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Migratory seabirds as a tracer of contaminant biotransport
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Seabirds are being widely used as indicators of marine pollution, including
mercury, as they incorporate contaminants during their migration, and hence track contamination
levels across wide ranges of space and time. However, the relative role of seabirds’ wintering
distribution and habitat in contaminant biotransport remains unclear. Here, we leverage the
differential uptake of contaminants across tissues to test if seabirds can record how contaminants
vary in space and time. To this effect, we measured mercury concentration in three tissues that are
regenerated at different timepoints during wintering, and monitored behaviour with biologging
devices for rhinoceros auklets breeding on both sides of the North Pacific. In both populations,
mercury concentration in bird tissues correlates with local environmental contamination,
highlighting the efficacy of seabirds to estimate mercury distribution at a wide-range of ocean.



# X C—19, F-19—1, Z2—19 (@)

1. WFZEBHLAE S WO &

W BEIT AR ORKITRE CTH Y | EMRIEST 7 AT v 7 KREIABLTLE D
B o THEEE 2 BIREICERE L CWA, £ LT, EVITE%EAE U ClA M OES
& 72 DU B3  BENLTZ B~ KR EOWE 2 FFbIfi-> TW\Wb, ZO X DI, WEGIE
SHEAH~BEHEZ QDL L b, WEEEZWERSES & L CEHhOMOEY & & i
AERBR BRI L JKIT TV D Al EEMEM G STV 5, WER O O ERER IR OB D>
b, ZOMEERLT DI EITRBBETHD LWL DD, WHEEED A =X A, FFICHEIT
&R DU & SRR IC OV TIZIE & A EDh o TV RV, IFEREFIT. ZhE TlEED
ITEVERBIZ DWW C O AT C& 7o, O T, WSHITBFERE OIS TRITISE L,
BATE 2L SETWD Z ENbhhotz, ZORMEEZEZ 5 L, WEEE VO WEEE %
LT, WHFEREOZELD E FARBRRSBENEZ BT O LTND DO TIERWD & W DRGNS
bid, LI, MREOX v U —F— =R (LD H 5 RHNTE & 72 HERFER 23
Z D% OB DREHLCW D W TOAFIMEE - BEREICROVERZ KIFL (Fx U —A4—A
—) . EIELOEECEEHEREOREICKEREDY 2> TWD LORENH D) 65D
HTEZDH L, FEEHICHE ZFTRESCE 2 TOTEMNMEROBINE Y T | B4
BERIZHMODDORBEHX 57259 LW FRIZED | RBFEE LA LT,

2. WHEORR
ARFZED BRI, VRIS X DY EEE A U C EOMEN L, EOREDOIFEWE N, L
I ol a AT FAERRNEINANEZALNCTHZ & THDH, WEHNPBANE T
DOEEEITENC & o THERY IAATEKERTONWT, A A ¥ 0 FHiT & 5GBSy i %
TR L~V TREE L, MR 27 5 A OB CligT 5 2 &gk, fEEARE
RICMITTRBEL ZOREDOFEIIONTELET 5, IHFEBROERMAEE THY . AHESE
KEICHET DT IAXARIO Y N7 Cerorhinca monocerat Z &S e U, dbiHE KBS
ETTAIMI RV b BEFAEME Lz, 202 BIZdE R EHEOREICME L TR0, ZhH
B O KM NI R A R > T D, U N IR KRB O SHE T, LD R
R CIA SEEIH L TR | BHEERREC K > CTIH R EIRE N B2 DR AR A LT 5,

KT THHH4 5 (B AR 3K SR 28 LB i\ ARG 2 A M L, S RV b BT
B 2 (AR LK BRI S 73 P AR V& ek 2 R L C
W5, THOERREIHM DBRETIT R X 278137008 B
WD & BFEM A~ SN HKEBEN R D LB D,
202 DOEEEEMICE N T, HELCRELRMEOEVC LS
TGYE BRI DO i 21T 5 2 & T, < M 721 6
DYEREDFERE L L ORBEOENEH HNNCT D,

3. BREOITIE 1 BIEESnETF Oy —8—
2017 FE~2019 FED U b U OEFEHIC I T, RKe /MR

RV b o B CRPNAA % F2iiE L 7o, RIE & CEREL L 72 3lRH I AbHEE K FEMREN T, I KV R U
TERILLTZBBHI S 5 D~ v FILKEHER N TENEIULEST E1T o7,
(1) F—=#uli—n4k - BN, FEEEOY 7Y 7 BHEE ARE
BAEHINCIBNT, 7 M T2 END T T 20 S L, B oF HEHE 2 F5_ % 720
A ar—&— MUNCETERE X 1) Z2RICES L TRFEICEIN Lz, e, i
BWT H7ITHIDOT b T 20 ERZ I L 72 2RI E D A EN T KR EZH D720,



Mg, P, FEEEEL TR Lz, T 7 W3 e TREIRT L CToMieE TRE L, &
HIZ, AAEHICHHAERX (7 h Y OFERKXEIFEERX) 2RE L, HiEXmIC TR LY, =7
BT (GBI X D R 7R 5B 2 T2 T2 OIS 2 MR OHERE o L) 28k
Bz,

(2) EER=ITIB T D KEIREHT & 22 [FRLIAR 3 AT

W BRI K 2 VBRI . VESFEIC & o TG S L2 KR OB R K ORI RESE 5~ D
RN D0, Mk, P . B . 27 TV ORSREEE R OESR - R
FLEFNAR L AT DN T AGRE K, PRI ZEHSEANIISERT, ~ v FRF A F T RF (D
F4) THEM LIz, HRIISIRNCS 20T, HRUSOWE R ST BRpiic 2 & 24
WBASEE CHERE L7z, IR & BEIC T CENENGHT LTz,

4. WFFERUR

(1) 7 b U R ORI & 22 E RN Lo AT

ARFFERICERR L 2To Y by RHEkTR 2 SRS RE Sz, 2 B b BEERREOK
PR IR FE R IERRE Lo 723, P TIEROREWRER & R o7, B2 TOHEN SR S
NIl X0, U NVITREITHZE U CEHTHL T T 07 bR D BKERAE RNIZEDY
AATTHER L, BHTE 200 U CF RPN L. JEE L QO B s s Sz, £z,
FHROKBEEITMARE LKL T10 5D 1 RES LUXENL T ThHo72Z b, U b
TIZRDEMEMEITAONT, BEOKSIRENZDE IR I N TV, HIT, A UEBHCE
WL EHE RBLRERNARLE N 21T o 70 & 2 A IKERBEE & ZE RN R O FBIE 72 < |
BH DS BEPE-CBRAHER BT & OBIRIZ A D e oo, — 7, RERNKHIIER L IRELEBL b
IV & B TRISEV DR R DL, AREICRZR - T, BIN S BRI T, ERL
EFNAARL T EH L, RELEFRMAEL TIE FEN RO,

(2) 7 bSO 13 L I3 D KERIEEE & 22 E RINLIR LT

7 b UHCROFEELZFMT 5720, Ktk I MV M BERZENOREX (RO oo
HHRXEIEFHEX) (28T, TR OEATRA % FhE Lo, I &REOBEEETH LA
U)HIYA (KEE) &xA4F 3 (I RV ZXGfEE L, BEEDOW G Z08T LTz,
ZORER, EHLOMEMICINTS MEHRX ] ORNGIE BEFERX] &L THREICEW

KPBEDRRL SN D, U NTH o5

KD AR ARSI S LT = 4 & |

PRENTL, £, HEPLIFEREOK 2 L2 N N

A S TS, FEKRE TEWIE ) ; —

<77, é; ;Eé EE EE%
(3) RO % TR T e T e e
UEDRRDE . U b 7IC Lo TN B2 hYIck BERMEREOT N

FFHIA AT KR 3 g AR RESRIZ £ Tl

FLTWDZ EpREni (REBOFE K 2), €2 T, KESTRRLEAT ) HI YA
DIRIZOWT, SHIZ97eHF (BF, A FI UL . KE, 8, #er, 7mb a9 =
Y N) BOHT L. U N UIC R DWERR OB A BRE L2, T b OITHRIT OV T IR T
EEEL-EZA, TEEREX) & FEERX] TEA T 2 B Y ¥ ZAOROLEEICHE 72E )



Bolz, MEXMOENETER L TWIZDIXE R, A FI T A KB, 2L FD 4 EFETHY
BSE, KER, oV R THERX) TEW—FT, 7 FI AL FEERX] OFRRE»-T,
ROREREBEVNIKBOETH 72200, U NUHRTHIESNOIMED I 5, KEHP K S
RV A IE LT D 2 EDVRE N7 (Shoji et al. 2018 Env. Tox. Chem),

(4) THYLRORFE

KRR LI RV B THI L2 A a r—2 =07 — Z 170 BA B OF AlifEEz
Fr U7z (MIEATEOFI M « X 3), R7ER AR T3 AAMEZ M ALICFIH LTz oicst
L. 2RV BEERETIET 7 2B 2 IR FIH LTz, A ORI AR % %
ETHEN D PR 28T UL BRGEE L 72RER RS O KERIREE & 0 D /K R BE 1 A &
BHELTWD ZEnbioTe, ZHUSE - T ¥ b U ORI TOELRME OIRY
B L TND Z DR STz, — 07T BRETH ~OKERPEH B2 S 2R LT %
RoeEERRE ARV Z R LT D X RV b BIEEREIC ISV T, AHRLRE S O /K SRR L
RERAEFHONT | REEEMRIC & 2 BRFROEIEIC & - TOKENREHEE L, 7 b
VIENOKRIREITEL TN D Z EDRENTc, TO X, BRETICHH SN D BARKTA
FHRIC L Dkk A RIEREOKERIT, EA F7o W CRIEBERIE S D 2 Lo | [EFRAY 2R R R
fEPRAZIANT TAR DT = Z IR BRLETH D L EZBND,

H3 XFEBRUIFILFVEDY FHODOFAESE

ARFZEZ & o T KRR TEIT 50 b Uzl UG E RISV T, L2 TED
S BWOIHREZRNICER L. ED XD ks CEIaMIC R HiA, EORE DR KR %
P EARBRICKIEL TWDDNEHLNIT 2 2 ENTEL, ZORRIT, 4% XV IRRRMFEAE
BRZMBLE LB, €I D AMKROERMESHMEHET 2 ETEHERAT v 7Tk
HEEZOND, Flo, AWIEZ HR ST, MOWEFEEIY ~D /1 A1 T HM ORI, i
DEFKIED 3T 21T 5 Z LIS L D | Bkx RIGYE O AR AR~ % Z LS FRETH Y | MiE
ARERORBEICHBNT D Z LIRS LD,



5 5 4 0

A. Shoji, K.H. Elliott, S. Aris-Brosou, H. Mizukawa, S-M.M. Nakayama, Y. lkenaka, M. Ishizuka, 38
T. Kuwae, K. Watanabe, J. Escoruela Gonzalez and Y. Watanuki
Biotransport of Metallic Trace Elements from Marine to Terrestrial Ecosystems by Seabirds 2019
Environmental Toxicology and Chemistry 106-114
DOl
10.1002/etc.4286
68
2019
343 347
DOl
https://doi.org/10.3838/jjo.68.343
Guigueno M.F. Shoji A. Elliott K_.H. Aris-Brosou S. 235
Flight costs in volant vertebrates: A phylogenetically-controlled meta-analysis of birds and 2019
bats
Comparative Biochemistry and Physiology Part A: Molecular & Integrative Physiology 193 201
DOl
10.1016/j .cbpa.2019.06.003
Annette L. Fayet, Masaki Shirai, Sakiko Matsumoto, Aimee Van Tatenhove, Ken Yoda, Akiko Shoji 18
Differences in breeding success among neighbouring streaked shearwater subcolonies correlate 2019
with egg size and quality of parental care
Ornithological Science 189 195

DOl
https://doi.org/10.2326/0sj-18.195




Van-Tatenhove, A, Fayet A, Watanuki Y. Yoda K and Shoji A 46

Streaked Shearwater Calonectris leucomelas moonlight avoidance in response to low aerial 2018
predation pressure, and effects of wind speed

Marine Ornithology 177 18

DOl

7 0 4

, K. Elliott, S. Aris-Brosou, , , , ,

2018

, Kyle H Elliott, Stephane Aris-Brosou, , , ,

2018

Shoji, A., K. H. Elliott, S. Aris-Brosou, H. Mizukawa, S. M.M. Nakayama, Y. lkenaka, M. Ishizuka, T. Kuwae, K. Watanabe, J.
Escoruela Gonzalez and Y. Watanuki

Migratory seabirds transport mercury from marine to terrestrial ecosystems

Pacific Seabird Annual Meeting

2018




, Kyle H Elliott, Stephane Aris-Brosou, , , , , , s

2017

Naya Sena, Yutaka Watanuki, Kyle H. Elliott, Scott A. Hatch, Akiko Shoji

Black-legged kittiwake chicks show no significant behavioral response to dimethyl sulfide: an experimental study

Pacific Seabird Annual Meeting

2020

Naya Sena, Akiko Shoji, Bungo Nishizawa, Jumpei Okado, Ken Yoda, Yutaka Watanuki

Testing the attraction of two procellariiform seabirds to DMS

Pacific Seabird Annual Meeting

2020

Jumpei Okado , Motohiro Ito, Makoto Hasebe, Akiko Shoji, Haruka Hayashi,Nobuhiko Sato, Yosuke Koshino, Ui Shimabukuro,
Akinori Takahashi, Kenta Watanabe, Tomohiro Kuwae, Yutaka Watanuki

Local forage fish availability and the reproductive performance of Rhinoceros Auklets in Hokkaido, Japan

North Pacific Marine Science Organization Annual Meeting

2018




(Watanuki Yutaka)

(40192819)

(10101)

(Elliott Kyle)

(Aris-Brosou Stephane)




