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Climate Variability and the Timing of Breeding and Reproduction in Seabirds

Yutaka WATANUKI

Abstract

Timing of breeding in terrestrial birds has been progressed with the global warming trend during recent
decades. This paper reviewed the inter-annual trends of the timing of breeding in seabirds and potential
mechanisms driving these changes. Their timing of breeding was progressed in 3 of 4 cases in the Arctic at the rates
of 0.3-1.5d/year, but it was delayed in 6 of 10 cases in the Antarctic at slower rates (<0.1 d/year). In cool-
temperate areas, timing of seabird’s breeding tended to delay in western Atlantic, progressed in Canadian Pacific,
but no significant trends were observed in California coast and Japan. Factors explaining these trends varied
among regions and included the sea-ice extent, SST, air temperature and strength of upwelling and primary
production. These shifts of the timing of breeding in seabirds sometimes caused their mismatch with the seasonal
prey availability, hence their decreased reproduction. This review indicates that the studies of local marine
ecosystem are essential to understand the effects of global warming on seabird phenology and population change.
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BEBLCGECTREEF>TWw5s X5 TH% (Gordo and
Sanz 2005, 2006, Both et al. 2009),
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%, BEOLE, Eil» oMb TCOHBUZIZE A EEL
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TR ESTWBEETAH0 125508, BNTETVWS L
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HIZESMES A S > 7 2B )7z (Moe et al. 2009), &%
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W, KFEREHITIRR—) > 72 a0, kD) A%
TS A 2 2 7ISEE BH (I 0.5-23 H) b o728, K
PEECIRIBN 2 ERS S o 72 (FFI2 03-05H), &5
2, FAUCHATY, HHEIFE 50BI0OR Tz OfEf
BanwEwuoeBEbbHolz 1),

IS 1 2 2T DFEALIFET A ERERRA

ZDEIE, BERERELRYD, HETITHEREE -
TEHEY 4 3 v 7RI OB THHEL R E ST
B end—HLIEAZ R T, EIZBWTY, AR
ZZ & o T, RVEVFUWHBEID, ZhicL->THED
SETEEBIDSFEF I N D (FIV 2009), FNIZINZ T, R
HIDOEHSEMF, D ERTORERED, FRPED DL A 2
> 7 DEZACITHET 571255, HOF| TR OZHi:
BHRD DRI = ALY L ICES DT, BHES A 2>
7 DO FEIINEZ LI —E U 7ERD 2 WL O HZ DJERR D O
EDRDIdY LILiL,

Table 1 1213, FHEFEOFIESY 4 3 > 7B L T 5
EINBEREERN B R U Tz At OMKIE 1970 K LARE
BWALBTTBY, ZhPEROEIESY 1 3 v 7 D%
RELFELGZ T0d, @R, BT, ko
B &> T, RETHaERE B RS 2, bR 7
FOa—YEDNYT N I H T ADEIEO B bIZHK
OWMAFHEANFE 0, FORIICEGEEL TRETE %
koot L LBAET 5 EEZ 5T w5 (Gaston et
al. 2009), ¥, D7 TV —F > R Ti, KDL D
R E WEIT EBIEN R E S EASH 5 7z (Barbraud and
Weimerskirch 2006), D % U, #KDFED H L BELR /NS £
ol le®IZ, WoL DVTRHEH, EXEHHI AT
ENTZ, FOHAIIZOWTITT4ICiZbho T,
BB TR T 2EEOFELRHEIF v FarstF7 3
Euphausia superba TH 5.7 > ¥ a7k *¥7 I OEFERIZ
HOKMBZ TS <, FREANTOKOREIC L b
WIRAEMICH D, mRERE R & ORI
RELEERZRIZL T3 (Loeb et al. 1997, Atkinson et
al. 2004), ITFEDOIPKOWA D 4 * 7 L EREOWD
DEGEY 4 IV T DBV D> T0wEDh b Ltk
Vo B CHBK ORISR & il Tz L Tw B 0, Z
D & 5 WHEHOFFHATTHEM & OBHEMICENH 5 052D
H LILZE V),

KU 75 SUE S A 0SYES O BHERHIC e 5 5 2 &
NI —a vy XTHILN TS, HEFETEED IV 2ED
T X OERED 1955 0 S 1987 FITEL o7 DlE, PR
WEL R AMHEFMICH o7 2 L EEE L TE Y (Aebischer
et al. 1990), [AIREIC, 1990 4ELIE:, X3y RS FDIY
IEHEREY IHTADEIES 4 2 > 7 I3ACKVE RS
(NAO) £ T v 7 ANRKEWVE (D% VIRAEEIGR &)
F.¥ 57z (Frederiksen et al. 2004), 72721, 2 BFEHE
T2 DIk NAO OFZ L & 1T ERIZEIR 2 AT hEk:

bh, TVaEHEATOWTREGEKORD % Efho
HRBEZ 6N TWD, £z, AT TV FDOTIHTA
TH NAO W bz, EEBIEZ 2 LEINY A 2> 7
B 2{HA23H -7z (Votier et al. 2009), KHEA > T v 7
ANHFEDEIEY 4 3 > T W5 2 BN FERIC K > TR
KHIEbHD, /Ny z—D=YY ) X R F artcica
TlE, 1985 FELART & 1995 FELAREIX, NAO A > 7 v 7 A8
REVEEEY A4 I VT IREST2H, 1985 50 5 1995
HIZIEF OEMAIZ e H > 72 (Durant et al. 2004), ED X S
LT NAO A > 7y 7 A YRS OFIERFAHEIE S 2 D
DOV THAEHAIZEER SN THERN, VY x—
TIENAO A ¥ 7 v 7 AR E W EMKIEDS & W EA S B
D, REMAFOEFRENIKRES 22 ZEPBERLTWS
EEZ 5N T3 (Durant et al. 2004),

M) 2 ARG R DY A S > 7B S 201
MW LHOENT WS, AV TANVZTDT AV AT I AR
AB XY Y (Abraham and Sydeman 2004, Thayer and
Sydeman 2007), X—1) > 7¥E7) Eu 7EED IV 2 ED
£ A (Byrd et al. 2008) Tl&, RO AKEIMEEIZE
G R LG 2ERBN B oM AV T ANV=THET
1, ZOZFFIEDFR & Z I X - CTHREIS 2 BHDE
FHEE L, EAKEMECFIC I —REEEE L, 07
O, HROFERHTH 2 HHALL 7 I DEPFEENSKE
{32 LT, BRI A S v IR0 e FOLEE
RIWKEL %57 DT 5 (Thayer and Sydeman 2007,
Schroeder et al. 2009), & ¥7 S DA VA —3 V7 3H DI
FEEIPH AL 2 5 (Hanamura et al. 1989) OC, Fh i
32732 3QFIHIARROEE R Z T AR H 5
(Tomita et al. 2008), YV 7 A V=7FETIIV S AA X
BloBLEOHIA X7 SHETHY, BAOMI B—RERE
WCHELTY, X7 SONMAREEEEDIZY LT, E
DNETOSKFERIRE R RO 5 T & TEINY A 2 v 7T 5
BV ESITHS, EEIC, LOZEHELGH S THEA
B35  RAMEAKREIMENFIE, 77 70 v BICEET %
7 I AR ARNL, BLEINL, BEAEREDH KX\ (Thayer and
Sydeman 2007),

FEHHE ORI E WL, B BIET 2EI b Ao
Twb, 7V 7yyaauaryE70Ov by, ThEUD
(Bertram et al. 2001, Gjerdrum et al. 2003), X2 v b Z > F
D I—u vt X7 Phalacrocorax  aristoptelis (Frederik-
sen et al. 2004), A NN N—)LD IV L EHE X (Moe et
al. 2009), /—hr2Y T RDIY2EHEA (Murphy et
al. 1991), NR¥FE F—A T V7)) OAFTIRUFY
(Cullen et al. 2009) TH % (Tablel), 7V 7 vy aau>
E7 T, KENEWEDA T VEDO T N— S v T HRL
& 205, ZOWEDNZA47 ¥ INVEIZBWTEL BIE
PRESTYIHNITA, T hEVA, v b UEINHICA
WEBRNRTWL S 2T ERIE LV, FUEICEHELK
BHA 7 EEEICRNSET AV A7 S AXADSMES 4
SYTRRE S Twa 0w, LT E 72 X 512, R,
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BH O S LB R IR O¥ KBS DBIES A 2
YT 250, EIER OO HNREMES A ¥
WCiKBEITHHH, TORXAH=ALIFHELLLEZbroT
W,

FRI C I3 E S E KB b T\ 5 L PRI E
HT&hwi-dig, FHEHE/ENSE L H D255,
ELICHIENC B R Z2 - 720, SOENEICERT 2, ¥
SZAAARRR I A+ F R Y RITZ RS RES LT
%, WOV VR « ¥Va—Y 7 BT 5> F a2
7 YZ KU (Pachyptila desolata) Tl¥, KIRPMEWVEI
%, HOEFINMHIKT 7 vy 7 Sh, EhEghvEnl: (Liddle
1994), BVEAELZSOTBRICERE T2 AV S A XX
&, A2NWN—)VETIE, BEOKELEOEIILR Bl
2IXC O BMEADD 555, ZSHIAIORE D LA ) B
EEBNRES 1O THLEEZHNTWVWS (Moe et al
2009), TS & 512, HREEHIE T b BFLEOTIRIME
ol VEETH-7:0 FTE, SUTE RGOS OETE
WENDL Z END D,

IRy F EHEHERTH

BREICBWTHERESROREL 2D EMAT
b5, WRICBWTHEHEREIRA L & 2 B4 L O
E— 7L DI ATy FRBI B ERMESATW
%o K17 FREGEEAIOIARE DN K Y B TEIET %
N T N7 EH T ATIE, EKOFIEE & A ATEeE:
v — 7 R 1988 & 5 2007 ORI 17 HERE F 57228,
EMNHIZSHL»REE->TEST, IATyFORER
FRRELZ5TW5 (Gaston et al. 2009), FElzik~7z &
S, AFIKFHRTV T vyaauarE7DNIA4T
YITNVEBICEFET A7 X ) A S AR XDF T BARIGRE
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Fig. 1 Nest burrows of Rhinoceros Auklets. Photo by
K. Hirata

Fig.2 Rhinoceros Auklet returned to the colony with
anchovy in their bills during the night. Photo by N.
Tomita
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