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=

1 FEAFSEOME L JEY BOEY LIRE, 5. HHNOBR

BT, B2 B EBREECE IR A RO TRIBBEOBEN 21T O (Kirby et al., 2008), Z D
BXEY &I, BIE, MK EICART 2 REOB X 220%73 EY O4AEE O
(Somveille, 2016), ¥V TR XX —ZHBETHEBTH LD, KNOTZ XL F—
IriE & e 5 R, R E&E, HRNERZ % L < £k &+ 5 (Gittleman and Thompson,
1988), fil & LT, A > 7 U H(Order, Podicipedidae)? /~ > & 71 A ¥ 7 U (Podiceps
nigricollis) ClX, P&V Z & 2 - REHITIE Y Z AT ORE & bl U<, RENE L Z30%)H 3
% (Jehl Jr, 1997), =T L7 A (Sylvia borin)DYE V) % ORIV RiORH & thls U CE#
) B B 73 22%38) 9~ % (Bauchinger and Biebach, 2001),

FEMPIE T, Y LIRE, FEE, HREEORRUESIRIMTHZF R BVE
ARLD LY 1% A (Chroicocephalus ridibundus) % %832, % O RRMEOMEIH 27 7,
AFFIZAARICTRKT 22U HE A OMAHEZ, Y 2B/ LT, KO B, L
W, B0 R HRE LT, R CIRE, R 2738 L7/ W (1 A &) & IBRGIR I &)
DFEZ T LRGSR, (R & A EIEA SR T, FO¥E D Rl A IR LX),
ZORERNL, BNTEAT 220 IEAIEOED IZBNT, FNO T FLF —IFH )

BT DD & =2 OBRNRIE S 17z,

2. JEV RO RIS L =) A DPEY REHOBHRE W

Uy

D THET D21 F—ZR/NRICT 572012, EY BIXED OFRAERE, RATEIE,

b

REICTRINFIEZ SR LS, HET LA =0/ NRIC D X HIZHEY 217 9 (Zhao et
al,2017), ZDTZFRNF—ZEH/NRICT HHEZ L o0 A 0 ERIE & U 9 (La Sorte ef
al., 2016), ¥V EEILAY A XLB BRI i T, =R X —OEFHBEIC b AERNE
Fh., ENEEZBET T, Bz x L X—2 8T 2BaIch b, =& x1F, Kt

BARA IR ED/NBISFED NI 1 b2 7 A (Setophaga ruticilla)X> 2 A 7N 2 X (Calidris



canutus)lx. JEV O X VX — % TN & L CERE 9 D (Piersma et al., 1996; Smith and
Moore, 2003), A H ' E(dAnas acuta)°/~> € 1 HE(Anas clypeata)D £ 9 7oK & B D 722
Wy B D VXD FT 20T O Rk A R R L C R BREE A B9 2 I S HH(Gaidet ef al.,
2008)b ., TARNF—DOFERGE IIEVIEAFL TBY . B RIZEE LBV DTS
(Fox and King, 2011; Guillemain et al., 2004), — 75 C., HiHE#EZ D ST, HEDIZEHRT
% =R X— & RN Tl e < i AR SR 12 5 F5 9 2 (Lundgren and Kiessling, 1985), =
W, =R VF—FERICENDE LY b, EEERE L L TP CE 2MAEEZ RS E
5 LT AN L =R F—DFERMOMWAE % £7°72 9 (Jehl Jr, 1997; Loria and Moore,
1990), FEZERIZ Jehl Jr (1997)i%. BH DAY a4 Y 7V O ITLE S (RESKICIE, s
HEMT DL DOTE HER E DR A XL AERBEN S D Z L 2WE LTV,

2 Y BEADEY EEIEIT, ZHE TCOENOIERFHEICL > THOEY BE 0 bEWEE
B . BHEIORB AL S BN HIEY 217 5 2 & DR E 41TV 5 (Omithology, 2002), =
DITENIRE L | D ZEEOMTUE Y %217 9 729D IZ(Petersen and Exo, 1999), Bk DY V) K¢
IEAREE L COBAMIAEE S E T, ROWEY BT E L & I ZBRiAT 5 £ T,
EN OB & 2 OJE0 %2 BB\ E T 2178 23RS S 41 5 (Ushine RIFEEK), T DR
b, FEIE TERR L7 & HBOIE Y BT B b OB ER, BAHI) D DFRIL B A
EERITFEZR D08, il L CEA A 2 BB« 217808 A 600, ZD7), ERIZE
A9 52 EADOEY M S LTI, HEREC T TBEIT 2 720K O Y B2
H, A, BVAE L <IN 2080370 < BOHTEROIE D B8 ia i~ 0B &) &

N

THOZET, INLREALTDHEEZEZLND,

3. IKE., M5, AR RIT TR

EVEIKIZLY, BITEI L ICR/NROTR L F—HETEY ZETIEL 50D,
DPERIZE S TRROZRVF—HEASA X FDIOTHDL Z EIZEFEDY 2
(Pinowski and Kendeigh, 2012), T R/LX—D{EEIC L > CTRE, EIEE, KA EEIXH

DU, ZORERAMRITITER 2 22 A BSOS~ O 28875 % 41 5 (Luna et al., 2020), T TH,



SRR O M TR EC I Tl S AN R TR L X —RZ OFERTH D, Bz
. B P TEHMEOTE AT EORFAN U o RERBUC I O B8 A K 1F 3(Schaible and
Kaufmann, 2007), S TIL, BHFORRT—4Z2HW T 7 7 7 VX UV AFEOHEE L KEY
M1 L7= Moller and Erritzee (1998)73, {KEDHIINE 7 7 7V %7 2O EEOHINCAE
FAHBENN S B = & W LT, Y 8 A (Hirundo rustica) T, & RE OB A3 A E OfE i
(ZEe: U RS 3 < o MR o I BLR & A IR < 72 2 (Meller et al., 2004),
X Z B 3 XX (Microtus agrestis) CIIREIREOIRIRITRMEKZ | SREHEOEIEIZY &
JRER - AEER - BEROMIEE FIV T, Z OBMRTEA S, RILERE L U > SERICTED
RS 24 2 & VR STV D (Beldomenico et al., 2008), 1EFLE TIE. BHRGIL A KK
FEDTA SAA R ENA » OREATFELHER ICHEEET D myokines % PEAET % (De Rossi
et al., 2000; Kuchipudi and Chang, 2015; Tournadre and Miossec, 2007), &% T 38 # il ©
myokine FEADHEIIRERNE DD, FREOHITFRNFET 25 E121X, HIREEOWRD

(2K > THRIC BARGIE OINHI G S Z SN D ATREMD B 5,

3. Y BGREHRRICKITTRE

BETIE, BOICEoTHELL ZFXAF =B IND &, WL ODOAFRBEREITIEY
EDORIT, =RV F—D F b— FA 754 U % (Schmidt-Wellenburg et al., 2008; Zera and
Harshman, 2001), Z D1 O GEMERETH 5, Van Dijk and Matson (2016)13\ < 27D B
DT RNVF —{HE L RERREE TET VT 21TV =R L X —IHE DR E W EIRINEE)E
EL ERREL O R L — RAZIC L o THRIEHBBICKE TH =R X =N ARZ L, FHAE~
DREZMEN LT 5 2 & 28 L1z, A X 4 H(Order, Passeriformes)?> Swainson’s Thrush
(Catharus ustulatus) TlE, FEOPED | KO Y | BHEM ORI T, B ilEkEK
T u 7 e U U NEROIFAEELH/L ) 2 G U725 R, ROV O X ERERE O #1123
22 Z & ZR LIe(KDIE D R & 7 528 b 2R LIC BRI O W T IZITE > T
72V )(Owen and Moore, 2006), bl L7=%nklid, =i, L — RAT7O®E L, ED K

B OGETEREDOIHNCET 2 @mETHY . EYIZXL DT RF =D L - ThREKEE



PEIHI S D &V D) —EHOER A WITE LTS 132 By,

4. E B & RYLYE D BfR
BETFHFZEDN S . « BHEITEVICE - TERARZFIA X —2HET D, c TRLF—DORE
XA FRESRE IS DR 2 T, LWV II2ENEREIN TS, ZNHDOMAEHbY

L IED EIEREEE D BRI, AT D X D REGRNN T H LD,

£V 73 Body condition 21 F 2%
— SRR OB E L D

— Y I OREITRIFERORERNPEmED

ZOMGR A A THERE L TS LIZAIX I N E TIAFE LRV, 22T, ZORGICE
T LMANE ZETHET D200, EOREHL NI TNDDONEFEICT 5720
BUE R TR O MEP TN TV D NBRIREBERIED A B A 7 /Lx % (Naguib ef al.,
2019) & AR OR FEICHE T, A A v 70 FICBET 2D L s iae o BURIEIC -
W, LEa—%1To7z,

LEa—Zl LT, Y LREREORBRMELZEIT S LT, BETE ARSI
TP OB L NI R 5T, AL TN o PWIRIEY 2ITOKBEVWI I N—T %
DI E Y - FECFEHI A RE S U(2), FFICATIL, BESLEEOMENEMT 5
(Envirionment, 2015), A%®A > 7L HFOFAEIX, € H(Order, Anseriformes) & 7 KU H
77 & A £t (Family, Laridae) T% < (Gambaryan et al., 2018), A4 —A 8T U 7 TILEGD X A F
R EHETLAENTEER ABMA U TINZ P OANADRI X —DHEBRETF R
H I AR 2 PRI — A T 0 AW FEHE ST 5 0R T d - 72(Curran et al., 2013),
AR TN FOA N ADERICEL T, HEAOHFTHIEAKL TS D W EH
(K =425, JKif CTERAER T 2 A B FACK AR 77 BN HLle U TRGLRZ ED & 9 #H

EM B D (Keawcharoen et al., 2008), FEEZIZ, EKTEFHDOT A U A4 (dix sponsa), T F



U 1 7R3N | (dythya americana), & L CKIEEREE S EFHD T A U J1 2 JJE (Anas crecca),
A HIAE, < HE(4nas platyrhynchos)\Z[R—HH D A BlA 7 )V 7 A )L R % e
S A, EFENEGE LN, BFTHT A Y A UIERIE - L& 2 L7z (Brown et al.,
2006), KEEREED EFHO~ T EITHREEREN AT 7V oA L 225 L THR
BAMER 2R Z LS SN TERY . ZOHBE LT A L ADRYE LZERICIE, 3R
DN HRGIEDPLD A )V A 531 RIG-1DFHE S D 2 & DA S 41TV 5 (Evseev and Magor,
2019), ZD LT, BEHICOWTUIFR UAERECE T2 TH, A RS 71
T DSR2 | T OMFENRE OB L ERINT NS,

—FHT, BEARTI—m o " RA—ZA T VT T ABAS TN =T
DE =7y ML LT, HESGRIALENR T 50TV % (Haynes et al., 2009; Hesterberg et al.,
2009; Stallknecht, 2003), 20194 1Z EU G4[E TIThMN Iz —A T AFHEITB T, #K
HE'FHDF > 7 T (Aythya fuligula)l: 71 EXH O H Tl KD BGEEZFR22% % 7R L 72 D%
L. BEABDA AT A (Larus marinus)iZ46% DPPERZ R L, BEHESE L AL
TN P OREGNTEAE LT N D & NBLE I TV D (Brouwer et al., 2019), LrL, &
Y2 BAfR T 2 RIEHRE OB TR0, W E AR OR TORZMEDZE L\ o T H FUITAFAE L7220
-7,

2D BRIZIZ DWW T, KIEREE X OE/K 7 B JHI. REHOERRIC > THZ L oD ik
BHFHESNTEY, EOITITREZ L S22 17220 L27FT o ki 4 1% ¢ = gk %
BEhd % 2 & (Warnock, 2010; Yamaguchi et al., 2008), & 523 Y (ZES# L 7= Body condition
DOEBOMATIX, v HEIFEY 2T BICERELBHEENMET LT AR 7L
Y ORBYRNE E D Z & B SN > TV D (Arsnoe ef al., 2011; Kleijn ef al., 2010), —
Ji. AEAROPEOEIKIT, KEE LV ARRSHEOVEEEEZBE TS EamESh TV
23(Baert et al., 2018; Shamoun - Baranes et al., 2017), = OV ¥R IZ L 5 = kL F—D 21k
X2 U B AT D28 £ U (Cantos et al. 1994; Ushine et al. 2017), EUZfEH A RS
VI N W ORGSO BT B M FLIIAFE LR 7e,

EVIZL 223N F—OBICE LT, REBEZ TR S BEIT DKV I



EARHIHBE L T RAX—D b L— RA T NFRAET B RN H D, —H T, D kI
ELT, HEBITERENEILIRETHEVATENIZA SIZX L (Fox and King, 2011;
Guillemain etal., 2004), /1€ A RO = U 5 A (Chroicocephalus ridibundus) Tl [E N THIA
T D EARREC DWW TIEE D BT ORI AR E & N & 23803 % (Ushine et al., 2017), ZiL%
BETDHE. BEARNIEAKD B E ik U THE Y BRIAR I ORERE L = x L ¥ —D
L= R TPRETRTWNWEE R BN DH(X3), TE AR EEKRDEHITFERED ARA 7
NE Y DGR AT 5 H ODBrown et al., 2006), HiH O BIKIT R /2> TR, =
DD, RIEHRES A B V7 L U EIRICED X H B L TV D00, fi#
I T, £, 2607 —71% AR U7 o U OPREIC BB e REREC
B2 LFMENTOBICEDDD LT BEARD A RA 2T VT T A L AP
THMBII A THICHEBE L TZ LWI EN L E 2= 55527 - 7= (Envirionment,

2015; Olsen et al., 2006; Ramis et al., 2014; Tonnessen et al., 2013)(F1),

5. BRBEIGUSE DR DSSa R RE I IE T R
NEAB WK D ABA TN PG L E 2 —T 5 BT, BT Esr K
ETREFIEMEORELZET L2LERN DD, BEIT I E TIT~x RBREERE D
5 ORI X LTV 5 (Burger and Gochfeld, 2004; Fisher ef al., 2006; Fry, 1995; Getz et al.,
1977; Scheuhammer, 1987, 1991; Wolfe et al., 1998), HC% ., EHABOIPL)IZESHETHRL —
R 72 BBV Y D 1D T, AR/ AW & 7R AR % ]2 1F L T & 7=(Cromie et al.,
2014; Masindi and Muedi, 2018), SRIEFEITHMBLOR, $0 #E, RATHEDO T VU > BEHTAE
Hani-t, RERICERFET 5 2 & CREGEYEIZ 7 5 (Scheuhammer and Norris, 1996;
Thomas, 1997, 2010),
RIEADNART DITFMEICET 2V A7 alia=r—a yORTiE, BIREE AR
EEOMGRE LT, LFWE Z B0 AR DRI 2 B 25 & TOERERZ P8
RIERZ 2 L T OBESEDO RN b 2B IE L T HE, Zhz LESEIREL

T EEE L TV AR E A BRBRE YV 2 7 L % o FF i, URL:

il



http://www.env.go.jp/chemi/communication/taiwa/text/3s.pdf, 20214-9 A 8 H &), B 1= & D{5Y:

TIXEMN ST ERZ 2 ST, 0N T T 256038 (Pain et al., 2019), HEREOHYE
TIIARRESR, 1BV 3 TIR SRR O MBI B DR DR T 21X U od & 9~ % Fkr LnY
IRAER B & L I REEY B D (Kendall et al., 1996; Williams et al., 2017), 2RO TIL,
{TEN A (Pain et al., 2019)Dth, WL T EEFIXE ST & RMERIEISE OJRE(Snoeijs et al.,
2004) & 7 LV X —RORIERSIZBRT DA M A D ER-E IgE OFEAETLEHeo et al,
1997; Miller et al., 1998; Tepper et al., 1990; Wood et al., 20003 EF 5, FDi=, BAEBY T
BB ORIGRPFEL TV D56, BB HETFELZHE CRTUE. TORELER
T 5 Z EIXREETH Y (Johnson et al., 2007), HAREE % 7o BB 72 FE D el Bein a0 70 82
BrblooT RS 5,

TV SOEYIIFEOWE D ERIGIZ K - T, WEOZT HNRR D, 1960 KEUE /2
g & SN OERIEYS T o 7oA 7 T A~ D Tar Creek Superfund Site TRS L JED D A X A
H B2 S RITHHE - ShIREOREMTON, Y BOLBRE XY S ARICEHIREIME
W E DR E LT (LePage, 2020), Z OWAEOHF T, Y BOWEY 1TENX, EERIGYRORE
B 2D SE 5858285 Migratory escape(Poulin ef al., 2012)D&E| % 7= LT\ %
ZENEBEINTWS, —JFTF FVU H(Order, Charadriiformes)i%, JEV #1795 DD, %
BiF 1o A TR B fFEN O REAEMEIC K o T SRTEYR N AR L 297\ (Pandiyan et al.,
2020), D7, Y ITBREG Y E OUREE & Rk 5358 & BRI S E 2 B 3A
DHAEDE D 7e, FIC & - TREBYEWE ORZEIH L TRIMOFESNEZ LD, D
W, Y L SIERRE O RIR A BRI I E & 5 0 TRETT D BRITIE. A R A e
DR DR EETIRICIRET 220, & 5 WITBRBHGYE KT 5 U 0 O EEIH
72D B A RICT D MENR D D,

ES N CIEBR G Y OB A~ DB 2 ) S5 ART, ghl oo 2 K4
% Hiud & 17 4E 9" % (Mateo and Kanstrup, 2019; Thomas and Guitart, 2010; Thomas and Guitart,
2013), [EIPNTIZ19984E7 5 19994E DRI HET L 7= 4 1 U L/ J&(Genus, Haliaeetus) o #E K

79% 30 EE T o 72 2 & & 52 1T (Saito, 2009), ALHEIE TIF20004E 7 SR T A 7 LB O


http://www.env.go.jp/chemi/communication/taiwa/text/3s.pdf

DS 41TV S (Ishii et al., 2017), LU, JLHRELIE CTIXBAETHEI0 8EL 5 O T
AL O HPBG S TRV, RINOEFA R 7 R X 2 (Rattus norvegicus) & 7~ X 2
(Rattus rattus)D RPN ERTRFE 2 FHAE L7285 T, EaROMEIEZ 10D T2 AAD

il TRV 2 & AR & 4TV D (Nakata et al., 2017),

6. FRAEXMGFEDOY HE AIZONT
ABFFE T, LA T O 2 RGET 5,
Y 73 Body condition Z &~ S 2 « $p775 Ye LS ie B RE I I D 528 2 M

— BV BT OREIRIFR DGR B2 D
BEET 25 BT, O ARE A BAS VT WEYLE OBMRSIHA ST ARICE
LWAEARSEHE LT, AL Y U A V2 A RICTEZT D
2 Y B AL AREKI38em /N AFITR T SV T & % (Harrison, 1985), I —
oy AN EHRE D B T RETCERE L. AINIET 7 U AR g — ey R, o
BT V7 7 A Y A HGMER TBA T % (Baker, 1993), Y AAT 5 i, STl SR
VAL (3 2 Hitksk o> G (Del Hoyo and Elliott, 1996), H.37 - 7= Hiksk & S5 1RIZSP(BL T, 1w)ic
BRI BEAC U 72 s O [ T1 74040 5 (Sugawa, 1984), [EIN ClEAbyiiE Tl B (Fujimaki, 2010),
AINLARE Tl 5 C(Takano et al., 2007), HUAS & BT H CTIX10A A2 B4R IZH T T
AR 238152 & 45 (Sugawa, 2005; Ushine et al., 2017), A& SIMIICIE, Hifg#icirbi b
FAETICHE % v (Hirata and Hasegawa, 2012)., &I IE T HISONIE T < 6 24 % (Hirata,
2007),
FHEORHIEIT, BIATENC S HIE & PKICHESSHIERDH V. 22U UEADIE
FEATENC LS < BT BSHATE O BB D> & #4247 LI e (Stefan et al., 2013), FIA&KIZFHES<
AT A9 L ST D, PIKRICE HEHEIL. BEP LD ETHND Z
ENTE D, BARANTIZ, B BAEIE8-10 F IZHPI~DHP] | BHEH) A I B B+
DIROUE Y KL FRRINITIw ~DHP] | B i) & BHEHI T B B3 2 RO JE Y KpH]
(CAF. FREENTHELIEER ~OHI], BEDORFYITE2RATI(CL T, 2w)~DHp], =



L CREMNT 2B B~ DM 24T 5, H2RIEFNIFB OPIL AT, BF) &IIT R
LB, LIk OFEE OB IR EE & 72 5 (Allaine and Lebreton, 1990; Baker, 1993; Coulson,
2016; Sellers, 2009), = U & A DBHEITENIIEARMNI T —R—FE T, £ ILBEOVHH
F &2 H 9 % (Cramp and Brooks, 1992), FuIXFICHMENITV, BREM OFGETITMERETIT UV,
BOHH CIIEECH I L TR R T 5 2 1 =— 23 B &4 5D (Moynihan, 1955), =212 =—0
frdEi, B IR & VW o 7o ) 0 AT RN R AT £ Hils & 3R
9~ % (Fouchier et al., 2005), HEMEIXFIEATH Y . AWF O OHBIIREETH V| HBIHFIEIC
I EAMEREHIIME 2 F O 72 B B S (Allaine and Lebreton, 1990)<°,  IfLiZ<°#E % F\ V7= DNA fi#4T
(Fridolfsson and Ellegren, 1999)23{T441C\ 5,

EWNICHREK T 22U B E AL, BHEFICRSIERRET —F OEMIC L > T, W<on
DD N— R BHLNITR> TS, TOHFTH, EICHAE TEAT LEEEIIe o7
DA LT > S HAREICBE L, PRI A # T L TRk 2, sy <
BA T DEARRET v o 7 ORI S PEZE T, AAMRN O EMNICHRERT 5 L#HE S

LTV % (Ornithology, 2002),

7. A VNEACTHET DER

2 Y AEAEIHFSOFRTHRICAMMtSZAERREICH AT 2N H 5720, ARt
ENOOREEK VLT VWEETHL LEZXOND, T—r vy MUK TIE, AROTEEIC
F o THEH SN D BREETG Y E DRI K D AR BB el A ST % (Kitowski et al.,
2017b; Migula et al., 2000; Muller et al., 2003; ORLOWSKI et al., 2007), Z i1 5 D EREN IR &
TR X > TRDAERRPEBICL Y, I —u v/ SHUIlTI19894F L 20144F 2 ik L T, B &
Z 5% DAEREIR D 73 HeRE S T 5 (Eising et al., 2001),  International Union for Conservation
of Nature(LL . IUCN)2SAFKT DL v KU A R Tik, Least Concern(LC)(ZH&5E & #L(IUCN,
2012), 5% D AL > 7 v W OFE{T(Melville and Shortridge, 2006). 17544 (Gorski etal.,
1977). LW Ye D 52PN O ELJE (Fudge, 2000)12 & 5 KEZEN & STV D

F = 2 FE T RIS U 7 A O 2GR A AR 23R8 S 41TV % (Poprach et al.,



2016), ZDOJNIZIZ, HEE DB L 7 ) =— 3 VI KD ERBREDORED & vvo 72 A
(2 & DB 7R B Tk 7e < . EEHi(Tasker et al., 1986), /k#R(Pickard, 2010), 7 v n
VZ7xz=) ) suuxg DDT)RAR VU EE 7 = =)L (PCB)IZ L % EIFE DA
(Kloubec and Svecova, 1990), 7 &~ 27 1 . (Poprach et al., 2016)°C 4 4 U o R 7% |
(Furness and Camphuysen, 1997)iZ & 5 K&E5E, IRBELTEE Y KO L, ZhE o &R
B3 (Kéllender and Lebreton, 1997), = v =—PUEREL DN L 0 S8 H OBUEE Y
N4 %%, NENZ &2 MHER 28078 b s S U Ty % (van Dijk et al., 2009),

o, 2V HE AT AMEZOPTEUREEREZRA L, EOEZME D aaetks W
SINTWD, F=adtfMEOREMan =—ANO Y JE A THH S 7225788 O KGR
Escherichia coli ® N, FLAEWEMMERGE IXTSHEBIC K S Z ENRP LN >TND
(Dolejska et al., 2007), A v = —F > CTEH T H AR 5 H  extended-spectrum p-
lactamase (G E FrBNMEPLIRA B 7 7 & ~—8) &2 AT 2 KIGHE S H S 41TV % (Bonnedahl et
al., 2010).

Y DEA T Mk, FE - B 0T U7 Mk, 1L T I 2o 7 R
FEHTRA VIV FORAEFEFPREINDIEETH L, A RS 7L HiE EH
WA CTHEFE R H R e B % KT I (Nicita, 2008), JREHEE L 7= A O SE T Hl(Dinh et
al., 2006)PFR A5 B O F b B HEH A~ D &Y F41 (Brooks-Moizer et al., 2009; Dinh et al., 2006)73
HEINDEIYETH Y , 5% bENINTHAITHERE S 41TV 5 (Poovorawan et al., 2013),

Y B E AT RS M T EREE A 7 b P HPAN DL NS ST WD, BL
TIZZNETHE SN TV DIEYFEHIOF LA & @l S 7 kA4 : =7 H5NL
(Sharshov et al., 2010), HAX H5N6 (Environment., 2017), #&#: H5N1 (Ellis et al., 2004), 7
77 F 7  H5N1K TN H5N2 (Jurinovié et al., 2014), 4 F >4  HBN1}% OY H13H R (Verhagen
etal., 2014), A7 =—7 > H5N1& O H13 & H16H % (Fouchier et al., 2005), = U 7 X DK
IRV A 7 v U (LPANERFSX, 3 —r v "\ EHOICEER ORI THE SN T
WAHA, BTH HIGHER LA L SN/ HR T, ZNE T2 BEADH TR S

T\ 5 (Verhagenetal., 2014), ZDOFFINE, 2V HEATABRA VTNV FIALLAD
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EOBOEEZ T TR, ANT AL IV P IOA NV ADOERNETLHHBEE LT
HH S4L TV % (Fouchier et al., 2005), =V 7€ A I At A2 AR E 35720, ARt
RINO O AHE Y T R ABHES RO & W o 7o 8% . o JTE &

Db RIFLRLT WA EZ BN D,

8. HMLAFFEIEHA
AREOBBIE, L FOERARGET 22 & Th D,
T 0 BT $075 Y= Body condition (2K > T U & A DOGEREIX &% 51T 5
— ZUBEADAMA 7V oYREGRITE 0 RN L, Z2UEEni5Y% & Body
condition 2357 %
ARBFFEIE, AMOH RS & = NEICHA T 52002 ) € AEREEEZ 5 E LT, Y
|2 X % Body condition DZEE & SRiG YL SIERERRIC RIT T RE LR L, £ L CRHRRAE
DREGERN N OFEZ 51T D200, Rt LT,

RO EMRGET D LT, ARII2OOEICHFE L72(X4), 1% Tl Body condition &

2

I

ATBY ST RE IS R B L OVEY O & ORIRE AT D L\ 5 T —~ T,
6 DODHITHERL L7z, 180T =V 5 E A D Body condition Z EF&$ 57 0OIIKE L, K&
LHEMfED A a7 U 7% L. Body condition index Z1ERk% L7=, #2ffii%. HL &
SN THIAT 52 Y B AEREE ORISR - R 2205 YO m 2 g+ 5 Z L & H
& LT EITo T, F3FETIE Y BE A DMIBYRIFICOVWT, BHE L REOLER
PR EE 2 L CEIHIIOEREE N D O BIA M OREIN A & HEE LTz, ZB4fficix, =V
HEADEREEL LT, SERICKDREREL | OB & 215 2 31 L
7o HSENTIXER 1M TR%E L 72 Body condition index % {# fl L C. Body condition 235022 HE
(R IET AR L., % L TH6Fi Tl Body condition RRghiGYLDI0IE BB T, Y &
BRI 200, AL,

E2RITATRAS N RIZL T, 2 U BTAD AL T )V PRGN ENE

S

I

Ye L Body condition index (2 ED X 9 REEEEZ T LD, HHNITHEND T —< T,



5ODEITRERR LTz, HBIEIE, kD AL 7z W oA )L AHURD ELISA > R T
ZYVHEAD ABRA TNV FOANAGRERETE DL ), 7o harowEx=1T
ST, FEEIE, U AFADARA TN T A NRFUREFHIL, U HE AN
DAL TN PITEGE L TN D O B L2 IR LTz, 535 Tid ELISA D)
TEAE S YL, ELISA OREFRHE CTHLWE L PUARE L EX L T, BEEOH HEE L
IRNEEDTC, Body condition RCIML HFEMREICA B R AZNEL DD, £ L TEEEDOH 5
AR Z x5z, PURED Body condition <CHMi FERIREE & BRI 2 Doy, MR L1z, 41X
Body condition & Il SRR Z @ WEELRWEEICOFE L. 2 b HAGDETZ4ODRED
B CROULE DY & DR OFIEIZ N b 2 iR LT, BT, SBSEHITREN 2 Lo, fuik
B L YL I Body condition <C ML FFERTEFEN & D X D (B E KIET O, T AT T,

ARBFFED K 9 72 PV B OERED B S E B AR O BRI 2 B K L7 A T 2 E T
2720, TED SO Y UEAOEGERMED & A BIA 7 xR O BIRD D A5 72 50

JLIE. OneHealth DN, fREAEMFOHEF L L THE~TIKT 2 Z L HFSND,

AFEIILL T O2=m TR SN S,

[551%] Body condition & $15YLM3 S BEREIC SKIT T 50288, J6 L ONE D ORFH] & o BifR

Z RS %

W11 =Y B A D Body condition index & & ET 5

28 0 = U I A OFROHUIKAY - REIRY I G YLR I A R T S
H3EE . 2 U T A OEYIRAHEET S

AR - SNBSS RE IS R T A R D

5558 : Body condition 23 R BEREIC KT 9B A RS 5

: Body condition <P#1{% Y3 S e REIZ K IT T 58 L IF IO BAR 2 53 5

=
=

[%52%] Body condition & ER7EIE ATRIA TNV U ORGP ED X 5 7B A 5 2 T

WD D
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: ELISA % v F 2 W= U & X MIFEOHIRRAE 7 2 b a/LORIE

B
=

2 2 U AT RATIND AT T U PITRYT D D)

FE3HN - HUR DR L OURYLEEIZ #8715 44X° Body condition 73 BE£R L T2 D7)

A YR I Body condition & $h75 YRR DORERIC L > TZEALT 5 D>

5« RO Y FFHIIC Body condition & $EYE AL TNV o WRGLIZ ED K S ITFE
B TWDD)
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AGw ST S o HEED R

- SRIREE LM EMBICE NIV IAEND Z &

- ERIEGL ARSI IEE AN IR A END Z &

- Body condition : AH, fHRNER, EE&EL*GbE, FROEEOZ L

- Body condition index : F1FEF 1 CTHRE, MWL OIEIOA 27 U 7% Epkn it

L CHREED L
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FLHEREDEABROEY L AL TN FOLE 22— 5

Ze 7 H 7 E AR}
V) R — TR IR 2 (1) BB IR A CTRENR,3)
Y BICAREE & ARG DS IN(A ~=A

¥ v L Body PV ENCHRNIZSHEM, DRI

> S 132% ]
condition DZAL  RERHEI A (4,5) v CRAT 52U I A)(6)

D /AR & A A A A (1)

VI K D%

B2
SO

ML MR L

T HERLA T HHE . REAMERK
AR T QeTREEEN7 2 —L72 0 &
YL ORR KA B FUTK B 7 BT b
e U TR D @ N(T)

B

< 2019FE D BU GEEDOT 77 4 TH—_A T U ARV y T H—
RAGUATIEHEHDOX L 7 0T aRl02%OBESR, I1E AR
ABRIA T FFTE A D46%TE - T2(8)
CHDORAERN c FEARLEARTIIAEREF RYEQO)
RO ATFT I AEMETHIENTHEH, VEAR, UXF
(Famili, Scolopacidae) 23 ¥ —-A T > A %}5(10)

1. (Warnock, 2010), 2,3. (Baert et al., 2018; Shamoun - Baranes et al., 2017). 4,5. (Fox and King, 2011;
Guillemain et al., 2004), 6. (Cantos et al., 1994), 7. (Keawcharoen et al., 2008), 8. (Brouwer et al.,

2019). 9. (Hofle et al., 2012), 10. (Curran et al., 2013). 11. (Ushine et al. 2017)
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310
300
290
280
270
260
250
240
230

g

[X]1.

Body mass Keel score Fat score
4 3.5
ac bd
gh
3.5
3
df 8 1
ce ab 2.5
m
2.5 ml
fe
ik 2
9 ]
1.5 1.5
Arriving Staying Flying away Score  Arriving Staying Flying away Score  Arriving Staying Flying away

=#=male =—i=female

=¢=male =M=female

=#—male ==female

A T D AVTDBA I O = U F1 & A (Chroicocephalus ridibundus)D R, %

W, TR EOHER

KOPEY KeH % Arriving, #8414 Staying, & DO Y FFii % Flying away & L. Body mass

Z{KHE, Keel score Z A, Fat score ZEIE LR L TWD, [A—T/ 77Xy NETH

HE#A %777, (Ushine et al. 20175 Y 51 H)
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o 2%
14[

.

2%

0%

hAay 78

- JKEREH EHE
Bk AP ES

NG F a4
V% E|
~UHH
FFrUB

2 AH

2 h 8
VILHE

NV THEH
pAZA=RvA=!

[X]2. 2007455 520184123 1T AENOBFE D ARLA o 7 ) o PFRAEEFRSTIEIC BT B4

FHE RIS

BREEAE Web ¥ A k2> 52028 (URL: http://www.env.go.jp/nature/dobutsu/bird_flu/, 202149 A 20 H

%), HE BIIKEEREE B8, KD EHE, ~NT7 Fa v, VUL TWD
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%ETH

ﬁ+jﬁ
3. #EH & BT ARSI D g
B BIHREZ & B2V IUEL, 223D hiflktta & - THEY 2147 5 25, W E ARHIBEIC
REZ L ORNROED 2175 EEZ LN TV, EYENCHE BIMMEECISM AT 5
2, EWNICEAT AR (=Y DEANIBORAOND, 2O X5 REODHFERD

JEYLRIZED L O ITER L TW B OB BT - TV 7RL,
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SE ) BEHA IS 88530 Body condition IC& > T Y hEA DREHEBEIIREAZ(T S

A 4

AYAEADARL 7T R E Y BRI L.
#1754 & Body condition B85 ¢ %

(%4, ABFSETHRAL S 5 (0
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I

Body condition & $h{5HL N S RERRIC RIT TR, BIUEY ORI L DBMRZ MR

1. Body condition & & HEREIZ 1R D BEAF A2

RE, fEE, JEIEEZILC O &3 5K DR (Body condition)| L e RE (2 F H2(Z
BRI 5L E26N5, BlziE, BEBDOKRL 7T X HE(Somateria mollissima)lE AR ML
DY REE, V7TV TEEORY U X AT D HURMAIMEEORANC L > THE
W23 B (Hanssen et al., 2005), ¥~ HEIZABA TN o P OA N AEEISED L
RAEOEE CITIEFREREOMEEIZHB LT A RA IV P TANZADBPRENEE
1278 < 72 % (Arsnoe, 2010), W< D OBEfF#E 7225, Flint and Franson (2009)i%, #EH®
JSFEIE Body condition 28 EIZHR D &R IEIAR DRYLER3m E 5 & W95 condition-dependent
hypothesis % 2/ LT 5,

SeIERERRITIR IR DB BIR T 5. > ¥ 2 U B T (Parus major)|l X SFED S HERE DT 5
MR s LCTHOWSRDZA~T a7 4L e U U RERDLH/L b)) & Brucella abortus &Y< &
DN IEDFEIN 4 55 (Krams et al., 2012), &7 A Y (Emberiza citrinella) M7 PN JF H
(Haemoproteus spp.)EH DR HI%, KM O U 2 SBROE|G LIPSO CHE LA
DOFRAAHEZR LTV % (Dunn et al., 2013),

2. Body condition #Z{L X HTED

—#xAYIZ, Body condition XV (ZfE->TE L L, D RIORHIZHEIN, Y 28 2 7 FF
XD 4 B & % (Brown, 1996; Clark, 1979; Newton, 2006), 9 (2 L % R EEDZE
FOHEF L LT, FRYBDOAA Y VYT X (Limosa lapponica)lXIE V) Rl o B HA L 75 P &
BN L, Z DO D15~40%13 M #%5 T4 U 5 (Piersma, 1990), F FU HD I 2 ¥
(Calidris alba)lx. &Y BIORHILIE Y 2 ORI IR U CH EICH N E #2388 013 5 (Scott
et al., 1994), NENAFEENAEN$ % FH] & LT, Total Body Electrical conductivity %% F T

ARXAB DXV E2T AV J1 7 A (Setophaga coronata), 7 71 A& XE KX (Vireo olivaceus).
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/ K¥m v b R(Zonotrichia albicollis)% #i#: L7-#&5 Tk, B2 ELFIZE, EVRTO
R IR E &IN5 2 & 23R &3 TV A (McWilliams and Whitman, 2013), € H ®
SAERAT A AETIE, BAHICISN T, FEOWE Y JNARE L NENE 23519 % (Dufour
and Ankney, 1995; Moon and Haukos, 2009), 7 43" & 7\ (Branta leucopsis) Ci%, FKDIE Y 1%
RO HORFHNIBABIM P LY b ERIGER L2 ERKEORDBAEL, FZZED
I IE T K & < 72 D (Portugal et al., 2007),

WL OO BFETHE Y & Body condition DERAFAA S D H, £ DORERNBRIZH SN
SNTWRWESELFEET 5, ERNICART 2 BBEITREER LORHFEL, 0 217
I BHEE X ¥ D27FHT } 55(Takano et al., 2007), <D 9 BL2R2FHI D 72< & & 1L ED
Body condition & J V) @ BER 2N H 5 X 41Ty % (Blanco and Frias, 2001; Brown, 1996; Campos et
al., 2008; Choi et al., 2009; Clark, 1979; Colabuono et al., 2012; Crossin et al., 2013; Gibson et al.,
2018; Grond et al., 2014; Hood et al., 1998; Jehl Jr, 1997; Lamb et al., 2017; Maggini and Bairlein,
2011; Parrish, 1997; Paruk e al., 2016; Smith and McWilliams, 2014; Sockman and Schwabl, 2001;
Vernasco et al., 2018; Yong and Finch, 1997), Z DN, HE AFHL, EWNICERT H45FDON
MFENPEY OEREEETHIZH 0D 6T, D & Body condition O BEFRIZAAREI D4 H3
B &L D Japan, 2012), BEARDO=LY HE A DOFED & Body condition D BIRZ FHA L 7=
Cantos et al. (1994)1%, BAHITISWTED Z1THRWEHN G FOWE Y ORI A EH
IS5 Z & MFRIEEEIIKOIEY O%NLEOWE D ORI NT T ERT5 2
ExEHELE, LML, U DEAJHECTHRESCHRBEICEEREN LD Z & (Arima
et al., 2004), MHRIFERZHELT D MY 7Vt RV UFEIZRE ORI IR CBAH
WEIZ L - CTEET % Z & (Sakate ef al., 2003) Z A% &, ZOMBITIEEICSET HHME
N D,
3. BEEOGIEREE

S ORELZH D ML i, FFEL FEROMIL L o Tk S v, BRI 2 ihE
% F#>(Nochi et al., 2018; Sharma, 1991), FEHEREIL H ARSI L EALE I T B, B

FHIIIE A Oy TS T D UIEISUG, R TR E DI B oy 1IR3 2 R A 72 PEbR
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B % #8 5 (Sharma, 1997), MLIKH OGEMIILD 55, BIRGE I RICBRRMIE, FERS
WA O HERICHE Y T2 ~T a7 o AR TE L, EBEREITY VNP HEET S
(Maxwell and Robertson, 1995, 1998), ~7 12 7 )L DOFEREIC 1T M % & £95 Phagocytosis,

FW OSSP RIE SR D Degranulation 75 & % (Harmon, 1998; Maxwell and Robertson, 1998),
BEEO~T a7 Ll ) UoRERIT A M ER 2R D95% % 5 6 5 (Davis et al., 2008), VU >/ EkiT
RRESEIC L > T T U %EkE B U U SERICHHE S Hu(Reese ef al., 2006), T U o 78EkiT#
(ZHBA D & LR 53 Ko THE A AT 2 SR RE DM BIOMERH AR © CDARE T
UrmERE UANRR EREDRIFEAROIEERIZE < CD8GME T U ERIZH b s
(Huang et al., 2012),

SLFERRRE DI B ) 23 7B, 20D O A ERE 2 Bl 9~ 2 FIEICn 2 T, A ek
DB DO~T T 4Ll ) U REROES O HH/L b)EH T 5 J77ER $ 5 (Gross and Siegel,
1983; Hegemann et al., 2012), H/L T THHA SN DSR2 0EEED /X T A — 4 —
THDHN, BREICE>TA~T a7 4% ) U REROBEENER DL, ~Ta 740k
OSBRI RIFFICIBAD LTV B A0E HL IS S 20 &0 9 B s & 5 (Krams et al.,
2012; Pap et al., 2010),

4. CD4L CD8DH

CD4l% T Mifgofhilc, BER, v~/ v 77— BRRMROFR@IZHEE S 5 FREFK,
1989), CDS8IX, A /L AIZJEG Lziiia7e ENTEMFUR S BHRIEIC B/ S v, MHC 7
FAGFTIRARIND ZET, T U EKROMIERAEIZHELT 5, CD8AFE LY
PNERIZCDSEGE T U o /NER(FF 7 —THliliR) E r s du, FEH COHERR &2 FEMRAIICAT 5 . 18150
P H9 5 (Kwon et al., 2008), CD41% U >/ ER7p & DSz il O MRS mHI R 5,
Mgt OB COPUR 2 AR L7z EERPEHMR IR 2SO MCH 27 7 A5y 112 % OHLR
ERAESE, A= T MR R T2 L CDANEASIND, CD4S T U 2/ ERN T
A FBET DL ~N—T fild L TN DM s 720 | oS MiaOIEHAL & vy 7z
FIERERE D LT T 57 5 (Adams et al., 2009),

CD4 L CDSOMIEHFIEIZIL, PURPUAR)IGSZE WD Rk E 5 FAEMFEZ WD FIERD
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%, AL flow cytometry & W2 HVE T, —MHIC =" kU (Gulls gulls)?> CD4% CD8®D
E/ 7 a—F AHURmMAL)MEH SN TWD, LML, BREICK DX /37 5 OK
WOBENNG, =V kU LSO BTE T ORIEREEE 2 BE R & 1T % (Fair et al., 2008),
20124FLARIC 7 & \(Anas platyrhynchos domesticus)?> CD4 & CD80 mAb MR E L S -1,
TeaAE =0 R &EHLZ CD4 & CD8D flow cytometry 4T 23471041 C U % (Florijanéic et al.,
2009),

% 1X CD4X> CDSDHAELS Z4E ) & L7 PCR 2175 HIET, ZHETIIT EAR=T
N U Z X GRS OREE & BFFEAM T30 TV D (Adams et al., 2009; Kothlow et al., 2005;
Qineral.,2017), LU, HURHUARIGZ VD Fik & [AREIC, CD4& CD8DWT D F
FCH S R TRIC K D MRS D AR R L 72 %, 21X, CD40 mRNA (377 %E B O &
> 7 (Anas platyrhynchos domesticus)& / 73V %7 2 (Cairina moschata)? 8] T91.3%D FH [FVE
e & v 7 & % H(Order, Galliformes)?® =7 ~ U O] T60.2%DAHFEIMETH Y, CD8TH
ZNEIT86.5% & 59.6%DFHFEIME T & % (Schultz and Magor, 2014), & D 7=, PCR KT
92 primer 23 SO HALY | THREF SV TWRWIRY | AT FEORE %
79 2 LN TE RV, CD4AR CD8Z X4 & LI-BEAFAFZE Clk, T &2 CD4& CD8D
primer 2MERK X TV % (Adams et al., 2009; Kothlow et al., 2005; Qin et al., 2017),
5. PV 2 X % Body condition DB I 5 e HERE 0 R

Body condition Z PEEAT T 72, Y & REREREDBAMRIZEET M IEZ L, JE D 1788
TR I R T B A RAE L CREMZRMA L LT, FicAERT 5270y 4 RY
(Turdus merula)D W, WY % AT D EAREE & AT D 72 WAE IR EE 2 St SR A 217 - 72
Eikenaar and Hegemann (2016)i%, HUARMA D &S00 OBEREIZIE Y OB MIZ K 2 721372
WA, RIGE ~D X B (Bacterial killing ability: BKA)Z FEAZ(ZHIE L 7= H RS0 O FEA T I,
e 24T 5 EAREIIAT DR W AR i L C BKA DMEET, 7 —AF =R bR &
%7~ L7-(French and Neuman-Lee, 2012), %> % ¥ Anseriformes D BEF#R 2 L T8
D &R NI B O R M O FEREZMSE Lo lmE ik, Y oREABET 2 BEIX

L RIS O MR B OFAERDEN D & 2R L, D 1T K D 5 HRE DIl 4 i
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L 7= (Figuerola and Green, 2000; Weber and Stilianakis, 2007),
£ Y 3 Body condition (Z & IX TR L TN K DL ELE WS LI AL, €7 /VIRT
ELT—MOME SN TWD, AU X (Calidris canutus)zT7 /0L LTCHED &5y iERE
DBIRE 3T LIzl Cld, e BRs I8 R OB 1 D ZARIMEIZ X 2 IR FR~ DIl T
R EN D EAEEINEM & Body condition (DZEE) & W\ o - BREEAUIE T X o THIHISCTUE 2 Y
b, Z LT, HREHENEY LOBMThL—RE724ECEEAICH, TR RLX—
PEERE SN DG EITITAER. R SR WG EIES - BIE. Z L THRETDH L) L
— KA 77 L& 828 L7-(Buehler et al., 2010), &V & SGEMRE O RITRICEAT DA RITXZ L
WH DD, Y BT D ATENIE 5 Body condition DA T X » THEEE DI AL T,
SRR DRGNS 83 5 FIREME DS R S D,
6. SMHYLIC LD mIERE DR

BRESIGYSE & LTl b — im0 72 b OIXEAE & W b iu(Maiiosa et al., 2001; Rhind et al.,
2010), ZOHTHERIT, ZERRAEY THREENRE STV D (Berglund ef al., 2015;
Mateo, 2009b; Oleksyn and Reich, 1994; Pain et al., 2019; Rahman et al., 2017),

FEI, 801 K D15 A S Fu(Furness, 1993; Leighton, 1995; Pérez-Lopez et al., 2006).
HEREROBRNAE UG, TORBIEIRCET» D, BETH, BAERREAM, &
JERERE DI T & W o ToIEFF R AIER 2 3 5 £ T, Z4TH 5 (Fallon et al., 2017; Krone,
2018; Reid et al., 2012; Vallverdu-Coll, 2016), A X A HDF v 51 % LV > 27 2 (Sialia mexicana)
OFFE FOMIChHREOREBE L, MlataE oMl & LT > SERHK(PHA)F B %
1Tolob TA, MBMIZEITERDOTEYHRE & A B A OB % 7~ L 72 (Fair and Myers, 2002),
B O T o di Bl (Haliacetinae) Tk, T HBOMIREIC L > TEN LT T ATERL
T DTNy DMREEDHA L, Ik IEELA 4 U 2 (Lucia et al., 2010), H @b
LCRONDIEFRIPEROTTEH, IRRCRTED L9 RMRIEREFIET D22 &IC k-
T, AEMIEENCKEE & 72960 b s STV D (Kendall e al., 1996; Scheuhammer, 1987;
Williams ez al., 2017),

— T, REBROGRREC I DERZEOMBLTPERICKELTZ LY, ZOKK
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WZiE. HAETOMERZMET 22 LBARNETHL Z L. BRI K > THRIERDOFEIEICH
BEOFERNFET D Z ENET 5N 5 Pain ef al., 2019), ZOFIE LT, HEHSAY T
H (Order, Falconiformes) CiEFR SV TV OB EORZIEERINTZT RYVHOEI B T A
(Larus argentatus) & 7 2 >/( Sterna hirundo) Tl%, HHEORIEE CROND X 5 72178 R
WL BREFREENOKT, NT U AEAOET, BABEE DO T 23 #E S 71TV 5 (Gochfeld,
2000),

SMFBAETHIASEHAINTEY . BEFP OB L ~LIXZEOHIRIC T 2 8D
B2 X o THIREIC B 27234 U % (Cai and Calisi, 2016), Cai and Calisi (2016)IX, == —3
— 7 W OFLLE D B 2 210km OB AR T 5 B T F 23 N(Columba livia)? Ifil FH$R7E FE %
FHU L7z, 0 Z 8 MZEFE IR EA R ORI 3 720 R Y | B8k U 72 il S B EE7IC
ERTHAEBORE N H 5, ZOFAE TIX3km FREFNHIKE T, 17 7 MEN O
BENBICRR DRERNRENTZ, RNOMBEOHIEAET, TEARTLHESND,
ALYV T OT v/ N FREO2 - IE (i & T, 24EE35K20km B TV %) THEE S
Nt r7a ALY HE AL, RFcCHiE U728 13 T ol TRl L7228 & el L

TR AR N OFFHERE T OFRIRE DS =70 - T, B OEMIRII R IE Z A OEREHT & Bigs

gd

BT T AR OTENHY | Wb TRTHEAMH L TERREZHEH LWL Z
EMD. THOBRERLTHEN O OPERERA LT Z & T, Stk O R CI3snmE 2
HIM L 7= & B2 L Ty 5 (Leonzio et al., 1986),

7. HI

ARETIE, HREBEE B0 ) T A 25500, T FEHIZERTE YL Body
condition (Z X~ T2 U BT A DREMREITLEELZ T D] LW IRBUI OV T, BRFET D,
ZORGEERADICHTZ0 . 2V HEAOREHIEE LT, EFEEL 20T 0%
DREMDEF SN TVRY, ZD720, R CIEFHI S iz g RO LB & LT,
Al 24T o 72,

F9. HAERNEDOLY T A D Body condition & LT, U HEADIKE, KL IEN

BEOA27 U 7 )5 Body condition index & ERK L7z, ARG DEAEEDERTH YL ORI

25



4R L, #8759 & Body condition 23 Y B E A ORIEMREEIC & D K 9 7B E KIFT D

2, LT, TOBITEY RIS L > TEERH L 00, fHliz T -7z,

REILET DS Tk
1. fEEY)

= U 7 AETRER )T & B R AR T CRiE L 72 IR A SR L LT, &4 O
TR SN DAL LU, BaUERE, =B RE L Lo, iEHIRI320184E11 0 7252021
FIAARL, ZHERHENTTIZ20191H 22D )CFEhE L7z, i, F. < < Y E(noose trap,
1-1)(Wegner, 1981), i3 whoosh net([X1-2)(Colles, 2006; Sutherland ez al.,...,., 2004) DU 4
OFETERM LT, Gauntetal (1997)1%, BHOMME TLBIIHRTE M=%, (KHE
D1%ATG & s LTc, & 2 CARBIZE TIIH AR DR E 2 3023 H U, A IEF F R #ER
FFARTFTEHEIR S, KEOS%AM O MK EE ., ~/3U VA L 7226G O 7E4 &
(Terumo, Tokyo, Japan) Zff L7=1ml VU > ¥ (Nipro, Osaka, Japan) CHHL L7z, iM%
Tk ZHER L, BRBRE L 2EEZFN L, Z0%, SRR MR RI3 22 M
TIAF 7 BOEBRERAO T T —V 7 A U, BAERE R OV =B REO AR
TiE, AMEHCERES REERARREF L. BB LT,

AHFZEDLRMAME I SOV T, KFEOEREBMMIHEEZ B DOKE LG D & LI ORRBE
5 1 30s-47, 2020K-78). M TITBREE KO THER(TERBEDTH1568%. 16677,
9007), EHILGIHERE588-55. 2HERE1013-35 NI AGR A CHEhE L=, i LB

%i‘%l'l W_i‘ L/?L:o

2. Body condition & fiif J OM% D FEAR

Body condition DFHiT™ 2 7= 012, KEBW), 227 V7 & LTHRNER 2T (FiA ),
JeWi &2 =7 (e &) &2 7l U7z, REIEE 2 B HOMEBIC AN TT ¥ Z VIRERHHL-
3000WP, A&D. Tokyo, Japan) CHIE L7-, fiREEEREIZA 2T U 7 CalMliz1T -

o T72bbH, HHWZ(Gaunt et al., 1997) & 5l & (Redfern et al., 2000)iX175> 5 5% O O D
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FHOBERE CREM L 7= (R & X1-3, JENI&E @ X1-4), G OEIIPRTHE LTz, 372
PHEOFEALEENDOUF AN (Yearling) & . 1%L E(Adul) D222 5088 Lz, PEOHIE Ti,
polymerase chain reaction (PCR)Z L % 75 FAEM FHIM A 2 520 U 7o, WEREH)E OFEA MG
(K I Chromodomain helicase DNA binding protein (CHD)i&{z¥-(Cakmak et al., 2017) & L,
HEAEDPBTHF R BEBLHEHTHEHINS primer 2550F2718R(F1-2) & L 7=
(Ushine et al., 2016), £ L 72 1% % DNeasy blood and tissue kit (Qiagen, Venlo, Netherland)
Zf# L C DNA ZfliH L7z, #lith L7= DNA %\ T, PCR [G 1T -7z, PCR AT,
50ng> DNA %), 5pM forward primer (2550F), 5pM reverse primer (2718R), 0.02U/uL KOD
Fx Neo DNA polymerase, % L C0.4mM dNTPs % /il 2. "C, DNA free water C20uL (ZFH%E L 7=,
PCR 3% El%. pre-denaturation 94°C/2min M 1%, denaturation 98°C/10sec, annealing 56°C/30sec,
extension 68°C/5sec %354 7 /LFE i L 7=, final extension 72°C/5min {7 -7z, #F b7z
PCREMIZT2% T 0 — A 7L T20min/100V THERIKEN 21TV, FERY B O HIiE 2 fER8 L 7z

( 1'5)0

3. SR PERE DRTAM

BRHY L7 fig2pLl % Natto and Herrick #& CHufa L, MEKFHEAR - CHIMERE(WBC)Z I 7
N Uiz, BHREARIT A MBS E % 3T 2720127 A b X AP Gz T, Yefh L7oAE
ARITJEFZZICE A LTz, HFBAREE400~1000/% THIMER T D U o RERDEIE (Y v 735K -
Lym), ~7 827 4 VOEE(T 27 4V Het), ZLT~T BT 4Ll U RERD HH/L

Yz Lz,

4. CD4 - CD8a D7 : primer 5% 7t

oy BfE U 72 1 ERE% 53 100pL T, Trizol reagent(Thermo Fisher Scientific, Waltham, USA)T
RNA %A U7z, flifHd L 72 RNA ¥ Recombinant DNase I(Takara Bio, Shiga, Japan)&
ReverTra Ace qPCR RT kit(TOYOBO, Osaka, Japan)?2-> D3, F 721% cDNA Synthesis

kit(TOYOBO, Osaka, Japan)Zfif L T gDNA B2 & cDNA ~D W5 21T > 7=,
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CD4L CD8DMRA AT I I & LT, = U IE X DIERBIE T O EESN 2 FET 5
VERH D, 2T, EMOBLEFHERS —FH L TRESN TV DL ENAY THEHRE
2 —(NCBD)D T — & X—2Zn 5, B CD4: CD8D mRNA DOHEIEEFT— & ZHhiH L
72, CD4lZ NCBI OF — & ~X— 2 Lo BFE33FE(F1-3), CD8IEH b B EkT —Z DL
CD8o. # x5z, 38Tl (F1-4) DI EES T — ¥ % T, CD4L CD8a primer (degenerate
primer) % {ER% L72(K1-5), MERE 7 HAEHL L7 cDNA 1%, /L L7- CD4& Y CD8a ®
degenerate primer T PCR #1772, PCR#HkiX. 1 U/uL KOD FX Neo(TOYOBO, Osaka,
Japan) 0.2uL, 2x PCR Buffer 8.0uL, 2mM dNTP mixture 2.0uL, 5pM forward primer & reverse
primer Z#-0.8uL, 100ng/uL AKJii®> cDNA Z{EE L, EAK TEEFHEN20pL 12725 X 5 (12
FHHE L7z, PCREREZK1-61Z77 LTz, PCREMIT2% T v — A5 /L"T100 V2553 H DO ER
VKENZAT o 72, SRR T CHIMEREIR 2 sl U 7=, $89iE S - sk o il Ic 7 e — A
710 H L. NucleoSpin® Gel and PCR Clean-up(Takara Bio, Shiga, Japan) CHifd L 7=,
R U7 PCREM & 2 — 7 o AfRffT LT #% ., #HI Z & 12 NCBI @ Basic local alignment search
tool (NCBI/Blast) CTIiZZ L. CD4} (} CD8a & L T8k S M7=t LRSI & OAR[FEM: &2 sl L
77

Degenerate primer % it ] L THIE S V72 DIk ¢, B FEEICH S 0 K5 7
RIS BHEICLAMED & % CD4 & Y CD8a primer & L C{ERK L 7= (avian-common CD4 or
CD8a primer : 7%1-7), avian-common CD4 or CD8a primer % 1\ T, ¢cDNA % PCR L (31-8).
WRPEM & o — 2 o AMRNT UTe, FRMT L 7o EERE S O 22 & . NCBI/Blast 7 —# ~X— 2 |
THLD SFEDFEBLS L /37 > mRNA L5 22Vl OfEEZ F7E L, FfF RO CDAR
CD8o. primer(species-specific CD4/CD8a primer) % {ER% L 72(3%1-9), 1EML L 7= species-specific
CD4/CD8a primer % iV T PCR(FE1-8) K N —7 v A % F 0 L, FEAREI SIS ST
DL aMER LT, BRI, EEASEE A MR 5 2 L 23Rl ST specific primer, ¢DNA,
% LT KOD SYBR gPCR Mix(TOYOBO, Osaka, Japan)% {#i f§ L C real-time PCR % i L .
AAIM 1L 0> CD4 & CD8a mRNA DF$ELE(= ¥ —#4 : copy)Z B L7z, real-time PCR (%,

TA 7 v —=" 7 CIER LTz @& s 7 Wi & AV 2 Efs cllE Lz, fHiiclix, oz
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CD4 &% ¥ CD80 mRNA =1 B —$ 2 % #Z8Ha U CfEH L 7=,

5. CD4 - CD8a DFHfli : TA 7 v —=27

CD4}% ¥ CD8a D fE ERA 11T real-time PCR % v /-, Real-time PCR % & &HRI%E T
To%E. I E—HEHH L CTOAIERE R BN L 0D, ARETIE, TAZn—=27
Z T, BEF L72 species-specific CD4/CDS8a primer C cDNA I OFE R REIK 2 FE g X H-7-
PCR FEW 7 HAERL L T2,

FERIBLE O HEMEIZ KOD FX Neo % PCR polymerase (Zff ] L7272, (£ U &IZ dATP & f79°
VE2E%1T - 7=, FEIE500ng/uL LL T DNA (2% LT, 10x Ex Taq buffer 0.25uL, dATP
0.5uL(Nippon Gene, Japan)Z /Jl 2., DNA-free water T25uL [ZFH#E L, 68°C 353 TA » F 2
— L7z, A F 23—k L7ZEW25uL & TE 65uL (pH8.0). 3M @ Sodium Acetate 10pL %
BATR. 7=/ —/L100uL ZIRA L. 14000 G/25°C/3 53 Mm B L7, oS- Bigic
7 au R/l A100ul ZiRA L, 12000 G/25°C/355 il Loyl L 7=, Eiflc= X F 2 A4 b
(Nippon Gene, Toyama, Japan)luL & 100%=% / —/L200uL Z 12 T, 14000 G/25°C/1047[H
EODBELT-, oLy hET70%T % / —/L 500uL THeE L, 14000 G/25°C/2453 [T
wODBET DEEA2MAT o 7, 28 H OBERIC=F / — V&2 ELY BrE& | Tris-EDTA Buffer
(TE) 40uL %N 2 TIRA L7,

BRWR & 7T AI R Z—DF 47— a i, R L7 DNA E®Iul, TE 1L,
50ng/uL pTAC-vector 0.5uL, Mighty mix (Takara, Shiga, Japan) 2.5uL Z{&& L. 16°C/ 2057
A > Fa~x—F L7,

TTAI RRY B —EWRIANVTERIBED N T VAT 4 —A—a U Tlk, A=
U i K % competent cells & LT L7z, ligated DNA2uL %3045 oK - CHEE L |
42°CD 7 4 —H — /N A TLOMA o F 2— ML, UK ET2oMEE LT, Z O ligated
DNA |Z SOC 5 Hfi(Funakoshi, Tokyo. Japan)300uL Z {5 LT, 37°C/3043 A > F =2 ~X— |
L7z, 2 DOIRAHEZ3000rpm/257 [l Do B L 721212 BIG A2 H5C. & 512 SOC K5#i100uL %

BA L, FEREFMIC F &, 37°CRA4FFRESE LT=,

29



a8 =—PCRTiL, ¥#ELI-aa=—%/L&MY TESOuL &IEA L7, 100°C/1057[H A >~
FaN— hL72#IC, HROBEEAH LN TWD % PCR L THER L7z, PCR AL,
DNA #&2uL, Go Taq polymerase(Promega, Madison, USA)SuL, 5pM specific forward primer
0.4pL, 5pM specific forward primer 0.4 uL, DNA free water C10pL (ZFH4¥E L 7=, PCREXEIX,
denaturation : 98°C 10sec, annealing : 57°C 15sec, extension : 72°C Imin, Z ?D3step %z 35cycle
TV final-extension : 72°C Smin T3Jiti L 72, #5H 4172 PCR EEMIXL5% DT Ha—A 7T
BERKEN 21T o 72, EROBIRFWET A OV A X2 RAG LN 2w =—% Tris-borate
(TB)Z2ml & =Y L 2uLIZIRG L, IRE LR B37°CTHE Lz, KIBENO DT
7 A FENCIE, B3 1ml |Z Wizard plus miniprep DNA purification system(Promega,
Madison, USA)ZfEH LT, 77 AI RZEIR L7z, EMXL727' 7 A X R130.8%7 v —
A7V CHESIKEI LT, £1600bp I[IZHIMR S L DN REMER LT, BURL727Z A3 RiZ
nanodrop(Thermo Fisher Scientific. Waltham, USA) T2 Z sl L 7=,

77 A3 RiL, BigDye (v3.1) 0.5uL, 5xSequence buffer 1.75uL, 1.0pmol/L T7 primer 2.5uL,
100ng 77 A X K DNA & U DNA free water Z )l 2 CEF10uL [Z7%% L, PCR L7=, PCR#&E
!X pre-denaturation: 96°C 45sec @ 1% . denaturation : 96°C 10sec, annealing : 50°C Ssec,
extension : 60°C 2min % 28cycle T > 72, 35417z PCR EM)IL Sephadex G50 (GE ~/V A7 T
TA TH AT A Tokyo, Japan) TR L 7=, KR 7' v k211X, PCR FEMIZ2.2% SDS
1uL {84 L voltex L7z, ZED 717 AT sephadex G50% Az L LIEE L7z DIZ PCR FEY
D & OITINA T, 1000G/45y [fliE LB L. 5O EY 2 MR LTz, ®iRSEi
PCR )| Z HiDi formamide (Thermo Fisher Scientific, Waltham, USA) 15uLll 2 TG L7z,
Z DEMZI6well 71— M AIL, 95°C203[HA ¥ aX— |k L7zd &, ABIPRISM® 3100
Genetic Analyzer (Thermo Fisher Scientific, Waltham, USA)Zt& » § U CHILES 2 fiffr L7,

NI UAT F—=A = a2y LIZRGHE O EERIT, > —7 A TR Y A £
L BRI ATV D ar =—2 %502, TBiR2ml & "=V 50uL #& L, 37°CT—
Whiki S ¥ 70, HERFE L 72 K H T Nucleabond xtra midi kit (Takara Bio, Shiga, Japan)%

LTI AI K DNA ZEIX L7, ZOFETEIL7-7F 23 K DNA % real-time
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PCR D EHIEZHEH LT,

THNEDOREBIZL > TEONTMEHEEB ORBEMEZ RO R L, ZOMERHER &

LT, AKRWFFEN THRROMT 2 Fht L 72,

6. SniREORE

i TSR EE ORE T, MERR S 2 U7, MERRR S I3 B L 7%, AbifEdE K a
PESARESE CRIE L7c, HIERES ITFE SRS 7 7 A~ EHE&OHEHICP-MS)Z iV T, Mk
p4r1dL H72 Y OfnE(ug/dL) 25 Uiz, SaOMIEL, LB K AR FBEER E AT FEbi

PEF RO LRI B2, LI AUESIE O DR TR 2 72 e,
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F1-1. 2018511 7 5202144 7 (T HAUERE, 2019421 H 7> 520214R4 2 iV RE THiME L
7oV J1 % A (Chroicocephalus ridibundus)326 D NFR

Yearling (3 Adult (28 U TRELD D 720726 /NGHEERE L TH7R0,

Hussl P TR ROV Y Fe) A FEDOPE Y H
(4F) Adult & Yearling Adult FF Yearling Adult FF Yearling
. 2018-2019 16 0 35 3 1 0
2019-2020 1 17 0 20 55 0 6 16 0
BT 2020-2021 O 0 0 0 10 0
iEd Mg 2018-2019 13 1 22 0 10 0
2019-2020 O 13 0 2 44 0 11 21 0
2020-2021 0 20 0 0 0
I 2018-2019 0 3 1 2 2
2019-2020 10 13 0 15 21 1 3 9 0
=R 2020-2021 0 3 3 2 0
it Mt 2018-2019 1 0 1 0
2019-2020 20 22 2 20 30 3 20 23 4
2020-2021 1 0 9 0 2 0
F1-2. WERERI BN E A L 7= primer
Primer 44 F/R W HERH (5 — 3" Tm & (C)
2550F F GTTACTGATTCGTCTACGAGA 56.0
2718R R ATTGAAATGATCCAGTGCTTG 61.5

F: Forward primer, R: Reverse primer
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721-3. CD4® degenerate primer {Ef D 7= DICHE L Ul S & ESLAY TafEmte o % —

(NCBI)?® Accession number

CD4ITBEIZ B8Rk S AL TU 5 33FE 0D TR DI ILFLY T — &% 2 5512, degenerate primer & {FiL

L7,
Accession number 44 Accession number P4
MG214789.1 Columba livia XM 009639189.1 Egretta garzetta

XM_008935179.1

Merops nubicus

XM_009700431.1

Cariama cristata

XM _009287122.1

Aptenodytes forsteri

XM_009811354.1

Gavia stellata

XM_009330028.1

Pygoscelis adeliae

XM_009892936.1

Charadrius vociferus

XM_009476223.1

Nipponia nippon

XM_009925149.1

Haliaeetus albicilla

XM _009492644.1

Pelecanus crispus

XM_009932044.1

Opisthocomus hoazin

XM_009566700.1

Cuculus canorus

XM_009950995.1

Leptosomus discolor

XM_009575970.1

Fulmarus glacialis

XM_009966772.1

TBto alba

XM_009983489.1

Tauraco erythrolophus

XM_010075480.1

Pterocles gutturalis

XM_010128348.1

Chlamydotis macqueenii

XM_010167611.1

Caprimulgus carolinensis

XM_010284516.1

Phaethon lepturus

XM_010304952.1

Balearica regulorum gibbericeps

XM_010567572.1

Haliaeetus leucocephalus

XM_011587498.1

Aquila chrysaetos canadensis

XM_014253336.1

Pseudopodoces humilis

XM_023939944.1

Cyanistes caeruleus

NW_011950871.1

Agquila chrysaetos canadensis

NC_029516.1

Coturnix japonica

NC_029516.1

Calidris pugnax

NW_013185931.1

Anser cygnoides domesticus

NW_009246109.1

Cuculus canorus

NW_009126467.1

Phalacrocorax carbo

KX588247.1

Anas platyrhynchos
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F21-4. CD8D degenerate primer {E D 7= DICHE L Ul S & ESLAY TafEmtE o % —

(NCBI)?® Accession number

CD8Cl., BEICBFHF I N TWA3RFD D CDSa DIEILALY|T — X 25512, de

generate primer & {ER L 72,

Accession number

4

Accession number

F4h

XM_008930984.2

Manacus vitellinus

XM_009648885.1

Egretta garzetta

XM_009289393.2

Aptenodytes forsteri

XM_009710272.1

Cariama cristata

XM_009471689.1

Nipponia nippon

XM_009817459.1

Gavia stellata

XM_009492630.1

Pelecanus crispus

XM_009882514.1

Charadrius vociferus

XM_009476223.1

Phalacrocorax carbo

XM_009913001.1

Haliaeetus albicilla

XM_010184038.1

Mesitornis unicolor

XM_009934747.1

Opisthocomus hoazin

XM_009556019.1

Cuculus canorus

XM_009946784.1

Leptosomus discolor

XM_009580142.1

Fulmarus glacialis

XM_009976783.1

Tyto alba

XM_009991395.1

Tauraco erythrolophus

XM_010079535.1

Pterocles gutturalis

XM_010120813.1

Chlamydotis macqueenii

XM_010165795.1

Caprimulgus carolinensis

XM_010293492.1

Phaethon lepturus

XM_010312781.1

Balearica regulorum gibbericeps

XM_010577855.1

Haliaeetus leucocephalus

XM_030026337.1

Aquila chrysaetos canadensis

XM_014260931.1

Pseudopodoces humilis

XM_023948504.1

Cyanistes caeruleus

XM_011593105.1

Agquila chrysaetos canadensis

XM_015862933.1

Coturnix japonica

XM_014966763.1

Calidris pugnax

XM_013177815.1

Anser cygnoides domesticus

XM_009556019.1

Cuculus canorus

XM_009503311.1

Phalacrocorax carbo

AF378373.1

Anas platyrhynchos

XM _017835210.1

Lepidothrix coronata

XM_025896518.1

Manacus vitellinus

XM_019006458.1

Parus major

JQ272859.1

Anser anser

XM_005229872.3

Falco peregrinus
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7¢1-5. CD4 & CD8o. @ degenerate primer

TR primer F/R HEIAES(5 — 3" Tm fE(°C)
CD4F0518 F GTTTCTTGTCTYGTSCAT 48.8
. CD4R0518 R TTCTGCASCTGGGTCTGA 44.0
CDS8F0518 F GTSTCCTGCACTGCTCCT 52.0
cbs CDS8RO0518 R CTGCATCKTCGTCTTCTGGT 49.0
F: Forward primer, R: Reverse primer
7¢1-6. Degenerate primer @ PCR 7% &
3-step cycle Cycle condition Number of cycles
Pre-denaturation 94°C, 2min 1
Denaturation 98°C, 10sec
Annealing Tm-5°C, 30sec 30
Extension 68°C, 10sec
Final-extension 72°C, 5min 1
7%1-7. Avian-common CD4 or CD8a primer
FER) primer F/R MRS5S — 3") Tm fE(°C)
CD4F0803 F AGTCAGTATCTCACTGCATGTC 58.4
b CD4R0803 R CTTTGATGTGAAGGTATTAGGTTTTCAG 64.7
CDS8F0803 F TGGAACCCTTCATTTCATCGTCTTCAT 71.5
et CD8R0O803 R  GAAGGCAGGCTGGCTGGGGCTGAAGTACAG 80.8

F: Forward primer, R: Reverse primer
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=

#1-8. PCRHT

3-step cycle

Cycle condition

Number of cycles

Pre-denaturation

Denaturation

Annealing

Extension

Final-extension

94°C, 2min

98°C, 10sec

Tm -5°C, 30sec

68°C, 10sec

72°C, Smin

35

7¢1-9. Species-specific CD4/CD8a. primer

target / primer F/R AR5 — 3 Tm fiE(°C)
CD4

L.ridibundusCD4F F TTGAATGTGAGTGATTAGAGGGCTTTTAT 52.1
L.ridibundusCD4R R GATTAATCAATGGAGAATCTGCATGGACAT 53.7
CD8a

Specific0924CDS8F F TTTTGGAACCCTTCATTTCATCGTCTTC 53.2
Specific0924CD8R R AAGGCAGGCTGGCTGGGGCTGAAGTAG 62.0

F: Forward primer, R: Reverse primer
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#1-10. S0ARREBE DA 24T © 7220184511 H 7> 5202144 H I BRUIBRE. 2019451 H 752021

4R ZERE i Uiz = U 51 A (Chroicocephalus ridibundus)1703 O AT H OHE

i R

ERIRRE, TEITRRME L &AMEZ R,

i AT

. . AIEH KDV B (IS DY IS
oo BEEEEO  HOUD R W RO
4000 9800 2600
BC (cell/uL
WBC (cellul) - ¢000 — 2000 13000 — 1400 9000 — 1200
42.4 375 41.8
H 0
et (%) 56.4-227 560-20.0  555-273
545 58.0 57.0
0
R Lym(%) 76.0 — 40.9 770-37.0  65.8-436
(118) 0.76 0.66 0.73
H/L
o 1.35-0.30 144-026  127-047
CD4 4.09 511 4.40
(log (copy/ul))  6.24—2.18 577-3.14  638-2.05
CDSa 1.73 2.50 231
(log (copy/ul))  7.00—1.17 13.94-1.60 839—134
5600 7000 4400
WBC (eellil) g0 — 4000 11800 —2000 9600 — 2400
471 36.6 445
0
Het (%) 53.8-28.6 51.0-225  59.0-21.7
524 622 525
0
TR Lym(%) 68.0 — 46.0 740-440  77.0-38.0
(52) 0.90 0.59 0.85
H/L b
d 1.17-0.42 116-030  1.55-0.28
CD4 4.09 4.09 4.10
(log (copy/ul))  5.12—3.33 527-259  731-2.59
CDSa 1.90 2.07 222
(log (copy/ul))  5.00—0.84 1120-031  11.60—1.28
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1-1. < < v B

[ D SR T HE SRR IE L TV D72, BiDED OB HERIZE T 5, KO R
WAL Z & THiETE %,
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a. ERERl

b. BRI

1-2. Whoosh net DFE=[X]

a [ZRBHAT. X b IZREH% OB 2R3, B4 OV ITe B O ELIEEIC L -
THImEICK L CRIDICERE SN TWD, [P FBI vy NI U BEAZRT, MU
—ThHLHHEADH TS T oMEZG< & MOBRNZE Y 117 b7z Bimds = A O fiiE

TIERFEZ K> TN B ST S Siddu, M2 B S 5 (i <FD),
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[X1-3. f D A =2 7 G

T2 D 1~5 DK 55 0 i 0 BERIRE T 17 (A5 X D R A & 2> & A T- B & on g, Bfaidg, JRE
IR %R, KO EEAEMA, TEAE AR, HREO R 3 7ML, Mo &ic
FoTUDDSIZHE LT, 2%V, AR mEEREZETONL I ENTED, MR
B2 EEEEIT OOV, MEAIE T Z LN TE D, ARSI E s ik

MOMRIZRR L, ZARRE 2T 5, HREL : HICE 2mE e L KSR D, A

B5 : HAICE R, EEEEEBZ KDY L2 (Gaunt ef al., 1997),
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B1-4. fgHf &0 A 27 FHfh

4% Redfern et al. (2000)Z2qZE L7726 DT, JOBEMHEZRL TWD, IKEED 2 N5 &
L O L7z, REMEOFHIITSEE—MEke L, TPl > TUTOL S W L7z,
gl : 258 b avievy, NENGE2 « 84 & R CHEN 285 O LT O I G
Wizt &b, BRI ES : o 2oLl L3RR  CEb NS, IRl E4 « M4 C o e,
TEON TR EEFREE CELND, BITES : Mt &g nse el cEbi,

[ e E THENID e 5,
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M Male Male Female Female

[41-5. CHD 151 % x5 & L 7z MEREH]

X% CHD B{n+ ZEH) & L7 PCR ODEXIKENE TH D . HGIEERDOFHA BRI L,
MERE S HIR T & TV DRI, HRRIKORERE R LTV D, AT A A~v—H—TF
M5 100bp FEIZ /N RNRNTWD, BHEITMEA~T a7, M ZW L1 727 % 53 5,
A7v Fha/LTPCR 2 Eid 5 &, Z B 713600bp, W i s 1-13450bp | ZA%E A REIE O HEIE

PR SN D,
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FIf = U B E A D Body condition index ZFXET 5

|

£

A
F

p=i{]

B OREIR CIIMfs o Fe I & 8B 28 o F 2 5 TR+ % A &7 Body condition  #FAif
THHEE LTRTHY . HREICHE T, K TEHOE&ENE)OFMmA{Thh
TV 5 (Doneley et al., 2006), ZD2>D AT Y 272 X 5 Body condition DFFAf 5 1%,
RO 2 5 L, 2 TONEE R OO ERE . RN EECIELER L THEEL
TefESR. Wi & BB O A a7 U o 70%, Bas0ER L EORREAET 5 LW ) HRIZ
HU T 5 (Gregory and Robins, 1998),

{AE X Body condition DRl DO FRIZ i & & 5 72 H T & % (Schamber et al., 2009), L72>L
REITEY A XCBEBRT L E SN, AXAALHTEHBEEZPLLE LT, AE% Body
condition & L THEMT HRICIIEELRBR &L W o 7ok A ATHIESHh, ST
% (Ankney and Afton, 1988; Moser and Rusch, 1988; Piersma and Davidson, 1991; Rising and
Somers, 1989), MIEIZfiH & 2 FHAIICIE, BOR S 2T HARE, WOkikn b
B E CERORT REE, O BB OKE OMaMEORSADH D, b OEHA
FFEICE > CEESERMAGDOE THEAINTEY ., KEXARER, BE, 2HET
B L 7= & ®(ROLOFF, 2003), 40HE CTHRE%Z X4 L7z H O (Dinsmore and Collazo, 2003), 4
B, BAREE, 2HE CEMS O L= b O (Lanctot et al., 1998; Phillips and Furness, 1998;
Tveraa et al., 1998)3 % %, VX a7 U WY A (Formicivora grisea), 77 A 71 /\(Saltator
striatipectus), />4 A B & A U Y (Sporophila schistacea), 7 IR T T AV I L7 A
(Basileuterus rufifrons) CREDZEALIZ X 5 Body condition D EY % FH4 L7- @A CTid, KE
(CHEER & HRBE 212 727 /L Scaled mass index AMEAL & 41T % (Sanchez-Guzman
and Losada-Prado, 2019),

ARHEOX G Y J1E AL, KA X%&FJE L7 Body condition DFHA X1 THAL TR
W [F C T ABO T A I E A (Larus marinus) T ASREE &L £IHE DS TS OF ™M ThHh,
R A X% 58 L7 Body condition index 23/ERK S 41TV % (Mawhinney et al., 1999), & Z T,

AHEiITIZ2 Y BEADOKE, HAE, BENMEY A XICERRH 202 MR L5 2 T,
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= U 7% * @ Body condition index (BCI) % 1E% L 7=,
fRAT 71

MHIZ, =V E A D Body condition DI31F DK A X ORI A MEFE L7z, 20184114
PH20214F4H (R L, BAIRHACTT L2019 1 A 2 H)IC . LW CHliE U 7 (B R EECRAUE
FE)F L OZAE TR U7 AR BECITIB R 2 T et g & Uiz, R, Hi&E, IR
(¥ A X DEEMEMEIL Moriguchi et al. (2006) DR FEFIEIZV N, FEMi L=, bbb, A0
TATHEAShZAREE L 2EEZ AV TERS O 21TV, 2200HEE L AbE T,
KA ZOERISTAR A X PCHZEM LT, K4 X PC1EKEBW), HAEKS), fE
JV/i & (Fat) & O] TZ A2+ Spearman DNENAHBAMRE & KD 7=, K51 X PC1 & BW, KS,
Fat & O CTEUFON 24T, o7z BlR=U2 BW, KS, Fat OFHHIfEAZRA L, EKZ
L DFRFERRDTZ, & L TH A L FHAME & DF#C Spearman DNEAFHBIREZ KD 7=,

RIZ, =Y J1E A D Body condition index Z 5% & L7z, £9. BW, KS, Fat ®3->% FE¥47
3H1 L. Body condition ™ =% 43 (Body condition PC1) & % H, L7z, BW, KS, Fat D42 TDIH
H2MEY A X PCL & A ERBERD R 67285513, Body condition PC1 & {&H1 X PC1E &
ey RN, AERBER RS 720 - 7238513 Body condition PC1% %42 L C,
BW, KS. Fat& Df# T Spearman DNEAAHBILREZ H H U, FHBS 2 BRAHIH & & et © & %
B L7-, 2 CTOREDHEARMEIL0.05E Lz, HFHOHNIEL7 U —> 7 h D Stata (ver. 14.0)
M LT,

(GES

THAEWIM 3260 D= U 1 A Z Rl L 7-(F%1-1), Yearling [THiERE KL D 720 o 72
72, EITIRA L CTRATICHVW 2, BW, KS, Fat &Y 1 X PCIOMICITAERFEBD 72
Mo 7-(BW FRBIR S p=0.17, P=0.15 : KS p=-0.11, P=0.32 : Fat p=-0.18, P=041), F&=
EEH A X PCUIOUVWT, BW & Fat (35572 & ORICIEOFBEN & - 7223, KS IZITHBIX
BT T2 (BW p=0.99, P<0.001 : Fat p=0.97, P<0.01 : KS p (ZHEH 72 L. P=1.00),

YA XL OBRNETOHA TR LN RN Tled, KA X PClEZEH LT %

& A @ Body condition index DFXE & 1T 72, FH Zi72 Body condition PC1&4 K 1111277 L
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720 TR ORGSR, Body condition PC1i% BW, KS. Fat M3IHH D/yHLD52% % it L
THY., BW, KS, Fat D& T THERMBEIZ R L7z (Body condition PC1 & BW p= 0.48, P<
0.0001, [¥1-6 : Body condition PC1& Fat p= 0.82, P< 0.0001, [¥]1-7 : Body condition PC1 &
KS p=0.82, P<0.0001, [1-8), K] Z & OMHBIRERAEEKI-121T R~ LT,
£ 3

U B A TIE, BW, KS, Fat (I, (A4 XEHFERMBAITR OGN >T0, EDT2D,
U HE A TIEBW, KS, Fat K& WERITEY A RIZBRE T RBIRRED AIZBIFR L T
WD ZEMBZZOND, RIFREZIRA RS BEIT 5 R TIE, EVIZfE-> TBW R Fat®
ZLLHEHT D0, TOHEBIXEKRY A XIZBHRT 5 (Alfaro et al., 2018), Z DI Z A5
L. 2V BEAOHREE, FHEHEA D LT OBBI TR VRIREZ AT L5216 BW,
KS. Fat [TV IZ L DL ORER D IR L OREPRBUC K > TS S E B4 T
LAREMEDE 2 BV D,

ZOENTRER NS, U B A TR A XEFEET, BW, KS, Fat 2/ L T,
BCIZRETHZ &L Ui, EMDOITORE, BW, KS, Fat&2THIHH & Body condition
PCLIAERFHBEZA L T 272, ABFFEIE Z @ Body condition PC1% BCI & L CHEA L

77
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F1-11. 2018411 H 2> 5202 14F4 A IZ AU RE, 20194F1 A 2> 5202144 A 12 ={R{ERE CHlifé

L 7= U 1 A (Chroicocephalus ridibundus)7)> 5. H & 3172 Body condition PC1

iy b KDV IRFH k2 A FDOUEY RFY

R E -0.27 0.31 -0.72
R

FEHE(R #£(1SD)  0.62 0.99 1.08

A fE 0.94 1.12 -0.94
SNETRE

FEHE(F #£(1SD)  0.84 1.13 0.68

F21-12. 20184E11 A 7> 5202144 A IZ B FUERE, 2019451 H 7> 5202144 A (2 ZERE CHij

L 7=V 715 A (Chroicocephalus ridibundus)7> %% H S 4172 Body condition PC1 DI Z & @

K BW, A& KS. K OWENGE Fat & O FH BTG SR

HhiE AV F YA X) BW KS Fat
FHEIfRE p  0.39 0.48 0.61
FROPE v K (30)
P & 0.02 0.007 0.0003
‘ HHEARE p  0.37 0.80 0.64
HOARE  BAHI(99)
P & 0.005 0.001> 0.001>
HHEARE p  0.76 0.61 0.50
F OV K (37)
P i 0.001> 0.0003 0.004
MHEIfRE p 043 0.47 0.76
FROPE v K (35)
P& 0.02 0.04 0.01
HHERE p  0.65 0.71 0.59
STERE BEA(B1)
P& 0.002 0.001> 0.007
HHERE p  0.69 0.31 0.64
FROYE Y FF(32)
P& 0.001 0.01 0.002
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2l = U U E A DSOHURAY - FEHIRYRTE YR E R T 5
i

PRI ZER IR TR TR & Tp 5 A M T A8 T & % (Cromie et al., 2014; Masindi and
Muedi, 2018), T ~—2, AT, AFH . T AV BE FESETIRED KO EERTR
R HIRAE H CERBEH DERIR L & & O HUIRIC AR T 2B OIG YR EE AT S h, SRl
FHELHI 2 HEAT S 41TV % (Mateo and Kanstrup, 2019; Thomas and Guitart, 2010; Thomas and
Guitart, 2013), $p75Y DR O 1o1%, MBI 1T 5 AL O T B3 7 O Hus D §h i
JEIZEIN D &) Z L TdH AH(Cai and Calisi, 2016), #0754 D 5 1 OFITIANEIEEICH U |
IR N TRRKGEIZ KV RN IAEND & IHPIZE ENTHESHIC 2T 2 B8
L8, HEH B LT % (Beyer and Meador, 2011; De Voogt, 2015; Gangoso et al., 2009),
T HT AT % A(Alectoris rufa) TITHOIVTZ FIREE OERIRTE LR T, MBEXKTH BT
I SRR EEA3232.2+ 324 pg/dL 2o~ L7=DIZxt L, MRFE% 14 8 BI121358.7+ 13 1pg/dL I
L 7=(Vallverda-Coll, 2016), fdHE F D ~ ¥(Milvus migrans)|\Z$hi a2 $e 5 L7 EZBRTIL, &5
ZIORFH T A SMREN E— 2 L2 | EZI4AF A THERLIE OO, 140 HUES ML
PRSI FE 1R BRI 00.0pg/dL DFREIZR S Z & 1% 72 b 7=(Torimoto et al., 2021), ZiL 5D
HANS O M OREZ GG E U CRHMET 2812, VT2 A AihYz )k 5 &
B,

AREITIE, $ERRIC L D EEREENRE S ND Y I E A 25 BRIZ(Kitowski et al., 2017a;
Migula et al., 2000; Muller et al., 2003), [ENTHAT LG O Y TE X DBERICTHG S
NTWDDN, Elo, HYENFEAEL TWDHEEITIR, O YL EL TR Hisk o K3
HHINDDHERT S HIYT, &L I L7,

AT 5 1%

ARG REIT20184-11 7 70 H20214F4 7 (L, B RIEAR T IZ20194E1 7 20 &) I8 L 72
HOVBRE & B REIT0P 2565 & LT-, Yearling |ZHIEEIAE D 22 dv o 2728, BvlEIR
B LU TRITICHW e, P EREICESREL 75720, M A T o 7o, Rl & Hi

ORI ENIEEE LS O FIRRIEDNH D7D, FKOPED R, BAH, FRoOFE D Rl &
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WO R OB & B, SRV &0 O MO BFR A 0T, SMIREEA BIASUC L Y
HEYFIHT 2 EE L7z, 2 TOREDHBEAUEIT0.05E Liz, Matatriz7 UV —Y 7 o
Stata(ver. 14.0)%fH L 7=,

(GRS

HE L7z R ERiR EE DR R 2 R 113128 Lo, HEEUROT OR SR, Hilkic L2 RE AT
R oo 723 (P> 0.05), R ClI 2 CoORMM CHBRZENA LN (F1-14 : [X1-9),
BRI O I A ERTREE O RAB X, FROPE D KEHI31.00pg/dL, B4 H1A32.00ug/dL, FEOPED
REHA231.97ug/dL & 72 o 72 (1X]1-9),

£

B

=Y J1 % A OISR EE AR OB Y R DA IS CHEICEIN L, AN G
FEOWEY RN LI b oo, FOUE Y REH o P EpR 3K O3 0 I i LT
il & e o7z, SnORNENRED RN FLIC ST, &% A CHRER L 728n L/ i AT L
TREZMER L, EE0T, 20T E A EIEBE b 412 (Ishizuka RFER),
BSROY) HEATARICHRET DO KA G, ZO%OBAHIIH) T THEIC
M OFRBE TN L7z, F—EEREZEEE VL TE TW RSO0, fEEREE S LT
BROBEMZEET D &, FAEMROLY HEAIENTHERBELTNDLZ EBEZH
b, Elo. TOVEYICHBEEN A LR T2 2 &b HURTE KON =05 Tl AR E
DETEYFEE L TV D ATREMEN & 5.,

AR R OERTEDOBA I OITEEUIIA 6 20T > TW WA, ZHE T Thi
T SHEIERRAAT S & 2 REBRE S ORUNGEER (PR REER) L REAN R T2 REHICLD
ITENBBIH A OR RERTEE RHER)D D EEEHOITENNHEE SN D, ZOITENE
NTED IO ICHER S EEEITR AT E R ARG & > 7 — 231999472 520064
(2T TR SV OIRE O EEMAR R L2 GhE 5 &, BB & =g o7
B, FIREEOSMIBER DA L TN Z LR EN S (X1-10), Z OECE TR R
(X, 22 OEERBERNCENIRE OFBENA LR o1 &V ) KA R LTS L. A
EAERIT NS OHUBITBEALE L T TV, AFOHBAERT 52U HEAITEBNT
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b HUIREYZR TG G IR SN D Z L AVRIR ST,
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#21-13. 2018411 H 7> 5202144 H (24l JE U 7= B AUBRE L 20194E1 H 7> H2021 4R I CHiE L 7= =

ERE. RHI70P OV, i, i PSR DNFR

I TN A X N T TS R LB RT

1 SRR (ng/dL)

iEd LR n
Hh i > ON ] B /IME
Adult 59 2.75 21.23 0.18
I .
o Yearling 3 1.00 3.00 1.00
FORIERE
i Adult 55 4.00 26.05 0.23
Yearling 1 0.48 - -
Adult 11 4.29 28.90 0.91
i3 ,
Yearling 3 1.00 3.00 1.00
B Adult 34 3.25 31.60 1.30
il
Yearling 4 1.18 3.50 0.80

FK1-14. M PENRE 2 AR L L7z & & iUl & R4 o0 B [B1IR o0 A D s R

B E (o YA X))  Coef. P & 95% CI
Him (170) 0.16 0.06 -0.00 — 0.32
BAH# (77) Reference

FKOPE Y FEH (41) -0.59 0.0001> -0.76 —-0.42
FEOPEY B (52) -0.26 0.001 042 --0.10
FKOPE Y FEH (41) Reference

AR (77) 2.12 0.03 0.19 - 4.05
FDPE Y HEH (52) 2.00 0.04 0.08 —4.34

Coef. ITEREL. 95% CLIX95%[E EX [E] & 7/~ 9", Reference | B & MRFET 5 BR D HLvE

& LIZHE 277
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Sea Pb. ppm Land
4853-1264 [ 1500 - 24310
4498 -453 (I 7500 - 1500
3982 - 4498 [ 6500- 7500
3467-3982 [__]ss500-6500
2052-3467 [__]4500-5500
2436-2952 [_]3500- 4500
1921 -2636 [] 2500- 3500

o %
1406 - 1921 [ 1500 - 2500

8903 - 1406 [ 4127- 1500

e 5 ;
S
03407 - 8903 [ 4126122 v

X1-10. ¥EEDJEE A IC BT DNREGERITE SR A X — v =7V A MEEHR

D ‘? /
A.i‘

202149 H 6 H URL: https://gbank.gsj.ip/geochemmap/gmaps/map.htm) & == U 57 & X DI

Ak
AT HRAE, EMIKII =842 R U, BRI S 2R, 2V E TORRR
B DR DIHEE SN 2ATENE BT - T\ %, BTEINRIC OV T, BAGE & =3
B OUFED KE T O 3RO T REDOIMREZE L TB D . mEBhoiTkC

B E DM MFAET 5 &0 ) BORHENR 2 B LD,
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EIE Y HE A DRERIREHET D

F it

ATEAN G, AR O2Y HEAPENTINGYRE 51T TWD Z ERA LN ST,
PR DAL, IRIEIC K o TEERAR B L KITT & 5 R & % (De Francisco et al.,
2003), BRI CEOGYREZZ T 5 &, BKRIEREZ B S PITHEOHITEE LT 5 L@ sh
% (Pain et al., 2009), HHEEEOTGYTIL, Bkx edEFFRAERZ 2T 203, IO MAE
RATEN R T & W o TERE 2 L7286, FOFERi~O B & S 5 (Pain ef al., 2019),
EBEZ, ARXABOYY 2w T TIEIROIIR EICAFET 2R AU SnTE YR i & A8 78
£

OB S, BFERRIRITHS

i

ENVE U5 LRI ST B (Dauwe ef al., 2004), T
W&o Tk, BEICERTBE Y DR EBIZ X > TR O FH S A S LTV H(Herndndez and
Margalida, 2009; Kendall et al., 1996; Pain et al., 2019), 71 U 7 4 /L =7 2> KL(Gymnogyps
californianus) CTIXERBFRITIGY S AVZBRN ORI K D | 1982472 5 19864F (2 BT {14
Boa P &8, BUETIZ1I000-RENEET DB Lo TW D (Wiemeyer et al., 1988),
A AT a BT HE(Oxyura leucocephala) CIEERT5 %03 FIA C 10 LAN O BT CA I A
E AW D L, BUE CTITHIR OGRS IZIE L TV 5 (Mateo, 2009a; Wiemeyer et al., 1988),
FRDOVGYITRIE L W H LM b | BN BORKRE & L THOFR 4 & 23 2
bH5HZ b, ERNIZBWTED~OERIHYIFARME L 22T X e b2, 22T, KEIT
IXEN TOSER O EREHIRIZEIT 272012, ABEMROY B E XA DHYREHEET S
ZEHRHAME LCRAZEM L,

FEAT 715

1. FSAAEHEIC T D RE T OSRICET 5 A

2V HEAOEEYIRE LT, U BEABEET D, K - WIH), B, K&, ZLT
IR VD, KON, FARITAKEGEDG LI LS & SO PEK R 130 1mg/L &
EoOM b ko T W AER B 4. 20214F9H6H Rl . URL:
https://www.env.go.jp/water/impure/haisui.html), _F/KIEIZAKEIEIZ K > TKIEKEEENE D

5 AL . #1F0.0lmgL & X AT W BH(E E @ A 20219°9H6H B . URL:
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https://www.mhlw.g0.jp/shingi/2002/12/s1209-5¢.html),

AFHAEMAEET D BIEERIZNTI S E A I RIS EE T B T /KE OKE A 2 5 L T
WDHHDOO, FOMRERMBITEEMEL T LGRS TV HOR UK IE /. URL:

https://www.waterworks.metro.tokyo.lg.jp/suigen/kekka/r02.html, T 22 R B 58 A= TH IR K B AR 23R,

URL: https://www.pref.chiba.lg.jp/suiho/press/2021documents/20210811_sokuteikekka.pdf, %= %1M.

URL: https://www.pref.aichi.jp/soshiki/suishitsushiken/0000083587.html, 20214E9 A 6 H [} &),

EFKEIZE ENROVKIROEE AT, ShOREEMFENH T O TR, TD7D,
HIE SN TWDIEA, BRI BEN AR ST\ d, HEEBS 34N, 139° 55°E) Tl
2016 4E @ FH A 1T B W T K 10m R E o # 5 T 20mgkg (B B 4 . URL:

https://www.env.go.jp/press/files/jp/105660pdf, 2021459 A 26 H i), =i TIZ20194F £ CJE

B1Z37 mg/kg &, WU ILIZ ETRKEOKEELL EOSRMREN G EN TV D (BHIFEARKRK

BRBE AR, URL: https://www.pref.aichi.jp/soshiki/mizutaiki/koukyou2019data.html, 2021459 H 6 H [

), WREBICERNLMIOEEHEEREEZSRIT S &, (LHIXIF20204F F T64.6~208
mg/L(7L W X. URL:

https://www.city.koto.lg.ip/380303/machizukuri/sekatsu/suishitsuosen/7308.html, 20214E9 5 6 H 4

). L 7 )X 1Z20204F FE I # M B OB T13~89 mgkg(fL 5 JII X. URL:

https://www.city.edogawa.tokyo.jp/documents/1221/r2_teisitu.pdf, 202149 H 6 H (i) & #45 X

TW5, TIEE TSSO EERAEOFEMIZAR I T 722 0 (T3 R, URL:

https://www.pref.chiba.lg.jp/suiho/kasentou/koukyouyousui/index.html, 202149 H 6 H &), Z il

LONBERERE 25 L, KEFEITZ ET/KETCIMRO TREBECTHDL A, EE T ET
KIZHEE U CTHEAE LA EDOSRBGFEL TWD Z LRI ND,
Tz OWTIR, HEBRFEEICESWTRELRZHR] S THA %I, HERE KD

BNTW5, ZORETHITHESHEELEN150mgke LT EED LTV SHEREES.

URL: https://www.env.go.jp/kijun/dtl.html, 20214E9 7 6 H &), —#BOFEE DA & 72
Lz, BRI BAER RITAR STV, 200045 (22E 0 BiaKR 252 HgEdh o

PATERFE DS IHA STV Y- eral., 2006), TOHBICLD L, HEH AR bEL, DVTK
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https://www.env.go.jp/kijun/dt1.html

P, ZENONRIZEVEYRE & LRSI TN S (X1-11),
KA, 2002 CYOE S AL72 REUGYLBh IR E O AT B IZ8R 12 B 2 FYEEILRR T H i

TE 5T EREL4. URL: https://www.env.go.jp/air/osen/law/, 202149 4 7 H &), ¥T4ED H IBIA

IZ X DB IIMFIE LR\, B HET- et al. (2006)1 3 FERH REME R D 1974~ 19974E D E
=X VT TF =R L EMG AREROE=2 Y 7T — X ERNT L. 19704R4 52003412
T TREH OSRRENBAMEINCH D Z & Z2WE L2(X1-12), Z O ITIT19704E(%
MHAEET Y Y ORI EL ST 5 & HOLARTEE, 1990), 2021428 H30H 27 /v
P UT T, WERETHE—DFNT Y U L OIRFBNE T L2 & 285 & (CNN. URL

https://www.cnn.co.jp/business/35175956.html, 20214E9 H 7H B'&). K& OERREITHE S

BAEMICH D B2 B D,

BHIZ DWW T, SO R OTGYRIITRE O & STV D Z & H b (Badry et al., 2020), = U 7
EAORMNREZHRT DL EITEETHD, = U FE A THEEME L & Fu(Kubetzki and
Garthe, 2003), AMtE2T3429 5 2 2 (Vernon, 1972)<CREMRAY) 72 BE A1 12 K 2 B+ (Feng and
Liang, 2020)\2AKAF T 2 2 L3 5, AWM O Y 71 F A OEREENE & fiT 3 5 e b iR
I FEE, AR OB Ch D, BEOBMELMITT 2 5EE, Bk#icL-T
HNEWY & B0 5 J715(Barrett ef al., 2007; Provencher ef al., 2019), & 2\ %, 048 L7-FF
NI S VTP AR L . PUCE £ D LRERINMAEN DL ERMAELEZR B LT, 20
PO S 7= HEW) % #E &5 5 J7 1 (Stearns, 2010; Thompson and Furness, 1995)73 %%
FToNnd, ZERNARLDOHENT FIEIZOWT, KIZHAZIT 9,

2. ZERNKLIZHOWT

BEED D IZE ENDREFKRON, RFEIX14C, 13C, 12C, ZEHRILISN & 14N BFEIET
%, BRETOFIGITIRFETIXI2C 23989 %, 23 TIXI4N 7399.63%% (5 % (Coplen et al.,
2002), k3L EEDOLERMMARLIT, RFEI13C/12C DHGC). ZEFHEHNI5N/14N D LE(SN)
ELTHIEENLD (% OCN & 7°5), SNITEWEEA I DT EHIINT 5 &0 5 R
& % (Cabana and Rasmussen, 1994), =D 7=, ALY T I v FOEKMBEEIZE., KRNOD

SN 73887 (Inger and Bearhop, 2008), — /7. SC IZEM O BYEELOETII/2 <, ZDOIK
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DB LIZAEMOAT 5 8C Z XMd 5 &9 K583 & % (DeNiro and Epstein, 1978), 8C M
b O 1 OOREEIE, FFETRICRIA L7 O KA P K> TET 28 Th D, C3E
WaRERE UCHM L2 E. CEMITRK T D12C M4 2t OanF 7 < #e
DT, BRELIZEWITI12C OFHAFNENEE D, CHEMIILFRONAE T 2 RSB ILFAL
RETEND 2N, CHEYM LV HFEXTEIIZ12C BAFIEN DI, MEFR OB TIX,
MK P DOIR SN2 RBIFFEZFH LTS 720, B ko CHEW X HHIIICI3C O&4H
2235 < 72 5 (Kelly, 2000),

ZE RINAREE &2 W 7= B PRI, B M (Kusaka ef al., 2010)% 1% U@, fA¥E(Tulli ef al.,
2020)<°H5%E(Smith ef al., 2021)Z X U, Bx 2AEMBETHO LN TWD, BHEIE. ZER
LR 23 B MR AT IS O & AUV ER © 7219704 4K 24 I 2 & i & 4L T V> % (Matsubara and
Minami, 1998; #Z W 7%k, 2017), SO L E RN KL OMHTITIZ, BICPREM S D
(Meier et al., 2017), ZAuZ, SCN 2P DOIERRFHIPINICE D IAE 5 2 LITHD0nTn
% (Mazerolle et al., 2005),

3. = U BEADOEMEOHITTIEDOKES

LY A ADOBVERNT 2T 5 BT, B IR A 1N 2 & 12 B B R O VR 25 44
YLD, RONIZIHAER O TIM T 2 A & - TIIEN R FETIE R,
FEINTFEE LT, BAMMATICAEZ PRI L, ZERNMKLZ/ET 5T ETH
L0, ZOFEZZY BEAOHEPHEXO S0 D, FEITEFICRHETH S, Z OB
2 Y AERADHEPERNICH D, ) IF ANTBEIEEZ TR OB E I, 25 0P 2 #F]
T 5, BUAHIRI I & RPN ZBR < REOPINREITEANRDY | FIHBIK O/ X TR
P DWPNISE T 9% (Walters, 1982), (AEBOPNIEAT 2RV THER A TH L7,
AP AEZE D > e BRI TE RV, B OPNTBA M IR EICREAaITR D
H DD, BN BEAOMEREZRIAICHET 2 2 LIIA S TERW, BLEogns, i
IR A Z T2 P 2 BRI U CRE RINAREL 2 AT 3 2 EITEIRE 3, AHEiTiX, =V E
A ORVERATIC, BHEHIR O R & B OB ORI ZHEET 5 LD 7 e —F

T A N L7z, BRI 28, MEFRICERTRIC A X TP 2R LT D720,
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m&

B2 R 92 B & R CHRPIER D WIFIRFBERP ORI P 2 L7z,

\

s

DB & AT I 1
FEAT R BIE, BB EEIZ20164E12 H 2> 5201742 A IS i 48 U 7 S HELOS & L1, =37
BIF20204F12 1 7> H20214E3 ISl M8 U 7 pRSHETP] & MESPI D KRN 2 L7, Lk
DEERN D . KINEP 228 L2, S E %R E LB liE, 2V e A04ERE L
T, BHO=LY B AL queing EFREI, LV HEELREIBS 25572 DICHA a2 =—
PSND av =—ZRFIZBENT 5 Al GEMEN H D Z LI 2 (Coulson ef al., 1984), = U J1E
ANFShE L B THERGR BN D T L DVRIBR STV % (Cantos ef al., 1994)7-8 T
=R

PR L 72 RPN, BEAFBFZEICMi . LUT O FFRIE THRIE AT e 2217 > 72 (Bearhop er al.,
2002; Cherel et al., 2000), AN, Z T BRI 1 A X ) —/L1OEE THE LRSI
T LItk 120, B Lo, S B RIEP 2, fike30: HeEksioE4 T
BA LIz CI0RMIvE L. Tk, Mk Cliikad 70, T3 &K RiE
PHII2H B SE72%, ImmBEEIChy L, BFRECTTXTOY 7 VOEEN Img
+£0.1mg 1272 % L DI 2 7=,

LZERNMARLEORIE L, EEREA—T 7 7 2 VT 4 ORERNMAKE &SN A
7 I (Iso Prime 100, Elementar, UK)Z i/ L7z, ¥R & LT L-Alanine (315N : 8.70%o.
813C : —19.6 %o. Shoko science, Tokyo)Z FHV>, 10 3k Z & ICHIE Lz, HEHERR Bl oY
R LTI D & B U 7o R IR B RN EE DFRRZEIE £0.03 % Th o 72,

5. HEEHEHT

3 DAV RINCAREE IR, EIARRE Z & 12 815N )L TV §13C Z 41241 C Shapiro-Wilk test 217>,
EHEZ s U, EAREER] O 15N KO8 813C DZEDE % £ d DA, MErEERE L
7o IEBERTRD HALHAITIE, HEZEIE Student D t FREZ . RO LR Do T2 E121E
Mann-Whitney @ U fEZ H W\ o, HZAENRD LSS ITIEEEZ 51T, B bk o
T2 A IIMEAIRS LT 815N LT 813C OEAREH DAL WE LTz, (EEREM OZEDHE

Wi, BRSO DAL AITIIZEEDHRIN 2. B b2 WEEIZIE Steel-Dwass



testZ Wz, U BERAL, ZNETOENOLY HE A OEMHFAEICLY . FEFFED
HIs 2SR 5 B MDY B 5 (Ornithology, 2002; Sugawa, 1984), T D7= ., A CTiL, A
L2 DT, HE KO =008 O i ik TR S -k a2 22 oERREE LT
L1, 2TOHGHFTOAEAKAET0.05E L, #etobrid7 U —Y 7 b R (ver. 3.5.0) KN
Stata (ver. 14.0) Zf#H L 7=,
(GRS
815N N OY 813C Dy R A4 #1-151272 %, 815N 1310.00~20.00%0 THER L. 813C 13-
25.00~-15.00%0 CHERE L7, 815N & S13C 1ZIICE#NMEZ R L7272, Student O t fRE %
FEhE L7 AE R, MEEIEER O B 7Ry o 72(815N P= 0.09, §13C P= 0.60), MEE&IEA L C.
IR BB HT A FEk L7 SR, 2{BEREED S1SN R ONSI3C ITIFA B2 AT R b o7z
(P=0.176, [X1-13),
B
EAERERIC AN SR o T2 2 L b BURIEHE & =MEBREL, BAIEL 2
FFERAZERELTND EB26ND5, SI13C ITRMEEHOR N E R D AEER Z KT 5
(Jabotet al., 2017), Fi#)? §13C 1X, C3HEY) TI L Z-25% LA F & 720 | CHREHT-15 %Lk E
& 72 B (Berto et al., 2019), EEDWFEECHY) 7 Z 7 h Tk C4L CIHEM D D-27~-
15%0l {7 {9~ % (Chisholm and Koike, 1999; Gladyshev, 2009), ZEPEH 132 & OHIIH 2 H 72
Do, ANHESP oSN D B bRFERE Vo KA & TEFORFEEIZEL > TED
EEL, HEFILZ OAEPEL D 513C IZH KT 5 (Saugier ef al., 2012), S15N (X EWHEHO -
FATPE > THER T 5 (Minagawa and Wada, 1984), AEFEHE TH DM O S15N 1T kA, S
DEFRIAKATFT D (Saugier et al., 2012), WM ZEEET 2 —IRIEEE X, ML L TOHEMS
ERRWOESI NS, AFHEENE DO TKREOEREHEOEVIKEREICHELZ T2
WER Y | BEZE AR HIUECE 1342 U7 2 & 3FELE S #1T U 4 (Cabana and Rasmussen, 1996), = U
HE AL, I R OB A o AR K - T S iz B2 OB B 5 I/
THEHERD L O 7, AEBREARFHTLEEE2 LD LB (Maciusik et al., 2010; F-HFn

Z, 2007), M TES

M

A RFBDWBEZZ T TOLHAREERH D, ZHEDRRIZESNT,
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A F(S15N: 10.00~20.00%0. 813C: -25.00~-15.00%0)% & 2345 &, §13C |FHFIE CEEFHHE
EZETHRHMICHEEL TWD EHEE SN D, SI5N IRMFELEAY) CHERE & 7= %2l (Chikaraishi
et al., 2009; Popp et al., 200 & SZ#2T 5 &, —IRIEEF O BCREHHIA 5N etal., 2010)
%Y L7 (K1-14),

ZORERPE . AR EO Y B AT OIREICART 5 L 0 R ECH
BRI L, BREFL TV D Z LN HEE SN D, D), BAHIZIBWTH, 2 OMELT
PEIC K> THEUT 2EMEREE L TW D RN D D, 2 WEARESEE LTERTD

RS ANOT—2 9 I A B RCREX ORI U OFE TIE, = U B E A TEHEHN
=2 71 A (Hediste spp.). #4&HIC “ M E D Scrobicularia plana % T OEFE R & 3 5 (Moreira,
1995), Z O&IIE, AFHARIR Td 2 BIHH ORI NE DOHEE &AW 1T 2 SREFNE

AIREMEZ SR 5,

ARPA TITGRE EHEE SN OME A BEONE 2 E L T 59, FEERIZHE
HUZ A BT DIEAEN D EORRESRITIG RSN TV D ONEA LN TIEARY, D7D
AFHERRIIU T ORFMR 2N L TERZITO, ENOWEEMOmMEL LT, B

EEICFET 2 EARE ARSI IALLTWEY TH % (Mohanraj ef al., 2021), HIEIT
S L IHTERET 5 2 LT, HRTICER S %3 (Benaltabet ef al., 2021), —#iDH
DA TITHBRDBEOWEM & L TERIND L 9T, K& #ilT 5 Higk Teho Bk
D3EOFEEE S W D (Issabayeva et al., 2006; 18)11ECK et al., 2014), $HIEH LT 7 AEERE L
TEBL, WD T LRWET N EEAIESE L TWRES %4 E % £7-O(Bushnell and Jaeger,
1986), Z M7=, SFESCHIFLENM) CTILEMTHYIC L 28 OMfega b 237 & 4L 5 (Pain et al., 2019),
BT, W& Vo AR WD ERIRAI VL T DRI D 2 & T MOHEEEY
OV BHREGALLT WA THL EEZOND, TRODHREGDLED &, ENITE
AT 5 Y TE ADNBIW L AR OB EZ A L TV D 5EICE, iE I OME D IKE
HUTAFAET 28T R ST —IRIEB B Z R T2 2 LI Ko TEHRZ 2T TV 5 Al

PR %,
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F21-15. 2016412 H 2> H201 72 A I M U 72 BATVBRE, 202045120 52021453 A I2HiE L

7o ZIVERE O S F OL ERNAR (S 15N) & Ok 58 O 22 E RN (8 13C) D I E il 3

B AT PEm) 815N (%o) 313C (%o)
o M)  13.73 £2.60 -19.05 £2.62
HUR B R
M (10)  12.29+2.02 -19.55 £3.63
o T (7) 14.46 +2.27 -19.96 +3.66
RV RE
1 (8) 13.78 £2.22 -19.90 +4.39

n: YT A X BT R ER S (1SD) &2 R T,
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25.00

20.00
° 15.00 §
J ° o
10.00
3 13C (%0)
5.00
-2800 -2600 -24.00 -2200 -2000 -1800 -1600 -14.00 -1200 -10.00
o RIUERIME RTUERHE = RIAR M = AARE

X1-13. 20165512 H 7> 5201 782 A I U 7= S HE103 & HET 1P R AUERE). 20204412 A
2 BH20214E3 A Sl U 7= il S 1720 & MESI (=3B RE) M D15 B N T= B F 1 D22 E [RINLAA

HE(B15N) K DN & LA~ D22 3E [RINL AR (813 C) DM IE = & D FATi X
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Freshwater environment

Marine environment
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BA BRI GREERICKETREL ZORELXIERT S
F it

GG ITE A EOTEZL OB THE SN TEY . ZOEREEORHBIIIG YR E
\CX o T, xR B a5 & 2 A12H D (Levin et al., 2020), $nD AR BT EBEET
Bx RECBNEE SN TW5D, A XY U (Aquila chrysaetos) TIX2.5ug/dL O I 1§13 i B TR
TEEDN0%IK 95 (Ecke et al., 2017), A2 /~7 F a 7 (Cygnus cygnus) TIEIiLHERiE 44
pg/dL LA ECEA I O R E A BISHEA 95 (Newth et al., 2016), ~ #E Tidf b L7z
Bt & IR OERI B IIAABI L. B M PSRRI 18ug/dL LA EORFIC BN ARICEL D
(Vallverdu - Coll et al., 2016), > = 7 71 7 TIXINTE 45 EAHSHLIER T B 150ppm LA D
I%50ppm LA FOREICHE LT, AEICHIEY & k4 2 #lkimfE 23/ & < 72 % (Gorissen et
al., 2005), AAKFEON, SCEERE~DREIT T LERREEOHRTHRESIND
(Vallverdd-Coll et al., 2019), FFADRIEREREIZ X 5 $h DERBE T ITMEI S TR0 A
(Rocke and Samuel, 1991; Snoeijs ez al., 2005), ~ & TIiLLh BT P EMEEE 10pg/dL LA T~

JL—T I OTENE 2 A Z (23 5 (Vallverda-Coll et al., 2019), 440> 51 F % 5 2 (Branta
canadensis) TIEEHY L 2 7 20 MEIZ L AR T S BE ST 5 4u(Locke and Bagley, 1967).
PR R R TIX AR v 7 X T (Coturnix japonica) D KIFEEYLRIT. 800 & 15 YLE DMK Ye
BEICHE L TR o 7o DTk L, F17 A W AER Z D Toll-like receptor-3 D F8 Bl &3 =i
ERECH BT 2 2 & 23 &4 TV 5 (Nain and Smits, 2011),

PMIFEZEOWRBEN AR 2 & D LM BIEN T DI TRV, B YRAFE D
BT 2 B CIX, PE L~V R T MR RREDEENREIN TS, Thbb,
71 & H(Martinez-Haro et al., 2011)& % % H(Order, Accipitriformes)(Walters et al., 2010) T (%
20ug/dL, ¥ HHD S b, fABMED X B EA Y U 2 JgBEDROSIAN and CRAIGHEAD,
2009) Tl40pg/dL & S5,

ARIMAS RO Y T E ANTGROEEEITRE SN TRV E DD, ZIVE TITAEKE
L L CEHA~DRENRE S T S (Kitowski et al., 2017a; Migula et al., 2000;

ORLOWSKI ef al., 2007), FEHEENE D HNTWARWT Enb . ATHE TIIREEE~DE
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Ff

BT, SEEE OREBEMOEE) 2GRN KT T D, HEZRA T,

FAR-1. SE R R TH R I RIS TR B AR T D
fRAT 71
ATE CHUBA) 7R 0I5 T A TN T L Bl LT (B RE A2 b 1, e e D&
(WBC. Het, Lym, H/L k., CD4, CD8a)& Il HFEREEE & DT Speaman DNENFH IR L &
MWT, BMRERT LT, £EHRIE Yearling DY > F YA ZD/NEDoT-Z LD, Hifii
ERBRICFERITIR S L CREICH Wz, 2 TOOOAEKEEIT0.05& L, #Hitoirix
J—> 7 b R (ver. 3.5.0) & U\ Stata (ver. 14.0) Z{fiff L 7=,
(GRS
Het(p=0.22, P=0.004), Lym(p=-0.22, P=0.003), H/L tt(p=0.22, P=0.003)25 L FHpi & A
BRBRA D - 72(X1-15), T2 5, Het & H/L HITMm P EniEE & EOMBENRH Y . Lym
TR OB A LIz, WBC, CD4, CD8a l3A BEARBIRMEIIA bR oT,
B
U U NERIT, ARSI A 5T DML, IEIRIR DRS00 R DOMERFICHERE T D 72D, HI
DWW TIRIFARA~D GIEGUIRREZ 5 & #E 23 & & 2 b TV 5 (Sharma, 1997), ~7 127
A VX E S D BRRIEITHERET 203, ~T 1 7 ¢ LV DOIREERIGIN A 5] & Z T RIAERS T
B3 2 & BBl SRR O pEAE TUHE % 51 Z 2 Z 9" (Maxwell and Robertson, 1998), &
BE B SRS IL, RIEEAT 4 =— X —DY A NI DT aRE 7T (PGE2, A
A —uAFx(L)-6, IL-1p ZPEAL., 26DV A b AA TSR RERE OO RAEA
kDM AL Z 5] % L Z 9 (Wang and DuBois, 2015), D72, AHAETE S - P
PLHE DRI L D ~T 17 4 LOBIINE U L SEROBD IE, SRR I I O B % 5| &
L LI ATREMEDN B 2 B LD,
U U mERE~T BT 0 VOH/LIE, B L 12F O HERE X 3T UV % (Minias, 2019),
Z O H/L LEO@LL, BPED A b LA DBRECHUE S W o 7o RRIC & o TIER TIERn

IKAEZ B LT D (Totzke et al., 1999), =V HE A (F@HE, V" EKB~T a7 4 L0 H%
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WOT, H/L EIEL X W /& < 72 D (Ushine et al., 2020), AFHA Tl H/L i3 ey E & 1E
OB B2 &b, MAPEREEOBIE HL OMMES| &R 32 EAURS
Ao, SRR I D L7RBBICTH S LTV D Z LR ST,
AFER LV, CD4L CD8a lZiE, MHEAREIIAEREEL KT I ol 2 EARIEX
N7z, CD4L CD8a &I[Al LHfEiy1IZ BT D8RR O L LT, ~ UV ADREER TIE
0.8ug/dL D M HENIRIE DRF, REREREOFRI 205 IL20 A E R E . kY 3k
TREA SNWERGEICT 5T 5 IL4DAERBD 151 &k Z &5 (Tavicoli et al., 2006), —
T, B N CIE3m AR O IR A Sh R A 15pg/dL UL E T IgG, IgM, IgA WA EIZE < 7
% (Sarasua et al., 2000), Z AL D DHIESFIE, BHIFLIZ Ko TEA - pibsivd, —F5 T,
A TR L 72 y% 51 CD4, CD8a (XFEIZ T Mg CHRIT D, ZNHOMEERFE 2
D&, AR CH SRR & A B RBIRIENS R DR o 72 CDAK TN CD8a 1%, W%y 10
FEHNTIENE U DG YR ICE L TR 720 ) (YRR O nlREVESC, Wi L 7= sask
HIREIZ K D BB ORED 2R Lo 7o mlRgtE, & L CHIC K 2D rTRE M 8 4

RFELIEEZEZBND,
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1-15. MR iE & A B R BIRAGED b7z e REH H
a) Het(p=0.22, P=0.004), b) Lym(p=-0.22, P=0.003), c)H/L kt(p=0.22, P=0.003)73 1+ ¢
B EHERBBER D -, B, Het II~T 17 0 LOEIE(%), Lym 13V > EROEIA

(%). H/Lratio |3 H/L }b&7R7,

69



FAfn-2. SOERRR IR A RIS T M P AR E L AR S

i 5L
H &5

R/ L D0 =2 U 0 A TIEIRIG YT R RE DFE AR & 2 2 A H O, ~7T 1
T gl U REROEIGICHBEREERY RITT I ERPL NI oTo, U I A TG
RDEFERBOWREITHFIET 2 b DO, GELBOMAMLITR < HROREE R
RIS STV, T, 583 e 2 POICIRIRE ORIk 4 & WA S,
TP e~ D EZEAMIZ 13 ALARA : As low as reasonable achievable(&FEAIIZ 2R AT RE 72
RV AR O)OBEEIZ IS WT, AIREZR IR W $n15 YL A 80 5 36 SRS & 0T 2 (W 1L jae e
and H'E—,2009), mMEFHT 7r—F L LT, AFWEITHT 2BIELZRET HERICT
B FEBR > O B — SOSETBR (X 1-16) D IERL SR 6 B B (635 PE 348 s o 2 R At e
BHREE, 2007), BUE, GYREOEEEPIRBINTWOIHEHEKROFAHEIL, ZhET
DOEAETEIRDOBICFH 2 5 O T AR L ZOREORE, £ L THE FORHERU Lo
SRBRIE EBRD T — |2 IS\ T B (Pain et al., 2009; Pain et al., 2019),

Y EATIHEFHE FTOBRBERNER SN TWRWI EnE, BEZHRET D I &R
WNEETH D, TOH, AREITIX, ATE Tl & A RBERBFED blz3>0%
EHEON, HL IZRRICAEBEREENR L ONTZA~AT o7 4 L&) VRO TH D Z
LB, KHETEIA~AT T 4 v &Y UNEROENIG D20 O Ma OEIG 2 k5 & LT,
ThENE BEKE L7k, ZOEIGICHERZERALND & & DML EHIRE Z A
L7,

FEAT 51

AN ORI & Lie U 7 AMEAEEZ 55 & U Ot 2 960 L7z, I L 7z o dn i
FEVE, o AERE LS SEESND KD, 40pgdL T LT LT, 16.0pg/dL LA R
YINYA RDRINOIDDREE Lz, ~T a7 gLl U U REROEIE (Het, Lym)% HAVZ
Bl LT, 4.0pg/dL A D e SR M AR EEHE 2 Reference & LT, OB L DT,
BRI 2 FEmB L, ZNENOHIBOEIGIZEZNA LD L EORELZHB Lz, 2T

DN OFEARAEIZ0.05E L, #HFHoHTE~7 U —> 7 b R (ver. 3.5.0) & U\ Stata (ver. 14.0) %
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AL,

IS

AT BT g0 U BRI R AR I A BRI BERE(4.0ng/dL AR A F VLA RO IR EERE
LEDRIT, ZNENAEITEY, BWEIG AR LIZ(F-16 : X1-17),

£ 3

AR LY, U B AT 34.0ng/dL OEFE A2 B L LT, Mk T o5
fa~T w7 4 & U o NEROBIENABIZET 2 Z R LMNIRoT, TRbHbAT
27 4 L OEIEIT4.0ug/dL KFHORETH 72 U N EROFIEIT4.0pg/dL KT < 2o
Too ~NT BT 4 VOEIGITIEINC L o TRIAESISITE R U 7= 50 22 b bE o ] i @) %
(Harmon, 1998), VU o/ ERDEIEG O P 1 50 HE Re o 3R 8 12 BN o 5228 % % 1F 9~ (Sharma,
1991), F7=, H/L KT LI —EDOHIG B HERF S TH Y (Minias, 2019), H/L HFO i
1. B L RARHUR E WV o TR ATRIC & o TIER TIE/R WV IRIE A E k9 % (Totzke et al.,
1999), =D 7=, MR MB4.0ug/dL LLEDOEA, HL kOB L > TREE LTD
H/L FEDMEANE U, SofEtne (2 I i BN A C 2 WTREMED B 5,

BITE, BETHROREME LREE I N TV DHIREIL N EH T20pgdL, BEMEDOX W HT
40pg/dL TH D, AETHOLNTZ U BT ADRELETZ NS ORI L TR,
40ug/dl THEICA~AT BT 4L ) U EROEIGIIEN L, b N CIMdREERELE KIET
MR RE 1T 10pg/dL & E D 5TV 5 (Registry, 2020), — 5 T, WHEZ5RICEE SN
IQ WA TIL, 10ug/dL LA EOREZHEE LT, Spg/dL RO E TIQ LUV MEIZIL T L
7o 2 LS S iz 2 & C(Bellinger et al., 1992; Canfield et al., 2003; Lanphear et al., 2000),
20204 |2 K [ERIR TR EFLE o ¥ —(CDC)iXSug/dL 27 7 v a  L-ULEREL TV D

(CDC. URL: https://www.cdc.gov/nceh/lead/resources/scientific-publications.html, 202149 A 8 H [

F2).

SEEDSRBEY D E B O R T, RREOIFYICE B Lz IR 67wy, Lo,
E RDIQ DEIRD X 51T, HE DA BB D75 Yu HYE b 13— L 2RV ATHEME S

Exbhd, TORD, KHEZHEEA T, ZAETITHRE - B IN TV L BEOME
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https://www.cdc.gov/nceh/lead/resources/scientific-publications.html

ROIEMEEOHBZC, ML OEREEORE L LT, 7T ARBADORIGRDRAEZ

ETDHIENRDEND,
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#£1-16. 2018411 H 7> H20214F4 A (2 U 72 RO EE £ 2019451 H 7> 5202144 H (2% L

7o ZIBRE, R0 DO~T 17 4 V(Het) & U 2 RER(Lym)IZ351F 54.0pg/dL Z & OFEH D

B [AR BT O R

B/ NEEECH D Reference DRE L K HEE DT, Het & Lym OEIGIZFERH DD, MIEELT

27,
Het (F > 7" LA X) Coef. P A 95% CI
<4.0pg/dL (129) Reference
<8.0pg/dL (17) 5.80 0.01 1.71 -9.89
<12.0pg/dL (9) 8.13 0.002 3.02-13.24
<16.0pg/dL (6) 9.70 0.003 3.39-16.01
16.0 < pg/dL (5) 10.62 0.005 3.21-18.04
Lym (> 7 LA X)) Coef. P fi 95% CI
<4.0ug/dL (129) Reference
<8.0pg/dL (17) -4.86 0.02 -8.94 —-0.77
<12.0pg/dL (9) -8.21 0.002 -13.31--3.12
<16.0pg/dL (6) -8.93 0.006 -15.23 —-2.63
16.0 < pg/dL (5) -12.14 0.001 -19.53 —-4.74

Coef. IZPEREL. 95% CILIX95%[EHE X B 2 R~1,
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7o ZIVERE, FH170PNCEBIT D, 4.0ug/dL Z &M PN A XAy LTcEE D ~T a7 4 LD
BE &Y EROEIE ORER

fEfI~T 77 L& U U SEROEIG (%) %, BRI TSR E OB A R, PN —
TP RAE%). ETFOAR—ZZNZIHEOTRHOEKE & K/ Mli&R~3, Ky MIshnE

EFT, W=7 A7 7Sy NIRRT SRR SN2 L 2R
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#5581 Body condition 2SRFFHEREIC KITTRHELTET S
F it

Body condition [ZFEDAREICH LIRS L, IEH RV THE), BIHITHIZ /AL T 5
(Moller et al., 1998), SETIE, ZHNOHDITEIE AfFRED ML — KA 7 DIFENRE S
T\ 5 (Linden and Moller, 1989), Body condition D#ERFIL, ZERIN O A BEEEE DHERF, 5
PO MERFIC B ZEC & 5 (Bernabucci et al., 2005; Elmquist et al., 2005), ‘EFHRERED T C & 50)E
BEREDHERHIIZ KA =XV X — 2 B 57, TR —2 BT 2178 E U BRI
I53 JFAR O SR YL R 2 BN & 1 5 223 & 5 (Bobby Fokidis et al., 2008), S Tl <7 FHHD
Body condition & EMEEEDRHEEF OMIZ S, DEAROXT &7 a1 b E A(Larus
cachinnans) Ti&, PHA RBRICE > T T Vo EROBHENRE L AERIEOMBEEET S
Z &R STV B (Alonso-Alvarez and Tella, 2001), & Z CTAFAE TlX, =V BT AITE
T, Body condition 23 SRR ST T REIC DU TR & 3266 L 7=,
fiR AT 5 ik

ANFE 1 EICR%E L 7= Body condition index & SoEHERE DFRAE & 72 2 MR A TE B % %512
Spearman DJEMZFHEIRE AR Lz, £ TOOWOAEAKEEIT0.05E L, Hatotriz~ v
— 7 b R (ver. 3.5.0) X UX Stata (ver. 14.0) ZfiH L7z,
it R

HIMERE, ~7 a7 o voFEIE, U/ EROEIE, H/L T, Body condition index & O
BRBEBIRIN(K-18), ZON, AMEEE U o ERoBIEGIXIEDOFMBI(H mEREL p=
0.33, P<0.001, U > /RERDES p=0.22, P=0.004), ~7T 127 4 /LDE|E L H/L T A DR
(~T a7 4 VOEE p=-0.21, P=0.004, H/L It p=-0.22, P= 0.004)73 A 54172, CD4(p= 0.04,
P=0.58) & CD8a(p= -0.06, P= 0.40)/%. Body condition index & DA E Z2FBIZA S 727 -

7"4
—o

i

R
7

£ 55

!

= U 7 A D Body condition index O¥INIL, U EROFIGCH MEkEL & IE OB R

S, ~T 7 LVORELEAOHBN RSN, REREER OEREWEZZETHIE,
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AN O D BIZ L - T Body condition index DN EHERE DHEEHC 545 Z L AVR
BEND, 0D, a5 CRLEBFARLTREND L) RIKE, AR, BigLth
JERERE ORI H OBRMEIL, = U I E AT bl 41, Body condition index DK T i%
HERAEE ON, SREMRICBERT 2 MAHRE & AERBEREL RS, 20 Offiido
HERESLBEOEWRA WA EE TS L. Body condition index DI I 2 f g flfie o> BT I
To SRS RE AN & AT ATREMEDSVRIE S 41D,

—77 T, CD4% CD8a M¥EH &I Body condition index [Zf&1FE L7\ 2 & AR S uiz, CD4
TV S=T MO, B, ~27 v 7 7 —VICBT 551 T, 2 b OREii
FHURTR RIS TMd~D S 7 nEE, YA A U EEAOFRENZ 753 % (Yoon et
al., 2015), CD8a |%% 7 —T MAAZFEBLT 5 55 CERY~DO IR DMt Z s F 57
% (Kreijtz et al., 2008; Okino et al., 2013), CD4 & CDS8o OFEREIZHUR M L, EEMAES

B FEGARMHCOIIRET 5 2 & TIHH DA R R GEREL T 52 L TH LT
DT EDD, BEUITE Y ~DOIRZEEEHEI D - TV 5 (Matson et al., 2020; Swain et al., 2012),
Z?D7-% Body condition index £ ¥ &, B OBRGEE D D\ IR EICBET D E & Vo
T2 L > T CD4L CD8u DFEH BT B AT H AN H D720, A THM L
7=, fRE, R, JEED HE%E L7 Body condition index &9 Bi—Zsft & o BIRIED

ARATCIE, AR ARBIRIED R SR 1= TTREHED b 5,
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55681 Body condition & $ATEYLANRIEIEREIC RIETRE L RO BIR & FHET 5
i
INFETORERIED, SRT5YEE ORI & Body condition DT 1%, S HEREIZ 7]
DB RIFTZ RS, mMPSiREIREICL > THEREE N L. Body
condition Z AT 5 RECH R & b [RARIC A R CH RICE BT 5 (Ushine ef al. 2017), 3
bbb, RERREEICEEEZ ME 20O ERNREHIC L > THEICE# T 5720, Gk
REDFHMICAE ] S 42 Mk A B (e H) b . FFHNC K- TEEB T 5 alReg e, ik
BRAEHHICKIETRBEORREIC, KK 20BN D FTREMDN & 5,

Z ZCAHITIE, ZHE TICHERR L 72 Body condition & $h75 Y 23S EREREIZ 5 2. 5 2888,
KT K> TEEBT 200, ARSI,
fiFe AT 7 1%

MR 557 M8 RETH B (WBC, Lym, Het, H/L kb, CD4, CDS8a)% *[%:\Z Shapiro-wilk
BUE CIEHIMEZ 78 L7, WBC, CD4, CD8a IZIEMIMEAGRD bivieio7-72H, WBC IX
200cell/uL. = & (0~2000, 2001~4000, 4001~6000, 6001~8000, 8001~), CD4{%1.00 copy/uL
Z £(2.00~3.00, 3.01~4.00, 4.01~5.00, 5.01~), CD8a [¥2.00 copy/ulL Z & (0.00~2.00,
2.01~4.00, 4.01~6.00, 6.01~)Z/¥E L7z, WIT, FHEHBIEEESCHIRENRH 5 H, t
MEZEML, RTOHEAMTENRRNI L& Lz, £ LT, HIWAE, BCl & Pb %
A% L LT, Lym, Het, H/L HITEFYFS54HT, WBC, CD4, CD8a (IEfF =2 27 ¢
> 7 R M & FEh LTz, T O O BKHEIT0.05E L, #EtoiE7 )V —Y 7 F R
(ver. 3.5.0) K (X Stata (ver. 14.0) Z i L 7=,

i

FRMTRE SR 2 R 1-171 2R LTz, BROTE D REH] & A CIIA — D% I H 2% Body condition
EMFREEIC L > THRICHEBZZ TS Z ENRENT, Thbb, KOWEY BT
Het(P=0.001, 95% CI3.50 —11.49) & H/L kt(P< 0.001, 95% CI0.14 — 0.38)DH NI Pb DHiN
EHBEICEBRLTEY ., Lym(P=0.001, 95% CI-11.43 —-3.21)DE 1% Pb DEENINZ DHAHE

I % 517 CUhz, CD4lE BCI M2T X 5T, 3.00 copy/uL AiO#EE L EDORE, 5.00
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copy/uL Kiii OFE & L EOREZHFEIZX S LTV, CD8o X Pb & BCI MEHEIZL - T
2.00copy/uL A ORE & LU EOREZHREIZK Sy LTz,

BAHIZ SV T, Het (P<0.0001, 95% CI8.92 —20.05), H/L k(P< 0.0001, 95% CI0.26 —
0.59)I% Pb OHIINZ K » THEIZHINT HBERN A 72D L, Lym(P< 0.0001, 95%
CI-19.93 —-8.59)i% Pb DN L » THEIZHA T 5 BRI A b7z, CD4lL BCI DAIZ XL
T, 3.00 copy/uL A DOREE LLEDRE, 4.00 copy/ul K OFE L L EOREEZHEIZX L
TV /=, CD8a i Pb & BCIMZEFE(Z L - T2.00copy/pL Kl OFE L LI EOREAHEITIX Ay L
TU=,

FEOP Y WL, Het, H/L LLOBINE Pb OHIINE BCI O EHEICEHR L THY,
Lym O 1% BCI Db & Pb ORI & AREICER L TV ie, WBC X BCI DA L - T,
WBC 2000 cell/pL LA | & Riifi 2 HEIZX Sy L, 40008 76000 cell/uL LA L & i & A &2

X4y L7z, CD4& CD8a i BCI & PbiZ L » CTHEIZEMEZ X5 LishoTz,

5

S

FENTORERIN G ~T 17 4 & U 2 BROBIGITEAHIH O33R T T, mhinsE
MO BREEEZT D EPHERS N, THITAREFREATI O, 54 e filalz &
RELABT L LI, Y OERPFEET DHEIT B ERTEYIC K 2 G R8I
CHZ LRy, FROM Y K] & AT, B IMERELZ Body condition <1 15775
LOFERBBRIRENZ N -TREE LT, RIEOBMERDO RNZ2 HdDD~Tm T 4 v
& U U RERDEIA (Davis et al., 2008)7% Z DEEYIZ K > CTIEMM OREEZIT5 2 LTk

ST, BT EREREENRNRVARIEDNE 2 b,

FKOPE Y FEH & B2, CD41% Body condition DN TAHEIZHIM L. CD8a % Body
condition DX & L SRR EEDHINITHEITHIM L 72, CD8aid, 7 —THIfZIZFILL
A~NTE T )V ERBRIC, P EZEEREL CRYOEL L REEREO TELZEEIED
(Herndler-Brandstetter ef al., 2018), AFHAAFES TIE, CD8a 132.00 copy/uL % il i R L
OHEIMZ L > THRICHM LT, 7 v N OSMIREFERTIX, BEIKFEETIC CD8a OfF

B IR BN HAS XD (Yathapu et al., 2020), AFHEFER TH DIKBEOIGYEE T, 7
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v M OFFEICFFE L, CD8a MFEBLEIIIM P ENREDHNIC K > THEICHINT 2 Z &N
R ST, CDAXEnTGY% L CDABBEOTLEICET2MAITA LNV, N Tt
X X% Tld CD4N %54 25 #4546 & Body condition D REIZIIA B /2 IEOFE MR ST
V% (Eikenaar et al., 2020), AFHAEIH O CD4 & CDSo (3% (2% 59 5 (Eikenaar et al.,
2020), EHRGEOTICIE, ShOEBEBEZ I NY VRERRMBLFET LI LD
(Vallverdu-Coll et al., 2019), CD8a (X koD@ v | MR EDEE G2 5 —77 T, CD4
I% Body condition D84 5175 Z & T, KO R & BAHIIZ CD4DHEIN & Body
condition DHMMOBIRP RSN B X HiLD,

FEOWE D FEHNIFK O O REHOBAH L B2 ~T7 a7 40 E ) o REROEIE L Body
condition & Ifl FERTRIE DM ITHEE L, 72870>D CD4 & CDS8o 1% Body condition & IfiL 1847
FED S A2\ T I o T, FROWED R HITAEARTED d CHREATHIZ 717> 5 Y 23AE 5 i)
WZHT7e0 . ZORHNTHIE S S EARITEAIH o H Tl b AR E MK T 9% (Ushine ef al.,
2017), Z DO ATOKRER Fid, B2 F0 & LT O3 £ESC, Zugunruhe & I
IEN DD BTOAERNOPE V(2 2 72 = %L T — O FEHERE D 25 (b (Helm, 2006)73% 2 HiL
Do T DIZDATHERIRIT, RO FRHITAFEIMET L72RRE T, Y & fueikae
RNF—D b L— RA 7 EHMERF LT DI, $REER I - 72/ & LT, Body condition
&I TP ERTR EE DO X D SRR OB A U aTREME A RIR S D, CD4& CD8a @
FHHLEIT, FOWE Y RO R & #7220 i F $A7E <5 Body condition LIS O B 1T R
EZITTNWDLIENEZ LN, CD4E CD8a ITMEAIEICHAEL . WEIRDIRA Y /)
JUZ X o THIMI R ECFE R 5 (Makaroff ef al., 2009), Z DR EZEETDH L, FEOJWEY I
HNIM OB & 13872 2R FRDIREE RS, AR O #EBEREIZE T 2 2R AE T T D

AREMENE A BILD,
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#1-17. 2018411 H 7> 520214F4 A (2 U 72 RO RE £ 2019451 H 7> 5202144 H (2% L

To ZERE, FHIT0P 2R & LR 2 & O \HEYROHT LA 2 2 27 ¢ v 7 B 5HT

DGR
FKODPE V) Hr ] Coef. P fi 95% CI
Het BCI 2.19 0.09 -4.69-0.31
Pb 7.49 0.001 3.50 — 11.49
Lym BCI 2.68 0.05 0.10—5.25
Pb -7.32 0.001 -11.43 —-3.21
H/L k. BCI -0.08 0.06 -0.15 - 0.00
Pb 0.26 0.0001> 0.14—0.38
WBC BCI 0.14 0.30 3.39-6.01
Pb 0.75 0.16 -0.29 - 1.80
Cutl (2000 cell X)) -3.72 - -5.71 —-1.74
Cut2 (4000 cell [X47) -0.22 - -0.85 - 0.41
Cut3 (6000 cell X)) 1.52 - 0.72-2.32
Cut4 (8000 cell [X7) 2.35 - 1.29-3.41
CD4 BCI 2.92 0.001> 1.37 —4.46
Pb -0.65 0.35 2.00-0.71
Cutl (3.00 copy/uL X ) -5.55 - -8.27--2.83
Cut2 (4.00 copy/uL X)) -0.18 - -0.98 —0.62
Cut3 (5.00 copy/uL X H]) 5.66 - 2.75-8.57
CDS8o BCI -1.31 0.03 -2.51--0.10
Pb 2.06 0.02 0.34—3.77
Cutl (2.00 copy/uL X H]) 1.47 - 0.51 -2.42

WEITH

s
/N

82



BA I Coef. P fE 95% CI
Het BCI 0.27 0.75 -1.38 - 1.91
Pb 14.49 0.0001> 8.92 —20.05
Lym BCI 0.44 0.61 -1.24-2.11
Pb -14.26 0.0001> -19.93 — -8.59
H/L Ll BCI -0.08 0.76 -0.06 — 0.04
Pb 0.43 0.0001> 0.26 —0.59
WBC BCI -0.26 0.19 -0.66 — 0.13
Pb -1.31 0.05 -2.65-0.02
Cutl (2000 cell [X7) -4.71 - -6.49 —-2.93
Cut2 (4000 cell X)) -3.76 - -5.18—-2.33
Cut3 (6000 cell [X]) -2.56 - -3.76 —-1.36
Cut4 (8000 cell X)) -1.67 - 2.76 —-0.58
CD4 BCI -0.59 0.01 -1.04 —-0.15
Pb -0.32 0.65 -1.74 - 1.08
Cutl (3.00 copy/ul X))  -3.88 - -5.46 —-2.29
Cut2 (4.00 copy/uL X))  -2.33 - -3.57—-1.09
Cut3 (5.00 copy/uL XE])  -0.56 - -1.69 - 0.56
CDS8a BCI -0.52 0.01 -0.93 —-0.11
Pb -0.24 0.0001> -0.37--0.10
Cutl (2.00 copy/uL X))  -2.64 - -3.60 —-1.69
Cut2 (4.00 copy/uL X))  -0.17 - -0.86 —0.53
Cut3 (6.00 copy/uL XJ)  0.88 - 0.10 - 1.65

KEL:N

2r
/N
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FOE Y Y Coef. P 95% CI

Het BCI -4.17 0.0001> -5.61—-2.72
Pb 0.71 0.0001> 0.38—1.05
Lym BCI 3.89 0.0001> 2.54-523

Pb -0.77 0.001> -1.09 —-0.46

H/L k. BCI -0.13 0.0001> -0.18 —-0.09
Pb 0.03 0.0001> 0.02 — 0.04
WBC BCI 0.72 0.002 0.27—1.17
Pb 0.08 0.11 -0.02-0.17

Cutl (2000 cell [X7) -1.72 - -2.59 —-0.84

Cut2 (4000 cell X)) 0.48 - 0.22--1.18
Cut3 (6000 cell [X]) 2.10 - 1.15 - 3.04
Cut4 (8000 cell X)) 3.48 - 2.01 —4.95
CD4 BCI 0.41 0.07 -0.03 - 0.84
Pb -0.01 0.79 -0.11-0.08

Cutl (3.00 copy/ul X)) -2.69 - -3.82 —-1.57

Cut2 (4.00 copy/ul X))  -1.19 - -1.95 —-0.44
Cut3 (5.00 copy/uL XE])  1.50 - 0.69 —2.23
CDS8a BCI -1.29 0.73 -0.49 - 0.35
Pb -0.09 0.09 -0.20 - 0.01

Cutl (2.00 copy/uL X))  -1.29 - -2.08 —-0.51
Cut2 (4.00 copy/uL X)) 1.60 - 0.74 - 2.46
Cut3 (6.00 copy/uL X))  2.54 - 1.33-3.74

W& FECEAD)IZ R D@ Y« Coef. 1T EFREL. 95% CI 1395%(5 X [#]. BCI, Body condition
index; WBC, A ILERH (cell/ul); Het, ~7 10 7 4 L DENE(%) : Lym, U > /SEROEE (%) : H/L
. ~T7 a7 4Dl ) UREREIA O - CD4, KMIMH O CD4O mRNA O =2 B —%%
(copy/pl) : AL T > CD8a > mRNA D = B*—%f(copy/ul) : Pb, IR (ng/dL), Cut i
FREMOBEE R L, RUEBEEZSRIC LRI, TOREEB2ABICOITDHZLE2E
72,

84



ZEROKER

ARREIZ LT, WHEB L =B THA T 52U I A TG EAE L, HHRIZENT,
WEDIEAEEMEHRT HZETELUDL Z ENRBINT, WIHERIZE ST, U HE X
DRIFHILON, ~T a7 Ll U U EROEIE D SBA T D ARRMED R S
7=, % LT, Body condition |ZHIMEREL, U L/ ERo~T 1 7 4 LDEIE LB EMREF
B, EHSREOHERRIC T 55 2 L 3F 2 b7z, Body condition & /75 Y3 0 1 I IE T
HEIZONWT, 2V T ADOBAHMEZ3 OIS ET S L, BOREY FH o &I
Body condition & ${GYDME A, ~T R T 4L UNEROEBIGICHEL RITT Z LR
Sz, £7o. BEEREICIED CD4, CD8o MFEHL &1L Body condition °§ni5 Yen» & D —

REIIZ TRV B EZBET D L, RO Y K2 584 511213, CD4ld Body
condition, CD8a |J Body condition & $ATHYLIZHEZ 51T 2 Z LB LMNTR 5T,

CD4 & CD8o ~® Body condition & $p{5HLDRZ2T, BREEH O FAR DAL R DO R 72
EEHEE LTV A ATREMENR H 5, 20084F7> 520154 BB s HERI S A7z BFE O #H
ARSIV T A )V AREFHAI L 72 Onuma er al. (2017)1%, 12H /528 &, 34
355 H ORI T, BEF D A A TN A LR ERFEEIC L D TR E RIS
HDHZLERLE, WEOEMEFO ARIA TNV oIV AENHIZL > TRRD

AT T A Y BEAD AL TP AL RO TR 72 2
BAEDRREERDH D, ZORIZONTIX, WA OIRREORA ST, CD4X® CD8o 12
FAE T 05494 Body condition DZ5HN & OBREZHET 2 LERH D,

) T A THE SHDETEYIT. FHRTH OB 10~12ug/g DORE, FEIIEIHD &
ST ENH D H O DMigula er al., 2000), LOFET 2 E TITHE SALTHZRY, 4
Hior B U I E AITE G L o TR O~T 17 4 v & U U REROBNI G HEL S
. OB AP EIRE4Oug/dL & FEB I AL D S OEE YO K ER E(BEDROSIAN
and CRAIGHEAD, 2009; Martinez-Haro et al., 2011; Walters et al., 2010)% F[E 5JEE CAEL S
TENIREINT, TOIEYEN, WEOERAEYORICHEK L TWAIGA, BEAMEN

LIEAMBERGC LD 2 U D= ADDROTIG G2 Z T TOD et 2 rmme L, Y%

85



T AMEERE & Rl HUsIC AR LT, VEEDIEAEY 2B L TV D MFEO R S b Rk O
BRENECTND Z ENBERSIND, TETH A Y X (drdea alba)D A BTG Y % 4Flin = &
\ZFH4E L 7= Honda et al. (1986)1%. $i=°C~ > 4 o DIRPNIREE 13N & 842 oloxt L
T, Fnidinin & & I LRWEHR A A BTz, ZOWMEDOP T, HITHPIFEIZL-T
PR PEMAE LD Z ENBEINTND, NIV IAENTITITE A ERERT
P S 225, HEH SN2V E IR, B, B I2&ET9 2 (Pain ef al., 2019), AN D
WEICEBELIZGAICYH, BIEOEY L W o HEIAHENRENA XY ML THY

EBRIM TS H . Bl S U5 (Vallverdu-Coll, 2016), Z D7-%, AFHA TEHI S 7= h8h
B

5

REDOETHENOIRHIITER T 2 LITR O RWS, KOV Kefl)s B HITNT T
MHERREIIABICHERT 2L 2BEx oL, 2V BERX TP EBENTHRIGR A
ZFTWD EBEZOND, LT, ZOHRIIARFPERNG DY E AHD, BEAHHE W
5 A BTG E O . ZORENGIEMIICAEL TWD Z LE2ERT 5, BAETO
SETIITREOMHEY T, BM-PHRER & vy T2 ERRAER 23S STV % (Holladay
et al., 2012; Witeska et al., 2010), ARFHAEXIR DY HE X D2 OFEARHIIEN TG Y%
. FORBEITIEREMERE RS20, BEBEOHERTH D Z LRI NI,

ARENG, A ROY T F AERREL, BB T 2T ORHY TR e o
VHYEE L 2T T D05, R THHEDE Y KA1 Body condition DZEENIZ X 5 ezl o
LMD ZBIDMA T, ROPED BRHNIIT0E 5 FORIAN R B LT D X

9 723 A CLOTFIED I RIE S 5 ([41-19),

BEZONDNAT A

ARIRIET A %, BAMEEEEZ R E LTV D720, ROV 741 X3
—TTIEARV, FEIT Yearling OFFEHN D722, Yearling (ZOWTHEHT TE 720072,
Yearling {3V < O DEREEH RV E DO ERIONIFE T, Adult & 572 2 F¢8% A9 2 wHEMED
& % (Berglund et al., 2011; Monteiro and Furness, 1995), =7 7 7 K U (Phoebastria immutabilis)

T, BHEHIR OSBRSS HIE TR T3 2 LT ko T RN OFnTREE AN B
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NBED 7 3815 & 0 b < 72 5 (Finkelstein et al., 2003), £7-. Yearling X80 HERED 5T,
Adult & 72 DR A RO TTREME B D, BT, =T b VIS & - T CD8DFEBL &
H9M9 % (Nikolich-Zugich et al., 2012), BB Tid, FIMER & M & O EBER 72 BIFRIZH &
IZINTWRWen, %I T A4 X2 RES L, FIICBE LT+ 2 0823 H
% (Aina and Ajibade, 2014; Hawkey ez al., 1984; Howlett ez al., 1998).

F72. KRBT VA %, B Z & @ Body condition DZEENZ B 52N H T2 OAK TH
FURTR—{E K % % 4212 Body condition Z # 0 I LFEE T2 L BN H 5, UL, FIMEREE
ZXRE LTS T2, AR OB EIE O B 134 0 IR L OIS IXNEEChH - 7,

MERELZ DWW T, BRESTE M E R L W o mIEBICENE L D, ShCBET 2R E L
T, BEEE. IR A B £ 2 2 L THRlET 2 0T BHEKE TR ORI Tt L Y
RN DERTE Y B AMIRY \(Burger, 1994), ARFHA T2kt iz i P a3 7 o
mipole, RMETY TP A XS OS5 Z R L TWD 2 Lnb, fEf
FEN BTG YR IC B W THEREEDR W AR & | o TP A ZIZ R > TR ALK 22
STWDAREMENR B 2 b b, BERNMKEIZOWT AN BN D ATREER B 5,
Jakubas et al. (2020){X GPS v U —Z AT, R—F » R TCEIET 52V WE A BEHEZRT 7
DIZELT BN IRRE & #iPH 2, PO L ICIAE L, ZoRR, ML Y b RiE
Bt mEh U, HETMEIZ beit U CREE O EREE S 2 RISk 2 2R BT 2R3 5 2 & 2oR
L7z, REOZERMIKLEOMHT Tld, MHEOPEREFIRD L5 TrieT o x
DT L, MR E LTI A DN D o 7o, RERINAKRIZ I 5 MEMEZE D RGIEC
DONTH, b7V REHCT L &b BRI O & IR O 22 E RN O Foepf 7 —

ZEERML, MEZTO ZehRkObND,
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Pb AR EHA Body condition
-, REEE

B Y B

Ao DIFECHFET 5 AlseM

B1-19. FEIEOFIEFE R DB X DL DENTEAT 52 ) B E AEERFEO RERRENZ T 2 B ORI
AR 238 U C(HRED), $MBYORBRREMIICA TS Z ENE X b, &I, FOFEY RHIZIE Body condition DZEENIC X 5 oz
Ja~OEBGLHFET DA RERH D, ZOLHIZ, ALEVRHTH-TH, FEOUE D R REMIEICHEL RIFTERNZ N B2 0N

DI, Y B ATEOPED BHHIZ, FHTPERITRG: Lo WVIRERICH 2 TR B 2 b h b,
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H2E
Body condition & $ATEHLI A BIA VTN U FORYUZED L 5 R EE 5 %
TWD D)

Fr i
1. AL TP e

AR TN oI, BHRO NBILEEYYE T, ZBICRRREELZRFLT0D
(Elenwo and Okafor-Elenwo, 2014; Kim et al., 2021), ¥4 CIEHAK T b ~DREG N WL
SN TV 5 (Bird and Mazet, 2018; Cui ef al., 2019), AR A > 7)o W3R E O 16FEEE DR
MEREHER(~~ T NVTF = HA) LD J A 7 2 =X —F(NA)DOFEHE X » CTHA AR E
T D MSZATBAE N A HA R BUERS, 2004), ZOWN, HA 35E 721372 ROV AV AD—
WCREMERE WS D& SRR A v 7Ly Fn SO H5, HTHA 2K 5
BA 7 oW EER STV A (Iwamoto, 2016),

EWND A BLA 7 x o BIE, 20044 LARERE#E L T4 ZRIC38 42 LTV % (Okamatsu et al.,
2017; Sawabe et al., 2006; Sawabe et al., 2011; Tanimura et al., 2006), A% > 7 /L % 5]
SERZT ABA TN TANRT, ANHOREEFIHICE e FoE/ OBE &,
NISOREKIZE > TENICFBIAE NS &5 2 51TV 5 (Benkaroun et al., 2016), HARD
E OIS, AR ABIA TN o YRFEAT HH-BITIE, KRICIRES 20 B EOY
A IVADEONE & B % 5TV 5 (Fouchier et al., 2003; Koch and Elbers, 2006),

2. ARA TN oY RMBER A B & Lol &E Tk

AL T NV P RERORAEITIE, WRR R D HiE L ERE A AT D ik
Nod D, AIEIX, EERPOQ[ERAT 707 07 H AT 7 %8B L, Reverse transcription
PCR (RT-PCR)72 & D k% WT U A VA & « [AET 5 (Lewis et al., 2013), = D JF5ik
DOFFEIE, MAENGOEMRITERE LA NV AOFEMZEHENICHE CX 2 EHMEA7T5
— 5T, - FEIC AR TN T T NARBETH L2, A A 'E—T77 ¢

VAL 20 E DR AL EE L0 D BRSPS, BRI BRIKOREEIC AL SN D Lol

89



BT % 1 ->(Ameji et al., 2017; Grillo, 2011),

HHET, EERNO AL T U HUR AR & U CRRRIE A I 5 FikTh D
(Brown etal., 2009b), JEYEE ORI, MIET OB Z XSGR AE T 2 P RERBR-CERE S
TR B RE A T ETE(ELISA) S WV B LTV D, FRRRBRIZHUARR D 72 O I HUFIC D A
NAGEMRAT 5720, ERUTZBEORIRE S 2, AT ARSI Fo AL
AHFMAERINT D Z LI2E o T, FFED Y A WV AFURIZ RS D HURLRA R & HriRqmh 2
ETDHZ LN TE S (Swayne et al., 2015), ELISA 1, fFED AL Iz P A LA
TR EZRET HZ LIETERVD, ZEROBKEZRHFICAT V== 7 TTLHZEN
TELH), £HEZHRLE LTEBRESCRHZEICKHHDO HIEL LTHNWLEATWD
(Okamatsu et al., 2016), ELISA IZHURDRATIRIL E W9 EMEDSITOFIETH D720, RAHs
FATBRA AR GAEOKI SR & BP0 LA P OF AR 2 LT D MNER D D,

ELISA OJF L, # VX7 EHUR) & B EOMPICE TN FURQRFUR) DRSS & =%
SN2 PURDIRPURICHE S L, BT D Z LTSV TU 5 (Aydin, 2015), AL >~
NPT A NVAGURD ELISA 12, —MRAVZR 7 A /b 2T bl U T BB DS Il AT o
TNEHFTANVADOHF T, BRODINMIY T EONP X X EERER S5 2
T, AT ABA TN T A N ADEGEZ TR D Z LB TE D (Ozawa,
2015), LU, BROEKRTH D IRGUE & Tk & DR GUAR ORI TR 2
W D AREMEN R E TE RV, RO SFEICHEIET 2121, THEBRZITVTD
ELISA O Al & 2 fEsd 9 Z ERRO b D,

3. AT T U FHURO A B 3%

ABRIA TNV OPUAREIL, BRSO RMIR A B Lzt
—R_A T URIBWT, A=A LT VT, TYTRI -y GEETERY ARLBILTWD
(Ameji et al., 2017; Brown et al., 2009a; Grillo, 2011),

—REAIT, SRR & LTI RICHERE S D BURIZEM DR WVAEMIZ E & % OFFIRIKIC
BT R HAIMMER S D (Lee, 2006), ATA T oA )L AD X 5 kiR

A U BBEFE O &R R RIS 2 Fiiid, B PEAE S 415 7> (Fereidouni et al., 2010,
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Hoye et al., 2011), & 5 WIIFHIANZ MR~ T D 2 & HBB 2 5TV 5 (Buehler et al.,
2009; Martin 11 et al., 2008), ~ W EIALIFIRNER A » TV Y7 A VR & B Y S 72 F28R
T, BSZTA BIIPUAB MR 100% Th o 7z DIk L, & Y%42 B BT PR
1%63%I2J8 L7z (Muth, 2012), ZALHDOFERNSL, A BlIA 7 o A )L R RT3
T2 e AR L. FEREREDS RISl 22N 2 DV RIR S D,

4. HIY

ARETIZ, 2V HEAD AL > T )L WREYIIE D BN L. Zhuidsni5ge s
Body condition 23BA5-9 %, LW OREAMEET D, Z DUGROMGED 2T, kb b)
T AL TN A N ADKRERRIERE)CTH S, L., K& L2 &7
THIZHY ., MEFFATHFEOREND | WA TR T 2o le, £ T, Kl
BIIE F MO A RTHUERE L ES 2 2 & T, KHLORFEZ AT,
PiARREZEH Lo/, S TR L TGO NG L) HEEIEAET,

MY o HEEEZEH LT, R E2 T Lz, ZOHHGEIZ, ELISA [ZL->THELR

)

ABIA TN YT A )L ZGURD TEMERE R 2 BRI, ELISA CHRIE T 2 WOE 2 Hiik
mEEREL,
KEOMEZZATTHICHIY AETHMI S ELISA ¥ v MI=U U Hofmgx >
FCHO, ZRNETZ Y HEATHAINZZ L3720, ZZT, #IDICTHERE LT
Y BEAMBICEEND ARSI NZ P I AN AFURE T A 7-00Fa han
Zax e LTZ(B1H), £ d LT, ELISA OfER%Z HWT, A BlA v 7o g s 2 %
FAFEF BRI HOWT, AT A3 7o (552~ 5 1),

AREICEET DHHLE FE

1. fLEREY)

= U J % AL THER)IT & B IR AR T CIif8 L 72 EIRRE 2 xR L Lo, %4 OHiA
THESNDMEEREALLT ., BOTERE, “IMEHE L 35, MM RUAHED20184711
HD2H20214E3 A =3B REAS20194E1 A 2> H20214F4 H O IR CH e L 7=, i, T+,

< < Y E(noose trap; [X1-1)(Wegner, 1981), i3 whoosh net([X]1-2)(Colles, 2006; Sutherland ez

91



al,.,.,., 2004) DT DJFEETHENE L7z, Gaunt et al. (1997)1%. SFEOMMIELTLAITERE
TE DMK EEZ ., RED1%ARM &R Uiz, & 2 CAWFIE CITmBE AR 2 0 AR EFHI
L. AEFRFREIRE 7268 FHIRD S . RED0.5%ARM O Mk & &~ ) ALF LT
26 G D {EHEF (Terumo, Tokyo, Japan) ZfF L7=1ml >V >3 (Nipro, Osaka, Japan) TERHX
L7z, BRMRixib i fead U, SRR O M I3 A MBS 7 7 25 » 7 Sk
HHON T — ) v 7%t U, BEUERE R O =0T O A TIX. AR BREE S B
AR R Z AT L, S LT,
ARWFSEDORIMAMEIZ DV TUE, RFEOERBWMHHEBSOEKRBEG D & IR
77 30s-47, 2020K-78), fHIERMA TITBREEE MO T HER(THER BT H156875, 16677,
9005, EHULGIRERHES588-57, 2HEREE1013-3 )T KGR 15 T IhE L7z,

2. Body condition & fiif Jz UM% D FEATR

Body condition & L C, Z1FF1HiL Y 35 H 25 Body condition index (BC) % & & L 72,
TP T, ZOELEEND AR (Yearling) & . 1% LA _E(Adulty D225 8 Lz, Mo
HIEIX, 1 & FERIC PCRIETHIE L7z,
3. SuERERE DT

B L AR LT, AMERE(WBC), U v 7SEROEIG() /38R - Lym), ~7T 17 «
NDEIG(~T BT ()L Het), £LTA~T T (LE U U EROEIADE(H/L ), CD4M
N CD8u mRNA =1 E*—#(CD4., CDSa)%ZH H L7~
4. SRREEDOHIE

AP ERIREE OWIE L, MERRL Y 2 L7c, MERRR BB U7zt AL K 5
PEFRFZEEE CIIE LTz, JIERBSIIRER G 7 7 X~ &0HTEH(ICP-MS) & iV T, MLk
By 1dL 72 0 Ofpf(pg/dL) 2R L7z, Sa0MIEIL, ALE K5 K FBEEE P 5t ht 5

PFAEOMFEBEHR, TILFAIRIEIR O ZEE TR 220w,

i

92



F1H  ELISA ¥ v 2 AWz Y & A MEOFEBRE 0 b a LORE

%li[}

=1

]

i
ELISA ZERA L7z U BHEAD AL TV WA )L AFURO A IZIE, ELISA O
JFEROHTH IRHUK L 2K FUEDFES ORFENLETH Y . 2 b OHURDHEEMEDIGE
ZAT O TeITiE, PR Z AT D MAEGUARIGIE MLEE) & OrAT U 2o i (HUARRR M 5% 2 45
T2 Z LAaiEL LTRETHD, £z, ARETHAT 21D ELISA ¥ > MIFSG
e LTRSS TWDEG T, Y 7 Y H(Falco spp.). 7 7 X ¥ = (Phoenicopterus spp.).
3 —u v /N7 X F(Coturnix coturnix), 7K > 7 X T A X a~ v 3(Carpodacus
mexicanus), 7 T A 71 & A(Larus atricilla), 27 R U (Sturnus spp.). & 27 7 7 & A(Larus
argentatus) CIREZ MR RET SN TS OO, ELISA F v b T H S 520k Bk,
~ U ATHERINIZEEY Y RN AT —BER AR TV T AR~
UAE /7 u =TGR T, ARG THAREZ LT 51213, 2o~ 7 AHKRO2RH
B2 DEADIRTENKEET HZEBRATHLIN, ZOREMEITH G TIZZR W,

T ZTCARHEITIE, ML) ' AEROF NG HURG M MIE & Hapem i 5E 2 i
RTHZEEAME LT, TRRABREFEM L7, TR CHURBE M & HLIARREME M
#1379 2T, HilREMN D ELISA v b (IDEXX A > 7Lz A ) —HFF v |k
IDEXX, Westbrook, USA) DA & G L 7=,
PR E 51k

PUARR ML AE & GURREME S 2455 HEY T, 20185111 7> H20214F4 7 (24 fE L 72 B0
FEL 201951 H 22 B20214F4 I L 72 =TBRED 5 b, mEIC AR Tz o3y A
I ZANTJEGE LT ATREME AR NSNS 7R & | s L7 ATREME D = WO RSS9 P DFH16 P o I
EH L7, ZOBEIE, KBED A RS 7o PREOSEE LT, FE0A BBRE L
W ToEROMIT, RIS EE D FE IR D Rl O BERDPHEE STV D HILIZ

FSUTU % (Koch and Elbers, 2006), FH1FE TSR E Lic U B AEEREELZ SR E L,

BIZH T2 » TIEARZO ERIIDGELE B OKREGD & HICOKFRE S« 30s-47, 2020K-

78). EBRBEA M OVT IR (TR B RS 1568 5, 16675, 9007%5), EHIL(G1HRERH5588-57,
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2HBRH1013-3 5 )| AR & 45 C Fh L 7=,

ELISA & v MO AR 2T 2720, £, ML= VA MIEZ LI H
AR AT 72, TREREBRICIT ARSIV P I A N AT 5 2 & AR R
LHANAZVEL T D20, AFETOEMIINETH D, £D7D, ARBRITE LS KT
TR PE BR 22 S AR 2 7 5 e [ BRI S R = - R M i A 7 00 B O/ MR ELHE BRI T 1Tz
2E FRAEZTWIZIEW e, MBS0 AIR L7z ie D RRTEPEIZ DWW T, RK2-10 7 A
VAR A IV THIE Lz,

WIS, SRR O MAE 2B EICHE T 5 2 L 2Bi<mwic, Bk - Btk HE Sz f
K2 5432% VT, ELISA v hd 71 k=)L (Appendix 2-1)DUWZE % Eifi L7z, F v
FNO2ERGUEIE~ 7 ZACHKT DO TH L0, 2 U BE ADMIFENO IRGUE L OFEE
Pa X0 @b o-dic, S5 BHEDO2RHUA Goat anti-bird IgY H&L (HRP) (Abcam
ple. Cambridge, UK)Z {9 % 5k (&7 1 k2L @ Appendix 2-2)% 81T L7, &M/
PEOFHIEE, > N OHEFEORIEORICE L tEa s b u— A OO A5k
TRt 0.5 Ttk & HIE T 2 28 Z OHIE T IEZ2RGUAE & BREUE DRSS TED HERR T &
TWARWRET, @UICREANEL TN E & ISR 07 < b (Al & /e 5)R7
Wb s, 2 CARMATIE, ELISA OILAMRFMM S IETHD, BiEay hr—Losdy
BEZ3ME Lol be — /L O E &2 INE L 72 fE % H V) 72 (Ministry of
Agriculture, 2019), Z OfELL ED & G, KD & 2L HE N5,

ELISA % v s OFAMOMNT IFIEIZIZ, o T VBR DI WGEITHERTE | PEO R
PEAS BN AN D | Fisher's IEHERERIE 2 AV 72 (00 =0.05), FEEHENTIZIZY 7 b 7 =7 Stata
(14.0.0) ZfEH L7z, RTMERIZER)IDEXX 7487 b Y —X & OHLFEFFIC LD FEhi LTz,
(SRS

A L7216 D 5 5| HFIERER TIEAUS25 T HIOWZ K32 FREME A7~ Ls, SR TIX
BRI L e oo, WA B Fa VAR LB, By e — L ORSEENG,
By M A ZEIX1.30TH > 72, Fisher’s IEFEMERMREN D, WA T v k2L TR L Lkt

Bt X, AR ORE R & ZDF D b e o 72 (P =0.47),
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B

WA 1 b 3Lz U7 E PR AR RS PR ERERAS R & AR AR RO ZER N A S
MoloZ thn, wETa hauF=2 ) BEAMET O A BA T Vv R E I
HES D Z LaVREN, RBEMEORIEZAEITHRIL S 2 Z &Sz, A5
L LTZ16MITE A ER DT, B RAIEMA A TH Y | (ARRMED ATREIEN G E TE RV,

AREEOHIR & UL, A L2 oA LV ARB SR O M E b bk & fEE L
Sl Z b & FRISD/NE Y (FRIHURGAS0LLT) 2 ENBE X b, RFETIE, =
DA REVEIZ B 2 MRAIEAN F20iE T & 72 vy,

AREBRCH L7z ELISA %> h& =7 kU ® HIIN6HRI D&Y I Tl L7285 T,
50RO, ELL E ORI YR E 2 73 B B % 3 L 21 H H Tod o 7= (Zera and
Harshman, 2001), 7 > ~—2 TlL, K¥ > b &AL THKEFE L EFONE Y REHITK93003] 3
O LT= 2 7 T 32 7 2 (Anser brachyrhynchus) D[R] —{BEIARE &2 %t G2z, ATIA 7L
WAV AFUARRA DN E i S A7z (Hoye et al., 2011), TOFER, a7 0 T A
BIA TN T AL ZHURITHIZA0 H MR S 2 Z LB BN o7z, 2D,
ELISA % v M3k L2 EYL%21H A 26 1V Rm O WM THIEHEN SO L Z L 3HEE S
b, ZOMAEZSEZDE, RETTHME L HIE SN2 BUE2TNIVEF OBA I 6 45
OB, £ L TALFEOENT, ABA VIV oI A NV AIEGE LT TREMERH D |
YISIT B O L L7212, BAHIZHRORT 5 £ CToOMIMIC AR o oA LR

DIFEGFER DGO N T, ETOMERTERMHIE & o> e RENDN B 5.
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F2-1. PARERBR CIEH L7e 7 A L 2Bk

HA % > %7 A JVARR

H1 A/swine/lowa/15/1930 (HIN1)

H2 A/Singapore/1/1957 (H2N2)

H3 A/duck/Ukraine/1/1963 (H3NQ)

H4 A/duck/Czechoslovakia/1956 (H4N6)
H5 A/duck/Hokkaido/Vac-3/2007 (HSN1)
Hé6 A/duck/Hong Kong/960/1980 (H6N2)
H7 A/seal/Massachusetts/1/1980 (H7N7)
HS8 A/turkey/Ontario/6118/1968 (HEN4)
H9 A/duck/Hokkaido/49/1998 (HON2)

H10 A/chicken/Germany/N/1949 (H10n7)
HI11 A/duck/England/1/1956 (H11N6)

HI12 A/duck/Alberta/60/1976 (H12N5)

H13 A/gull/Maryland/704/1977 (H13N6)
H14 A/mallard/Astrakhan/263/1982 (H14N5)
HI15 A/duck/Australia/341/1983 (H15NS)
H16 A/duck/Hokkaido/WZ82/2013 (HI6N3)
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EHi c Y HE ATV AR, I A IR T B DD

=i

T

i
A WA T R HERIIZIRAT L 722017 ~2018F4FICE T 5, 7 V7 ik o R A%
BN LE EPRSEICR — ORI X DRI RE SN TS, ZOFEIZERNTE
C L7 o A XENSMIGE T 5 fi8 &Y L T 72 (Adlhoch et al.,.,.,., 2018), 4 [alD
A ROY T AIRFIRORENER TE T, ERNORTHEFALSE L LIZLAIC
b, ENTEENEES TWDE2, LT L EREETH D,
YL Z TS 2 BT, 2 U BEARND A B TN PTG L TV DL 00, K
BRI 2R ZET 2 0ERH D, 2 DT AT A BA T x o ORGSR G
WHETH D72 Ramis e dl.,.,.,., 2014), ERBREEFIZ ATA T VT BT A NV APEET
DY EIIIFIE L2 E THERYIA L D AN S 25, ENTHEAT 22 IE A3l
AWM TN~ HE, AT HHTE, NI FavEHOL I ARA T NVx Py A L ARG
FHIHTEF OB HHE & ARERRZ AT 572D M and =, 2010), EWNIZHRE L
%, AL TN N E LD AN B D, REITIE, ENICE&T 5 UE
AP, WD AR TV IR LT D 00, 2T 5 HAY T, ELISA THIE X
DHURG S & PUiR R 2 ) 2 & IChEsR L7z,
FBEE J5 ik
20184E11 1 72 H20214E4 T (T4l M U 72 AUUBRE £ 2019421 A 72 B202 1454 7 (T4 L 72 =37]
ERE. FH70R D= Y U E A OMYE L FIEITHRE L7efE 7 v ba vz LT, AR
TNEZHFTANAGERERH LTz, 7L — MNAOBREEZZET L7202, Btk=a 2 b
0— LA RRICEHARRE A B L, 7 L— MO AEIL6.4%GRERT  1.7~7.9%)Th
S, B UIZBAELMHL T, FIEY > 7 VOWREZHIE LTz, 50Tk
AL, BT D PR EERORIG 2 Er s CRIB L, PURBMEE L L THW:,
BtEE M E I WA B A 7fEIL, ELISA EOHE L L CILAHMICER & D, ik
ay ha— L OSBIEEIG LI EE R b — oS EOfME R L, fHH L,

RFHDOEFRITH IR L FERIZ, AT T hEnD 2 BEADPEITHESNT, K
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DOYEY R, AR, FOWE D R O3RN R LTz, &R OHUAR RO Rl & ok
i, B/ MEZ RO, R OPUA R D ZEDBEIC Wilcoxon DNENLHH BRI A H L 7=,
AR OPUR G MR R DOEIG 2 T 2 REICIE. I A ZRREZMEHE Lz, AREKMED
0.05% L7z, #ato#HTIZ7 U —> 7 K ® R(ver. 3.5.0) & Stata (ver. 14.0) ZffiH L 7=,

i

HE L= b e — L OWNCENS T v P A 713043 Th > 72, KR OHUAED
POE, BRI O/ Ml # U TR 2 R221R8 LTz, PUAREORHZ & o 42X
2-NTR Lz, fRETORER, DU R & PURIIERIEIC, BA MO ROWE Y R T TF
BICHR LT, 37bb, FURBIERITAK O D Fi41.6% & A& 44 2% DR THE R 7%
E72 <, BOWED FF59.6% & O THERZN I HITZ(P< 0.05), HriREIEH R84 g
L72fS 5, KOV D BRE0.41 & A 110.66 & OBICHBERZZA LR D> TR, FBOWK
D I H10.88 & DRI AT 2R 2D 7 B AL72(P< 0.05),

=

B

BRERER D BARICTHRET DREICBEICAEI S PR EZ A L TV D Z LR an, &5
ICHURBGIE R SR O 0 RN EICEIN L7 2 £ D, AN GO Y I F A EREET
ENT ABIA TV PPN A U T DA D 5, BEFAA L 0 . BURBEOH
Elx. Y2521 H HUBE T, FEIC%E LWHIRFHET 2 L B2 b d, miEmiEic
HISR 5 BUARE A ORI RMH CTH D720, YIKGRE L TZOMAEEERT L L, Ko
P L, RO RN LT, BT A A T PTG L Bk A
LT b ORMATICHIA R TR U, A SNTHURS S LD ATREMES BV & B 2
bNd, TOX I RAREMENRH DI HEDL LT, AFEMRITEOWE Y KD, Hik
RO IA RIS LT, ZORENS, HESRO Y IE AEERFEC OV T,
FOPEY BN A B T Wy A L ZFURDPEA Z BN & 5 2 B BN

FAET D EAREMENE A BN D,
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3$2-2. 2018411 A 7> 5202144 A (T HiJE U 72 B AVERE L 2019451 A 7> 520214F4 A 24/ L 7=

ZIERE, FH170R OFUREG MR & SR B K 560nm ORF O SEE) DR = & O R

RO FHFH] A FOPE WK
oIV A X)) 41 75 51
PUREGEZR (%) 41.6a 44.2b 59.6ab
PLAE (nm)
R il 0.41c 0.66d 0.88cd
PN ) 2.67 2.05 3.41
B /M 0.10 0.12 0.09

f—7T 77Xy N THEENA DI Z & &7 (P<0.05)
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HFE (FHIETR)
2

D V) FFHA EDE Y R

XI2-1. 2018511 A 7> 5202154 7 (24 U 72 BRUERE L 20194FE1 H 22 5202144 A 1T L 7=
STVERE. ER70FI DY) 1 E AT A A O KR ob KR OHER
Fl—7 77Xy NATHEESEAG, Ry 7 ANOBIEIZMIE L-bikE4 7T, RKFHEx

G BE ANIFEOE Y FHICAE LR PUREOHRNA R &N T,
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B3 UEERORGEEIC, $A754S° Body condition 23BH£& L TV 3 D>
i

=1

]

A RO Y A E AMEARFETRINTZHEOE Y RO B2 ik & & RGLE O NI
DT, FIE THREICEEL KT T 2 & 23RBS 472 Body condition Il H R 75 2
SOBERICERT D0, HERINZEEFEMIIFEAE LR, £ 2T, A TIE Body
condition index & Il PEMRAEZMEH LT, ZHR8 AMA T Lo o F ORGLECHHARIC
WAL RIET O, WL RIETHEICIE, TR ED L IITEETHDOMNIONT,

BHERE H—TITT 2 HEEZ MW T, R E1T > 72 (X2-2),
R & b 5 1

ST U 7 B AREE I RTED & [FIARIZ. 20184E11 A 7> 5H20214F4 A (i L 7= BUAUATRE £ 20194E 1
HpH202 1 F4 A I U7z VB RE & OB RE, FHIT0P & k5 & Uiz, (EIAREEC i e
EAEFEFEN RN L EHER LT D 2T, [RYLE & PR &~ Body condition index & ifi 1§
IRIEDFEEIZOWT, T AT o T, FRAT ORTICHUR B HE A 1T\, Shapilo-wilk 15
ECIEHMEAT L L2t LT,

WO, RYLFED 8 HEE & 72 WEEDRIC Body condition <RI EMEE DZENH 5 7>, TR
Lic, BEED Y 21, AR L 20D HIVAS L EFR L, BCI & Pb @A # L LT,
0 YAT o AT EAT o T, RIS, YD & 591 P 2 %5 & LT, HUAED Body
condition & Ifil FERTREFEIC R S D MR L7o, 2 ORE, Bk EGEG AL % B 2k,
Body condition & i ERE B A B A S & L CEBUF T 2 WV THEFT L=, A E KU
0.05% L7z, #ato#riZ7 UV —> 7 h® R(ver. 3.5.0) & Stata (ver. 14.0) 2 L 7=,

i

RN DFE R A 223108 LTz, JEUERIZ K> T Pb (P=0.02, 95% CI10.15 — 1.81)IZ7E0 74 5
AL, BRBEOH 5L, ROVBEL D bARICMFRRENSWZ ERNRI T, o,
BCI (P= 0.04, 95% CI -0.60 — -0.02)H 2013 A AL, EYED & BT 72 WL D & Body
condition 237 BRI 2 L AVRE LT,

BRYE DA B BT 2 G & U@ty Tl SR BT EoEMc L > T, AR
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(2R3 2 BN R S HU72(P=0.03, 95% CI-0.16 —-0.01),

B
JEGLIRIZ DN T, LIRS & 2 BRI TRGRIEE 23 72 WEEIZ LR L C Body condition 23 < 72 1) |

MAPSRIREN m < 72D 2 & DR &z, HiiA=IT Body condition (ZILBILRILA IR Do 72
25, PR TIXA DMK, DEV MTRREDN G 8D EHUARITED T D &0 e
(EYINZNSY gW el

o EARIZ 69 D S0 HE & Body condition (2R3 2 A E LT, & FOA 7L PR
LD 7 F BRI BT 2 8l Tl BERRYZ BMI Z2Ff O b MIZ ) TRWE MMIi L
T, YIRIERERHC B RRAOG & LT IgG O E (24 U D (Sheridan et al.,...,., 2012), )i
RICKT 2 BB RIGROFHTIX, EEOGYREEO N T, M EniR A2 &\ O BERE
THERL S VDRI, ARREE OHERE THERL S 4L 2 i R BFIZ Heik U C Toxoplasma gondii O
TGS N A BT E < 72 5 (Krueger and Wade, 2016), $h13 Th2#lf D i & ThHIRE O] %
Bz L, IgETLHEICERT 57 LA X — 25T 570 (Hsiao et al.,.,..,., 2011; Wang et al.,.,.,.,
2017), RIELOLZGHFE L, Rt o2 < (Metryka ez al.,.,.,., 2018),

O ARIA 7 T A )L ZEYZ 5T % Body condition & $r75 Yk D i O 52 C

B9 25 AIEA D0, EFEOBEFRI RN D Body condition DX Fo8p{B i, =V
HEAD ARA TN T A N AGURDPEAIT B 2 RETWREMEN S 5, £ LT,
Body condition & #h75YLY A A T L UG RIETEBIZITEE N H Y | Body
condition DI, HURPEAE DRI TITIABRICITBIN WA $ai55%1%, HURPEA DR AR

SAEREE RITT Z LRk ST,
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#2-3. 2018411 H 7> 520214F4 A (24 U 7= B RUBRE £ 2019551 H 5> 5202144 H ITH & L

7o ZIIERE. G170 OREGLEE & KYLEE D & 591 O PR EIZ-DOV T, Body condition (BCI)

&R (P, pg/dL)2s KIT T B e . BRI e PR T v o 7 [mlE o, PUREITE

[EFAHT U 72 R
HPIE BB Coef. P fi 95% ClI
—_ BCI -0.31 0.04 -0.60 — -0.02
Pb 0.98 0.02 0.15-1.81
i BCI 0.03 0.21 -0.01-0.06
ok B
= Pb -0.08 0.03 -0.16 — -0.01

BCI: RGO OHEE SN DMEE Y bREAER DRV EZ~ A T A, REWlEe 77

AL LIZROSETHY . TNZENBC-E BCI+HTHME L TW5, Pb @ MLHEHEE4.0pg/dL

R DOFEZ Polow, 4.0ug/dL LA EDORE% Pbhigh THE L TV 5, Coef iTEMREL. 95% CI

13295%(E X M 2 7~ 7,
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=H>
o=
Nz
JH

\’s
A

Body condition )71
Y ks

[X2-2. HE2FE I 3E THRGIE L 7o 7 —~ O
AREITIE, 2V HTEAD ARA 7z YRGB LT, Body condition index & Ifi H1éh

RENZNENED X O R 8E JITT DN, HEEZRAART,
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548« BRYLFEIX Body condition & SATEYLIRE DRI K - TR T 5 D>
i

=1

]

=
=3y
~A

AL T v o OREYLEE IX Body condition index OB/ <2, I AT EE D HE N
TEED I LRI, PUREITIM P EATEE OBINC K - TR 2 Bk R S (X
2-3), ZNHDOFEREZZEET D L. Body condition index MK < . 2O ML SRR DS U &
FREEEZ b O Y HEAOEMIL, ZNLSOREOY IEADERICHK LT, AE
(CEYLE S O (ELISA RS OFIE N E< kD B 2B D,

% Z CTAHITIX, Body condition index & Ifil HHERTEFE D W] 58 DR RIZ Lo T, RYRIEIZ
DHHILD DN, HER LT (X12-4),

FRE & AT 51k

AREICRRHT SR & U7 EIRFE AT & AR OMEAERETH 2, T b, 20184FE11H D
20214F4 H I HHE U 72 BURUIBBE & 201941 A 2> 202144 H 248 L 7= =B TRE, 51700 %
%2, Body condition & #AT5YIZDONT, LLF D53 ¥H% 1T 572, Body condition (X, Body
condition index % #X E T H BRI L7200 T FHNED FHIE L 0 &/ SV EFRIE
%1554 @ Body condition index 73~ A 7 A2, FEHMEN TR L 0 & K& WAL Body
condition index N7 7 ADIA L 725, & Z T, AHITILBCI N7 7 ADE % FFOE{R(BCI)
L~ A T ADMEEFFHOMEARBCL) T, 2B LT,

I F AT I BB VB4R 2 D . RIEIIL DY LRk E~T 7 4 VOEIE I B IR
ZH 2 DIREIZ40ug/dL ThDH LRI, £ 2T, AHEICIMm TR E4.0pg/dL A D
il % FFOfEARPb low) & . 4.0pg/dL UL EOE % K> K (Pb high) D2 FH L 72, £ LT,
BCI & M ERHREE D+/-, high/low Z#lAGDE S Z & T, BEXNGO=Y BE X% BCL-)»
> Pblow, BCI-7>2 Pb high, BCI+7%>> Pblow, BCI+7>> Pb high D4FEIZ /%A L 7=,

FRNT FIEIT, A Blg 7 v U PHURENER0, BtEE 1S LT, EREO4RER T Kruskal-
wallisfRE 2 %k L7z, F7z, MPRREICED2MEREDOEZZMRT 572012, BRH O O
BEDH T, KBHAD Pb high & low DF T Wilcoxon DNENFIMTE % £ L7-, 2 TOEHT

DA BEKUEIT0.05E Uiz, #EtodriE7 U —Y 7 hd R(ver. 3.5.0) & Stata (ver. 14.0) % {# ff]
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L7

(GRS

fIRAT DFE R, BCI-7> Pb high #£1X. BCI+%>> Pb high #. BCI-7>> Pb low #f & DI IZ
SRR IC A B 7R EIX B B e o 7203, BCIH>D Pb low B & O RN ISR ICH B A2 228
HBNT(F2-4), 72 B, BCI-7>D Pb high i BCI+7>2 Pb low #E & V& A & (TR E
DH HEEROENEGNEL TroTz, MOREDMITILRYE DA HOFEEOEIE =RAY
[TH SN2 o T(F2-4), HURRIZHRE 2 KT P, RO Y K (P= 0.08) &
HUAHH(P= 0.06) Tid, MHEHREDOEIKIC L > THEIC2D SN/ o T2h3, FBOWE Y K
(ZiE, PSR EWEEDERWEEL W b BBIE L HE SN DBROTUA RS A BITEL 2
> 72(P=0.04),

B

AFHAIT Body condition index & MLHPERIREEDS, RRULERIC R T B L L CA 2 L
720 ZOFEERE RS, Body condition index 7ME < MLrFSARE N B WERL, D & Bk
DGt % HITFFD Body condition index 738 < L HTEATREE AMERWERIZ bl LT, &Y OfF
ROEIENAEICE N L5, Body condition index DA & it SR EE O HE N A He | 23]
o L&, BEREDH DMEEDOEIGRHEINT 2 2 L AVRE S,

FIEORERN G, FEOWEO R O~T a7 ¢ 1L o REROEIETEL Body condition index
EMP SRR EOEE N EICEEE RET 2 ENRENTWD, AFEEREE G5 L
FEOYE Y FiIZIX Body condition index DR N & il FERTEEEE AN BN L7 KREDE KA, {H
EREDHTHMT 5720, A A > 7 LT o FHURZESFEROEIE 3 F O ) BE 28
MU TV D AEEERE 2 b D, YOI &\ 5 fFUTHE, SafEfREIliE L T\ D &
EZ2HDHDOD, Body condition index <CIi FEHEE D FEIKRDSIFIZ L - T, BYEICH
BRERNR OGNS Z &3, BRYHE OB S OREE & 13T, YAk D R iERELC

TN DERNMUILNDEE L KITL TWD AR E 2 b D,
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#2-4. 2018411 H 7> 5202144 H (ZHf M U 7= BEUBRE L 2019551 H D 52021424 H 12 HiiE L

72 ZERE, #1703 O YRR 25U T Body condition & $775 % DRI L 5 7% Kruskal-

wallis 1% & CHEAT L 7255 5

P i

BCI- - Pb low BCI-+ Pbhigh BCI+ - Pblow BCI+ - Pb

(70) 1) (58) high (21)
BCI-+ Pb low 0.37 0.09 0.68
(70)
BCI- - Pbhigh ] 001 022
(21)
BCI+ - Pb low i i 0.44
(58)
BCI+ - Pb
high (21)

BCI : LRSI DHEEE L Y b EREN/ NS WEZ~ A T A, REWVWFET T AL L

7RO T, T ZEHBCI-& BCIH+ T L TV 5, Pb : I ERIEEL.0ng/dL A O #f %

Pb low, 4.0pg/dL LA EDOREZ Pb high THRL TW 5, FHIMNIET > 741 X &Rk,
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[X12-3. BIEIOFE R HE )72, Body condition index & I FERIREDZELIZ L > TAEL D
AL T o ORRYRE L R EOHER ORI
BEORANIEM, FEORENIFAD & rd, FH2EHEIMTIL I O L 9 7 BRI RE

SNDHFERPFTFONT,
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Body condition T\

MFEEEM

[42-4. AREiTHREET 2 BRI DRI
AREITIE, A BA 7 P ORRYLE & FURRIC R A RITT 2 & AR S 4172 Body

condition index & IMHFERIREZ XU LT, T

O
9
s
i
i

LR (RIS K > TR IC A & 70 74

RBHBDNDD, WREIT- T,
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5« EOIE Y KEHIC Body condition & $p15HITIATIA VIV VPRI ED K 5 I

BLTWBDH

=
il

ZHIVETOFAEIZ LT, Body condition DA & i HERIEEE DAL, - D5 HERE
MRSy (A OB E KIET Z EBHA LMoo, SHIC, TORBIT AR VT
N OREGZ%F LT, Body condition JEi & i PR EE M A IICAFET D 2 & T, K
YLfED & DR OFIG NAEICHENT 2 Z L ARB Iz, —F, A cl& T 5=
U 77 A @ Body condition X, AR A RICEE TS Z & 23R IS4 TCV 5 (Ushine et al.,
2017), T 7205, (KE LA EITKOWE D KEH7) O BAHIIAREICHM, BEHNLED
1D RIS B L, BRI 28 L CRONE D R 5 b AKMHE & 72 5 (Ushine et al.,
2017), E7o. FIEND, MPEHRRE S BAHRTICABICEZHT5Z LAVRSh TV D,

Y HEAD AR TNV T A )L ADEYRECHUARIZFREOWE 0 eI A B
N2 Z Lot BYRICH R % KIFJ Body condition & ML EREIE D2 DI, i
AR TP ZEB ¢ B S, EOPE Y BRI Body condition MK T L. 20 i PSR B 7S &
VMEROEIS SHIINT BAER. A A 2 7 L o F OB ROH R R G & BN
5 RREMED B B

AREITIL, MY 2B L CTHE L IZBE I O3 >ORIIZIIT 5, Body condition & 1fiLH
EANEEE ISR D A TRA 7L Y A L A D RYE & HUA RO BIRMEIC S\ T, fEE g
1To7,

PR & J7 ik

20184E11 1 70 H20214F4 ] (Tl U 72 BB RE & 201941 70> 52021454 7 4 L 7 =]
BRE. FHT0P 2R & Uiz, FEIOERITFIEITM, = U VE A OBALMZ, Ko
T 0 W], B, BOWE Y RIS LT,

fiERT Bk, ELISA THIE S NP EICIERMN 5 Z & % Shapiro-wilk f7E CTHERS L
Too XU DITEYEZ ANZAR L LT, AFEOHBO TR TRERMEN W2 & 2l L

BCI & IR 2 AL LT, 2 U AT v 7 BIROHT 2 Fhi L7z, RIZHUA
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&% HAYZA$L, Body condition & LA ERIRE 2@t S L LT, HEYRSHT 4 FEh L7z, #t
REIZOW TR TOONTOAEKNEIZ0.05E L, #ato#rid~ U —> 7 |k Stata (ver. 14.0)
AR LTz,

(GRS

B IR DFEMTHE R 2 #22-512 7R LTz, BKOUE U R o0 YL (BCI = P=0.23, 95% CI-0.17 —
71, M PSR  P=0.34, 95% CI -1.24 — 0.43) & HLiRE (BCI : P=0.52, 95% CI -0.09 — -
0.19, IMLAELHEEE : P=0.23. 95% CI-0.00—0.04)iZ. Body condition & fiLFF$AIEEEIC L » TH
B SN o Tz, BN, BN M PSR EIZ L - T, AEICHI S 7203
FENEEE P=0.02. 95% CI 0.03 — 0.33). Body condition (213 A EIZHH &N, HikEIT
Body condition & I HFHERTRE A BT SN oz, —JF T, HOWEY KT
YefFE1% Body condition (P=0.03, 95% CI -7.99 — -0.43) & Ifil PR (P= 0.047, 95% CI0.03 —
428D EFIZ L > THEICHI SN Z L1122 T, HiiREIT Body condition (P=0.047,
95% CI-0.34 —-0.00)IZ L » THEIZHHA S L=,

B

ARG TD 5 B, FKOPE D KD A LA > 7 v &Y, Body condition R0gni5 Y
DOEBIIFBEICEBRL TORNI EAURB ST, AW T, EYREEIZ SV T e
FEERHIINT 5 LR D & 2 BRSNS A BICHINT 2 2 LR ST, ZHIEARREEFO
BRSSO BIIPUREA DR R THRICEIN D K 5 2ABREETH DL L1 D
BRIIGET D, £ LTHEOWED REICIEL, YL Body condition 23 A & 72 I 0 528 %
FaZ3 & iz, HUARPEAIC ML HERTREE A3 B 2R M O R A KT 2 L AR Sz,
AR TN AT LT, AR B R &S A Ak U CRLBRIZE) <
(Koutsakos et al., 2019), 100fELL LD SFDIKE L ~T a7 v, U BRI HHflat o
BAGR Z fi##T L 7= Ruhs ef al. (2020)1%, ~T 10 7 4 VOIS H & OEIERE L 0 bIREITEK
9% 2 & am L, REMNNIC XIE9 Body condition DS DO EEN 2 RR LT, =V 1%
ADRE L FHNEITBAHIR O S 6, FBOWE D REHITHRAR & 72 % (Ushine et al., 2017), FD

PV REHNC Y 0 A OREMREIL. H1EORE RS 5 Body condition & #1{G YO #H |2 A
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BB E ST 5, MPHRREICONTYH, BAHMAZBL CARICET L, FEOMEY K
IO E B L 0 SIBRRENE L 2D, BIffiT. Z D2 ODEHE NPT HEERED
Pz s & TR EMTET &, ARSI Ty A L ARG OBGEE AT A B
M2 ZERENTWD, INOORMEESERD L. RO B3l hini=E
DMEEREEO T TL VW EVREE, % LT, Body condition index AMEAEED T X v (KL ikEE
BT LT B SMEAE LT B a i, O TTHE S A B4 U % aTREMEDS R S = (X
2-5),

ARLA TV A RFRIE L T2 BEOSER D 1212, (KB DWW 23 % 5 (Van Gils et al., 2007),
1V L Zugunruhe &V 9 AERBIC Ko TIREE DR A, FEEROWE D ATEI ARG SN D AT
2, BEICHABILD & 2 5TV 5 (Bauchinger and Biebach, 2001), Z OHIR A E 2 5 &
FEOWEY YN A BA 7N o WIDEGE L=2 ) B A3ER E LT, & 512 Body
condition index Z MK T 5, KEDW NG| & Z SN L TREE B IRES LD,
BRBIIEYE « JRIFAR DY « Body condition D30 (D BLFE % 56 BRI FHA 2 3 A 72 0 I
Y 2T O @ER—HEICART2AEBEA T2 HHEE )T, bIhicHEINLTY
Do MEDTY 20 H T wRMEBIZI0ANBTH D9, AMOEM RO FAR, (KE, %
L CZER T O EA R IR O BRZ A L7 #HE TlL. Body condition & B4 BRIV T
HAEMAL T RO AR E L RIF S 720> 72(DUTRA et al., 2017), — 5T, 77 AT
16{ERREED A XX (Passer montanus) % KR, BENDIDIAEND A FI T L L DTG
FE. MR H Plasmodium relictum D&Y Z U CTIREO MR A A L7287/ T, $ao
VHGYSIREEIL P orelicum DGR OMAE L ADOBKRE AT 5 2 & 3/8 4172 (Bichet et al.,
2013), ZHUHDHENG . FEFEIRORRYERIZZIET Body condition CE{HY DT, 1H
F LD B, WA ROWFIFARDOIRIENE, $n DG YRR & W o T BRI K - TEROA
BOZOREICERNPELD EBEADND, AMEDOLE. U UEADOFFOHEY AERENR
Moz Z Lizk - T, BROMRIGYERIENE 2 5158715 Y%% & Body condition (X288 % 4£ U
TEY, TNUOLOEERFEOWEY R, A BIA TV A )V ZAORYRE G EI

DL X I RHEENELTWND &R I T,

112



7$2-5. 2018411 H 7> 5202144 A\ THiJE U 72 B AVERE £ 2019451 A 7> 520214F4 H 24/ L 7=
—ERE, FHIT0RNC T D, AR D YL RE & YL D & 2 91 D HUA EIZ X IF T Body
condition(BCI) & ML VNI EE DR % | K x v AT 4w 7 ARSI & ERRAHT L 7= 55 5

Coef. [TIRTERH. 95% CLIZISU%E XM &2 /~d, FEIMPITY > 7% oA XaRT,

FKOVE VD KFH (41)
HIIEEK B EAE e Coef. P & 95% CI
BCI 0.27 0.23 -0.17-0.71
I HER R -0.41 0.34 -1.24-0.43
BCI 0.13 0.23 -0.09 - 0.35
NG :
I R ER -0.09 0.56 -0.43-0.24
A (77)
HIIEEK B EAE e Coef. P & 95% CI
BCI -0.25 0.28 -0.70 — 0.20
I P ERE 0.18 0.02 0.03 - 0.33
BCI 0.05 0.24 0.00 — 0.09
E7INE NN .
I HER TR -0.06 0.52 -0.25-0.13
FOVE D KA (52)
RO BIEEAE Coef. P fi& 95% CI
BCI 421 0.03 -7.99 —-0.43
I P ERE 2.16 0.047 0.03 —4.28
BCI -0.01 0.24 -0.04 - 0.01
NG = .
I P ERE -0.20 0.0001 -0.25--0.16
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[42-5. KEIOFRRNPOEZBND, FEOWEY RO A A 2T )Lz 2 H OREGLE DN

B DX

AEIOMHTRE RS . FOWE D FEHNIL, - iR EE M EIR L Y &, - Body condition

index MAEMR L VARV, WD IRBEZR LITH T A RN VD BRI, ARG

WZHE S 2 & DRI S LTz,

114



ZR KOS

ELISA DOBMHIEDRH M Z BT 2 & REF2) HHA RO Y 7 E A EAEE
TENT AR TV FOBPENEETNE EEZOND, L, FikECHUIRY
PESRIIRKOWE Y Refis B FEOVE Y FENZ T CEMB RN R S e ho Tz, ZOHK
ELT, IZUDIZ, KoY B DA O HIMIZ, PiikE & PR ERICE B R4
INFONIRINS TR EEBET 2, BIEOKRNG ., FKOUE Y K2 6B, fden
BENHREICHEINT S, ZOZ{IZIZ T, Body condition & L CHW\={KE, RIFE. %
WS A EICHINT % (Ushine et al., 2017), Z D2 ODEFROHIMIT, R ICxr L TH
KT DFEGNEMT 52 L 2BRT D720, ZNHOFRERLT A A 7L PO
U LTHER L7 2 &2 ko T RO Y e DB O WM, Suih= & Uk
RICHERENRNR DT EEZ DD,

I, A D HROWEY K OBIFIZ, FURE L PURGIERPABICHEN LR 25
L1505, KEFEMOMTHERNL ., FEOWE D FFHIIM OB & B0 o iR

Body condition & 3£ {20 EFKEE BB RIFT il M EREEE—-TYH,
AR AN IR RIFT E VD, ABRNE RO GRE BN RIR I N, FIFELY

i SRR EE I XA 2 B R OUE Y REIIA BT 508, ZORBDHEIIC b 2 hb 5T
PURECHUAIGIERIZR O Y RN AZICHMNT 2, ZOHBOI2ZIE, P dhkAE
DFFGH I EYENZE 2 bV D, SrEIILHETIHESRIX, TNAKNERICEES

FAEF 720, MRt S D L8372 < 72 D M3 (Afsar et al., 2019), Frfge 22159 252 1
TWDE AT OFG Y & LT, AEREENRND, ENORMMIEEEREETIA %
KBRAAT DN TG R DR EFI A TIE, WEFE OBMZEFEIC L - THRBIMICIER H 5 b
DO, VERGN BI0FELL EOBRBIM A F O FEE B W T, FHHREN142E
7.6ug/100g/ H EIRRE DB TH > 72ICb B O3 WmRILIEE SIS Superoxide
dismutase(SOD)E M D JLHE & i ER LA T2 4% 5 Glutathione peroxidase(GPx)i P DTS 23
Wt STV D (FE et al., 1984), TEMERERIZZ LA KOERIC X > TRYZ PRS2 723,

[ RAEFUS DFFEFTF 52 O T, bF7e e AT S RE DI oo 2 BERE 22 45 © A
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JE DI KERET % (Torres et al., 2005; Yang et al., 2013), Hii & O FAAFE R0 O AT 0 =~
UBEAL, ENTEALTWDOH, BICEHNIH DO, 2 TEICHEREZZIT T
D EBRHALNICIR STz, BEOMOPBRORHEITIIC X D REliE~0OR BT, Zh
IR S TWRWA, Bkt FORRZBEET 5 L. KREDSEREZHEA T
FHZLiCkoT, 22U BEADGEEROMEINEC TVDAREERH D, T OFHHHY
PRIG YRR T 1 5 S BERE DO#NHI & . Body condition DIFANT X 5 e BERERTAT 0D 72 6D D I
BEHE~ORERMD L Z LT, BOEY R A BA TN T A L 2 DREGYE &
PUR B HIIN U7 rTREMEDY & 5 (1X12-6),
ARAETIE, FEOWEY R ORRPEEOB MK & LT, U HEAENOERK & LT,
Body condition index DZEEIRCTEYLA 21T 5 M ENEE D RICER LT, BEDOZ T4 &
RREE Lo, Lo, Y2 HN3 28K & LT, PRI EBRITR DWBURDIEIE, D
D FEOREHN T RGO R A (RS OB E WO BRLE 2 bND, ZOHEHE
WZBE T 5 DI, 2 U IE XA DERBRFENRET NG, I—r vy /N TEINZIED
SO AR TN —_A T U RAFEEFEH LT, EYBO AL T LT PR
PAARDHA F I 7 ABET VRN LToh o D (Alba et al., 2012), Z OfFETOHT, U %
FATEOWE Y OBIGH LU, ~HERE ARIAL T P A )L AR AN &Y,
TOHNEHEEAVRME Uiz RIERO U A7 FEE L ORS TV S (Alba et al., 2012), A
HEHIIZBN TS, BOEV IR L &0 2 U IEAEAEET A A TV o PITR
BT 5 KR EE B B FHC A A /N (Fulica atra) & 3EIZEREECIRE LT D B3 81 42
SND (PR RFEER), ZNDLDOHRIZESS & KEOHMAER ROFEDI Y KO E R
ks & GURGIEROEINZIL, FEOWEV I Y DEADDEH L WV o T MFROHE Y
SEERBRBEAIEETHZLICL T, ARSIV U A L ZDREGEBESIHIN L |
ZORER, PURERSTURGIEROEIN S S Z SNt b Bz bild,
AREFEIF LY | Y & FUREIC AT T EnIG Y DRI OV T I S E O B3
REOWNZHFHET 2 OIx L, BEEEENOEYREO & 2 EEOEIG 1L, (P Ene o5
X > THEIZEM L, 22 CTFETL2FRIE, MPeREIIHUA RIS L THflo
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HREETRTICOIb T, M EMRENE < 78D SHURBERERENT 2L TH D,
ZORZEJWT LHEIEL, UAFIZBRRD b S OREMRS~ 7 A ROT v b O§hgReE S
BRinD . FRAENES D Z L TEREEIND,

ENTRIE R D ORI 72 DAEH 2 KIE T, BIZIX T A NV AEROBBEICEH 5T 5
IgM B D B a0~V =T flfld, & 2 ME TNFo, IFN-y, IL-212%F L CIEmbER 2 7~9
73 (Boskabady et al., 2012; Han et al., 2021; Skalny et al., 2020; USEPA, 2011), )i 5 )i & AL
T 5 IL-1, 4, 8, 100FEAZTUET H/EH % A9 5 (Xing et al., 2018), IgM 4o B flifa o~
JLX—=T MR DOIHENT K - T, G QI HURPEAIHIVEM & F5->—J7 T, TNFa, IFN-y,
IL-2~DOIHHWE AR RIESOE DERIZ K o> THBYNEZ B ER, BNk E 5 L. ¢
R T S TR WA L o TR A U 5 1gG. AL EICX - T, HilkniZ &
\ZPEE 315 (Bernier et al., 1995; Cao et al., 2018; USEPA, 2011), 72 b, EEAFEAEL T
W WS R BT & 2 R 7 e e O BEREIN I K D BUREAE DAY, SR D
N & 2 BIEGEOER & AT TV AR, —EIRYES LT 5 &L $hE B O Sy i
BRI & FIRFIS, /1S X 2 B0l & 32 72 WIS O TUHEIC K > THUREANE KT 5
fod, BT b SRR ORI X o T, PUABEADHEMB I REND LB Z HILD (K
2-7),

AREOFEFNG, W IZL DGR EHICIE, AR 725228 & 3512 Body condition 0%
BRPEELTEBY, ZNOIEFERENDRREH L ICARBICET LR 6, HF5LTnD
TENEZOLND, VRO A A T T A L ADEYER OB IX, e

Body condition, % L CIAERRLUNOEENFRRHITFET 5 B2 615,

KRET ABA TN YT ANV AT RGN & FEhi LTz, BEIE D A L A DJF
RBBET D A BA LI NE T A NV ADFHERCOARCEET DRSS D, 2D
L BENO ABAL T o OSAIE, Y SHARKRT 2FKO R TN R EICHE
K9 % (Moriguchi et al., 2021), D72, ARFIAEHI TH 5 FAE & =B OMIZIT, AT

A TNTFTANVZADGIIE LWVRY RN EEZ D, AR Ty
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A IV ADRITEBREE DO X TH H(Kim ef al., 2018), ARA T oA )L ADIE
F 24O BRI, YT X o TER L 72k 36 L2 148 LFRpe L 72V (Hoye ef al., 2010),
OO BRITEE, RETD ARSIV PO N R EEE L, HilkZEET D0
TRDDH, WSO AL L TNVNZ T ANV E AR VTNV T I A NN ADE
FLHFE % [RIIRF IR U 72 Fn 1 2 LIS R 77, 2018 IS H N R D& R THA Lo =R
PSA > 7 > o HSNGH R (EIER) X, NA B 1-LISME2016-201 74F £ I2 9 — 12 /X -
REEE DORF 7 by B S Au7c HSNSHU (% 4 | = —m v R, ERR) Ltk ©, EN DT
BREP—_A T ATBIRROaTZ AN Fa v, FOREHOFAZ 7, RO T N7
T AR ONTIR Y H T A A3EES Uiz HINGHER(E N B BEER) & 134 F Rtk TR 54
BATALE LTz, £72. NA BEFIIE)IKE ENE SR TEIZ, 3—r v/ XTHtEs
Uiz H3NG6HEAY « HANGHHAYIZ ok L Tnve, 2o Z &b, FIKIEZ I —r v szl
JiAT L7z HSNSHEAL & —F o 77 KEETHEER L TV SRR M D N6l D NA Eis1 & Fr
DBIEFHEEVANVATHY, BEFEOWNSOZEHEMIE CBEFHEA N Z o 72 Alhetk
DL S VTV D (EIRIFMER A v 7 v o PEERAE T — 4, 2018), A HlA > 7 Lm
A NVAPBIGFHEGEITIIEE, FELE MIRRMEDIRONERRDFEA T D MR
B RD, ZDD, AL T NT P T A NN ADBAST-FHHEES DT, One Health O
ETCEHERPERA N RDEEZDOND, KETITEBOEKELGDLS), an=
—ZR L CEET 5, 2 v =—ZFHOARE % £7-O(Buckley, 1979; Burger, 1979), =12 =—
TIE, BT D A B VIV U P T A NV ZADBYER OB A S 1215 Tl Big
HAHTEGE L, an=—IlRLAENTL VANV APIPOEBANTHE Y 2 LT, &
G HEANIEAE LT W TH & 5 (Postnikova ef al., 2021), = U 7 AL EHEM T E
PREEDO 2o =—% L, ZHEd 5 (Gribble, 1976), 2008472 520094E1 247 o Z D)
1 A DRE a1 =—TIT DIV ARF RN HI6HRL 7 A /L AR Tl A% LAO RN
T HI6HR T A L AN S, £ ORMSRITEI A B E 5 Z &1 n =— PN THIINME
6112 & > 7= (Verhagen et al., 2014), == U € AIKEZ L 0 723 5, A BEIT 5

IS CTd D Z & BB E %2 D L (Omithology, 2002), == U & A TEAH T AR 7 vy
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POANANER LIS EIC S, ElEEA2 D LT B8 L T, Bt E T EVEIT LA
RRMERH D, 2FEV, KEOMEN /R LR EEBRIL, ROEVRFPIZZ) DEAD A
BA TN ORBPEENFREICHERT 5208, ZOEEOELE LTI 4R LT
LZOTIERL, BHEMA~L Y &R AL VTN U T A N REEY, F B RO
HAEICEBL TV D AREEEEZREL TS, ZHETICS, TEAHEITI—r v 3KEEE
BT AV AHED A BLA TNV A NN ADEFCRD PR Z > TN D Z L2
5 X u(Benkaroun et al., 2016), LU WEADHRTHEELIND ABRA TNV F A LA
Ji H16H & 45 & TV 5 (Munster ez al., 2005), ZHHDHEN G, JED BEOFTH
UNEAT ABIL TN T A NV ADERIZEB L TV D ATREMED & < L ARFRA L.
i EOGRIEHERE & | SAIERRRIC A KT T EROMGEIC L > T, 2V VEAICE TS A

WA TNE P TANABEREA~DOEGEBLZLTZMAOERENLEHT D,

BZOLIWDHNALT A

HIETHENAT AL LTORREZD, I HOWTIIY o o XD H0s S il 2 06 L
Rinole, ABIA TN T A NV ZAHURITEE S L BRI 5 L & biT, Mwc kb
T ERE DML L BEIRT D72, BUSITHRICIER U THUREARR RV & ShivTn
% (Hill et al., 2016; Van Ginkel et al., 2015), % D7=%, 5% Tl O 2 £l 5 72012+45)

TN A R e B2 BN D D,

119



RASLPE

| 2

ERRICZW=HIC..

pr

- " = =
Body condition \

RRE - WiEE

>

DY) B EH L HA FDRE )R
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ARERERIZE T, A BA TV P ORRGLEITFROWE O FeICA BN L7z, &
YR O Z 5| & 2 Z 483 & LT, Body condition index O/ & i 1 B O #41 0D if
EWRMGFHET D L AEICEEBENEINT 5 Z LRSSz, B2 58 L CRiT L
T ML OBE L B0 | FOPE Y BT Body condition index DI/ & L P HATEEE O BE N
DR E LT 7= TR RN, AEICREBEOREINNS | E L SND 2 ERERS
Nz, TOBLRIINETITHES N2V #E A D Body condition index & Ifil F1EREEE D
HBEADED L. FEOWE Y FEIL Body condition index 2MLE AL Hri L TRV, ifndhgn
RED @OV THOB LI, AN OHAEITHD T2 000, KOV Bl & ik
L EABIZEN END)E W) | EYB OB 5T IR E T LIZBRN RO
REHNIHEINT 2 FIREMED B 2 2 & B FEBRIZHROIE O RFHNZ R GLEE DSBS U 72 ATREME A3
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(Cao et al. 2018)

ERREDFE)

(Xing et al. 2018)
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+—— 0
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gt O
IgG,AE ©

(IeG,A: Bemier et al. 1995, IgE: USEPA 2011) TNF a IFN lL 2
oA LB E S THREES <55

/JK /JK (Boskababy et al. 2012; Han et al. 2020; Skalny et d] 2020) (Li etal. 2012)

AEE — @ IEMEBHAL, ~ LS —THIRY
"74}[/1%1&’1‘:%—5 (USEPA 2011)

IgGE!BﬁEHﬂ

HDE ) KD A

,J,J

[22-7. BEFEDO IR 55 2 5 2 PURBBMEE I I 1 2 $nii BE & HUR B ORI IE DR
PUAPEAIZ DWW T, PR E OHINIA B OB E JFT Z LRSI,
— 5T, BRI Uil g BE O AR IO R B & K AF T T E ARSI,
COREPNEPNTREDLISE LT, 0258 % KT Ml OfENE 2 51D,
DFE Y TG YRGB 2 S E MO T OMERE DR T D Z & TG LT VDR RE A
E%D, T LT, RYDRRSE LT, ROV RN I W TIIHUARE LI LR D S mi a2t
LT, M Eni B 23 m O MEIR O S il I 13 L 0 R & WHUARE AR RE oI 2 5| < 29
ZEIZE T BYE L LCTEINT 2 b 00, EASHOHARIT, mhEREN S

ERIEE, ZOMEIDORELZZTOT VLW IETFREZ DD,
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Appendix 2-1. & v hDO 71 fh 2)VIIHED HFiEO 7w Fan

1.

10.

11.

12.

Xy hOA TN oW AT =TT L— MREERE ARA TV BT AL ZAFUR
EWELIZARNY) v 7RI N~ A7 r7L— MERE L, BRICT D

RN AL 7 v T A L ZBURREMERS M%) 100pL & 2well IZ AL D
FERB VRIS AL > 7 L A L AR PEERINIE) 100uL % 2well (2 AALS
AR BURSETEYEA] - 7 2T MY U AEEEEEER) T 10 fFICAR L7 siko mE
100uL % well I AN D

SRR T 60 3 A F 2 X— |k

SENEMEAIG A Y o BEREENR 200pL T 4 [BIVES T2

ayYa— MNHET YV EHRRALV A PRI AR S TV A VAT
AE J 7 v —F PR 100pL & well (IZ AAL, IR T 30 45 A > F = — |
SHRTEPERIE A Y o BRI 200pL T 4 [FI3EET 5

BELKFEERTT N7 AF IR VP (TMBYRIR 100ul 2 AfL, R T 10001 ¥ =
A=k

PGSR IR KT S VAR - U & AOKEEHR) 100l 2 A5

Wi 5 650nm TR A FITET 5

BRAROWIEEE S, FErEMmIE OWLE N O SN 28 0.5 BL D & &k, 0.5 Ko & x5k

EHE LT,
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Appendix 2-2. & v FINO2RPURD %, IR SN 22K PR TRET 2 HEO T v han

1.

10.

11.

12.

Xy hoAf 7z W A =7 L — MRIEEL ARA Tz YA L ZAFUR
EWELIZARY v 76 RN~ 77— MNERE L, ®iEICT2

FEREVEIMTE G AL > 7 L A L AR YEIRINTE) 100uL % 2well (2 AALS
FERBPE MR (L AT A o 7 v W7 A L Z R PEFS M%) 100pL % 2well (2 AHL D
BRARFBIEORETEVEA] - 72T Y U LS AREERR) T 10 fFISHR LBk o Mg
100uL % well IZ AR5

FIRT 60551 F 2X— |

SHRTEPERIE A Y o BRI 200pL T 4 [FI3EET 5

FRR A I C 2000 512758 L 7= Goat anti-bird IgY H&L (HRP)100pL % 4% well |2 AfL, =
T30 MA FaX—]

FUETEMEAIE A Y o FEFRER 200Ul C 4 FIPEE T 5

WL KEEEHT N T AF R PV (TMBYRIE 100ul 2 AfL, EIE T 1000 A > F =
~—}

FOSEIRWR( KT S VEREE T B U 7 L/KEEIR)100ul 2 A%

W& 650nm TR ZIET 5

REME/BME DRI E OHE L, ELISA CT—BRAICHWON A HINFIETH D, RRIERIED
A AR S & UTHRIE L, L 3 % U7 BRI IR O W FE Ol &
MG LBz ERE L LT, ZOMELL EOWROGE Z RO ik 2 FUARR . Rl O ik %

PURIEME & HE Lz,
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SR QO =t

D AR 2 X — NI 2B A AE BET D & AROT R L —TEY &
RIEMREDOM T ML — FATREL D720, Y ORI RERREIC 0 7R = R F =708
FTHAT, L O R Y REN TR DGR ABEINNT 2 L 5 — BB LTS
N5, LonL, ZOMEEMRGELZME XN E TITHFEELRY,

BRI Y BBFREOEDNR & B 2 b, ABGERYYED A Bl 7 v T, b
WROWHUCBIEST 2MANEZETHLNCENTNDEDON, LEa—%1To7, A flA
YINTZUYOREEFRHIIIER LT N BV EAROBENEL L, WEHOEKIEHE
EHEARTHEERENZ L RSNTZ, IHIZ, HEH L HE AR CILEY RSO
DIZPED IRE, FHRE., IENE & v o 72T H (Body condition) D 2SS 2N FRD H v, K
AEFEDEARHIILIC ABRIL TN P T A NV ADEIERBENE SNDR, ZOHE
Y AEREASRYHIC 80 K 5 ITHET 200, ST ot Toffl, AA LT
S W OREYLIEERIC L DG O RSe AL 7 v L Body condition D BE£R
BT 2RI TR I L THEARTZ LN EBRHALMNERoT,

TR DIEGIFR 2 S %AEIL, Body condition DsANC K 2 T2 T < BRETIY
WEOBREIZ L > THREBELZ T 5, BEHEDEOT TLERBOMIE. £ < DS
TR L D AR A SAv, — O SR TSI L > TROFREC £ TRED
KA TND

AWFFRTIE, BEAROAN, RMNTHEEAT LY BEAZXRIC, EVICED Body
condition DA HEh & BRELTH Ye)'E D8 DOIE YN T T B RERE~ OB Z 148 L. Body
condition & #4775 Y473 FEBEITIFIFR DY BB A RIFT Oy, [P FEIZEG SR> Body
condition (Z X > T2 U B E A DREREETHELZ T, ZORBII>T, 2V VETAD
AL TV U YREGLTIE D RSN L, Z4UESRT5 Y% & Body condition 23B85-7% |

&V D RO BGRE & A T,
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BT, EROWN D FEIZE/75%4<° Body condition |2 & > T U 7 E 2 DaEkie
IXBEZ T D] L) ORGEE ARFE CTHEM L 72, 201840 H20214FIC, HURE Tk
A4 HRREE L ZI ClA T B AR O2 Y HEAZHE L, ZhbDaY
A E ANTFKOPE Y B, FROPE Y Kp, £ OR]OBA 0 2 TOR O] TH B 72815 %4
IREDERNZ LI, BAH, FOWEY R, KO R ONRICEIRE L R o7, 0D
HYRIE Y B A DFFIRNEPNCE ENDER & IRFEOLZERNARL D53 HTIZ L - T
WrEYED FIBE S B L HEE ST, R = U B X OFRE XGOSR HERE OFRIE & 72 D
MEREEEON, ~T 17 4 L&) v BROEBIGICHBREEZKIZL, 2D ORE
M DEIE & DBRRN G| RIEERE I OB Z KT T Z LN LN oTz, iz,
MR 1 X4.0ug/dL 285 LT, ~T a7 4 LN E U L BRI ITE < 2 & 2VR
S, BLAAHRE TIRE STV D BB OTE Y O M L ALE AT T 512 R E20ug/dL £V
HARV VR CREEE I 2 KT T RTREME S 2 17z, Body condition 1% E 50 534 & H
VT Body condition index & fuHRE 2 FFAM 9 2 MR ATE H & O BIMR A2 AT L7255,
Body condition |Z60EERE DHERFIC T 5372 Z L VR ST,

LA D75 Y: & Body condition 73 fa i HEREIC RIET B A M F 2 T, KA &8 L CEA
S TR 2 P AT ¢ Z AR & T Lo, £ ORER. KOIED K HREOHED
R 28 L CAT r 7 g v & U S EROEBIE Tl R B 12 2 2 Tt itE & il o B fR %
RLUTED, FRCEOE D R TIE~T 1 7 1L &V N EROEIE 13 Body condition (26 £ 41
TNABEZRIUE LI ORBREZA LT, EBRZEONE D RO Y Fpgl K v &1
SRR EE 23R < . Body condition DRE & A EITEA AT CRIK E D720, BEOJED
REHI, T2 S EEDR T RrLX—0D h L— A 7034 L, Body condition 23 §17% 4k
ISR I B e RIE T AREME R S D L B X bz, CD4& CD8a (I~T 1
T4l U U NEKOEIE LR OFEE AR L, BKOPE Y K] & A& IZIE CD41E Body
condition DHEAMNZ L > THEIZEEI L, CD8au X Body condition DX T & if AT FE D HE AN
IR THEIZHEM L2y, FROEYFREHNIIXZ O L5 RERITE LR o7,

PLEDORERN S G [0 BRI EE Y Body condition (2 & > T U 7€ X Otk
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RIS B AT 2 1S TTEL T, MEREREIXRFHIIZ X - T Body condition C#ri5 4L 6
ZUFLEBIIERN DY BOWEV R TIL, ~T a7 42U L NEROEIE T Body
condition & ERVELLIC K > THEREELZ T, FEOWEY KNI Z 1 b %Mo &~

HE TR NI LRI ST,

F2FETIL, OW (U BERAD AL 7V P REGHTIE ) REFIICEIN L, Zh
138075 Y4 & Body condition 23B5-9 5] &9 B ORGEE FEh Lo, H1E L [F— O s
BEERIC, TIRABIA VIV U AV AHURD ELISA v b7 a havziZd L
T, 2 BEAMIEFDO ABA TN T ANV AFURERE LTz, ELISA THOLILD
TEVERG R A YL . ELISA TRIE T 2WOtE APk L ER LIz, BIETER LIEKOKE
ORI B, RO B oM Ok & & FURBEER D7 % Wilcoxon DNENZAHBAFREL
A ZRME A UCEME L72RE R, RO RO A, FURE & FURGERITA
BICHEINT 5 Z R ENT-, A BA 7o o YRRYZ Body condition SCHRTEYLAN
L TWDHON, HIFETESR L7 BCL &P EriRE ORIERE 268 L TR 21T -
oo AL T A NV AFURRRMEZO0, BtEAETE L CRT L2 & 2 A, Body
condition(P-EFR%EL [LL R, Coef] -0.31. P=10.04. 95%{5#AX M [LAF. 95% CI] -0.60 — -
0.02) & 1 1 $n7 E (Coef. 0.98, P=0.02, 95% CI10.15—1.81)iF I EREIC L » THE R
ZRNH B, Body condition 723 FV N & HURBGEME AT U, BORHT L F $0i BE 23 1
VN & LR AR I D E M 23R S Te, FURRGME & HIE S L7291 & BRIT.,
YUk & & Body condition, il FERYR B D BEILR A ElalF o3 HT L 72 /55, Body condition 1345
B 7R BRI S 72 o 7= (Coef. 0.03. P=0.21, 95% CI -0.01 — 0.06)25, I ERTE B 131
INZ X > THHREZA B2 S8 5 BfR2 4 5 4 7=(Coef. -0.08, P=0.03, 95% CI -
0.16 —-0.01),

i g EE & Body condition 1% A A o 7 L Y O SRYLIE & A EICEMR T D 720,
Body condition & Il HFERTRE 2 EHRIZHRE L. ZNENOFMEET-T4ODOREIZ DN

T, ERIZEZN A BN D D HEZR LT, Body condition D E KD HAEIT, FF13 T BCI
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A DBRIZRH U 72851 a5 O FEHIE & HEEM OO EA % | M P EhREE O @ik &
HEIX, B CRIEMROE G AL I LT-4.0pg/dL LU /AR 2 L, o
fiti . Body condition 2ME < ML AT VO ERIZ. Body condition 73 < L ST EE DMK
WHEL D BREGEO & D ERDOEIG KA EICE S 22T,

wZIT, AL T o Y OREGLE & HUAREIZXTT D Body condition & Il HERTRFE
DT, WO L > THEERALND D0, R Lz, KO0 K B,
FEOWE R Z L2, PiikE & RPEREEZ T ZNHEMZASE LT, BCL & ik
EOAEHE L CERBIRBOITESEHe VAT 0 v VT2 S L=, ZOREER. ko
P RS2 COEKMICA B RBIRN A IR o 72 dy ARG IC A LT
M SRR N B 7 B % 5 X (Coef. 0.18, P=0.02, 95% CI0.03 —0.33), HFEDJE Y K
(213G 12 Body condition(Coef. -0.42, P= 0.03, 95% CI -7.99 — -0.43) & ifi. 1§15 5
(Coef. 2.16, P=0.047. 95% CI10.03 —4.28), Hifk=|Z Body condition(Coef. 0.20p=0.047,
95% CI-0.34 —-0.00)7% LR RFE LT, TN ORMER/ENG, 2V TEADA
WA TN o PREGT, YR Th > THIOE D K] & B O Y K] TG g
X Body condition 755\ HRBOREIZER R H Y | ROV KO HenHY L
Body condition [#j3& DFEEZZIFRT W EARIB I NI, BEFHASHEIE TRIN
TR OWE Y RN Hol: U Tl PR L & Body condition 13 BIZ A 975 M A
BAn L, ZNOOERLT TIXFROUE Y R OF B 722 PR B0 iYL o N 13350 1
TEP, 2V AEARDEBREOMBEOSHEEARMEZ G T2 L5 AR ER
HIRA & e D &R T2 (K5),

AR L ST, EYVRBDOY HE ADEFEIGIC AL RBEREINAT D & T,
HOFRICBIERN e B0 5 & 2 Sh D RN R S iz, T728bb, 2 hE
ATE Y BEIE & LT, FIEREC T THEY 2175, ZOERBHFRICEE TS X 91
IV AT = RV — O LR PR RS S AL, Z O BRIRZ L D72, D F
HMOPTHEICZ D BBENZLT 5 (RN O = 2L X — 03l (T ORI, o
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BEAMHZZ T WeEBZOND, ZOAEREABHDONT AT, BREHRYE D
BEENMDD Z LI Lo T, FEOWED BN, WHFEIEORYE DA EITE LT 0k
RENEDND & B R BT (1X6),

AW EE LT, = U TEADPEY 2L D Body condition DZLHE) & BB © DFR{HY:
IZ L DS HERE~ DR A B T L YT A L A DY E ORBMR. EERER
IRARLE IRIT BN oo, SRS 2 VIR I EOF TH, 1. %k
HEIE Body condition DM L - THERF, $RTG5C K> THIfl S D, 2.2 U & A X
4.0pg/dL LA | & O RIREE THoyZtRe DM 2 E C D FRetEn & 5. 3. ARA 71T
VA OREYIPE Y B, Body condition, ¥ L CEWEYMNEAMITHET D, LW )38
XTI AEBEYYE O FHEA~RERNEEZ 52560 TH D, T HIFHITOHR AT

JEYYE O ERHI~DIRF & LT, kDL HIZFEEH(HT).

LB BOREIZEW T, FHifR SRRSO RHET — 2 2R T 20LER S 5,

AAFFERER TIX, TAVE T AROIEBENH S ThRpoTe 2 U IE ATHONT,
TE D 1 ZPE S oA H O B4R % Body condition <1l AT EE DB S RGE LT, EWNICA
BT 28 SOREEITIED 2170, TOFIIIRTEIE Y AR O BB 2250 725 & M2 72
STWRWHES(FIET 5, TlE/ADREOERIIBESHITEDY 5 5720, SHOBOIRAE
REND DA ZDOIZLEMEDOER TS, FOFEFITIRD & 5 22 @R REIZ B3 5 AfEry

BRT—ZEPEL, HRET LI LBRETH D,

2. $MG R D ERERAL, NG ROIEBENPLETH D,

BIEFEIFHO L Ea—nh, ENORETOMREE IR RO EAICH D LB 2
SIER, HEPICIE-EORETHEEL WL Z LR EIND, AREICL->T, H
NELFOHFIAT 220 I ARV T, $GY L IGYIT K 2 St aE O] o f 280
fERENTz, TO, ENICEMZEL TERTS X2 RBABYREICONTH, #5

ez, MoPOERZEZR I LTV LWREEDRH D, 0O X 5 RIBEMRIGY 07
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T 256, ARA IV PO X9 7, WABMIZBEEAPER &2 KIE IR E N
TR L7ZBITIE, (R TOT U hT LA 7 BAEL BN H D, BEBMORERSEL
BRAEDHEFFICIRT 2720106 . ENOBEATEZ Z D IZAERRIZ OV T, D7EYRIL & i
BIDZLITHETH D,

3. =S T U ADBEIZIE, Bl O H(Body condition X415 YY) & R T H ML E N
D,

ITAE, BRIV ORERYYIE O RIS L2 B Y & LTofAE (T — A T 2 ) OIRHI D3 H i =
NTWD, T—=_A T ATID ATeER, BUEIR R O 1F SR R 7 03 i A &
. FOEMERAGT 5%y MU —27 BRI TV H(Kuiken ef al., 2005), — 5T, f5E
WD H FLITIRFEARM O I BT 5 L Z Ly, EYROIRERZELTH . HERR O
BFHREFR TS HW, HFERUOFEROEETHL EEZXOND, TDOD, S%REAHYH
SRRRGSE DA — A T o ARG H A F 2 7 AR T DA ICER Y M ERIIE, AT

EEAOEREZMEL., MAZEET LI ENEETH LD,

PV FBIZBNT, Y ORFICHFRDRIENE E D L ) FIRB N < DO i
BN HEE SN TWDHY, BRI 22 5o M RE 2 3T 3 2 MR A B & O RILROUE 0 e
& DOBRIZ OV TREMIZR I IZE > Tvevy, ARIFFED K D12, Y AR & iErED
BAGR 2B & 7T . FOREE FEEEOREYE AR FIFCHEFE L2 RLIL. 1O TOH
REed,
AR, BPAEBNIC BT D BRI 2 AR R AR RF L TV D, BEMNBRT S
NERISEIRYE X, B R D AR & Y 2 O BLRIC B W TR 22 12 S IFET .,
AARITEY ERENTERESNLIBEOYEL L2 ED 5, Zokd, EVRIZE-TY
7o b SH DRI X DAERFEDO I Tl < | BYYEO T O BOKEIRC, EY H%
WL CENOREEZIT) Z L& > T, MOZHEMEIR D REEE~HIKT 22 &

BRSNS,
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F%294E I B 55 48 # A Br B AF 2 HE 1 #(SII-1). JST/JICA, SATREPS (JPMJSA1501) J T°
Program for supporting introduction of the new sharing system (JPMXS0420100619)7%> 5 DBk %
ST TEITTHZEMTEE LI,

RN, ARWFFEIC ZH 2050 & U7 AARBRE A PR ERE AT BRI 2 R A )

133



WM REE B OERR, WNIHRA b 72— WigER. R¥ERA. REFEA, 2

EE O, WO AZRMEE LR R FERT OIS L L 0 BILHR L BT £

134



IR RN

Adams, S.C., Xing, Z., Li, J., Cardona, C.J., 2009. Immune-related gene expression in response to H11N9
low pathogenic avian influenza virus infection in chicken and Pekin duck peripheral blood mononuclear
cells. Molecular immunology 46, 1744-1749.

Afsar, B., Elsurer Afsar, R., Kanbay, A., Covic, A., Ortiz, A., Kanbay, M., 2019. Air pollution and kidney
disease: review of current evidence. Clinical Kidney Journal 12, 19-32.

Aina, O0.0., Ajibade, T., 2014. Age-related changes in haematologic parameters of cage-raised Japanese
quails (Cortunix japonica). Journal of Veterinary Medicine and Animal Health 6, 104-108.

Alba, A., Bicout, D.J., Vidal, F., Curco, A., Allepuz, A., Napp, S., Garcia-Bocanegra, 1., Costa, T., Casal, J.,
2012. Model to Track Wild Birds for Avian Influenza by Means of Population Dynamics and Surveillance
Information. PLoS ONE 7, e44354.

Alfaro, M., Sandercock, B.K., Liguori, L., Arim, M., 2018. Body condition and feather molt of a migratory
shorebird during the non - breeding season. Journal of Avian Biology 49, jav-01480.

Allaine, D., Lebreton, J., 1990. The influence of age and sex on wing - tip pattern in adult Black - headed
Gulls Larus ridibundus. Ibis 132, 560-567.

Alonso-Alvarez, C., Tella, J.L., 2001. Effects of experimental food restriction and body-mass changes on
the avian T-cell-mediated immune response. Canadian Journal of Zoology 79, 101-105.

Ameji, N., Sa'idu, L., Abdu, P., 2017. Detection of avian influenza antibodies and antigens in poultry and
some wild birds in Kogi state, Nigeria. Sokoto Journal of Veterinary Sciences 15, 62-68.

Ankney, C.D., Afton, A.D., 1988. Bioenergetics of breeding Northern Shovelers: diet, nutrient reserves,
clutch size, and incubation. The Condor 90, 459-472.

Arima, H., Sugawa, H., Onishi, N., 2004. Sexual dimorphism in the external form of the black-headed gull
Larus ridibundus.

Arsnoe, D.M., 2010. Influence of Body Condition and Homo-Vs. Heterosubtypic Immunity on Influenza
A Virus Infection in Mallard Ducks: Experimental Infection Data. Michigan State University. Fisheries
and Wildlife.

Arsnoe, D.M., Ip, H.S., Owen, J.C., 2011. Influence of body condition on influenza A virus infection in
mallard ducks: experimental infection data. PloS one 6, €22633.

Aydin, S., 2015. A short history, principles, and types of ELISA, and our laboratory experience with

peptide/protein analyses using ELISA. Peptides 72, 4-15.

135



Badry, A., Krone, O., Jaspers, V.L.B., Mateo, R., Garcia-Fernandez, A., Leivits, M., Shore, R.F., 2020.
Towards harmonisation of chemical monitoring using avian apex predators: Identification of key species
for pan-European biomonitoring. Science of The Total Environment 731, 139198.

Baert, J.M., Stienen, E.W., Heylen, B.C., Kavelaars, M.M., Buijs, R.-J., Shamoun-Baranes, J., Lens, L.,
Miiller, W., 2018. High-resolution GPS tracking reveals sex differences in migratory behaviour and
stopover habitat use in the Lesser Black-backed Gull Larus fuscus. Scientific reports 8, 1-11.

Baker, K., 1993. Identification guide to European non-passerines. British Trust for Ornithology.

Barrett, R.T., Camphuysen, K., Anker-Nilssen, T., Chardine, J.W., Furness, R.W., Garthe, S., Hiippop, O.,
Leopold, M.F., Montevecchi, W.A., Veit, R.R., 2007. Diet studies of seabirds: a review and
recommendations. ICES Journal of Marine Science 64, 1675-1691.

Bauchinger, U., Biebach, H., 2001. Differential catabolism of muscle protein in garden warblers (Sylvia
borin): flight and leg muscle act as a protein source during long-distance migration. Journal of
Comparative Physiology B 171, 293-301.

Bearhop, S., Waldron, S., Votier, S.C., Furness, R.-W., 2002. Factors that influence assimilation rates and
fractionation of nitrogen and carbon stable isotopes in avian blood and feathers. Physiological and
biochemical zoology 75, 451-458.

BEDROSIAN, B., CRAIGHEAD, D., 2009. Blood lead levels of Bald and Golden Eagles sampled during
and after hunting seasons in the Greater Yellowstone Ecosystem. Ingestion of Lead from Spent
Ammunition: Implications for Wildlife and Humans. The Peregrine Fund, Boise, Idaho, USA. DOI 10.

Beldomenico, P.M., Telfer, S., Gebert, S., Lukomski, L., Bennett, M., Begon, M., 2008. Poor condition and
infection: a vicious circle in natural populations. Proceedings of the Royal Society B: Biological Sciences
275, 1753-1759.

Bellinger, D.C., Stiles, K.M., Needleman, H.L., 1992. Low-Level Lead Exposure, Intelligence and
Academic Achievement: A Long-term. Pediatrics 90, 855.

Benaltabet, T., Gutner-Hoch, E., Torfstein, A., 2021. Heavy met al, rare earth element and Pb isotope
dynamics in mussels during a depuration experiment in the Gulf of Aqaba, northern Red Sea. Frontiers
in Marine Science.

Benkaroun, J., Shoham, D., Kroyer, A.N., Whitney, H., Lang, A.S., 2016. Analysis of influenza A viruses
from gulls: An evaluation of inter-regional movements and interactions with other avian and mammalian

influenza A viruses. Cogent Biology 2, 1234957.

136



Berglund, A.M., Koivula, M.J., Eeva, T., 2011. Species-and age-related variation in met al exposure and
accumulation of two passerine bird species. Environmental pollution 159, 2368-2374.

Berglund, A M., Rainio, M.J., Eeva, T., 2015. Temporal trends in met al pollution: using bird excrement as
indicator. PloS one 10.

Bernabucci, U., Ronchi, B., Lacetera, N., Nardone, A., 2005. Influence of body condition score on
relationships between metabolic status and oxidative stress in periparturient dairy cows. Journal of dairy
science 88, 2017-2026.

Bernier, J., Brousseau, P., Krzystyniak, K., Tryphonas, H., Fournier, M., 1995. Immunotoxicity of heavy
met als in relation to Great Lakes. Environmental Health Perspectives 103, 23-34.

Berto, D., Rampazzo, F., Gion, C., Noventa, S., Formalewicz, M., Ronchi, F., Traldi, U., Giorgi, G., 2019.
Elemental Analyzer/Isotope Ratio Mass Spectrometry (EA/IRMS) as a Tool to Characterize Plastic
Polymers in a Marine Environment. IntechOpen.

Beyer, W.N., Meador, J.P., 2011. Environmental contaminants in biota: interpreting tissue concentrations.
CRC Press.

Bichet, C., Scheifler, R., Ceeurdassier, M., Julliard, R., Sorci, G., Loiseau, C., 2013. Urbanization, Trace
Met al Pollution, and Malaria Prevalence in the House Sparrow. PLoS ONE 8, ¢53866.

Bird, B.H., Mazet, J.A., 2018. Detection of emerging zoonotic pathogens: an integrated one health approach.

Blanco, G., Frias, O., 2001. Symbiotic feather mites synchronize dispersal and population growth with host
sociality and migratory disposition. Ecography 24, 113-120.

Bobby Fokidis, H., Greiner, E.C., Deviche, P., 2008. Interspecific variation in avian blood parasites and
haematology associated with urbanization in a desert habitat. Journal of Avian Biology 39, 300-310.

Bonnedahl, J., Drobni, P., Johansson, A., Hernandez, J., Melhus, A., Stedt, J., Olsen, B., Drobni, M., 2010.
Characterization, and comparison, of human clinical and black-headed gull (Larus ridibundus) extended-
spectrum bet alactamase-producing bacterial isolates from Kalmar, on the southeast coast of Sweden. J
Antimicrob Chemother 65, 1939-1944.

Boskabady, M.H., Samarghandian, S., Farkhondeh, T., 2012. Tracheal responsiveness to methacholine and
ovalbumin; and lung inflammation in guinea pigs exposed to inhaled lead after sensitization.
Ecotoxicology and environmental safety 86, 233-238.

Brooks-Moizer, F., Roberton, S.I., Edmunds, K., Bell, D., 2009. Avian influenza HSN1 and the wild bird

trade in Hanoi, Vietnam. Ecology and Society 14.

137



Brouwer, A., Gonzales, J., Huneau, A., Mulatti, P., Kuiken, T., Staubach, C., Stegeman, A., Antoniou, S.E.,
Baldinelli, F., Van Der Stede, Y., Aznar, 1., 2019. Annual Report on surveillance for avian influenza in
poultry and wild birds in Member States of the European Union in 2018. EFSA Journal 17.

Brown, J.D., Goekjian, G., Poulson, R., Valeika, S., Stallknecht, D.E., 2009a. Avian influenza virus in
water: infectivity is dependent on pH, salinity and temperature. Vet Microbiol 136, 20-26.

Brown, J.D., Stallknecht, D.E., Beck, J.R., Suarez, D.L., Swayne, D.E., 2006. Susceptibility of North
American ducks and gulls to HSN1 highly pathogenic avian influenza viruses. Emerging infectious
diseases 12, 1663.

Brown, J.D., Stallknecht, D.E., Berghaus, R.D., Luttrell, M.P., Velek, K., Kistler, W., Costa, T., Yabsley,
M.J., Swayne, D., 2009b. Evaluation of a commercial blocking enzyme-linked immunosorbent assay to
detect avian influenza virus antibodies in multiple experimentally infected avian species. Clin. Vaccine
Immunol. 16, 824-829.

Brown, M.E., 1996. Assessing body condition in birds, In: Current ornithology. Springer, pp. 67-135.

Buckley, F.G., 1979. Colony site selection by colonial waterbirds in coastal New Jersey, In: Proceedings of
the Colonial Waterbird Group, pp. 17-26.

Buehler, D.M., Encinas-Viso, F., Petit, M., Vézina, F., Ticleman, B.I., Piersma, T., 2009. Limited access to
food and physiological trade-offs in a long-distance migrant shorebird. II. Constitutive immune function
and the acute-phase response. Physiological and Biochemical Zoology 82, 561-571.

Buehler, D.M., Tieleman, B.I., Piersma, T., 2010. How do migratory species stay healthy over the annual
cycle? A conceptual model for immune function and for resistance to disease. Oxford University Press.

Burger, J., 1979. Colony size: a test for breeding synchrony in herring gull (Larus argentatus) colonies. The
Auk 96, 694-703.

Burger, J., 1994. Heavy met als in avian eggshells: another excretion method. Journal of Toxicology and
Environmental Health, Part A Current Issues 41, 207-220.

Burger, J., Gochfeld, M., 2004. Marine birds as sentinels of environmental pollution. EcoHealth 1, 263-
274.

Bushnell, P., Jaeger, R., 1986. Hazards to health from environmental lead exposure: a review of recent
literature. Veterinary and human toxicology 28, 255-261.

Cabana, G., Rasmussen, J.B., 1994. Modelling food chain structure and contaminant bioaccumulation using

stable nitrogen isotopes. Nature 372, 255-257.

138



Cabana, G., Rasmussen, J.B., 1996. Comparison of aquatic food chains using nitrogen isotopes.
Proceedings of the National Academy of Sciences 93, 10844-10847.

Cai, F., Calisi, R.M., 2016. Seasons and neighborhoods of high lead toxicity in New York City: the feral
pigeon as a bioindicator. Chemosphere 161, 274-279.

Cakmak, E., Akin Peksen, C., Bilgin, C.C., 2017. Comparison of three different primer sets for sexing birds.
Journal of Veterinary Diagnostic Investigation 29, 59-63.

Campos, F., Gutiérrez-Corchero, F., Hernandez, A.M., Lopez-Fidalgo, J., 2008. Seasonal variation in the
body size-body mass relationship in the Southern Grey Shrike Lanius meridionalis. Acta Ornithologica
43, 139-143.

Canfield, R.L., Henderson Jr, C.R., Cory-Slechta, D.A., Cox, C., Jusko, T.A., Lanphear, B.P., 2003.
Intellectual impairment in children with blood lead concentrations below 10 ug per deciliter. New
England journal of medicine 348, 1517-1526.

Cantos, F., Alonso-Gomez, A., Delgado, M., 1994. Seasonal changes in fat and protein reserves of the black-
headed gull, Larus ridibundus, in relation to migration. Comparative Biochemistry and Physiology Part
A: Physiology 108, 117-122.

Cao, J., Xu, X., Zhang, Y., Zeng, Z., Hylkema, M.N., Huo, X., 2018. Increased memory T cell populations
in Pb-exposed children from an e-waste-recycling area. Science of the Total Environment 616, 988-995.

Cherel, Y., Hobson, K.A., Weimerskirch, H., 2000. Using stable-isotope analysis of feathers to distinguish
moulting and breeding origins of seabirds. Oecologia 122, 155-162.

Chikaraishi, Y., Ogawa, N.O., Kashiyama, Y., Takano, Y., Suga, H., Tomitani, A., Miyashita, H., Kitazato,
H., Ohkouchi, N., 2009. Determination of aquatic food - web structure based on compound - specific
nitrogen isotopic composition of amino acids. Limnology and Oceanography: methods 7, 740-750.

Chisholm, B., Koike, H., 1999. Reconstructing prehistoric Japanese diet using stable isotopic analysis.
International Research Center for Japanese Studies Kyoto, Kyoto, Japan.

Choi, C., Gan, X., Ma, Q., Zhang, K., Chen, J., Ma, Z., 2009. Body condition and fuel deposition patterns
of calidrid sandpipers during migratory stopover. Ardea 97, 61-70.

Clark, G.A., 1979. Body weights of birds: a review. The Condor 81, 193-202.

Colabuono, F.I., Taniguchi, S., Montone, R.C., 2012. Organochlorine contaminants in albatrosses and
petrels during migration in South Atlantic Ocean. Chemosphere 86, 701-708.

Coplen, T.B., Bohlke, J.K., De Bievre, P., Ding, T., Holden, N., Hopple, J., Krouse, H., Lamberty, A., Peiser,

139



H., Revesz, K., 2002. Isotope-abundance variations of selected elements (IUPAC Technical Report). Pure
and applied chemistry 74, 1987-2017.

Coulson, J., Monaghan, P., Butterfield, J., Duncan, N., Ensor, K., Shedden, C., Thomas, C., 1984.
Scandinavian herring gulls wintering in Britain. Ornis Scandinavica, 79-88.

Coulson, J.C., 2016. A review of philopatry in seabirds and comparisons with other waterbird species.
Waterbirds 39, 229-240.

Cramp, S., Brooks, D., 1992. Handbook of the birds of Europe, the Middle East and North Africa. The birds
of the western Palearctic, vol. VI. Warblers. oxford university Press, oxford.

Cromie, R., Newth, J., Reeves, J., O’Brien, M., Beckmann, K., Brown, M., 2014. The sociological and
political aspects of reducing lead poisoning from ammunition in the UK: why the transition to non-toxic
ammunition is so difficult, In: Oxford Lead Symposium, p. 104.

Crossin, G.T., Phillips, R.A., Wynne-Edwards, K.E., Williams, T.D., 2013. Postmigratory body condition
and ovarian steroid production predict breeding decisions by female gray-headed albatrosses.
Physiological and Biochemical Zoology 86, 761-768.

Cui, B., Wang, L.D.L., Ke, J., Tian, Y., 2019. Chinese poultry farmers' decision - making for avian
influenza prevention: a qualitative analysis. Zoonoses and public health 66, 647-654.

Curran, J.M., Robertson, 1.D., Ellis, T.M., Selleck, P.W., O'Dea, M.A., 2013. Variation in the responses of
wild species of duck, gull, and wader to inoculation with a wild-bird—origin H6N2 low pathogenicity
avian influenza virus. Avian diseases 57, 581-586.

Dauwe, T., Janssens, E., Kempenaers, B., Eens, M., 2004. The effect of heavy met al exposure on egg size,
eggshell thickness and the number of spermatozoa in blue tit Parus caeruleus eggs. Environmental
Pollution 129, 125-129.

Davis, A., Maney, D., Maerz, J., 2008. The use of leukocyte profiles to measure stress in vertebrates: a
review for ecologists. Functional Ecology 22, 760-772.

De Francisco, N., Ruiz Troya, J., Agiiera, E., 2003. Lead and lead toxicity in domestic and free living birds.
Avian Pathology 32, 3-13.

De Rossi, M., Bernasconi, P., Baggi, F., de Waal Malefyt, R., Mantegazza, R., 2000. Cytokines and
chemokines are both expressed by human myoblasts: possible relevance for the immune pathogenesis of
muscle inflammation. International immunology 12, 1329-1335.

De Voogt, P., 2015. Reviews of environmental contamination and toxicology. Springer.

140



Del Hoyo, J., Elliott, A., 1996. J. Sargatal (1996): Handbook of the Birds of the World, Vol 3: Hoatzin to
Auks. Lynx Edicions, Barcelona, Spain.

DeNiro, M.J., Epstein, S., 1978. Influence of diet on the distribution of carbon isotopes in animals.
Geochimica et cosmochimica acta 42, 495-506.

Dinh, P.N., Long, H.T., Tien, N.T.K., Hien, N.T., Mai, L.T.Q., Phong, L.H., Van Tuan, L., Van Tan, H.,
Nguyen, N.B., Van Tu, P., 2006. Risk factors for human infection with avian influenza A HSN1, Vietnam,
2004. Emerging infectious diseases 12, 1841.

Dinsmore, S.J., Collazo, J.A., 2003. The influence of body condition on local apparent survival of spring
migrant sanderlings in coastal North Carolina. The Condor 105, 465-473.

Dolejska, M., Cizek, A., Literak, 1., 2007. High prevalence of antimicrobial - resistant genes and integrons
in Escherichia coli isolates from black - headed gulls in the Czech Republic. Journal of Applied
Microbiology 103, 11-19.

Doneley, B., Harrison, G.J., Lightfoot, T.L., 2006. Maximizing information from the physical examination.
Spix Publishing.

Dufour, K.W., Ankney, C.D., 1995. Hunting mortality of mallards Anas platyrhynchos in relation to time
of day, flocking behaviour, and individual condition. Wildlife Biology 1, 89-96.

Dunn, J.C., Goodman, S.J., Benton, T.G., Hamer, K.C., 2013. Avian blood parasite infection during the
non-breeding season: an overlooked issue in declining populations? BMC Ecology 13, 30.

DUTRA, D.D.A., SILVEIRA, P., RAMOS, J.A., SOUSA, J.P., BRAGA, EM., NORTE, A.C., 2017.
Haemosporidian infections affect antioxidant defences in great tits Parus major but are not related to
exposure to aerial pollutants. Parasitology Open 3.

Ecke, F., Singh, N.J., Arnemo, J.M., Bignert, A., Helander, B., Berglund, AMM,, Borg, H., Brojer, C.,
Holm, K., Lanzone, M., Miller, T., Nordstrém, A., Riikkonen, J., Rodushkin, I., Agren, E., Hornfeldt,
B., 2017. Sublethal Lead Exposure Alters Movement Behavior in Free-Ranging Golden Eagles.
Environmental Science & Technology 51, 5729-5736.

Eikenaar, C., Hegemann, A., 2016. Migratory common blackbirds have lower innate immune function
during autumn migration than resident conspecifics. Biology letters 12, 20160078.

Eikenaar, C., Hegemann, A., Packmor, F., Kleudgen, 1., Isaksson, C., 2020. Not just fuel: energy stores are
correlated with immune function and oxidative damage in a long-distance migrant. Current Zoology 66,

21-28.

141



Eising, C.M., Eikenaar, C., Schwabl, H., Groothuis, T.G., 2001. Maternal androgens in black-headed gull
(Larus ridibundus) eggs: consequences for chick development. Proceedings of the Royal Society of
London. Series B: Biological Sciences 268, 839-846.

Elenwo, A., Okafor-Elenwo, E., 2014. Zoonotic Diseases of Poultry: A Threat to Profitable Poultry
Production. A Review. Journal of Natural Sciences Research 4, 10-12.

Ellis, T.M., Barry Bousfield, R., Bissett, L.A., Dyrting, K.C., Luk, G.S., Tsim, S., Sturm-Ramirez, K.,
Webster, R.G., Guan, Y., Peiris, J.M., 2004. Investigation of outbreaks of highly pathogenic HSN1 avian
influenza in waterfowl and wild birds in Hong Kong in late 2002. Avian Pathology 33, 492-505.

Elmquist, J.K., Coppari, R., Balthasar, N., Ichinose, M., Lowell, B.B., 2005. Identifying hypothalamic
pathways controlling food intake, body weight, and glucose homeostasis. Journal of Comparative
Neurology 493, 63-71.

Envirionment, M.o.t., 2015. Technical manual for HPAI in wild birds.

Environment., M.o.t., 2017. Status of occurrence and detection of highly pathogenic avian influenza in

Japan. https://www.env.go.jp/nature/dobutsu/bird _flu/wildbird past.html (accessed 2020/6/11.

Evseev, D., Magor, K.E., 2019. Innate immune responses to avian influenza viruses in ducks and chickens.
Veterinary sciences 6, 5.

Fair, J.M., Myers, O.B., 2002. The Ecological and Physiological Costs of Lead Shot and Immunological
Challenge to Developing Western Bluebirds. Ecotoxicology 11, 199-208.

Fair, J.M., Taylor-McCabe, K.J., Shou, Y., Marrone, B.L., 2008. Immunophenotyping of chicken peripheral
blood lymphocyte subpopulations: Individual variability and repeatability. Veterinary immunology and
immunopathology 125, 268-273.

Fallon, J.A., Redig, P., Miller, T.A., Lanzone, M., Katzner, T., 2017. Guidelines for evaluation and treatment
of lead poisoning of wild raptors. Wildlife Society Bulletin 41, 205-211.

Feng, C., Liang, W., 2020. Behavioral responses of black-headed gulls (Chroicocephalus ridibundus) to
artificial provisioning in China. Global Ecology and Conservation 21, e00873.

Fereidouni, S.R., Grund, C., Hauslaigner, R., Lange, E., Wilking, H., Harder, T.C., Beer, M., Starick, E.,
2010. Dynamics of specific antibody responses induced in mallards after infection by or immunization
with low pathogenicity avian influenza viruses. Avian diseases 54, 79-85.

Figuerola, J., Green, A.J., 2000. Haematozoan parasites and migratory behaviour in waterfowl.

Evolutionary Ecology 14, 143-153.

142


https://www.env.go.jp/nature/dobutsu/bird_flu/wildbird_past.html

Finkelstein, M.E., Gwiazda, R.H., Smith, D.R., 2003. Lead poisoning of seabirds: Environmental risks from
leaded paint at a decommissioned military base. Environmental science & technology 37, 3256-3260.
Fisher, 1.J., Pain, D.J., Thomas, V.G., 2006. A review of lead poisoning from ammunition sources in

terrestrial birds. Biological conservation 131, 421-432.

Flint, P.L., Franson, J.C., 2009. Does influenza A affect body condition of wild mallard ducks, or vice versa?
Proceedings of the Royal Society B: Biological Sciences 276, 2345-2346.

Florijan¢ié, T., Opacak, A., Bogkovi¢, 1., Jelkié, D., Ozimec, S., Bogdanovié, T., Liste§, 1., Skrivanko, M.,
Puskadija, Z., 2009. Heavy mef al concentrations in the liver of two wild duck species: influence of
species and gender. Italian Journal of Animal Science 8, 222-224.

Fouchier, R.A., Munster, V., Wallensten, A., Bestebroer, T.M., Herfst, S., Smith, D., Rimmelzwaan, G.F.,,
Olsen, B., Osterhaus, A.D., 2005. Characterization of a novel influenza A virus hemagglutinin subtype
(H16) obtained from black-headed gulls. J Virol 79, 2814-2822.

Fouchier, R.A., Osterhaus, A.D., Brown, I.H., 2003. Animal influenza virus surveillance. Vaccine 21, 1754-
1757.

Fox, A.D., King, R., 2011. Body mass loss amongst moulting pochard Aythya ferina and tufted duck A.
fuligula at Abberton Reservoir, south east England. Journal of Ornithology 152, 727-732.

French, S.S., Neuman-Lee, L.A., 2012. Improved ex vivo method for microbiocidal activity across
vertebrate species. Biology Open 1, 482-487.

Fridolfsson, A.-K., Ellegren, H., 1999. A simple and universal method for molecular sexing of non-ratite
birds. Journal of avian biology, 116-121.

Fry, D.M., 1995. Reproductive effects in birds exposed to pesticides and industrial chemicals.
Environmental health perspectives 103, 165-171.

Fudge, A., 2000. Laboratory reference ranges for selected avian, mammalian, and reptilian species.
Laboratory Medicine: Avian and Exotic Pets. Philadelphia, PA: WB Saunders 375, 400.

Fujimaki, Y., 2010. Check-list of birds in Hokkaido 3rd revised edition. Far East Avian Research Group,
Miuta, Hokkaido.

Furness, R.W., 1993. Birds as monitors of pollutants, In: Birds as monitors of environmental change.
Springer, pp. 86-143.

Furness, R.W., Camphuysen, K., 1997. Seabirds as monitors of the marine environment. iceS Journal of

marine Science 54, 726-737.

143



Gaidet, N., Newman, S.H., Hagemeijer, W., Dodman, T., Cappelle, J., Hammoumi, S., De Simone, L.,
Takekawa, J.Y., 2008. Duck migration and past influenza A (H5N1) outbreak areas. Emerging infectious
diseases 14, 1164.

Gambaryan, A.S., Matrosovich, T.Y., Boravleva, E.Y., Lomakina, N.F., Yamnikova, S.S., Tuzikov, A.B.,
Pazynina, G.V., Bovin, N.V., Fouchier, R.A., Klenk, H.-D., 2018. Receptor-binding properties of
influenza viruses isolated from gulls. Virology 522, 37-45.

Gangoso, L., Alvarez-Lloret, P., Rodriguez-Navarro, A.A., Mateo, R., Hiraldo, F., Donazar, J.A., 2009.
Long-term effects of lead poisoning on bone mineralization in vultures exposed to ammunition sources.
Environmental Pollution 157, 569-574.

Gaunt, A.S., Oring, L.W., Able, K., Anderson, D., Baptista, L., Barlow, J., Wingfield, J., 1997. Guidelines
to the use of wild birds in research. Washington, DC: The Ornithological Council.

Getz, L.L., Best, L.B., Prather, M., 1977. Lead in urban and rural song birds. Environmental Pollution
(1970) 12, 235-238.

Gibson, D., Chaplin, M.K., Hunt, K.L., Friedrich, M.J., Weithman, C.E., Addison, L.M., Cavalieri, V.,
Coleman, S., Cuthbert, F.J., Fraser, J.D., 2018. Impacts of anthropogenic disturbance on body condition,
survival, and site fidelity of nonbreeding Piping Plovers. The Condor: Ornithological Applications 120,
566-580.

Gittleman, J.L., Thompson, S.D., 1988. Energy allocation in mammalian reproduction. American zoologist
28, 863-875.

Gladyshev, M.I., 2009. Stable isotope analyses in aquatic ecology (a review). XKypuan Cubupckoro
¢denepansHoro yausepcurera. Cepust: buomorust 2, 381-402.

Gochfeld, J.B., Michael, 2000. Effects of lead on birds (Laridae): a review of laboratory and field studies.
Journal of Toxicology and Environmental Health Part B: Critical Reviews 3, 59-78.

Gorissen, L., Snoeijs, T., Van Duyse, E., Eens, M., 2005. Heavy me¢ a/ pollution affects dawn singing
behaviour in a small passerine bird. Oecologia 145, 504-509.

Gorski, W., Jakuczun, B., Nitecki, C., Petryna, A., 1977. Investigation of oil pollution on the Polish Baltic
coast in 1974-1975. Przeglad Zoologiczny 21, 20-23.

Gregory, N.G., Robins, J.K., 1998. A body condition scoring system for layer hens. New Zealand Journal
of Agricultural Research 41, 555-559.

Gribble, F., 1976. A census of Black-headed Gull colonies. Bird Study 23, 135-145.

144



Grillo, T., 2011. NATIONAL AVIAN INFLUENZA WILD BIRD SURVEILLANCE PROGRAM
(AUSTRALIA).

Grond, K., Ryu, H., Baker, A.J., Santo Domingo, J.W., Buehler, D.M., 2014. Gastro-intestinal microbiota
of two migratory shorebird species during spring migration staging in Delaware Bay, USA. Journal of
Ornithology 155, 969-977.

Gross, W., Siegel, H., 1983. Evaluation of the heterophil/lymphocyte ratio as a measure of stress in chickens.
Avian diseases, 972-979.

Guillemain, M., Fritz, H., Klaassen, M., Johnson, A.R., Hafner, H., 2004. Fuelling rates of garganey (Anas
querquedula) staging in the Camargue, southern France, during spring migration. Journal of Ornithology
145, 152-158.

Han, B., Garcia - Mendoza, D., van den Berg, H., van den Brink, N.W., 2021. Modulatory effects of Pb 2
on Virally Challenged Chicken Macrophage (HD - 11) andB - Lymphocyte (DT40) CellLinesinvitro.
Hanssen, S.A., Hasselquist, D., Folstad, I., Erikstad, K.E., 2005. Cost of reproduction in a long-lived bird:

incubation effort reduces immune function and future reproduction. Proc Biol Sci 272, 1039-1046.

Harmon, B.G., 1998. Avian heterophils in inflammation and disease resistance. Poultry science 77, 972-
977.

Harrison, P., 1985. Seabirds: an identification guide. Rev. ed. Croom Helm, London, United Kingdom.

Hawkey, C., Hart, M., Samour, H., 1984. Age - related haematological changes and haemopathological
responses in Chilean flamingos (Phoenicopterus chiliensis). Avian Pathology 13, 223-229.

Haynes, L., Arzey, E., Bell, C., Buchanan, N., Burgess, G., Cronan, V., Dickason, C., Field, H., Gibbs, S.,
Hansbro, P., 2009. Australian surveillance for avian influenza viruses in wild birds between July 2005
and June 2007. Australian veterinary journal 87, 266-272.

Hegemann, A., Matson, K.D., Both, C., Tieleman, B.I., 2012. Immune function in a free-living bird varies
over the annual cycle, but seasonal patterns differ between years. Oecologia 170, 605-618.

Helm, B., 2006. Zugunruhe of migratory and non - migratory birds in a circannual context. Journal of Avian
Biology 37, 533-540.

Hernandez, M., Margalida, A., 2009. Assessing the risk of lead exposure for the conservation of the
endangered Pyrenean bearded vulture (Gypaetus barbatus) population. Environmental Research 109,
837-842.

Herndler-Brandstetter, D., Ishigame, H., Shinnakasu, R., Plajer, V., Stecher, C., Zhao, J., Lietzenmayer, M.,

145



Kroehling, L., Takumi, A., Kometani, K., 2018. KLRGI+ effector CD8+ T cells lose KLRGI,
differentiate into all memory T cell lineages, and convey enhanced protective immunity. Immunity 48,
716-729. ¢718.

Hesterberg, U., Harris, K., Stroud, D., Guberti, V., Busani, L., Pittman, M., Piazza, V., Cook, A., Brown, L.,
2009. Avian influenza surveillance in wild birds in the European Union in 2006. Influenza and Other
Respiratory Viruses 3, 1-14.

Hill, S.C., Manvell, R.J., Schulenburg, B., Shell, W., Wikramaratna, P.S., Perrins, C., Sheldon, B.C., Brown,
LH., Pybus, O.G., 2016. Antibody responses to avian influenza viruses in wild birds broaden with age.
Proc Biol Sci 283.

Hirata, K., 2007. Report of Black-headed Gulls roosting on the roof of a house in kyoto, western Japan
Strix 25, 141-146.

Hirata, K., Hasegawa, M., 2012. The age structure of Black-headed Gulls attracted to artificial feedings —

a comparison between different food types: artificial food and fish. Osaka Mus. Nat. Hist. 66, 9-18.

Hofle, U., Van De Bildt, M.W.G., Leijten, L.M., Van Amerongen, G., Verhagen, J.H., Fouchier, R.A.M.,
Osterhaus, A.D.M.E., Kuiken, T., 2012. Tissue tropism and pathology of natural influenza virus infection
in black-headed gulls (Chroicocephalus ridibundus). Avian Pathology 41, 547-553.

Holladay, J.P., Nisanian, M., Williams, S., Tuckfield, R.C., Kerr, R., Jarrett, T., Tannenbaum, L., Holladay,
S.D., Sharma, A., Gogal, R.M., 2012. Dosing of adult pigeons with as little as one# 9 lead pellet caused
severe 0-ALAD depression, suggesting potential adverse effects in wild populations. Ecotoxicology 21,
2331-2337.

Honda, K., Min, B.Y., Tatsukawa, R., 1986. Distribution of heavy met als and their age-related changes in
the eastern great white egret,Egretta alba modesta, in Korea. Archives of Environmental Contamination
and Toxicology 15, 185-197.

Hood, L.C., Boersma, P.D., Wingfield, J.C., 1998. The adrenocortical response to stress in incubating
Magellanic penguins (Spheniscus magellanicus). The Auk 115, 76-84.

Howlett, J., Samour, J., Bailey, T., Naldo, J., 1998. Age-related haematology changes in captive-reared kori
bustards (Ardeotis kori). Comparative Haematology International 8, 26-30.

Hoye, B.J., Munster, V.J., Nishiura, H., Fouchier, R.A., Madsen, J., Klaassen, M., 2011. Reconstructing an
annual cycle of interaction: natural infection and antibody dynamics to avian influenza along a migratory

flyway. Oikos 120, 748-755.

146



Hoye, B.J., Munster, V.J., Nishiura, H., Klaassen, M., Fouchier, R.A., 2010. Surveillance of wild birds for
avian influenza virus. Emerg Infect Dis 16, 1827-1834.

Hsiao, C.-L., Wu, K.-H., Wan, K.-S., 2011. Effects of environmental lead exposure on T-helper cell-specific
cytokines in children. Journal of Immunotoxicology 8, 284-287.

Huang, Z., Fang, D., Lv, P,, Bian, X., Ruan, X., Yan, Y., Zhou, J., 2012. Differential cellular immune
responses between chickens and ducks to HON2 avian influenza virus infection. Veterinary immunology
and immunopathology 150, 169-180.

lavicoli, L., Carelli, G., Stanek I11, E., Castellino, N., Calabrese, E., 2006. Below background levels of blood
lead impact cytokine levels in male and female mice. Toxicology and applied pharmacology 210, 94-99.

Inger, R., Bearhop, S., 2008. Applications of stable isotope analyses to avian ecology. Ibis 150, 447-461.

Ishii, C., Nakayama, S.M., Ikenaka, Y., Nakata, H., Saito, K., Watanabe, Y., Mizukawa, H., Tanabe, S.,
Nomiyama, K., Hayashi, T., 2017. Lead exposure in raptors from Japan and source identification using
Pb stable isotope ratios. Chemosphere 186, 367-373.

Issabayeva, G., Aroua, M.K., Sulaiman, N.M.N., 2006. Removal of lead from aqueous solutions on palm
shell activated carbon. Bioresource technology 97, 2350-2355.

TUCN, 2012. Larus ridibundus, Black-headed Gull. online., In: TUCN red list of threatened species. Birdlife
international, Cambridge.

Iwamoto, A., 2016. HSN1 EiREEE 4 v 7 L T v F L . XY XA F 4 7 6,213-217.

Jabot, F., Giraldo, C., Lefebvre, S., Dubois, S., 2017. Are food web structures well represented in isotopic
spaces? Functional Ecology 31, 1975-1984.

Jakubas, D., Indykiewicz, P., Kowalski, J., Iciek, T., Minias, P., 2020. Intercolony variation in foraging
flight characteristics of black - headed gulls Chroicocephalus ridibundus during the incubation period.
Ecology and Evolution 10, 5489-5505.

Japan, T.o.s.0., 2012. Check-list of Japanese birds. The ornithological society of Japan, Tokyo.

Jehl Jr, J.R., 1997. Cyclical changes in body composition in the annual cycle and migration of the Eared
Grebe Podiceps nigricollis. Journal of Avian Biology, 132-142.

Johnson, C.K., Vodovoz, T., Boyce, W.M., Mazet, J.A., 2007. Lead exposure in California condors and
sentinel species in California. Report prepared for the California Department of Fish and Game.
University of California, Davis.

Jurinovi¢, L., Savi¢, V., Balenovi¢, M., Lisi¢i¢, D., Luci¢, V., 2014. Virological and serological investigation

147



of avian influenza in black headed gulls captured on a rubbish dump in Zagreb, Croatia. Veterinarski
arhiv 84, 521-528.

Kiéllender, H., Lebreton, J.D., 1997. Black-headed Gull (Larus ridibundus). Their Distribution and
Abundance, London.

Keawcharoen, J., Van Riel, D., van Amerongen, G., Bestebroer, T., Beyer, W.E., Van Lavieren, R.,
Osterhaus, A.D., Fouchier, R.A., Kuiken, T., 2008. Wild ducks as long-distance vectors of highly
pathogenic avian influenza virus (H5N1). Emerging infectious diseases 14, 600.

Kelly, J.F., 2000. Stable isotopes of carbon and nitrogen in the study of avian and mammalian trophic
ecology. Canadian journal of zoology 78, 1-27.

Kendall, R.J., Lacker Jr, T.E., Bunck, C., Daniel, B., Driver, C., Grue, C.E., Leighton, F., Stansley, W.,
Watanabe, P.G., Whitworth, M., 1996. An ecological risk assessment of lead shot exposure in non -
waterfowl avian species: upland game birds and raptors. Environmental Toxicology and Chemistry: An
International Journal 15, 4-20.

Kim, H., Webster, R.G., Webby, R.J., 2018. Influenza virus: dealing with a drifting and shifting pathogen.
Viral immunology 31, 174-183.

Kim, W.-H., Bae, S.H., Cho, S., 2021. Spatiotemporal Dynamics of Highly Pathogenic Avian Influenza
Subtype H5NS in Poultry Farms, South Korea. Viruses 13, 274.

Kirby, J.S., Stattersfield, A.J., Butchart, S.H., Evans, M.I.,, Grimmett, R.F., Jones, V.R., O'Sullivan, J.,
Tucker, G.M., Newton, 1., 2008. Key conservation issues for migratory land-and waterbird species on
the world's major flyways. Bird Conservation International 18, S49-S73.

Kitowski, 1., Indykiewicz, P., Wigcek, D., Jakubas, D., 2017a. Intra-clutch and inter-colony variability in
element concentrations in eggshells of the black-headed gull, Chroicocephalus ridibundus, in northern
Poland. Environmental Science and Pollution Research 24, 10341-10353.

Kitowski, ., Jakubas, D., Wigcek, D., Sujak, A., 2017b. Concentrations of lead and other elements in the
liver of the white-tailed eagle (Haliaeetus albicilla), a European flagship species, wintering in Eastern
Poland. Ambio 46, 825-841.

Kleijn, D., Munster, V.J., Ebbinge, B.S., Jonkers, D.A., Miiskens, G.J.D.M., Van Randen, Y., Fouchier,
R.A.M., 2010. Dynamics and ecological consequences of avian influenza virus infection in greater white-
fronted geese in their winter staging areas. Proceedings of the Royal Society B: Biological Sciences 277,

2041-2048.

148



Kloubec, B., Svecova, Z., 1990. Changes in the south bohemian population of Black-headed Gull (Larus
ridibundus) and their possible causes (in Czech). . South bohemian ornithological conference, Ceské
Budéjovice Proceedings of the II.

Koch, G., Elbers, A.R., 2006. Outdoor ranging of poultry: a major risk factor for the introduction and
development of High-Pathogenicity Avian Influenza. NJAS-Wageningen Journal of Life Sciences 54,
179-194.

Kothlow, S., Mannes, N.K., Schaerer, B., Rebeski, D.E., Kaspers, B., Schultz, U., 2005. Characterization
of duck leucocytes by monoclonal antibodies. Developmental & Comparative Immunology 29, 733-748.

Koutsakos, M., Kedzierska, K., Subbarao, K., 2019. Immune responses to avian influenza viruses. The
journal of immunology 202, 382-391.

Krams, I., Vrublevska, J., Cirule, D., Kivleniece, 1., Krama, T., Rantala, M.J., Sild, E., Horak, P., 2012.
Heterophil/lymphocyte ratios predict the magnitude of humoral immune response to a novel antigen in
great tits (Parus major). Comparative Biochemistry and Physiology Part A: Molecular & Integrative
Physiology 161, 422-428.

Kreijtz, J., de Mutsert, G., Van Baalen, C., Fouchier, R., Osterhaus, A., Rimmelzwaan, G., 2008. Cross-
recognition of avian H5N1 influenza virus by human cytotoxic T-lymphocyte populations directed to
human influenza A virus. Journal of virology 82, 5161-5166.

Krone, O., 2018. Lead poisoning in birds of prey, In: Birds of Prey. Springer, pp. 251-272.

Krueger, W.S., Wade, T.J., 2016. Elevated blood lead and cadmium levels associated with chronic infections
among non-smokers in a cross-sectional analysis of NHANES data. Environmental Health 15.

Kubetzki, U., Garthe, S., 2003. Distribution, diet and habitat selection by four sympatrically breeding gull
species in the south-eastern North Sea. Marine Biology 143, 199-207.

Kuchipudi, S.V,, Chang, K., 2015. Skelet al muscle in influenza virus infection-a key player or a bystander.
Br. J. Virol 2, 19-21.

Kuiken, T., Leighton, F.A., Fouchier, R.A., LeDuc, J.W., Peiris, J.S.M., Schudel, A., Stohr, K., Osterhaus,
A., 2005. Pathogen surveillance in animals. Science 309, 1680-1681.

Kusaka, S., Hyodo, F., Yumoto, T., Nakatsukasa, M., 2010. Carbon and nitrogen stable isotope analysis on
the diet of Jomon populations from two coastal regions of Japan. Journal of Archaeological Science 37,
1968-1977.

Kwon, J.-S., Lee, H.-J., Lee, D.-H., Lee, Y.-J., Mo, I.-P., Nahm, S.-S., Kim, M.-J., Lee, J.-B., Park, S.-Y.,

149



Choi, 1.-S., 2008. Immune responses and pathogenesis in immunocompromised chickens in response to
infection with the HON2 low pathogenic avian influenza virus. Virus research 133, 187-194.

La Sorte, F.A., Fink, D., Hochachka, W.M., Kelling, S., 2016. Convergence of broad-scale migration
strategies in terrestrial birds. Proceedings of the Royal Society B: Biological Sciences 283, 20152588.
Lamb, J.S., Satgé, Y.G., Jodice, P.G., 2017. Influence of density - dependent competition on foraging and

migratory behavior of a subtropical colonial seabird. Ecology and evolution 7, 6469-6481.

Lanctot, R.B., Weatherhead, P.J., Kempenaers, B., Scribner, K.T., 1998. Male traits, mating tactics and
reproductive success in the buff-breasted sandpiper, Tryngites subruficollis. Animal Behaviour 56, 419-
432.

Lanphear, B., Dietrich, K., Auinger, P., Cox, C., 2000. Cognitive deficits associated with blood lead
concentrations< 10 pug/dL in US children and adolescents Public Health Rep 115: 521-529. Find this
article online.

Lee, K.A., 2006. Linking immune defenses and life history at the levels of the individual and the species.
Integrative and comparative biology 46, 1000-1015.

Leighton, A., 1995. Surveillance of wild animal diseases in Europe. Revue scientifique et technique
(International Office of Epizootics) 14, 819-830.

Leonzio, C., Fossi, C., Focardi, S., 1986. Lead, mercury, cadmium and selenium in two species of gull
feeding on inland dumps, and in marine areas. Science of the total environment 57, 121-127.

LePage, H., 2020. Comparison of Migratory and Resident Bird Species in a Contaminated Environment.
Levin, R., Vieira, C.L.Z., Rosenbaum, M.H., Bischoff, K., Mordarski, D.C., Brown, M.J., 2020. The urban
lead (Pb) burden in humans, animals and the natural environment. Environmental Research, 110377.
Lewis, N.S., Javakhishvili, Z., Russell, C.A., Machablishvili, A., Lexmond, P., Verhagen, J.H., Vuong, O.,
Onashvili, T., Donduashvili, M., Smith, D.J., 2013. Avian influenza virus surveillance in wild birds in

Georgia: 2009-2011. PloS one 8, e58534.

Linden, M., Moller, A.P., 1989. Cost of reproduction and covariation of life history traits in birds. Trends
in Ecology & Evolution 4, 367-371.

Locke, L.N., Bagley, G.E., 1967. Case report: coccidiosis and lead poisoning in Canada geese. Chesapeake
Science 8, 68-69.

Loria, D.E., Moore, F.R., 1990. Energy demands of migration on red-eyed vireos, Vireo olivaceus.

Behavioral Ecology 1, 24-35.

150



Lucia, M., André, J.-M., Gontier, K., Diot, N., Veiga, J., Davail, S., 2010. Trace element concentrations
(mercury, cadmium, copper, zinc, lead, aluminium, nickel, arsenic, and selenium) in some aquatic birds
of the Southwest Atlantic Coast of France. Archives of environmental contamination and toxicology 58,
844-853.

Luna, N., Varela, A.I., Luna-Jorquera, G., Brokordt, K., 2020. Effect of predation risk and ectoparasitic
louse flies on physiological stress condition of the red-tailed tropicbird (Phaethon rubricauda) from Rapa
Nui and Salas & Gomez islands. PeerJ 8, €9088.

Lundgren, B.O., Kiessling, K.-H., 1985. Seasonal variation in catabolic enzyme activities in breast muscle
of some migratory birds. Oecologia 66, 468-471.

Maciusik, B., Lenda, M., Skorka, P., 2010. Corridors, local food resources, and climatic conditions affect
the utilization of the urban environment by the Black-headed Gull Larus ridibundus in winter. Ecological
research 25, 263-272.

Maggini, 1., Bairlein, F., 2011. Body condition and stopover of trans-Saharan spring migrant passerines
caught at a site in southern Morocco. Ringing & Migration 26, 31-37.

Makaroff, L.E., Hendricks, D.W., Niec, R.E., Fink, P.J., 2009. Postthymic maturation influences the CD8
T cell response to antigen. Proceedings of the National Academy of Sciences 106, 4799-4804.

Mafiosa, S., Mateo, R., Guitart, R., 2001. A review of the effects of agricultural and industrial contamination
on the Ebro delta biota and wildlife. Environmental Monitoring and Assessment 71, 187-205.

Martin II, L.B., Navara, K.J., Bailey, M.T., Hutch, C.R., Powell, N.D., Sheridan, J.F., Nelson, R.J., 2008.
Food restriction compromises immune memory in deer mice (Peromyscus maniculatus) by reducing
spleen-derived antibody-producing B cell numbers. Physiological and Biochemical Zoology 81, 366-
372.

Martinez-Haro, M., Green, A.J., Mateo, R., 2011. Effects of lead exposure on oxidative stress biomarkers
and plasma biochemistry in waterbirds in the field. Environmental research 111, 530-538.

Masindi, V., Muedi, K.L., 2018. Environmental contamination by heavy met als. Heavy Met als 19, 2019.

Mateo, R., 2009a. Lead poisoning in wild birds in Europe and the regulations adopted by different countries.
Ingestion of lead from spent ammunition: implications for wildlife and humans, 71-98.

Mateo, R., 2009b. Lead poisoning in wild birds in Europe and the regulations adopted by different countries.
Ingestion of lead from spent ammunition: implications for wildlife and humans 2009, 71-98.

Mateo, R., Kanstrup, N., 2019. Regulations on lead ammunition adopted in Europe and evidence of

151



compliance. Ambio 48, 989-998.

Matson, C.A., Choi, S., Livak, F., Zhao, B., Mitra, A., Love, P.E., Singh, N.J., 2020. CD5 dynamically
calibrates basal NF-«kB signaling in T cells during thymic development and peripheral activation.
Proceedings of the National Academy of Sciences 117, 14342-14353.

Matsubara, T., Minami, H., 1998. Stable Isotope Analysis in Avian Ecology Present and Future Perspective.
Journal of the Yamashina Institute for Ornithology 30, 59-82.

Mawhinney, K., Diamond, A., Kehoe, F., 1999. The use of energy, fat, and protein reserves by breeding
Great Black-backed Gulls. Canadian Journal of Zoology 77, 1459-1464.

Maxwell, M., Robertson, G., 1995. The avian basophilic leukocyte: a review. World's Poultry Science
Journal 51, 307-325.

Maxwell, M., Robertson, G., 1998. The avian heterophil leucocyte: a review. World's Poultry Science
Journal 54, 155-178.

Mazerolle, D., Hobson, K., Wassenaar, L., 2005. Stable isotope and band-encounter analyses delineate
migratory patterns and catchment areas of white-throated sparrows at a migration monitoring station.
Occologia 144, 541-549.

McWilliams, S.R., Whitman, M., 2013. Non-destructive techniques to assess body composition of birds: a
review and validation study. Journal of Ornithology 154, 597-618.

Meier, R.E., Votier, S.C., Wynn, R.B., Guilford, T., McMinn Grivé, M., Rodriguez, A., Newton, J., Maurice,
L., Chouvelon, T., Dessier, A., 2017. Tracking, feather moult and stable isotopes reveal foraging
behaviour of a critically endangered seabird during the non - breeding season. Diversity and
Distributions 23, 130-145.

Melville, D.S., Shortridge, K.F., 2006. Migratory waterbirds and avian influenza in the East Asian—
Australasian Flyway with particular reference to the 2003—2004 H5N1 outbreak. Waterbirds around the
world, 432-438.

Metryka, E., Chibowska, K., Gutowska, 1., Falkowska, A., Kupnicka, P., Barczak, K., Chlubek, D.,
Baranowska-Bosiacka, 1., 2018. Lead (Pb) Exposure Enhances Expression of Factors Associated with
Inflammation. International Journal of Molecular Sciences 19, 1813.

Migula, P., Augustyniak, M., Kowalczyk, K., 2000. Heavy Met als, Resting Metabolism Rates and Breeding
Parameters in Two Populations of Black-Headed GullLarus ridibundusfrom the Industrially Polluted

Areas of Upper Silesia, Poland. Acta Ornithologica 35, 159-172.

152



Minagawa, M., Wada, E., 1984. Stepwise enrichment of 15N along food chains: further evidence and the
relation between 615N and animal age. Geochimica et cosmochimica acta 48, 1135-1140.

Minias, P., 2019. Evolution of heterophil/lymphocyte ratios in response to ecological and life - history
traits: A comparative analysis across the avian tree of life. Journal of Animal Ecology 88, 554-565.

Ministry of Agriculture, F.a.F., 2019 737 D % 4 VERERICBI T 5 74 7 4 ~, pp. 1-57.

Mohanraj, T., Sheeba, M., Cross, S.R.T.S., Rajathy, T.J., 2021. Seasonal Variation of Heavy Met als in the
Intertidal Gastropod Trochus radiatus of Gulf of Mannar. Open Journal of Marine Science 11, 92-102.
Mpller, A.P., Christe, P., Erritzge, J., Mavarez, J., 1998. Condition, disecase and immune defence. Oikos,

301-306.

Magller, A.P., de Lope, F., Saino, N., 2004. Parasitism, immunity, and arrival date in a migratory bird, the
barn swallow. Ecology 85, 206-219.

Maoller, A.P., Erritzee, J., 1998. Host immune defence and migration in birds. Evolutionary Ecology 12,
945-953.

Monteiro, L., Furness, R., 1995. Seabirds as monitors of mercury in the marine environment, In: Mercury
as a Global Pollutant. Springer, pp. 851-870.

Moon, J.A., Haukos, D.A., 2009. Factors affecting body condition of Northern Pintails wintering in the
Playa Lakes region. Waterbirds 32, 87-95.

Moreira, F., 1995. Diet of Black-headed Gulls Larus ridibundus on emerged intertidal areas in the Tagus
estuary (Portugal): predation or grazing? Journal of Avian Biology, 277-282.

Moriguchi, S., Amano, T., Ushiyama, K., Fujita, G., Higuchi, H., 2006. The relationship between abdominal
profile index and body condition of Greater White-fronted Geese Anser albifrons. Ornithological Science
5, 193-198.

Moriguchi, S., Hosoda, R., Ushine, N., Kato, T., Hayama, S.-i., 2021. Surveillance system for avian
influenza in wild birds and implications of its improvement with insights into the highly pathogenic avian
influenza outbreaks in Japan. Preventive Veterinary Medicine 187, 105234.

Moser, T.J., Rusch, D.H., 1988. Indices of structural size and condition of Canada Geese. The Journal of
Wildlife Management, 202-208.

Moynihan, M., 1955. Some aspects of reproductive behavior in the Black-headed Gull (Larus ridibundus
ridibundus L.) and related species. Behaviour. Supplement, 111-201.

Muller, W., Dijkstra, C., Groothuis, T.G.G., 2003. Inter-sexual differences in T-cell-mediated immunity of

153



black-headed gull chicks ( Larus ridibundus ) depend on the hatching order. Behavioral Ecology and
Sociobiology 55, 80-86.

Munster, V., Wallensten, A., Olsen, B., Rimmelzwaan, G., Osterhaus, A., Fouchier, R., 2005. Influenza A
virus surveillance in wild birds. Frontis, 25-30.

Muth, J.P. 2012. Viral shedding and antibody response of mallard ducks to avian influenza viruses,
Colorado State University.

Naguib, M.M., Verhagen, J.H., Mostafa, A., Wille, M., Li, R., Graaf, A., Jarhult, J.D., Ellstréom, P., Zohari,
S., Lundkvist, A., 2019. Global patterns of avian influenza A (H7): virus evolution and zoonotic threats.
FEMS microbiology reviews 43, 608-621.

Nain, S., Smits, J., 2011. Subchronic lead exposure, immunotoxicology and increased disease resistance in
Japanese quail (Corturnix coturnix japonica). Ecotoxicology and environmental safety 74, 787-792.

Nakata, H., Nakayama, S.M., Oroszlany, B., Ikenaka, Y., Mizukawa, H., Tanaka, K., Harunari, T., Tanikawa,
T., Darwish, W.S., Yohannes, Y.B., 2017. Monitoring lead (Pb) pollution and identifying Pb pollution
sources in Japan using stable Pb isotope analysis with kidneys of wild rats. International journal of
environmental research and public health 14, 56.

Newth, J., Rees, E., Cromie, R., McDonald, R., Bearhop, S., Pain, D., Norton, G., Deacon, C., Hilton, G.,
2016. Widespread exposure to lead affects the body condition of free-living whooper swans Cygnus
cygnus wintering in Britain. Environmental pollution 209, 60-67.

Newton, 1., 2006. Can conditions experienced during migration limit the population levels of birds? Journal
of Ornithology 147, 146-166.

Nicita, A., 2008. Avian influenza and the poultry trade. The World Bank.

Nikolich-Zugich, J., Li, G., Uhrlaub, J.L., Renkema, K.R., Smithey, M.J., 2012. Age-related changes in
CD8 T cell homeostasis and immunity to infection, In: Seminars in immunology, pp. 356-364.

Nochi, T., Jansen, C.A., Toyomizu, M., Eden, W.v., 2018. The well-developed mucosal immune systems of
birds and mammals allow for similar approaches of mucosal vaccination in both types of animals.
Frontiers in nutrition 5, 60.

Okamatsu, M., Hiono, T., Kida, H., Sakoda, Y., 2016. Recent developments in the diagnosis of avian
influenza. The Veterinary Journal 215, 82-86.

Okamatsu, M., Ozawa, M., Soda, K., Takakuwa, H., Haga, A., Hiono, T., Matsuu, A., Uchida, Y., Iwata, R.,

Matsuno, K., 2017. Characterization of highly pathogenic avian influenza virus A (H5N6), Japan,

154



November 2016. Emerging infectious diseases 23, 691.

Okino, C.H., Alessi, A.C., Montassier, M.d.F.S., Rosa, A.J.d.M., Wang, X., Montassier, H.J., 2013. Humoral
and cell-mediated immune responses to different doses of attenuated vaccine against avian infectious
bronchitis virus. Viral immunology 26, 259-267.

Oleksyn, J., Reich, P.B., 1994. Pollution, habitat destruction, and biodiversity in Poland. Conservation
Biology 8, 943-960.

Olsen, B., Munster, V.J., Wallensten, A., Waldenstrom, J., Osterhaus, A.D., Fouchier, R.A., 2006. Global
patterns of influenza a virus in wild birds. Science 312, 384-388.

Onuma, M., Kakogawa, M., Yanagisawa, M., Haga, A., Okano, T., Neagari, Y., Okano, T., Goka, K.,
Asakawa, M., 2017. Characterizing the temporal patterns of avian influenza virus introduction into Japan
by migratory birds. J Vet Med Sci 79, 943-951.

ORLOWSKI, G., POLECHONSKI, R., DOBICKI, W., ZAWADA, Z., 2007. Heavy met al concentrations
in the tissues of the black-headed gull Larus ridibundus L. nesting in the dam reservoir in south-western
Poland. Pol. J. Ecol 55, 783-793.

Ornithology, Y.I.f., 2002. Atlas of Japanese migratory birds from 1961 to 1995. Yamashina Institute for
Ornithology Chiba (in Japanese).

Owen, J.C., Moore, F.R., 2006. Seasonal differences in immunological condition of three species of
thrushes. The Condor 108, 389-398.

Ozawa, M., 2015. Establishment and application of a detection system of anti-influenza virus

antibodies in crane sera. Bulletin of the Sankei Science Scholarship Foundation 25, 17-26.

Pain, D.J., Fisher, 1., Thomas, V.G., 2009. A global update of lead poisoning in terrestrial birds from
ammunition sources. Ingestion of lead from spent ammunition: implications for wildlife and humans, 99-
118.

Pain, D.J., Mateo, R., Green, R.E., 2019. Effects of lead from ammunition on birds and other wildlife: A
review and update. Ambio 48, 935-953.

Pandiyan, J., Jagadheesan, R., Karthikeyan, G., Mahboob, S., Al-Ghanim, K.A., Al-Misned, F., Ahmed, Z.,
Krishnappa, K., Elumalai, K., Govindarajan, M., 2020. Probing of heavy met als in the feathers of
shorebirds of Central Asian Flyway wintering grounds. Scientific Reports 10, 1-13.

Pap, P.L., Vagasi, C.I., Tokolyi, J., Czirjak, G.A., Barta, Z., 2010. Variation in haematological indices and

immune function during the annual cycle in the Great Tit Parus major. Ardea 98, 105-112.

155



Parrish, J.D., 1997. Patterns of frugivory and energetic condition in Nearctic landbirds during autumn
migration. The Condor 99, 681-697.

Paruk, J.D., Adams, E.M., Uher-Koch, H., Kovach, K.A., Long IV, D., Perkins, C., Schoch, N., Evers, D.C.,
2016. Polycyclic aromatic hydrocarbons in blood related to lower body mass in common loons. Science
of the Total Environment 565, 360-368.

Pérez-Lopez, M., Cid, F., Oropesa, A.L., Fidalgo, L.E., Beceiro, A.L., Soler, F., 2006. Heavy met a/ and
arsenic content in seabirds affected by the Prestige oil spill on the Galician coast (NW Spain). Science
of the total environment 359, 209-220.

Petersen, B., Exo, K.-M., 1999. Predation of waders and gulls on Lanice conchilega tidal flats in the Wadden
Sea. Marine ecology progress series 178, 229-240.

Phillips, R., Furness, R., 1998. Repeatability of breeding parameters in Arctic skuas. Journal of Avian
Biology, 190-196.

Pickard, K. 2010. Heavy met al pollution and blackheaded gull (larus ridibundus L.) breeding ecology,
University of Southampton.

Piersma, T., 1990. Pre - migratory “fattening” usually involves more than the deposition of fat alone.
Ringing & Migration 11, 113-115.

Piersma, T., Bruinzeel, L., Drent, R., Kersten, M., Van der Meer, J., Wiersma, P., 1996. Variability in basal
metabolic rate of a long-distance migrant shorebird (red knot, Calidris canutus) reflects shifts in organ
sizes. Physiological Zoology 69, 191-217.

Piersma, T., Davidson, N.C., 1991. Confusions of mass and size. The Auk 108, 441-443.

Pinowski, J., Kendeigh, S.C., 2012. Granivorous birds in ecosystems: their evolution, populations,
energetics, adaptations, impact and control. Cambridge University Press.

Poovorawan, Y., Pyungporn, S., Prachayangprecha, S., Makkoch, J., 2013. Global alert to avian influenza
virus infection: from H5N1 to H7N9. Pathogens and global health 107, 217-223.

Popp, B.N., Graham, B.S., Olson, R.J., Hannides, C.C., Lott, M.J., Lopez - Ibarra, G.A., Galvan - Magafia,
F., Fry, B., 2007. Insight into the trophic ecology of yellowfin tuna, Thunnus albacares, from
compound - specific nitrogen isotope analysis of proteinaceous amino acids. Terrestrial Ecology 1, 173-
190.

Poprach, K., Machar, 1., Maton, K., 2016. Long-term decline in breeding abundance of Black-headed Gull

(Chroicocephalus ridibundus) in the Czech Republic: a case study of a population trend at the Chomoutov

156



lake. Ekologia (Bratislava) 35, 350-358.

Portugal, S.J., Green, J.A., Butler, P.J., 2007. Annual changes in body mass and resting metabolism in
captive barnacle geese (Branta leucopsis): the importance of wing moult. Journal of Experimental
Biology 210, 1391-1397.

Postnikova, Y., Treshchalina, A., Boravleva, E., Gambaryan, A., Ishmukhametov, A., Matrosovich, M.,
Fouchier, R.A., Sadykova, G., Prilipov, A., Lomakina, N., 2021. Diversity and Reassortment Rate of
Influenza A Viruses in Wild Ducks and Gulls. Viruses 13, 1010.

Poulin, R., Closs, G.P., Lill, AAW.T., Hicks, A.S., Herrmann, K.K., Kelly, D.W., 2012. Migration as an
escape from parasitism in New Zealand galaxiid fishes. Oecologia 169, 955-963.

Provencher, J.F., Borrelle, S.B., Bond, A.L., Lavers, J.L., Van Franeker, J.A., Kiihn, S., Hammer, S., Avery-
Gomm, S., Mallory, M.L., 2019. Recommended best practices for plastic and litter ingestion studies in
marine birds: Collection, processing, and reporting. Facets 4, 111-130.

Qin, X., Rui, L., Zhang, W, Qiu, Z., Li, Z., 2017. Quantitative variations of
CD4<sup>+</sup>CD25<sup>+</sup> cells in Peking duckwhite leghorn chimeras based on bone
marrow mesenchymal stem cells. Tropical Journal of Pharmaceutical Research 16.

Rahman, F., Ismail, A., Omar, H., Hussin, M.Z., 2017. Exposure of the endangered Milky stork population
to cadmium and lead via food and water intake in Kuala Gula Bird Sanctuary, Perak, Malaysia.
Toxicology reports 4, 502-506.

Ramis, A., Van Amerongen, G., Van De Bildt, M., Leijten, L., Vanderstichel, R., Osterhaus, A., Kuiken, T.,
2014. Experimental infection of highly pathogenic avian influenza virus HSN1 in black-headed gulls
(Chroicocephalus ridibundus). Veterinary Research 45.

Redfern, C.P., Slough, A.E., Dean, B., Brice, J.L., Jones, P.H., 2000. Fat and body condition in migrating
redwings Turdus iliacus. Journal of Avian Biology 31, 197-205.

Reese, S., Dalamani, G., Kaspers, B., 2006. The avian lung-associated immune system: a review. Veterinary
research 37, 311-324.

Registry, A.f.T.S.a.D., 2020. Toxicological profile for lead, pp. 1-583.

Reid, C., Mclnnes, K., McLelland, J.M., Gartrell, B.D., 2012. Anthropogenic lead (Pb) exposure in
populations of a wild parrot (kea Nestor notabilis). New Zealand Journal of Ecology, 56-63.

Rhind, S., Evans, N., Bellingham, M., Sharpe, R., Cotinot, C., Mandon-Pepin, B., Loup, B., Sinclair, K.,

Lea, R., Pocar, P., 2010. Effects of environmental pollutants on the reproduction and welfare of ruminants.

157



Animal 4, 1227-1239.

Rising, J.D., Somers, K.M., 1989. The measurement of overall body size in birds. The Auk 106, 666-674.

Rocke, T.E., Samuel, M.D., 1991. Effects of lead shot ingestion on selected cells of the mallard immune
system. Journal of Wildlife Diseases 27, 1-9.

ROLOFF, G., 2003. Blood chemistry, cytology, and body condition in adult northern goshawks (Accipiter
gentilis). J. Raptor Res 37, 299-306.

Ruhs, E.C., Martin, L.B., Downs, C.J., 2020. The impacts of body mass on immune cell concentrations in
birds. Proceedings of the Royal Society B 287, 20200655.

Saito, K., 2009. Lead poisoning of Steller’s sea-cagle (Haliaeetus pelagicus) and whitetailed eagle
(Haliaeetus albicilla) caused by the ingestion of lead bullets and slugs. Ingestion of lead from spent
ammunition: implications for wildlife and humans.

Sakate, S., Kei, C., Kobayashi, M., Murata, K., Sakagami, K., Kimura, T., 2003. Study on the Mass-
Screening of after-meal serum triglyceride concentration. Journal of Japan Society for
Occupational Health 45, 201-205.

Sanchez-Guzman, J.N., Losada-Prado, S., 2019. Body Condition in Birds in Two Landscapes of the Upper
Magdalena Valley, Colombia. Revista de Ciencias 23, 25-40.

Sarasua, S.M., Vogt, R.F., Henderson, L.O., Jones, P.A., Lybarger, J.A., 2000. Serum immunoglobulins and
lymphocyte subset distributions in children and adults living in communities assessed for lead and
cadmium exposure. Journal of Toxicology and Environmental Health Part A 60, 1-15.

Saugier, B., Ehleringer, J.R., Hall, A.E., Farquhar, G.D., 2012. Stable isotopes and plant carbon-water
relations. Elsevier.

Sawabe, K., Hoshino, K., Isawa, H., Sasaki, T., Hayashi, T., Tsuda, Y., Kurahashi, H., Tanabayashi, K.,
Hotta, A., Saito, T., 2006. Detection and isolation of highly pathogenic HSN1 avian influenza A viruses
from blow flies collected in the vicinity of an infected poultry farm in Kyoto, Japan, 2004. The American
journal of tropical medicine and hygiene 75, 327-332.

Sawabe, K., Hoshino, K., Isawa, H., Sasaki, T., Kim, K.S., Hayashi, T., Tsuda, Y., Kurahashi, H., Kobayashi,
M., 2011. Blow flies were one of the possible candidates for transmission of highly pathogenic HSN1
avian influenza virus during the 2004 outbreaks in Japan. Influenza research and treatment 2011.

Schaible, U.E., Kaufmann, S.H.E., 2007. Malnutrition and Infection: Complex Mechanisms and Global

Impacts. PLoS Medicine 4, el15.

158



Schamber, J.L., Esler, D., Flint, P.L., 2009. Evaluating the validity of using unverified indices of body
condition. Journal of Avian Biology 40, 49-56.

Scheuhammer, A., 1987. The chronic toxicity of aluminium, cadmium, mercury, and lead in birds: a review.
Environmental Pollution 46, 263-295.

Scheuhammer, A., 1991. Effects of acidification on the availability of toxic met als and calcium to wild
birds and mammals. Environmental Pollution 71, 329-375.

Scheuhammer, A., Norris, S., 1996. The ecotoxicology of lead shot and lead fishing weights. Ecotoxicology
5,279-295.

Schmidt-Wellenburg, C.A., Visser, G.H., Biebach, B., Delhey, K., Oltrogge, M., Wittenzellner, A., Biebach,
H., Kempenaers, B., 2008. Trade-off between migration and reproduction: does a high workload affect
body condition and reproductive state? Behavioral Ecology 19, 1351-1360.

Schultz, U., Magor, K.E., 2014. Comparative immunology of agricultural birds, In: Avian Immunology.
Elsevier, pp. 363-3809.

Scott, 1., Mitchell, P.I., Evans, P.R., 1994. Seasonal changes in body mass, body composition and food
requirements in wild migratory birds. Proc Nutr Soc 53, 521-531.

Sellers, R.M., 2009. Ageing Black - headed Gulls on leg and bill colour - a cautionary note.

Shamoun - Baranes, J., Burant, J.B., van Loon, E.E., Bouten, W., Camphuysen, C., 2017. Short distance
migrants travel as far as long distance migrants in lesser black - backed gulls Larus fuscus. Journal of
Avian Biology 48, 49-57.

Sharma, J., 1991. Overview of the avian immune system. Veterinary immunology and immunopathology
30, 13-17.

Sharma, J., 1997. The structure and function of the avian immune system. Acta Veterinaria Hungarica 45,
229-238.

Sharshov, K., Silko, N., Sousloparov, 1., Zaykovskaya, A., Shestopalov, A., Drozdov, 1., 2010. Avian
influenza (HSN1) outbreak among wild birds, Russia, 2009. Emerging infectious diseases 16, 349.

Sheridan, P.A., Paich, H.A., Handy, J., Karlsson, E.A., Hudgens, M.G., Sammon, A.B., Holland, L.A., Weir,
S., Noah, T.L., Beck, M.A., 2012. Obesity is associated with impaired immune response to influenza
vaccination in humans. International Journal of Obesity 36, 1072-1077.

Skalny, A.V., Lima, T.R.R., Ke, T., Zhou, J.-C., Bornhorst, J., Alekseenko, S.I., Aaseth, J., Anesti, O.,

Sarigiannis, D.A., Tsatsakis, A., 2020. Toxic mef a/ exposure as a possible risk factor for COVID-19 and

159



other respiratory infectious diseases. Food and Chemical Toxicology 146, 111809.

Smith, A.D., McWilliams, S.R., 2014. What to do when stopping over: behavioral decisions of a migrating
songbird during stopover are dictated by initial change in their body condition and mediated by key
environmental conditions. Behavioral Ecology 25, 1423-1435.

Smith, K.J., Trueman, C.N., France, C.A., Sparks, J.P., Brownlow, A.C., Ddhne, M., Davison, N.J.,
Gudmundsson, G., Khidas, K., Kitchener, A.C., 2021. Stable isotope analysis of specimens of
opportunity reveals ocean-scale site fidelity in an elusive whale species. Frontiers in Conservation
Science 2, 13.

Smith, R.J., Moore, F.R., 2003. Arrival fat and reproductive performance in a long-distance passerine
migrant. Oecologia 134, 325-331.

Snoeijs, T., Dauwe, T., Pinxten, R., Darras, V.M., Arckens, L., Eens, M., 2005. The combined effect of lead
exposure and high or low dietary calcium on health and immunocompetence in the zebra finch
(Taeniopygia guttata). Environmental Pollution 134, 123-132.

Sockman, K.W., Schwabl, H., 2001. Plasma corticosterone in nestling American kestrels: effects of age,
handling stress, yolk androgens, and body condition. General and comparative endocrinology 122, 205-
212.

Somveille, M., 2016. The global ecology of bird migration: patterns and processes. Frontiers of
Biogeography 8.

Stallknecht, D.E., 2003. Ecology and epidemiology of avian influenza viruses in wild bird populations:
waterfowl, shorebirds, pelicans, cormorants, etc. Avian diseases 47, 61-69.

Stearns, B.D., 2010. Diet reconstruction of wild Rio-Grande turkey of central Utah using stable isotope
analysis. Brigham Young University.

Stefan, L.M., Gomez-Diaz, E., Mironov, S., 2013. Three new species of the feather mite subfamily
Ingrassiinae (Acariformes: Xolalgidae) from shearwaters and petrels (Procellariiformes: Procellariidae).
Zootaxa 3682, 105-120.

Sugawa, H., 1984. Increasing population of Black-headed gulls in Far East Asia. Marine sciences monthly
16, 194-198.

Sugawa, H., 2005. Theory and practice of biocompatible cities. Kyoto University Press, Kyoto, Japan.

Swain, S.L., McKinstry, K.K., Strutt, T.M., 2012. Expanding roles for CD4+ T cells in immunity to viruses.

Nature Reviews Immunology 12, 136-148.

160



Swayne, D.E., Suarez, D.L., Spackman, E., Jadhao, S., Dauphin, G., Kim-Torchetti, M., McGrane, J.,
Weaver, J., Daniels, P., Wong, F., 2015. Antibody titer has positive predictive value for vaccine protection
against challenge with natural antigenic-drift variants of H5N1 high-pathogenicity avian influenza
viruses from Indonesia. Journal of virology 89, 3746-3762.

Takano, S., Taniguchi, T., Anzai, H., Kanouchi, T., Tanaka, K., 2007. Field guide of Japanese birds. Wild
Bird Society of Japan, Tokyo, Tokyo, Japan.

Tanimura, N., Tsukamoto, K., Okamatsu, M., Mase, M., Imada, T., Nakamura, K., Kubo, M., Yamaguchi,
S., Irishio, W., Hayashi, M., 2006. Pathology of fatal highly pathogenic H5SN1 avian influenza virus
infection in large-billed crows (Corvus macrorhynchos) during the 2004 outbreak in Japan. Veterinary
Pathology 43, 500-509.

Tasker, M.L., Jones, P.H., Blake, B.F., Dixon, T.J., Wallis, A.W., 1986. Seabirds associated with oil
production platforms in the North Sea. Ringing & Migration 7, 7-14.

Thomas, V.G., 1997. Attitudes and issues preventing bans on toxic lead shot and sinkers in North America
and Europe. Environmental Values 6, 185-199.

Thomas, V.G., 2010. Achieving uniform regulation of environmental lead exposure and poisoning in
wildlife and humans. The Environmentalist 30, 206-210.

Thomas, V.G., Guitart, R., 2010. Limitations of European Union policy and law for regulating use of lead
shot and sinkers: Comparisons with North American regulation. Environmental Policy and Governance
20, 57-72.

Thomas, V.G., Guitart, R., 2013. Transition to non-toxic gunshot use in Olympic shooting: policy
implications for [OC and UNEP in resolving an environmental problem. Ambio 42, 746-754.

Thompson, D.R., Furness, R.W., 1995. Stable-isotope ratios of carbon and nitrogen in feathers indicate
seasonal dietary shifts in northern fulmars. The Auk 112, 493-498.

Tennessen, R., Kristoffersen, A.B., Jonassen, C.M., Hjortaas, M.J., Hansen, E.F., Rimstad, E., Hauge, A.G.,
2013. Molecular and epidemiological characterization of avian influenza viruses from gulls and dabbling
ducks in Norway. Virology journal 10, 1-10.

Torimoto, R., Ishii, C., Sato, H., Saito, K., Watanabe, Y., Ogasawara, K., Kubota, A., Matsukawa, T.,
Yokoyama, K., Kobayashi, A., 2021. Analysis of lead distribution in avian organs by LA-ICP-MS: Study
of experimentally lead-exposed ducks and kites. Environmental Pollution 283, 117086.

Torres, M.A., Jones, J.D., Dangl, J.L., 2005. Pathogen-induced, NADPH oxidase—derived reactive oxygen

161



intermediates suppress spread of cell death in Arabidopsis thaliana. Nature genetics 37, 1130-1134.

Totzke, U., Fenske, M., Hiippop, O., Raabe, H., Schach, N., 1999. The influence of fasting on blood and
plasma composition of herring gulls (Larus argentatus). Physiological and Biochemical Zoology 72, 426-
437.

Tournadre, A., Miossec, P., 2007. Cytokine response in inflammatory myopathies. Current rheumatology
reports 9, 286-290.

Tulli, F., Moreno-Rojas, J.M., Messina, C.M., Trocino, A., Xiccato, G., Muiioz-Redondo, J.M., Santulli, A.,
Tibaldi, E., 2020. The Use of Stable Isotope Ratio Analysis to Trace European Sea Bass (D. labrax)
Originating from Different Farming Systems. Animals 10, 2042.

Tveraa, T., Sther, B.-E., Aanes, R., Erikstad, K.E., 1998. Body mass and parental decisions in the Antarctic
petrel Thalassoica antarctica: how long should the parents guard the chick? Behavioral Ecology and
Sociobiology 43, 73-79.

USEPA, 2011. USEPA regional screening level (RSL) summary table. USEPA, Washington, DC.

Ushine, N., Kato, T., Hayama, S.-i., 2016. Sex identification in Japanese birds using droppings as a source
of DNA. Journal of Japanese Bird Banding Association 28, 51-70.

Ushine, N., Kurata, O., Tanaka, Y., Sato, T., Kurahashi, Y., Hayama, S.-I., 2020. The effects of migration
on the immunity of Black-Headed Gulls (Chroicocephalus ridibundus: Laridae). Journal of Veterinary
Medical Science, 20-0339.

Ushine, N., Sato, T., Kato, T., Hayama, S.-i., 2017. Analysis of body mass changes in the Black-Headed
Gull (Larus ridibundus) during the winter. Journal of Veterinary Medical Science, 17-0099.

Vallverda-Coll, N., 2016. Immunotoxic and reproductive effects of lead on avifauna affected by shot
ingestion.

Vallverdu-Coll, N., Mateo, R., Mougeot, F., Ortiz-Santaliestra, M.E., 2019. Immunotoxic effects of lead on
birds. Science of the total environment 689, 505-515.

Vallverdl - Coll, N., Mougeot, F., Ortiz - Santaliestra, M.E., Rodriguez - Estival, J., Lopez - Antia, A.,
Mateo, R., 2016. Lead exposure reduces carotenoid - based coloration and constitutive immunity in wild
mallards. Environmental toxicology and chemistry 35, 1516-1525.

Van Dijk, J.G., Matson, K.D., 2016. Ecological immunology through the lens of exercise immunology: new
perspective on the links between physical activity and immune function and disease susceptibility in wild

animals. Integrative and comparative biology 56, 290-303.

162



van Dijk, J.G.B., Stienen, E.W.M., Gerritsen, S., Majoor, F.A., 2009. Reproduction of the Black-headed
gull in coastal and inland colonies. (In Dutch). Limosa 82, 13-22.

Van Gils, J.A., Munster, V.J., Radersma, R., Liefhebber, D., Fouchier, R.A.M., Klaassen, M., 2007.
Hampered Foraging and Migratory Performance in Swans Infected with Low-Pathogenic Avian
Influenza A Virus. PLoS ONE 2, e184.

Van Ginkel, F.W., Padgett, J., Martinez-Romero, G., Miller, M.S., Joiner, K.S., Gulley, S.L., 2015. Age-
dependent immune responses and immune protection after avian coronavirus vaccination. Vaccine 33,
2655-2661.

Verhagen, J.H., Majoor, F., Lexmond, P., Vuong, O., Kasemir, G., Lutterop, D., Osterhaus, A.D., Fouchier,
R.A., Kuiken, T., 2014. Epidemiology of influenza A virus among black-headed gulls, the Netherlands,
2006-2010. Emerging infectious diseases 20, 138.

Vernasco, B.J., Sillett, T.S., Marra, P.P., Ryder, T.B., 2018. Environmental predictors of nestling condition,
postfledging movement, and postfledging survival in a migratory songbird, the Wood Thrush (Hylocichla
mustelina). The Auk: Ornithological Advances 135, 15-24.

Vernon, J., 1972. Feeding habitats and food of the black-headed and common gulls. Part 2-food. Bird Study
19, 173-186.

Walters, J., 1982. Completion of primary moult in the Black-headed Gull Larus ridibundus. Bird Study 29,
217-220.

Walters, J.R., Derrickson, S.R., Michael Fry, D., Haig, S.M., Marzluft, .M., Wunderle Jr, .M., 2010. Status
of the California Condor (Gymnogyps californianus) and efforts to achieve its recovery. The Auk 127,
969-1001.

Wang, D., DuBois, R.N., 2015. Immunosuppression associated with chronic inflammation in the tumor
microenvironment. Carcinogenesis 36, 1085-1093.

Wang, 1.-J., Karmaus, W.J., Yang, C.-C., 2017. Lead exposure, IgE, and the risk of asthma in children.
Journal of exposure science & environmental epidemiology 27, 478-483.

Warnock, N., 2010. Stopping vs. staging: the difference between a hop and a jump. Journal of Avian Biology
41, 621-626.

Weber, T.P., Stilianakis, N.I., 2007. Ecologic immunology of avian influenza (H5SN1) in migratory birds.
Emerging infectious diseases 13, 1139.

Wiemeyer, S.N., Scott, J.M., Anderson, M.P., Bloom, P.H., Stafford, C.J., 1988. Environmental

163



contaminants in California condors. The Journal of Wildlife Management, 238-247.

Williams, R.J., Holladay, S.D., Williams, S.M., Gogal, R.M., 2017. Environmental lead and wild birds: a
review, In: Reviews of Environmental Contamination and Toxicology Volume 245. Springer, pp. 157-
180.

Witeska, M., Kondera, E., Szymanska, M., Ostrysz, M., 2010. Hematological changes in common carp
(Cyprinus carpio L.) after short-term lead (Pb) exposure. Polish Journal of Environmental Studies 19,
825-831.

Wolfe, M.F., Schwarzbach, S., Sulaiman, R.A., 1998. Effects of mercury on wildlife: a comprehensive
review. Environmental Toxicology and Chemistry: An International Journal 17, 146-160.

Xing, M., Jin, X., Wang, J., Shi, Q., Cai, J., Xu, S., 2018. The antagonistic effect of selenium on lead-
induced immune dysfunction via recovery of cytokine and heat shock protein expression in chicken
neutrophils. Biological trace element research 185, 162-169.

Yamaguchi, N., Hiraoka, E., Fujita, M., Hijikata, N., Ueta, M., Takagi, K., Konno, S., Okuyama, M.,
Watanabe, Y., Osa, Y., 2008. Spring migration routes of mallards (Anas platyrhynchos) that winter in
Japan, determined from satellite telemetry. Zoological science 25, 875-881.

Yang, Y., Bazhin, A.V., Werner, J., Karakhanova, S., 2013. Reactive oxygen species in the immune system.
International reviews of immunology 32, 249-270.

Yathapu, S.R., Kondapalli, N.B., Srivalliputturu, S.B., Hemalatha, R., Bharatraj, D.K., 2020. Effect of lead
exposure and nutritional iron-deficiency on immune response: A vaccine challenge study in rats. Journal
of Immunotoxicology 17, 144-152.

Yong, W., Finch, D.M., 1997. Migration of the Willow Flycatcher along the middle Rio Grande. The Wilson
Bulletin, 253-268.

Yoon, S., Mitra, S., Wyse, C., Alnabulsi, A., Zou, J., Weerdenburg, E.M., M. van der Sar, A., Wang, D.,
Secombes, C.J., Bird, S., 2015. First demonstration of antigen induced cytokine expression by CD4-1+
lymphocytes in a poikilotherm: Studies in zebrafish (Danio rerio). PloS one 10, e0126378.

Zera, A.J., Harshman, L.G., 2001. The physiology of life history trade-offs in animals. Annual review of
Ecology and Systematics 32, 95-126.

Zhao, M., Christie, M., Coleman, J., Hassell, C., Gosbell, K., Lisovski, S., Minton, C., Klaassen, M., 2017.
Time versus energy minimization migration strategy varies with body size and season in long-distance

migratory shorebirds. Movement Ecology 5.

164



THREELRI, FIHEEESE, i RIE, RESCHE, BIEE, M, 1984, ShEFRIFEH /2T 2 i@k
JEE & 2 ——F % H 4 FF 14 AL Z—EEHEOBE. H882 60, 53.

FRURFNR, 1989. MIRIESE; D o2 E RIS, UKL 1 EREREMERS 59, 1-11.

TR PE S A SUEPE R SRR A B E TR, 2007 ALEME O ) R V7 FHHiD 720 DA ¥ 7y 7 R,
pp. 1-77.

TG ER, = EEN, 2010, TEERPILERCHIS T Nz & K.

EREES A v 7 vy PEYHA T — L, 2018, FHREEICE T 2 EREESE A v 7 v v
Y OFEAEINNR B WG H, pp. 1-37.

MRS, 2017. 255 « KFEORERNRZ 72 0 A e AR AR 7. B AR i+ Aokl &
.

HRPE HET- VAR JEBL, N AT, 2006. $0, In: 55 Y R 2 Gl > U — X, Tokyo.

R, FORY L, SRA T, e, SERE, 2014, 2 7R v H A4 Bz i 2 BE Al o
FAYE. HAUKEE #2258 80, 589-593.

FRAZATBUE AR R R EEERE, 2004, BA v 7L v F Y A A ZDOFRE, In: IST = 2 — X, pp.
14-15.

Pl E, BREE—, 2009. BREEH DI X BBV EICOWT. EL VAT 4 T.

SEHFIE, 2007. HARICE T 22 Y 4 %E A Larus ridibundus D FE 22 < 5. Strix 25, 141-146.

NERIE I, 1990, H B ESEIC 3515 5 BN & RRE a8 (1) HBY BRI L Z o kB,
BREH 2238 69, 1160-1168.

THEFEN, INIEE % 7, @S TG, TRIES, KNEE, 2010. 7 3 7 BEo SR Z Hv7:
IKBEAY) D KA RS O AT, HiBRAL 2 44, 233-241,

165



