; MI,marine invertebrates; B,birds. Remains of minor food type (paper, plant,
insect etc.) are excluded.

Year 1984 1985
Nest no. F MI B ~ Nest no. F MI B
1 16 2 - 1 17 -
2 33 3 44 2 20 6 -
3 13 10 2 3 24 3 17
4 8 - 1 4 7 - 5
5 7 2 4 5 18 1 18
6 5 2 16 7 1 5 -
7 10 2 19 8 24 4 2
8 23 4 13 9 27 3 -
9 17 16 - 10 29 7 18
10 7 1 - 11 7 - 10
11 10 - 8 12 23 12 5
12 20 - 22 13 6 - 12
13 16 2 5 14 9 4 4
15 8 2 46 15 11 6 20
16 16 3 4 16 20 8 23
17 4 - 33 17 4 1 31
18 22 25 - 18 8 - 2
19 23 - 2 19 4 2 21
20 3 1 - 20 -30 2 6
21 5 - 9 21 16 - 3
22 8 - 2 23 10 1 8
24 14 2 1 25 8 - 22
25 12 17 1 26 13 2 19
26 20 3 5 27 31 - 2
27 10 7 11 28 12 1 26
28 9 3 -6 30 14 3 9
29 17 - 15 31 5 1 -
30 13 2 7 32 17 2 24
31 9 3 9 33 25 2 3
32 1 2 5 34 16 1 20
33 - - 4 35 12 5 -
34 17 8 2 36 15 2 5
35 15 6 16 63 9 - 37
36 19 7 3 37 18 1 8
37 4 2 2 39 18 2 -
40 2 - 19 40 9 6 -
41 13 - 18 41 8 1 17
42 27 3 4 42 8 2 3
43 12 2 - 43 14 3 5
45 10 2 2 44 2 - 1
46 22 6 1 45 5 - 6
48 12 3 23 46 4 3 4
49 8 2 20 47 6 1 15
50 11 1 3 48 1 - -
52 2 22 28 49 3 - 4
54 5 - 14 50 8 1 2
55 3 - 1 51 1 - -
56 13 1 - 54 7 3 -
57 9 - 2 55 1 2 6
58 4 1 - 57 5 - 4
62 6 - - 58 1 - 9
62 4 2 2
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