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INPUMEHEHUWE AHAJIM3A MUKPOQJIEMEHTHOI'O COCTABA
KAJIBHIUHUPOBAHHBIX CTPYKTYP PbIb J1JIs1 PEHIEHUSA
OYHJAAMEHTAJIBHBIX U ITPUKJIA/IHBIX HAYYHbBIX 3AJIAY: OB30P

Hacrosiiuit 0630p MoCBSIIEeH ONMMCAHUIO METO1a MUKPOXHMMHUYECKOTO aHAIN3a KaJIbIH-
HUPOBAHHBIX CTPYKTYp PbI0. MeTox SIBISIeTCS] COBPEMEHHBIM CIIOCOOOM OIpeJeNIeHHUs TIPo-
UCXOKIICHHUS PBIO, a TaKKe OHTOTCHETHYCCKUX PEKOHCTPYKIIMK YCIOBHH MX OOMTAHUS, YTO
WCTIONB3YeTCs IS PEIICHNs Pa3HOIUIAHOBEIX 3aa4, TAKMX KaK BBIICTICHNE SIMHMIII 3a1aca B
CMENTaHHON BBIOOpPKE, OIEHKA MyTel MHUTrpamnuii pei0, BRISBICHUE PaiOHOB, 3HAYMMBIX JIJIS
BOCITPOM3BOJICTBA, HAryJla WIIM 3UMOBKH, Au(ddepeHnnanus ocodeil 3aBoICKOTo 1 €CTECTBEH-
HOTO MPOMCXOXKJICHHUS, aHAJIU3 pocTa, uaeHTH(UKalMs Bo3pacta. OCHOBa MeTOja — aHAJIN3
JIMHAMHUKH 2JIEMEHTHOTO COCTaBa OT LIEHTPa K Iepu(epuy KUIbIIMHIPOBAHHON CTPYKTYPBI JINOO
TOYCYHAS OIICHKA KOHIICHTPAIMH XHUMHUYECKHUX JJIEMEHTOB M WX M30TOIMOB B OIMPEICICHHBIX
ydacTKax ucciemryeMoro oopasna. [ anannsa Hanbolee 9acTo HCIOIB3YIOT OTONUTHI, 3Je-
MEHTBHI CKeJIeTa TM00 YEITyIO PhIO, a TAK)Ke CTATOIUTHI MUHOT, KITIOB U CTaTOJIUTHI TOJIOBOHOTHX.
Onucana crier(uKa MeToa MUKPOXUMHUYECKOTO aHAIN3a KaJIbIIMHUPOBAHHBIX CTPYKTYP PbIO
C NMpUMEpaMM €ro MCHOJIb30BAHUsS ISl PELICHUs] Pa3HOIIAHOBBIX 3a7a4 (yH/IaMEHTaIbHOM
U npuknanHol Hayku. CaenaH BBIBOJ O BOSMOXKHOCTH MPUMEHEHHS METOAA B KOMITJIEKCHBIX
HCCIICIOBAHMSAX BOIHBIX OMOJIOTHIECKIX PEeCypcoB Oacceitna p. Amyp.
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Microchemical analysis of calcified structures of fish is a modern technique for
determining the origin of fish species and ontogenetic reconstructions of their habitat that can
be applied for such tasks as stocks separation in mixed samples, tracking of fish migrations,
determining of spawning, feeding or wintering areas, differentiation of fish of artificial and
natural origin, growth analysis, age evaluation, etc. The approach is based on analysis of trace
elements concentration between the center and periphery of a calcified structure, or precise
measurement of the elements and their isotopes concentration in certain sites of sample. The
calcified structures most often used for analysis are otoliths, skeleton bones, scales, and also
statoliths of lampreys or beaks and statoliths of cephalopods. Specifics of the method application
are described with examples of its use for solving diverse tasks of fundamental and applied
science, in particular in complex studies of biological resources in the Amur River basin.

Key words: microchemical analysis, otolith, fish skeleton, fish scales, ontogenetic
reconstruction.

BBenenue

YrpapieHue prIO0IOBCTBOM HEBO3MOKHO O€3 ITOHNMAaHUS OHOJIOTHH M SKOJIOTHH PBIO Ha
BCEX CTaIUIX KU3HEHHOTO IHKIa [buBepron, Xont, 1969; [lementsesa, 1976; Puxep, 1979;
babasn, 2000]. J{mst MHOTHX BHJIOB PBIO XapaKTEpHBI pa3IMYHbIE MUTPAIIUU CO CMEHON MeCT
oOuTaHus B TeueHue )u3HU. Eciiu enuHuIa 3amaca onpeieieHHOro BUia PhIObl MUTPUPYET
MEXy JBYMsI pallOHaMHM ITPOMBICIIA C PA3IMYHBIMKU CUCTEMaMHU PETyIHPOBAHUS, TO MPU OT-
CYTCTBHH JAHHBIX O MUTPAIIMH 3araca M1y pailoHaMu OH OyJIeT OCBaWBaThCs Kak JBa OT-
JIENBbHBIX 3amaca. Eciy Takas MUTpaIysi He yCTaHOBIIEHA, TO BRICOKA BEPOSITHOCTH TIEpENIoBa
IKCIUTyaTupyeMoro oobekTa. Kpome Toro, eciii mpoMbIcesT MPOUCXOAUT B paiiOHax Harynia, B
KOTOPBIX CMEIITUBAIOTCS OT/ICIIbHBIC ITOMYJISIIUH BUJIA, TO TOHUMAaHUE CTPYKTYPbI SKCILTyaTHpy-
€MOT0 CTaJ]a CTAHOBUTCS 00SI3aTeNIbHBIM, YTOOBI HE IPUBECTH K KOJUIAICY OT/CIIbHBIX SIIHHUI]
3amnaca. J{J1st OlleHKU MUTpaIuil pel0 U JETEPMUHAIIUH JIOKAJIBHBIX CTaJ] YaCTO UCTIOIB3yeTCs
MeTon MedeHus [Jones, 1966; Jacobsen, Hansen, 2004 ], coBpeMeHHO# allbTepHATUBOI KOTO-
POMY SIBIISETCSI MUKPOXUMHUYECKUI aHAN3 OTOJIMTOB U APYTHUX KAJBIIMHUPOBAHHBIX CTPYKTYP
[Ramsay et al., 2011; Benjamin et al., 2014; Sellheim et al., 2017; Morais et al., 2018].

OcHOBa MeTO/Ia MUKPOXUMHYECKOTO aHAJIN3a — H3MEPEHUE AIEMEHTHOTO COCTaBa OT
LeHTpa K iepudeprun KaabIIUHUPOBAHHOM CTPYKTYPBI JINOO TOUYEUHAS OLICHKA KOHIICHTPAIIUN
XUMHUYECKUX 3JICMEHTOB M UX U30TOIIOB B OIPE/ICIICHHBIX yYaCTKaX UCCIIEAYEeMOTo o0pasiia.
[ ananmza pe10 HauboIee YacTo MCIIONB3YIOTCS OTOIHTHI, PA3IMYHbIEC DIIEMEHTHI CKeJleTa
WK Yelryst. MeTo/ To3BOIIsIeT YCTaHOBUTH IIPOUCXOXKACHHE 0CO0eH U3 OTpeieIeHHOTo paiioHa
Y TIPOBOJIUTH OHTOTEHETUYECKHIE PEKOHCTPYKITUH YCIOBHIA UX OOMTAHWS, YTO HCIIONB3YETCs
HE TOJIBKO ISl IETCPMHUHAIIUH JIOKAJILHBIX CTa]] U aHAJIN3a MUTPALIMH, HO U B IPYTUX HAIpaB-
nenusx. Hanpumep, MeTo mpuMeHsIeTCs 1715 ONIpe/IelICHIsI HanOoJiee 3HAYMMbIX PaifOHOB Ha
OTJICIBHBIX CTAUIX JKU3HECHHOTO IMKJIA PhI0 — PaHHETO pa3BUTHS, HEPECTA, 3SMIMOBKH U Ha-
ryna [Carlson et al., 2017; Phelps et al., 2017; Artetxe-Arrate et al., 2019], muddepenrmannu
PBIO €CTECTBEHHOTO TMPOUCXOXKIEHHUS OT 0COOEH, BRIPAIIEHHBIX B YCIOBHUAX aKBaKyJIBTYPHI
[Arechavala-Lopez et al., 2016; Watson et al., 2018; Loeppky et al., 2020], sxoTOKCHKOITO-
rudeckux uccnenoBanuii [Hansson et al., 2020], uaeHTH(GHUKAIIMHT HCTOYHUKOB 3arPs3HEHUS
BosHOM cpenbl [Scholes et al., 2016; Andronis et al., 2017], anayin3a myTeii MUTpaluu 1 paio-
HOB BOCITPOM3BoIcTBa MHBa3uBHBIX BUI0B [ Thibault et al., 2010; Blair, Hicks, 2012], ananu3a
pocra [Ryan et al., 2019], unentuduxanuu Bozpacra [Hiissy et al., 2016] u ..

B nacrosmeit pabote mpenctasiieH 0030p OMyOIMKOBAaHHBIX JTUTEPATYPHBIX UCTOYHU-
KOB C ONMCAaHUEM METOZa MUKPOXUMHYECKOTO aHaJIN3a KAIbIINHUPOBAHHBIX CTPYKTYP PBIO
Y PUMEPaMU €T0 MCII0JIb30BaHUSI [T PEIICHHS Pa3HOIUIAHOBBIX 3a/1au (hyHIaMEHTATIbHON
U IPUKJIAJHON HayKH.

KanbuunupoBaHHble CTPYKTYPbI, HCNOIb3yeMble 1JIs1 MUKPOXHMHUYECKOro aHAJIn3a,
U oNMHUcaHue MeToaa

OTONMUTH — KaJIbIIMHUPOBAHHAS CTPYKTYpa, KOTOPYIO HanOoJIee YacTo UCTIONb3YIOT IS
MHUKPOXMMHUYECKOT0 aHAJIN3a B CBA3H C TEM, UTO MX XMMHUYECKUI COCTAB HAIIPSIMYIO 3aBUCUT
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oT okpyxartoreit cpeasl [Campana, 1999, 2005]. OTonHTHI pacTyT Ha MPOTSKEHUN BCEH KU3-
HU PBIOBI, OHM METa0O0JIMYECKN MHEPTHBI, HE MTOJABEP)KEHBI PE30pOLNHN WIIH CYILIECTBEHHON
TpaHcgopmaiuu B xoze oHtoreHe3a [Campana, Neilson, 1982]. V GonbIMHCTBAa KOCTHBIX
PBIO OTONUT MPENCTABISIET COOON KPHUCTAJUIMIECKYIO CTPYKTYPY, Ha 97 % cocrosmlyto u3
kapOonara kanbius (CaCO,) B popme aparonura Ha nporeuHoBoM Marpuie [Campana,
1999]. Kpome aparonnrta, OCHOBY OTOJHMTa MOTYT COCTaBJISTH APYTHE KPUCTALUTHYECKHE
popmbr CaCO, — Barepurt u, ropasio pexe, kanpuut [Gauldie et al., 1997]. Berpewaemocts
OTOJIMTOB, COCTOSIIIIMX M3 JIBYX MOCIETHUX (OpM, B €CTECTBEHHBIX YCIOBHUSIX HEBEIMKA U
BO3pAcTaeT y pbl0, BBIPAILIEHHBIX B YCIIOBUSAX aKBAKYJIBTYPbI MJIM Pa3BUBABIINXCS B YCIOBHUX
cTpecca, YTo MO3BOJISIET UCIIOIB30BaTh YACTOTY BCTPEYAEMOCTH TaKUX OTOJIMTOB B KAYECTBE
COOTBETCTBYIOIIETO Mapkepa [Reimer et al., 2016].

KapOonar kanpius, npoHuKas myteMm TudQy3un CKBO3b KIETOUHYIO MeMOpany, dhop-
MUPYET TUCKPETHBIC CIIOM aparoHMWTa, XUMHUECKUI COCTaB KOTOPBIX MmocTosHeH [Degens
et al., 1969]. [TockonbKy KaJbI[Mil OTHOCHUTCS K IEIOYHO3EMENbHBIM METaulaM, IPyThe
JBYXBaJICHTHBIC JIEMEHTBI U UX HU30TOINbI, OTHOCALIMECS K ATOW rpynme (CTpOoHIMH Sr,
Oapwmii Ba, Maramit Mg u mapradern; Mg), crtocOOHBI OTKIIAIBIBATHECS U 3aMEHATH KaIbITUN B
CJIOSIX aparoHMTa ¥ IPOTEMHOBOM MaTpHLie, HEe HapyIlasi KpUCTAIUIMIECKYIO CTPYKTYPY OTO-
JUTa BBUIY UX HU3KUX KOHIEHTPAIUl B cpeie n XxuMudeckoro poxactsa [Campana, 1999].
Juddysust 21eMeHTOB U UX M30TOIMOB MPEACTABISAET COOON CIOKHBIII MHOTOCTYIICHYAThIN
nporiecc, HO XUMHYECKHI COCTaB AUCKPETHBIX CIOEB MPOMOPIMOHAJICH UX COACPIKAHHIO B
OKpY KaroLleH BOIHOU Cpeze, M TAaKUM 00pa3oM Ha 0TOJIUTE (YOPMHUPYETCS BpEMEHHAs! II0A-
HCh» MecTa oburanus ocoodu [Kerr et al., 2007].

Kaxk nipaBwi10, /17151 aHAITN3a UCTIONTB3YETCS AIIEMEHTHBIA M M30TOIHBIH COCTAB CaTUTTab-
HOTO OTOJINTA (sagittae), KOTOPBIH y OOJIBIIMHCTBA PBIO SBISIETCS HANOOIBITUM U3 TPEX CITy-
XOBBIX KOCTeH. Y KoCTHOITY3bIpHBIX pbIO (Ostariophysi) [s1s aHaIM3a HCHONB3YIOTCS AN
(lapilli) — manGompIme U3 TpeX CIyXOBBIX KocTel [Avigliano et al., 2015; Duponchelle et
al., 2016]. Kpome Toro, MeTO/l IPUMEHSIIOT ISl YCTAHOBJICHHUS IIPOUCXOMKJICHHUS HE TOIBKO
pBI0, HO Takke KkpyrmopoThix [Hand et al., 2008] u romoBonorux mosutrockoB [Chiang et al.,
2019], y KOTOpBIX B Ka4€CTBE aHAIN3UPYEMOM KaJIbIIMHUPOBAHHON CTPYKTYpBI HCTIONIB3YIOTCS
COOTBETCTBEHHO CTATOJIMTHI JIN0O KiIfOB U cTaroynuthl [Northern et al., 2019].

OCHOBHBIM HCTOYHHKOM OOJIBIIMHCTBA JIEMEHTOB M M30TOIOB, BXOISIINX B COCTAB
OTOJIUTOB, CIIY’)KHUT BOJIa, B KoTOopoii ooutaet poida [Kerr, Campana, 2014]. Cocrap nuiwy,
TEMIIEpaTypa, COJIEHOCTb, a TAKKe (PU3MOJIOrMYECKOE COCTOSHUE OPraHu3Ma MOT'YT BIIMSITh
Ha XMMHUYECKHUH COCTaB OTOJIUTA, ONHAKO dPQPEKT 3TUX (PaKTOPOB ISl PA3HBIX AIIEMEHTOB
MokeT BappupoBath [Farrell, Campana, 1996; Thorrold et al., 1997; Walther, Thorrold,
2006; Nishimoto et al., 2010]. DneMeHTBI U MX U30TOIBI IOCTYIIAIOT B IJIa3My KPOBH PHIOBI
nyteM TudQy3un dyepes )kaOdpbl U KUIISYHHK, 3aTeM Yepe3 SHAOIUMQY CITyXOBOH KarlCyibl
1 BKJIIOYAIOTCS B COCTaB OTOJIMTA. [IpH 3TOM mocie mpoxXoskAeHUs TPaHuL] KaX 101 U3 cpex
(Boa—KpOBb, KPOBb — CBSI3BIBAIOIINE OCITKM KPOBH, KPOBb—IHIOIUM(A U SHA0IUMpa—0TO-
JIUT) BO3MOYKHO U3MEHEHNE KOHLEHTPALMH KaKOT0-JIM00 3/IEMEHTA WIIN U30TOIIA B PE3yIIbTaTe
MPOLIECCOB, KOTOPBIE BIUAIOT Ha TPAHCIIOPT, CBA3bIBAHHUE U, B KOHEYHOM CUETE, JOCTYITHOCTh
HMOHOB JIJIsl BKJIFOUeHHUs B cocTaB otonura [Campana, 1999; Sturrock et al., 2012; Izzo et
al., 2018]. BmecTe ¢ TeM KOHIIEHTpAIUs AIIEMEHTOB, HCIIOIB3YEMbBIX B Ka4eCTBE OMOTeo-
XMMHYECKHX MapKEPOB, B OTOJIMTAX KOPPEIUPYET C TAKOBOU B cpelie ooutanus [Campana,
2005; Clarke et al., 2007; Taddese et al., 2019; Tian et al., 2019]. IIpuyem BenudrHA KOH-
LHEHTPalUu MapKepa, B YaCTHOCTH CTPOHLIMUS, B OTOJIUTAX Pa3HBIX BUIOB PhIO, OOUTAIOLINX
CUMITATPUYECKH, MOXKET KOppelIrpoBaTh. Hampumep, 3T0 OnuMcaHo JUIsl MOJKAMEHIIMKOB
Cottus bairdi, C. cognatus n AByX BUIOB JlococeBbIX Oncorhynchus kisutch w Parasalmo
(O.) mykiss, coOpaHHbIX B 0fHO# JokansHOCTH [Prichard et al., 2018], uto geMoHCTpUpYyET
JOMHUHHPYIOLLYIO POJIb cpeibl B (JOPMUPOBAHUN XMMUYECKOTO COCTaBa OTOJIUTOB PhIO, pas-
JMYAIOIIUXCS 0COOCHHOCTSIMH SKOJIOTHH, TTUTAHUSI, (PUIUOIOTUH U T.1.

AJNBTepHaTUBHBIMHU KOCTHBIMH CTPYKTYpaMH, HCIIOJIB3YEMbIMH JIISI MUKPOXUMHYECKOTO
aHayu3a, CIyXaT Yelrysl, IJIaBHUKOBBIC JIyYH U Wb, TO3BOHKH U IPYTUE YIIEMEHTBI SHI0-
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ckenera (cleithrum, operculum, peGpa costa) uau 3yos! [Manual..., 2002]. DTu CTpyKTypbI
MOTYT HCITOIb30BAThCS TSl XUMUUECKOTO aHAJTN3a TeX PhIO, Y KOTOPBIX MPUMEHEHHE OTOJINTOB
JUTSL XPOHOJIOTHYECKMX PEKOHCTPYKLMUH 3aTpyJHEHO, HAPUMEpP M3-3a 3aMEHbI aparoHUTa
BareputoM [Gillanders, 2001]. K Tomy >ke demrys, TIIABHUKOBEBIE JTyUW W IITHIIBI SIBISTFOTCS
KaJIbIIHHUPOBAHHBIMU 3JIEMEHTAaMH, MIPH COOpPE KOTOPBIX BO3MOXKHO COXPAHEHHE JKH3HU
UCCIelyeMOor 0COOH, YTO MOXKET OBITh IIPHOPUTETHBIM IPH UCCIICA0OBAHUN PEJIKUX U BHIMHU-
parormmx BUIOB [Arai et al., 2002; Wells et al., 2003; Jari¢ et al., 2011; Phelps et al., 2017].

Yernryst KOCTHBIX PBIO COCTOUT M3 BHICOKOMHHEPAIN30BaHHBIX BHEIITHUX CJIOEB, COCTOS-
X 13 pocdara KambIHst, CXOKET0 ¢ THAPOKCHAIIATUTOM, a TAK)Ke HI3KOMUHEPATH30BaHHBIX
BHYTPEHHUX CJIOEB, COCTOSIIUX U3 KOJUIAreHOBBIX BOIOKOH [Hutchinson, Trueman, 2006;
Kerr, Campana, 2014]. PocT TBep0ro MUHEPAIHM30BAHHOTO BHEUTHETO CJIOS TIPOUCXOIUT
nyTeM GOpPMUPOBAHUS KOHIEHTPHUECKUX IPUPOCTOB WK ckiepuToB (circuli) [Hutchinson,
Trueman, 2006]. [TprpocT MoaCTHIIAOIETO KOIJIAT€HOBOT'O CJI0S IPOUCXOAUT C T00aBICHHEM
HOBBIX CITOEB KOJTareHa u poctoM yerryn B TonmuHy [Hutchinson, Trueman, 2006]. O6mee
coJiepKaHue Kajblus B yeirye cocrapiser MmeHee 20 % [Tzadik et al., 2017]. Xumuyeckue
AIIEMEHTHI ¥ MIX W30TOTIBI BKITFOYAIOTCS B COCTAB YEMIYH M3 BHEIIHEH CPebl U MHIIN PHIOBI
[Mugiyaetal., 1991; Bijvelds et al., 1996; Wells et al., 2000]. MHOTMME aBTOpaMu IIPOJIEMOH-
CTPUPOBAHA BBICOKAsS CTEIICHb KOPPEJISIIIUU MEKTY XUMHUUECKUM COCTABOM YEITYH U BOJIBL, B
KoTopoii oburana prioa [Coutant, Chen, 1993; Kennedy et al., 2000; Wells et al., 2000; Araya
etal., 2014; Ramsay et al., 2015], a Takke BbICOKasl CTENICHb KOPPEJSIIMU XUMHU3Ma YCIITyH 1
otonuToB 10 psiay snementoB [Gillanders, 2001; Ramsay et al., 2011]. OmHako HEKOTOpBIE
3IIEMEHTBI MOTYT PEe30pOMPOBATHCS M3 YELIYH O[] BO3JICHCTBUEM CTpecca WM TONOJaHUs
ps108I [Bilton, 1975; Bijvelds et al., 1996], aTo 66110 HCTIOTB30BaHO HEKOTOPHIMH aBTOPAMU
JUTSE OOBSICHEHUSI OTCYTCTBUSI KOPPEIISAIIMH MEXK/Ty COIEPIKaHUEeM CTPOHIIUS B YeIlTye Xapuyca
Thymallus arcticus bBputanckoii KonmymOuu u BonHoii cpezie [Clarke et al., 2007]. MUatepecHo,
YTO WCCIIEA0BATENN TapalIeIbHO TIPOBOAMIN XUMUYECKUH aHAIIN3 TJIABHUKOBBIX JIY9eH 1
OTOJIMTOB, JIJIsl KOTOPBIX OBLJIO YCTAHOBJIEHO 00paTHOE — AIIEMEHTHBIN COCTaB 3TUX CTPYK-
Typ MPOAEMOHCTPHUPOBAJ MPSIMYIO 3aBUCUMOCTD OT COJEPKAHHSI CTPOHIIHS B OKPY KAroIIen
cpene. HecMoTpst Ha orpaHWYeHHs, Yelrysl 4YacTO UCIOIb3yeTCs NIl OICHKH MUTpaIUil
[Courtemanche et al., 2006], ananu3a nomny/siionHoM cTpykTypsl [Pender, Griffin, 1996],
uaeHTu(UKauu mpoucxoxkaeHus ocoodeit [Wells et al., 2003; Muhlfeld et al., 2005; Ryan
et al., 2016] u pa3neneHus AMKUX PbIO ¥ PHIO 3aBOJICKOTO MPOUCXOKICHUS B CMEIIAHHON
BEIOOpKE [Adey et al., 2009].

[T1aBHUKOBBIC JTyYH U IIUTIBI MPEJICTABIISIFOT COOO KOCTHBIE 3JIEMEHTHI JIEpMallbHOTO
MPOMCXOXKICHHSI U COCTOST TIperMyInecTBeHHo n3 Qocdara kanpuus [Gillanders, 2001].
[TnaBHUKOBBIE NyuyH KanbLuHUpoBaHbl Ha 30-35 % [Tzadik et al., 2017] ¢ MuHepanbHON
¢dpakuuei B Buze ruapokcuanarura [Ugarte et al., 2011]. Kak u gentys, 3Tu CTpyKTypHl Y
HEKOTOPBIX BUIOB PHIO HCITONB3YIOTCS JJIsl ONpeesieHIs BO3pacTa U IaloT OJIM3KHE Pe3ylib-
tatel ¢ oronutamiu [Brusher, Schull, 2009; Zymonas, McMahon, 2009]. OqHako npupocTs
Ha PaHHUX 3Tanax Pa3BUTHS B IUIABHUKOBBIX JIydaX HEKOTOPBIX BHIOB PbIO MOTYT OBITh
pe30pOUpOBaHbI, YTO HanOoJIee XapaKTEepHO JJIs cTapiieBo3pacTHbix ocobeit [Hill et al.,
1989; Santamaria et al., 2015]. Kak u y yenryu, XaMHYeCKHI COCTaB IIABHUKOBBIX JIyueii U
LIMIIOB MOKET U3MEHSTHCS B IIEPUOJ TOJIOAAHUS MM APYTOro CTpecca, UYTo B Psijie CaydacB
MOXKET JJMMHUTHPOBATh WX HCIOJIB30BAHUE IS UICHTHUPUKAIIMHA OMOT€OXUMHUIECKIX Map-
kepoB [Gillanders, 2001]. BmecTe ¢ TeM CymiecTByeT KOPPEIsAIus XUMUIECKOTO COCTaBa
TUTABHUKOBBIX JIYYeH W OTOJMTOB, YTO JIEMOHCTPUPYET MOTEHIIMAT MCIIOIb30BAHUS 3TOH
CTPYKTYpPBI JUIsl JETEPMUHALINY JIOKAJILHBIX CTaJ B cMellanHol Bbibopke [Kerr, Campana,
2014; Avigliano et al., 2019]. Xumnueckuii cocTaB ClIMIOB MapTUHAIBHBIX JTy4el 0CETPOBBIX
YCIICITHO UCTIONB30BAJICS ISl U3yUEHHSI MUTPALMIA U CTPYKTYpHI cTaf [Arai et al., 2002; Allen
et al., 2009; Jari¢ et al., 2011; Phelps et al., 2017]. ITo xumrueckoMy COCTaBY IIIaBHHKOBBIX
Jy4eil BBITOJTHEHBI OHTOTEHETHYECKNE PEKOHCTPYKIINY YCIOBUIM OKPYIKAIOIIEH CPebl s
xapuyca Th. arcticus [Clarke et al., 2007], comoB Genidens barbus [Avigliano et al., 2019],
Ictalurus punctatus, 1. furcatus u Pylodictis olivarus [Smith, Whitledge, 2011], masiopororo
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okyHst Micropterus dolomieu v conneunbix okyneii Centrarchidae [Smith, Whitledge, 2010],
nrykoBbIx Esocidae [Rude et al., 2014] 1 wykyuyanobix Catostomidae pei6o [Wolffetal., 2013].
[1o3BOHKHM M ApyrHue 3JI€MEHTHI HAOCKEIETa COCTOAT U3 OPraHUYECKOW MaTpUIbl U
HEOPraHWYECKUX MAaTepUajIoB, BKIIOYAIOIIUX COOTBETCTBEHHO MPEHMYIIECTBEHHO KOJI-
nareHoBble GUOPHILTBI U THApOoKcuanatuT [Vaughan, 1970; AdanacseB u ap., 2002]. T'u-
JPOKCHAMATHUT MPHUJAET TBEPAOCTh KOCTHON TKaHM (KajbLuHanus coctasisieT 10 40 %) u
MpEeACTaBISIET cO00M cBOEOOpa3HOE JICTIO0 HOHOB, UTPAIOIIEEe BAXKHYIO POJIb B PErYJIHPOBKE
MOHHOTO roMeocTasa y MHoruX Bu0B phI0 [ Takagi, Yamada, 1991; Glimcher, 1998; Yamada
etal., 2001; Tzadik et al., 2017]. KoctHas TKkaHb pbI0 — OCHOBHAs TKaHb, KOTOPast y4acTBYeT
B TOMEOCTaTHIECKOM perymupoBKe ¢pocdopa, Ho He kanmbius [Lall, 2002; Tzadik et al., 2017].
Tak, B mepuof (pU3U0IOTHIECKOTO CTPEcca, HaPUMEP 00TeHEe3a, KOTOPBI BKII0YaeT B ceds
(hopMHpOBaHKE KAIBIUI-CBI3aHHOTO OeTKa BUTEIOTCHUHA, OBUIO YCTAHOBIICHO CHIKCHUE
COACP)KAHMS KaJbIIMS Ul YELIyH, a JUIsl KOCTEH SHAOCKENIEeTa 3TOr0 BBISIBIECHO HE OBLIO
[Mugiya, Watabe, 1977; Carragher, Sumpter, 1991]. KocTHast TkaHb y4acTByeT B 0OMEHHBIX
mpoleccax, MO3TOMY HCIIOJIb30BaHUE JIEMEHTOB SHIOCKEIETa JUIsl MUKPOXUMHUYECKOTO
aHaJM3a JI0JKHO MPOBOIUTHCS C YUETOM CKOPOCTH OOMEHa BEILIECTB, KOTOpasi y KoJllareHa
KOCTEH 3aBMCHUT OT Xofla MeTabonm3mMa (HHWKe 10 CPaBHEHHUIO C APYTUMH TKaHSAMH) U MO-
JKET BapbUpOBaTh B pa3HbIX KocTsx [Sealy et al., 1995; Liden, Angerbjorn, 1999; Gaston,
Suthers, 2004]. Omy0nukoBaHHbIE Pa0OTHI CBUICTENBCTBYIOT 00 YCIICITHOM MPUMEHEHUH
MHUKPOXMMHUYECKOTO aHAIN3a 3JIEMEHTOB SHIOCKENEeTa ISl KilacCU(UKALMU PO U3 Pa3HbIX
reorpaduueckux peruoHos [Keenleyside, 1992; Kennedy et al., 2000]. Hanpumep, Kennenu
¢ coastopamu [Kennedy et al., 2000] mcmonb30Bany BETUIHMHBI COOTHOIICHHS H30TOIIOB
CTPOHLIMS B IO3BOHKAX MOJIOIU ceMrH Salmo salar B xauecTBe Mapkepa 1isl Kiaccuuka-
IIUH MOJIOJTY U3 Pa3InYHBIX MPUTOKOB p. KonHekTrkyT. Myiuran ¢ coaBropamu [Mulligan
et al., 1983] npumenuu conepxkanue dpocdopa, Kanblus, Kalus, MEId U CTPOHIIUS B TI0-
3BOHKax I JeTepMUHAIIMM CTaJl Jococsa ¢ TouHoCcThio 80-95 %. Xumuueckuil cocras
KOCTHOHM TKaHM HCHOJIb3yeTcsl sl auddepeHnnanuy pod 3aBOICKOIO MPOUCXOKICHUS OT
ocobeii ectectBerHoro rpoucxokaenus [ Guillou, Delanoue, 1987; Yamada, Mulligan, 1987;
Roy, Lall, 2006], a Taxxe 1Jis OLIEHKH MUTPaLdil PbIO B IpezeaXx OHOTOMOB C Pa3InIHON
coneHoctrio [Torz, Nedzarek, 2013]. Kpome Toro, MUKpOXMMHUYECKUH aHAIHA3 TTO3BOHKOB
XPSIIIEBOTO CKEJeTa NCTIOIL30BAIH ISl OLICHKH MHUTPAIMid aKyJl U CKaTOB, B YACTHOCTH ObI-
ubeil akynel Carcharhinus leucas, cBuHOTIa30M cepoit akynbl C. amboinensis [Tillett et al.,
2011], y3xo3y6oii cepoii akynsl C. brachyurus [1zzo et al., 2016], akynsi-monora Sphyrna
lewini [Coiraton, Amezcua, 2020] u kpyrioro ckara Urobatis halleri [Hale et al., 2006].

B ocHOBE MUKPOXMMHUYECKOTO aHAIN3a KAIBLHHUPOBAHHBIX CTPYKTYP JICKUT TOUEUHOE
M3MepeHHe KOHIICHTPAIMU XUMUYECKUX JIEMEHTOB M X U30TOIIOB B ONPE/ICIICHHOM Y4acT-
K€ aHaJIM3UpyeMoro odpasua Jmbo B AMHAMHKE OT LIEHTpa 10 Kpas (MM OT Kpas 10 Kpast)
uccruenyeMoro oopasma. AHaJau3 MOXKET IPOBOIUTHCS C MCIIOIB30BAaHHEM YHEPrOIUCTICp-
cuonnoro (ED-EM) u Bomromucniepcronnoro (WD-EM) 371eKTpOHHOTO MHKPO30HIOBOTO
ananmzaropa [Gunn et al., 1992], meTogamu IpOTOHHO-UHAYIIMPOBAHHOTO PEHTTCHOBCKOTO
nziyuenust (PIXE) [Sie, Thresher, 1992; Limburg et al., 2003 ] u peHTreHO(IIF00pECIIEHTHOTO
Mukpoananusa [I[laBios u ap., 2013, 2016], a Taxke CHEKTPOMETPUUECKUMU METOJIAMHU.
HawubOosee yacTo nCoNb3yeTcsi Macc-CIIeKTPOMETPHS C MHIYKTUBHO CBSI3aHHOM TIIA3MOH 1
nazepuoit adomsanueit (LA-ICP-MS) [Campana et al., 1994; Thorrold, Shuttleworth, 2000].
Kpome Toro, mpumeHsieTcsi Macc-CIIeKTPOMETpHsT BTOpUUHBIX HOHOB (SIMS), aTomMHO0-20-
copormonnas (AAS) u atromHO-aMuccHOHHAsS criekTpomeTpus (AES), criekrpomeTpus ¢
WHIYKTUBHO CBsI3aHHOH Tu1a3MeHHO-atoMHOU amuccuelt (ICP-AES), TepmonoHu3aionHas
Mmacc-criektpometpust (TIMS) u macc-ciekrpoMeTpun U30TONHBIX cooTHOIIeHU (IRMS)
[Manual..., 2002]. Jlazepnas abmsuust B coueranun ¢ [CP macc-cnexrpomerpueit (LA-
ICP-MS) no3BosisieT MpOBOAUTH U3MEPEHUSI COCTaBa KaJbIUHUPOBAHHBIX CTPYKTYp Kak
B TOPH30HTAJIBHOHN MJIOCKOCTH — TOYEYHO JIMOO HEMPEPHIBHO B BHUJIE TPAHCEKTHI, TaK U B
BepTukanbHOU (npuiuiHT) [Pozebon et al., 2017]. B nepBom ciydae cTpykTypa (OTOJNHUT)
nurdyeTcs 10 HASHTUGUITUPYEMOTO apa (IpUMopanyMa) 1 oiupyercs. Bropoit momxon
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HCIOJIB3YETCS B CIIy4ae OTCYTCTBHS HEOOXOAMMOCTH JINOO HEBO3MOKHOCTH IILTM(OBKY aHa-
IU3UpyeMoro odpasia, HanpuMep OTOJIUTOB JTUUMHOK. Kak mpaBuiio, mpu 000oux moaxoaax
OLIGHMBAETCS TUHAMHUKA COCTaBa XUMHUYECKUX 3JIEMEHTOB U UX U30TOIOB C PETYJINPYEMBbIM
[1aroM U3MepeHuil Ha MUKPOHHBIX BEIMYMHAX OT Apa K epudepun OToIuTa.

B GomnpmHCTBE ciTydaeB McCIeqoBaTellb 3aHHTEPECOBAH B TAHHBIX XHMMUYECKOTO COCTa-
Ba OMNPEJIETICHHOTO yYacTKa aHATM3UPYEMOH CTPYKTYPBI, COPMHUPOBABIIIETOCS B KOHKPETHBIH
TIEPUOJT KHU3IHU 0cOOM TMOO TP OOUTAHUU B OTIPE/IETICHHBIX YCIOBUAX Cpe/ibl. B HEKOTOphIX
Cllydasix JaHHbIE BCEX M3MEPEHUH, MOITyUYEHHBIE OT OTHOTO SK3EMILISPa, MOT'YT YCPEIHATHCS
JUIs onmy4yeHust nHdopmau B popmare «oaHa 0ocodb — oaHo 3Hauenue» [Moll et al., 2019].
s crangapTH3aniy 3HAYeHUH KOHIEHTPAITUH XUMUYECKUX JJIEMEHTOB OHU TIEPEBOMIATCS
MIPOMOPIIMOHAIBHO BEIMYMHE KOHIIEHTPAIMN KaJIbIIHs, MOCKOIBKY ATOT JEMEHT CITY>KUT
MaTpuIiei s kapooHaTHbIX cTpyKTyp [Campana, 1999]. 3atem pekoHCTPYKIHS Cpe/Ib 00u-
TaHUS B MHTEPECYIOIIUIA UCCIIEI0BATENS IIEPUOJT YKU3HH aHATTN3UPYEMOM 0COOH MPONU3BOAUTCS
CIIEAYIOIINM 00pa3oM: JaHHbIE XUMHUUYECKOT0 COCTaBa ONPEIEICHHOr0 yuacTKa u3y4aeMon
CTPYKTYPBI COITOCTABIISIFOTCS C TAKOBBIMH O0COOH, OTIIOBJIICHHOH B M3BECTHOM JIOKAJIBHOCTH B
COOTBETCTBYIOIINN NIepro]] OHTOTeHe3a. Hampumep, s HIeHTHU(QUKAIIMHA TPOUCXOXKISHUS
pBeIO B CMEIIaHHOW BBIOOPKE XMMHUYECKHUN COCTaB «MaJIBKOBOI» 30HBI OTOJUTA B3POCIION
0COOH COIIOCTaBIIICTCS C TAKOBOM KpPaeBOW 30HBI OTOIHMTA MOJIOH, COOpaHHOW B paifOHax
BocnpousBojcTea [Geffen et al., 2011; Carlson et al., 2016; Cuevas et al., 2019]. MHorna as
BBISICHEHUSI TIPOMCXOXKACHHS MIIM 0COOCHHOCTEH MUTpalliii aHAIN3UPYEMBIX 0COOCH TaHHbIe
MHUKPOXUMHYECKOTO COCTaBa UX OTOJMTOB CONOCTABIISIOTCS C TAaHHBIMH XUMHYECKOTO CO-
cTaBa BoJbl. Hanbosee 4acTo 3TOT mOAXO0/ MCTIONB3YeTCS IS MACHTU(UKAIIUH TepEeMEIICHUIH
JTNAIPOMHBIX BHIOB MEXKTy TIPECHOM 1 MOPCKOH (B TOM YHCII€ COJIOHOBATOBOTHON) CPEION,
TTOCKOJIBKY OHH CYIIIECTBEHHO PA3INYAIOTCs IO XUMHUYeCcKoMy cocTaBy [Limburg etal., 2001;
[TaBnoB u ap., 2016; Alo et al., 2019]. B aTom ciiydae B KaueCTBE XMMHUYECKOIO MapKepa,
KaK MpaBUIIO, UCIIONIB3YIOT KOHLIEHTPAIMIO CTPOHIHS, KOTOPasi CYIIECTBEHHO BBILIE B MOP-
CKOU BOJZIE TIO CpaBHEHHIO ¢ mpecHou [Yang et al., 2011]. Jlns neTepMuHAIAN JTOKATBHBIX
cTaj phI0 Yare BCero UCIONIb3YIOT AleMeHTH Ba, Sr, Zn, Mg u Mn. Pexe npumensitorcs Li,
Rb, Fe, Na, Pb, Y [Heidemann et al., 2012; Biol¢ et al., 2019; Cuevas et al., 2019]. Kpome
TOTO, /UIsl KJIacCH(UKAINU MCIIONB3YIOT COOTHOIIICHHE CTa0MIbHBIX M30TOIOB a30Ta O'°N,
yrmepona 6°C u kuciaopona 6'%0 [Wells et al., 2015]. Takke B KaueCTBE T€OXUMHUIECKOTO
MapKepa, KOTOPBIN MO3BOJISIET MPOBOIUTH KJIACCH(PUKALIMIO BBIOOPOK C BHICOKHMM YPOBHEM
pasperieHust, MPUMEHSIOT COOTHOIICHNE N30TOMOB cTpoHIus ¥'Sr/%*Sr [Brennan, Schindler,
2017; Pereira et al., 2019]. BaxxHbIM ycioBreM /sl TPOBE/ICHHUS aHATM3a CTAHOBUTCSI IO~
TBEP’KACHHAS IPOCTPAHCTBEHHAs M BpeMEHHasl CTAaOMIHbHOCTH HCITOIB3yEMOTO XUMUYECKOTO
mapkepa [Elsdon et al., 2008].

I[Ipumepsl HCNOJIB30BAHUS AHAIN32 MUKPOJIEMEHTHOI'O COCTABa
KAJIBIMHUPOBAHHBIX CTPYKTYP PbIO 1JIs1 pellleHHs] KOHKPETHBIX 3a/1a4

Buvioenenue eounuy 3anaca 6 cMeuwlanHol 6b100pKe — ojiHA 13 HANOOJIEe BAXKHBIX
3a7a4 B YHPaBJICHUH PBHIOOIIOBCTBOM, JJIsI pEIICHHS KOTOPOH YacTO MCIONBb3YETCS METOJ
aHaJM3a MUKPOAJIEMEHTHOT'O COCTaBa KaJbLIMHUPOBAHHBIX CTPYKTYD pbIO. IlepBbie paboTh
1O JETEepPMHUHALNYU OTJEIBHBIX CTaJ IMPOMBICIOBBIX BUIOB PHI0 HAa OCHOBE DJIEMEHTHOTO
COCTaBa OTOJIMTOB OBUTH OMyONMMKOBaHKI B KOHIIE 80-X — Hadaje 90-X IT. mpommIoro Beka.
AHau3 ObUT KCII0JIB30BaH 15 KJIacCH(HUKAIIMK BEIOOPOK aBCTPATTMHACKOTO (PO30BOI0) CHAII-
nepa Chrysophrys auratus 3anagnoii Asctpanuu [Edmonds et al., 1989], mxakaca ceporo
Nemadactylus macropterus ¥oro-BOCTOYHOTO aBCTPAIMHCKOTO KOHTHHEHTAIBHOTO HIeTb(a
[Thresher et al., 1994], 10:xHO0aBCTpaIMHCKOTO CHHENIEPOTO TyHUA T/hunnus maccoyii 0KHOH
yactu Munuiickoro okeana [Proctor et al., 1995] u munras Theragra chalcogramma 3ain.
Anscka u bepuraroBa mopst [Severin et al., 1995]. MccrnenoBarensiMu ObIT OTMEUYESH TTOTCH-
ouajl MCTOZla, BBISIBIICHA BapI/Ia6eHI)HOCTB KOHLCHTpAaIWU pas3IMYHBIX 3JIEMCHTOB OTOJIMTOB
B 3aBHCHUMOCTH OT pa3Mepa W Bo3pacta ocobei, oTMedeH 3(h(eKT XUMHUECKOTO cOCTaBa
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OKPYXKAOIIEH CPebl, TEMIIEPATyPhl, (PU3UOIOTUIECKOTO COCTOSIHUS M COCTaBa THIIH PHIO.
B nocneayromue roasl 4uciio padboT ¢ NPUMEHEHHEM aHaIN3a MUKPOJIEMEHTHOTO COCTaBa
OTOJIMTOB ISl OIIEHKU CTPYKTYPBI AKCILTYaTUPYEMBIX CTaJI PIO YBEIUYMIOCH. bosbIas yacth
cTareil MOCBAIICHA JIETSPMUHAIIMU SIMHUI] 3araca MOPCKUX pui0: Tpecku Gadus morhua
3air. CB. JIaBpentus [Campana et al., 2000] u bantniickoro mops [Heidemann et al., 2012];
TyHIOB Thunnus thynnus ceBepaoit Atnantuku [Secor et al., 2002], 7" alalunga ceBepo-Boc-
touHoi [Tanmpuku [Wells et al., 2015] u T. albacares 3anannoii yactu MHIUICKOTO OKeaHa
[Artetxe-Arrate et al., 2019]; cenbau Clupea harengus bpuranckux octpoBoB [Geffen et al.,
2011]; a Takxe psjga 00beKTOB TITyO0KOBOHOTO [Swan et al., 2003; Longmore et al., 2010;
Régnier et al., 2017] u mpubpesxHoro pridomoBcTBa [Wright et al., 2018a; Biolé et al., 2019;
Cuevasetal., 2019; Soeth et al., 2019]. Kpome Toro, MeTOA MPUMEHSIICS /111 PEKOHCTPYKITUI
YCIIOBUH CpeJIbI B XOJIe OHTOTEHE3a U JICTEPMHUHAINH CTPYKTYPHI 3a11aca He TOJIBKO PbIO, HO 1
TOJIOBOHOTHX, B YACTHOCTH ITATaroHUICKOTo Kanbmapa Loligo gahi [ Arkhipkin et al., 2004],
kanbmapa ['ynna Nototodarus gouldi [Green et al., 2015] u kapakaTHIIEBUHOTO KajbMmapa
Sepioteuthis lessoniana [Ching et al., 2017]. Pexxe aHaIn3 3JIeMEHTHOTO COCTaBa KajbIlH-
HUPOBAHHBIX CTPYKTYP UCIOIB3YETCS JUIS BBIICICHUS SAMHUIL 3araca CpeId TUaIpOMHBIX
Y TIPECHOBOHBIX BUIOB PbI0. OmMyOIMKOBaHHBIE PA0OTHI CBUIETEIBCTBYIOT O IPUMEHIMO-
cti Metozia Juist iudhepeHIranum TOKadbHbBIX CTaJl AUAIPOMHBIX BHJIOB, HAPHMEP KEThI
Oncorhynchus keta [Sohn et al., 2005; Kang et al., 2014], roxHOamepukaHckoro coma G.
barbus [Avigliano et al., 2015], 6epunroBomopckoro omysist Coregonus laurettae [Padilla et
al., 2016] u cunexabeproro 0bruka Gobiomorphus hubbsi [ Warburton et al., 2018]. Cpenu
MPECHOBOHBIX BUJIOB METO/] IIPOJICMOHCTPUPOBAI CBOIO 3((DEKTUBHOCTD MPHU KiacchupuKa-
IIUU BEIOOPOK JKeNTOT0 OKYHS Perca flavescens 03. Opu [Pangle et al., 2010], comos Clarias
batrachus n Sperata aor p. I'anr [Miyan et al., 2016; Nazir, Khan, 2019], mpoxmmomyca
muHeHoro Prochilodus lineatus w nenopunsl Megaleporinus obtusidens pex Jla-Ilnara,
[Napana u Ypyrsaii [Avigliano et al., 2018a, b]. Cratuctuueckas 00padboTKa JaHHBIX 00OBIYHO
MPOBOANTCS METOIAMH TUCKPUMHHAHTHOTO aHalu3a. B psje ciyyaeB HCIONB3yeTCs anro-
PUTM MalIMHHOTO OOy4YeHUs «CIy4aiHbli sec» (random forest), KOTOpBIH, KaK MPaBHIIO,
yBEIMYMBAET TOYHOCTH Kinaccudukarun [Chang et al., 2012; Artetxe-Arrate et al., 2019].

B HEKOTOpBIX ciTydasix UCIOb30BaHUE METO/IA HE BCET/Ia MO3BOJISIET IIPOBECTH KJIAC-
CU(UKALNIO, YTO, HAITPUMED, OBIJIO BBISBICHO B pE3yJIbTaTe aHAN3a DJIEMEHTHOTO COCTaBa
oronutoB kedamu Mugil liza, cobpanHoii B 4 paiioHax npruOpexHbIX Bog bpasunuu u Ap-
renTuHsl [Fortunato et al., 2017]. Taxke Oe3ycnemrHpIME ObUTH MOMBITKU UACHTH(OUKAN
MOTEHIMANBHBIX SJIMHUIL 3araca B CIASAYIONIMX clydasx: 1) mpu aHaiu3e BBIOOPOK CElban
Clupea harengus w3 6 pallOHOB MPENITIOIATaeMOTO HATYJIa MOJIOJIU U 8 JTOKaJTbHOCTEH, TIpe/I-
noJjiaraeMo 3HaYMMBIX JJIs HepecTa BUIa*, pacroioKeHHBIX BIOJb 3alaJIHOTO MOOePEKbs
Bpuranckux octpoBoB [Geffen et al., 2011]; 2) npu knaccudukanuy TMIUHOK, MOJIOAN U
B3POCJIBIX 0CO0EH F0KHOABCTPATUICKOTO CHHETIEPOro TyHIA 1. maccoyii, COOpaHHbBIX COOT-
BETCTBEHHO B pailoHaX HepecTa (ceBepo-BOCTOK VHANNCKOro OkeaHa), Ha MyTsIX MUTPalin
(roxxHast Adpuka, 3amagHasi ¥ F0XKHass ABCTpaJIUs) U HA MPOMBICIIC BU/IA B OTKPHITOM MOpE
053 1oro-BoctouHoM ABcTpanmu [Proctor et al., 1995]; 3) nmpu momeITKe UACHTHPUKAIIAN
0co0eil JKeNTOIIIaBHUKOBOTO MOPCKOTO Kapacs Acanthopagrus latus w3 Tpex mpruOpeKHBIX
paitonoB ceBepHoii yactu HOxxHo-Kuraiickoro mopsi [Wang et al., 2018]; 4) npu ananuse
MPOCTPAaHCTBEHHOW CTPYKTYpbl Tpuribl Chelidonichthys lucerna n3 Tpex palloHOB Mpo-
MBICIIa BUJA B CeBepo-3anaaHoi yactu nmoodepexobs [lopryramuu [Ferreira et al., 2019]. Bo
BCEX CIydYasx aBTOpamMH ObII CHIENaH BBIBOA 00 OTCYTCTBUHU OT/ACIBHBIX CJIMHUIL 3amaca
cpeau 00CIeIOBaHHBIX PAfOHOB ITPOMBICTIA, YTO HEOOXOUMO COOTBETCTBYIOIIUM 00pa3oM
YYUTHIBATH MIPH OPTaHU3AIMH BIJIOBA.

Hcnonb3oBaHne aHami3a 3JI€MEHTHOTO COCTaBa OTOJIMTOB JUTS IOHUMAaHHS CTPYKTYPBI
IKCITYaTUPyEeMOTO CTafa PhIO JKeNaTelbHO MPOBOAUTH MapajlieIbHO C aHATM30M JIPYTUX

* ICES. Report of the Study Group on Herring Assessment and Biology in the Irish Sea and
Adjacent Waters : ICES CM 1994/H:05. 1994. 69 p.
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XMUMHUYECKHX, TCHETHUECKUX 1 MOP(POJIOTHIECCKIX MAPKEPOB, a TAKIKE MTAPA3UTOIOT MY CKH-
MH HCCIIEIOBAaHUSMH, COYETAHNE KOTOPHIX CITIOCOOHO CYIIECTBEHHO TOBBICHTH TOYHOCTH
knaccudukanuu [Edmonds et al., 1989]. Tak, bapton ¢ coaBropamu [Barton et al., 2018]
WCIIONIb30BaI HA0OP TeHETHUECKUX, MUKPOXUMHUYECKHUX U Mapa3HuTOIOIHYECKIX METO0B
JUTSL aHAJIM3a CTPYKTYPBI MOMYISANN MPeCTaBUTeNs IETPUHOBBIX Lethrinus laticaudis n3
13 noKabHOCTEH BOKPYT CEBEpHOUM ABCTpAJIHH, YTO TIO3BOJIHIIO TIOBBICUTH YPOBEHB JIETEP-
MHUHALUH IPOCTPAHCTBEHHO AUCTAHLIUPOBAHHBIX IPYIIIMPOBOK BHJIA.

JpyruM npuMepom pruMeHeHN ] KOMOMHUPOBAHHBIX METOJIOB SIBIISICTCSI KITACCH(DUKAITHST
OTIENBHBIX TPYIIUPOBOK BHYTPH CMEUIAHHOHN BBIOOPKHM IOKHOUM TyTaccy Micromesistius
australis, TpoBe/ICHHAs HA OCHOBE XUMHUECKUX U Tapasutonorudecknx Merozos [Niklitschek
et al., 2010]. IIpu 3TOM paHee Ha OCHOBE PE3yJIBTATOB T'CHETHUCCKOTO aHAIM3a Pa3JIC/IUTh
0co0eii, OTJIIOBJIEHHBIX B pallOHAX JIETHETO HATrylla ¥ TIPOMBICTIA B, Ha TIOATPYIITHI HE ya-
Basiock [Shaw, 2005; Galleguillos et al., 2009]. JluckpuMrHAHTHAS MOJIENb, TOCTPOCHHAS HA
JaHHBIX 110 KoHueHTpauuu Ca, St, Ba, Mg, Mn B oTonuTax 3THX pbIO, IO3BOJIMIA OTHECTH UX
K JIBYM IpyIIIaM, BOCIIPOU3BOJISIIIMMCS B FOT0-3a1aTHON ATIaHTHKE U I0T0-BOCTOYHON YacTH
Tuxoro OkeaHa, ¢ TOUHOCTEIO 83 %. Mcnonb30BaHe COOTHOIIEHHS CTAOMIIBHBIX H30TOIIOB
yriepona 6°C u kuciopoza 6'*0O yBennunBaio To4HOCTh Kiaccudukanun 10 90 %, a 00b-
enuHenne qanHeix — 70 100 %. [NapamiensHo uccnenoBaTensiMu ObLT IPUMEHEH aHAIIN3
BHJIOBOTO COCTaBa MMapa3uTOB, KOTOPBINA TAKXKE MTO3BOIIII TPOBOJUTH JETEPMHUHAITIIO 0COOSH
¢ TogyHOCThI0 90—-100 %.

YacTo aHaTU3 XMMUYECKOTO COCTaBa OTOJIMTOB MPOBOASAT COBMECTHO C aHAIHM30M HX
(OPMBI, UTO TaKKe MO3BOJISIET MOBBICHTH TOUHOCTH KilaccuuKauu. Takue ncciieoBaHus
OBLIH ITPOBEICHBI IS aHAIM3a BRIOOPOK Opasnibekoro koguuara Urophycis brasiliensis [Bi-
olé etal., 2019] u atnantuueckoro naryapa Chaetodipterus faber oro-3anagnoi ATIaHTHKH
[Soeth et al., 2019], peiObI-cepixanta Abudefduf saxatilis voxuon bpasunuu [Adelir-Alves
et al., 2018] u xameMmapa ['ymma Nototodarus gouldi mpubpexxubix Box ABctpanmu [Green
etal., 2015].

HeoObIuHbIi MOaX0a Al IETEPMUHALMN HEPECTOBBIX IPYMIHAPOBOK CENbAH OOHTa
Ethmalosa fimbriata roxxunoro Cenerana ncrons3oBanu Jlepunr ¢ coaropamu [Doring et al.,
2019]. ng aHanu3a UCCiea0BaTey UCIOIb30BaIN KATOPUIHOCTb OOLIUTOB U COACPKAHUE
Ba, Sru Zn B oTONIMTaxX CaMOK: pe3yNbTaThl KacCU(UKAIIMU PBIO C UCIIOIB30BaHUEM 000X
MapKepoB ObLITH OJIU3KH.

Pexoncmpykuyusa muzpayuii puléo HeoOX0FIMa KakK JJIs yIIpaBIeHUs pbI0OIOBCTBOM, TaK
Y 17151 IOHUMaHHUs 0COOEHHOCTEeH OMOJIOTUH BHA, IPEAEITIOB €ro SKOJIOTHYECKON TIIacTHY-
HOCTH IIPU CMEHE Cpeibl OOUTaHUs B XOe OHTOTEHe3a, a TaKKe JIeTePMUHAIIMY PaifoHOB
paHHETO pa3BUTHS, HAaryja, HEPeCTa M 3UMOBKH PBIO, N3YUEHHUS KIIIOYEBBIX TPUTTEPOB TEX
WY MHBIX TTOBEACHYECKHX peakiyii. Ha ceromHsmHmii JeHh MUKPOXUMHUS OTOJMTOB SIBIISIETCS
OJTHUM U3 Haubosee yJOOHBIX METOIOB OHTOTCHETHUECKUX PEKOHCTPYKIUI MUTpalluid PbIO,
0COOEHHO IBPUTATTMHHBIX BUI0B. Kak paBuiio, B kadecTBe MapKepa, yKa3bIBArOIIEro Ha cMe-
HY Cpelbl ¢ pa3InYHBIM YPOBHEM COJIEHOCTH, MCIIONIB3YIOT JIOIO CTPOHITNS OTHOCHUTEIBHO
cozieprKaHus KalbIys. ITo ObIJI0 IPOAEMOHCTPHPOBAHO NP aHAIN3E OTOJIUTOB aHAIPOMHON
W pe3uACHTHOH (IpecHOBOIHOM) hopM Kymku Salmo trutta w3z Tacmanun [Kalish, 1990] n
BITOCJIEZICTBHH MTPUMEHSIIOCH ISl aHAJIN3a MUTPAIHiA CeBEPOaMEPHUKaHCKOTO aHaIPOMHOTO
NpeAcTaBUTENs OKyHe0Opa3HbIX — mosocaroro 6acca Morone saxatilis [Secor et al., 1993].
B GonpLrHCTBE cay4aeB il PEKOHCTPYKIIMU MHUTPAMid HCCIeyeMoi 0coOu B Ipeaeax
KOHTHHYYMa IIPECHOBOJIHAS cpeJia — ACTyapHid (JlaryHa) — MOpe MPOBOAUTCS aHAJIN3 CO-
otHomeHus St : Ca Ha MPOTSHKEHUH TPAHCEKTHI OT siipa OTIIHTA K ero nepudepuu [ Tzeng et
al., 1997; Arai etal., 2007; Alo et al., 2019; Walther, 2019] 5iu60 (B 4aCTHOCTH Y OCETPOBBIX)
OT CEepeIMHBI K Kparo CIHja MapruHaJIBHOTO JIy4a IPYIHOro IuiaBHUKa [Arai et al., 2002;
Jari¢ et al., 2011]. YBenmmuenune nmponoprtuu St : Ca B OTOIUTaX PHIOBI XapaKTEPHO TIPH e
00WTaHUM B YCIOBUSAX TOBBIIIEHHOW COJICHOCTH, U HA00OPOT — JIJIsi 0CO0CH, 00OMTAIOIINX
B IpecHoil Boze (puc. 1, 2).
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Puc. 1. Iuramuka cootHomenus St : Ca Ha MPOTSHKEHUU TPAHCEKTHI OT siapa (MpUMOpAyMa)
K nepudeprn otoiuTa aHaapoMHol dopmbl O. mykiss Bo3pacta 4+ netr u3 BocrouHoro KebOeka
(Kanana) [Thibault et al., 2010]. /laHHbIC CITIa)KCHBI C MPUMCHEHUEM FCHEPAJIU30BAHHBIX aJIJIUTHUB-
HBIX Mozeneil (GAMS). Yeprobie mouku COOTBETCTBYIOT TOIOBBIM NPHUPOCTAaM. [IyHKMUpHAs TUHU
o6o3Hauaet 3HaueHue 3,5 + 1073, mpuHsTOE HCCIenoBaTeIsIMU B Ka9eCTBE MTOPOTOBOTO MEKTY TIpe-
CHOBOJHOM U MOPCKOM Cpenon

Fig. 1. Sr : Ca ratio along the transect from center to periphery of otolith from anadromous O.
mykiss with age 4+ years caught in eastern Quebec (Canada) [Thibault et al., 2010], smoothed by
generalized additive models (GAMs). Black dots correspond to annual increments; dotted line indi-
cates the value of 3.5 - 107 accepted as the threshold between freshwater and marine environments
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Puc. 2. lunamuika cootHoweHus St : Ca Ha MPOTSDKEHUH TPAHCEKTHI OT s/ipa K nepudepun oto-
nmta aifto Plecoglossus altivelis ryukyuensis — aM(pUIpOMHOH pBIOBI, paHHHI HAT'YJ KOTOPOH IPOXOIUT
B MOpe€, [IOCJIE Yero MPOUCXOANUT MUTPaLs B PEKH I0XKHOH Smonuy, rae pbida 3akaHIMuBaeT CBOH Ku3-
HEHHBIH UK. Cmpenkamu 0003HAYCHBI CpeIHUE 3HaYCHUs oTHOMICHUS St : Ca, paBHbIe 6,0 (vepubiil
yeem) u 4,0 (6envii yeem), IPUHSATHIE aBTOPAMU B Ka4e€CTBE MPAHUYHBIX ITPE/ICIIOB MEXIY MOPCKOM
(> 6,0), comonosaroii (6,0-4,0) u npecHoBoaHON cpenoit oouranus (< 4,0) [Murase, Iguchi, 2019]

Fig. 2. Sr : Ca ratio along the transect from center to periphery of otolith from amphidromous
Plecoglossus altivelis ryukyuensis after its migration from the sea to the rivers of southern Japan where
the fish ends its life cycle. Arrows indicate the Sr : Ca ratio values equal to 6.0 (black) and 4.0 (white)
accepted as the boundaries between marine (> 6), brackish (6—4) and freshwater (< 4) environments
[Murase, Iguchi, 2019]
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B GonbimHcTBE OMyOIMKOBAaHHBIX PA0OT BEPXHSISI MIOPOTOBAsi BEIMYMHA MPOIIOPIIUH
Sr : Ca ms IpecHOBOIHOMN cpeasl oOuTanus BapbupyeT B mpeaenax (0,2-2,5) - 1073, gro
OBLIIO BBISIBIICHO JIJIt MHOTUX BUJIOB PbIO: cenbieit Alosa pseudoharengus n A. aestivalis pex
Jlonr Aiinenna, Konnekrukyt, CIIIA [Gahagan et al., 2012]; nanuma Lota lota v ronbsiHa
Phoxinus phoxinus bantuiickoro mops [Rohtla et al., 2014; Svirgsden et al., 2018]; memra
Abramis brama u cynaxa Sander lucioperca xanana Kuen, I'epmanus [Kafemann et al.,
2000]; kambansl Paralichthys lethostigma ceBepHoli yacTn MekcrukaHckoro 3aiuBa [Lowe
et al., 2011]; mpamopuoro yrps Anguilla marmorata ¥Oro-Bocrounoii Asuu [Arai, Chino,
2018]. OrmeTtum, 9TO ISt IBYX MOABUAOB aiito Plecoglossus altivelis B npeaenax Slnonuu
PasHBIMH aBTOpaMH IPUBOASTCS pa3Hble MOPOroBble BeMUUnHbI St : Ca A1l IPeCHOBOAHON
cpenst — 2,4 - 1073 [Hata et al., 2016] u 4,0 - 1073 [Murase, Iguchi, 2019], uro MoxxeT ompe-
NEJIATHCS Pa3TUIHsIMHU B TUApoxuMun BogoemoB [Tian et al., 2019]. Takke cpaBHUTEIBHO
BbIcOKast BesmurHa 4,0 - 10~ B KauecTBe BepXHEro moporoBoro 3xHaveHus St : Ca s npe-
CHOBOJIHOH cpezibl OblIa BBISIBICHA MPH aHAJIM3€ OTOJMTOB AMEPUKAHCKOTO PEYHOTO YIps
Anguilla rostrata nposuninu Kseoek, Kanama [Hedger et al., 2008]. 3nauenus (6-10) - 1073
St : Ca npuBoastcs aus cynaka Huwkuelt Bonru [I1aBios u ap., 2016].

BonbmHCTBOM aBTOPOB MOMyYCHHBIC 3HAYCHHS YKA3bIBAIOTCS KAK HUYKHUE TOPOTOBBIE
JUTSL BBIJICTIGHUSI MOPCKOTO MIEPUO/Ia )KU3HH PHIO, HO B HEKOTOPBIX Pad0OTax MPUBOAATCS MPO-
ME)XYTOUHBIE 3HAYCHHS, BEIMIMHBI KOTOPBIX WCCIIEAOBATEH MCTIONB3YIOT IS BBIIEICHUS
niepuosa oouTaHus B ycinoBusx dctyapust. Tak, snaderns 2,0 - 107 u 3,2 - 103 Sr : Ca npu-
BOJISATCS JUIsl JIela U Cy/laka, OTJIOBJICHHBIX B cosioHoBaTol Boxe [Kafemann et al., 2000].
Xemxkep ¢ coapropamu [Hedger et al., 2008] yka3siBaror Ha BennuuHbl (3—-8) - 1073 Sr: Ca B
KadyeCcTBE MHMKATOpa OOUTaHUS B 3CTyapHBIX OMOTOIAX I aMEPHUKAHCKOTO PEYHOTO YIS
Jnst MpaMOpHOTO yrpsi 3T 3Ha4eHust coctaBmwin (2—6) - 107 Sr : Ca [Arai, Chino, 2018].

Kpome cootHomenns Sr : Ca B KadecTBe aJbT€PHATUBHOTO MapKepa CMEHbI Cpeibl
00WTaHMS C Pa3IMIHON COIEHOCTHIO YACTO UCTIONB3YIOT COOTHOIIIEHHE H30TOIIOB CTPOHITHS
87Sr/36Sr. DTOT MapKep MPUMEHSIJICS JUTS OLCHKHU MTEPEMENIEHHST MLy MOPCKOM U IPECHO-
BOJIHOM Cpe/ioit oOuTaHus JJIsl CIICAYIOUIUX BUIIOB: OappamyHau Lates calcarifer [Roberts
etal., 2019] u pei6a-asuska Kurtus gulliveri [Crook et al., 2015] Tpormueckoit ABCTpany;
ambuapomubie ranakcueBbie Galaxias argenteus v G. fasciatus p. Baiikaro, HoBas 3enanmus
[David et al., 2019]; mmuaHONIIEpOTO cClIpuHXa Spirinchus thaleichthys 3an. Can-®paHnucko
[Hobbs et al., 2010]; ocenneit popmbl uaBsrar Oncorhynchus tshawytscha p. Cusiik, Aiinaxo,
CIIIA [Hegg et al., 2019]. B omimame ot nponioprmu St : Ca COOTHOIIEHHE H30TOTIOB CTPOH-
1yt siBIsieTCst 0oJiee YCTOMYMBBIM MapKepoM U1t MOPCKO# cperibl. BennunHa cooTHOMEHUS
87Sr/*Sr, paBras 0,70917, siBsieTcst MEIMAHHBIM 3HAYCHUEM JI71s1 MOpCKoii Bosl (OOW, nnn
onuroTpodHas okeaHWYECKas BoAa) M KapOOHATHBIX CKEIETOB MOPCKHUX opraHu3MoB [El
Meknassi et al., 2018]. OqHako B pa3MTUYHBIX YACTSIX 36MHOTO IIapa XapakTep 3aBUCHMOCTH
87Sr/*%Sr 0T comeHOCTH MOKET CyIIecTBeHHO pasnuuarhes [Beck et al., 2013]. Tak, cpean
mpo0, cobpannbix B 3ai. [parTCayt bait (Jlonr Aiinenn, CILIA) u B beAaransckoMm 3amuBe
(Banrmamemnn) B rpaguente coiaenoct ot 0,0 1o 31,5 %o, mpomoprms ¥'Sr/*¢Sr npu MuHu-
MaJIbHOH CONIeHOCTH ObL1a HanboubieH (puc. 3, a, 6). [IpoTHBONONIOKHbIE PE3yAbTaThl OBLIN
MOJTY4eHBI PH aHaju3e npo0, COOpaHHBIX B APYTHX MECTaxX, B YaCTHOCTH B BeHennanckoi
JaryHe u Ha 0. MaBpukuii (puc. 3, B, T), 94T0 aBTOpHI [Beck et al., 2013] o0wsacHsIOT 2 dhek-
TOM CMEIITMBAHHS TTOBEPXHOCTHBIX M TPYHTOBBIX BO/I. C y4ETOM CYIIECTBEHHOTO BIHSHUS
XMMHYECKOTO COCTaBa PYHTOBBIX BOJ] HA KOHIEHTPALIUIO H30TOMIOB CTPOHIIMS B IPECHON 1
COJIOHOBATOBOJTHOM CpeJie BBISIBJICHUE MUT AU PHIO B TPaIMEHTE COIEHOCTH «peKa—MOope»
MyTeM aHaJIu3a TMHAMUKHU cooTHOIeHus ¥’Sr/*Sr ot siipa k neprdepun KalIbIIMHUPOBAHHOM
CTPYKTYPBI JOJDKHO POBOJAMTHCS C MIPEABAPUTEILHON OLICHKOM aHalI3a CBSI3M 9TOT0 MapKepa
C COJICHOCTBIO B palioHe padoT.

Kpowme Toro, st onpeneneHus mepeMenieHui pbIio MeX Iy TPeCHOBOAHOW U MOPCKOM
CpeZlaMu UCTIONB3YFOTCS TAKUE XUMHYECKUE MapKePhl OTOIIMTOB, KAK COOTHOIIICHHE U30TOITOB
kucnoposa 6'%0 u oTHOIIeHNE KOHIIEHTpanu 0apus K kaibiuio Ba : Ca. Conepixanue 620
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Puc. 3. CooTHotieHne H30TOTIOB CTPOHTIHS ¥ Sr/4°Sr OTHOCHTENBEHO BEJIMYHMH COIEHOCTH JUTS TPO0
BOJIBI, COOpaHHBIX B rpaaneHTe «peka—mope» [Beck et al., 2013]: B 3an. ['paiirCayt boit, JIonr Afinenr,
CIIIA (a), benransckom 3anuBe, banrnaznemn (6), Benenmanckoii naryse (B), Ha 0. MaBpuknit ()

Fig. 3. Ratio of strontium isotopes ¥’Sr/%¢Sr relative to salinity in the Great South Bay, Ling Is-
land, USA in Great South Bay, Long Island, USA (a), Bay of Bengal, Bangladesh (6), Venice Lagoon,
Italy (B), Mauritius Island (r) [Beck et al., 2013]

OBUTO MCIIONTB30BAHO JIJIsl UACHTU(QHUKALINY MPEIIOUTCHUH K YCIOBUSIM COJICHOCTH 5 BHJIOB
puIO (kamenHas kynust Kuhlia rupestris, xpusunrepa Chrysiptera cyanea, anoroH Fibramia
amboinensis, HeonoMarieHTpyc Neopomacentrus taeniurus M TpEXIOIOCKINA TepanoH Terapon
Jjarbua), 0OUTAIOIINX B YCIOBHUSIX MAaHIPOBO-3CTYapHBIX IKOCHCTEM 0. Vipnomote npedexTypsl
Oxwunaga, SInonus [Shirai et al., 2018]. JlaHHBIe ©30TOITHOTO COCTaBa BOABI aBTOPAMH OBLITH
npuBeaeHsl B mpomuinie oT VSMOW (Vienna Standard Mean Ocean Water) — crangapra
cocTaBa OKeaHH4YeCKoi Bojibl. BennunHa 6'*0 BoIbl XapakTepr30Baiach NpsMOil IHHEHHOI
CBSI3BIO C COJICHOCTBIO M 3HAYEHHEM Kod(ppHuIeHTa feTepMuHaliuy R?, 6au3kum k 1, 9To mc-
MOJIb30BAJIOCH JJISl PEKOHCTPYKIMH ycIoBUi oOutanus peio [Shirai et al., 2018]. B otnnuue
ot 8"%0 u coorromenus Sr : Ca nponopims Ba : Ca xapakrepusyeTcst 00paTHOM CBA3BIO C
BEJINYMHON COJIEHOCTH, YTO OBUIO HCIOIB30BAHO B KAU€CTBE MapKepa Ul PEKOHCTPYKIUU
nepeMenieHui AByX BuaoB kedanu Mugil curema v M. liza B ipesienax OAHON U3 3CTyapHBIX
cuctem bpaszunmuu [Mai et al., 2018]. ABTops! ucnonp3oBaiu 3nadeHue Ba : Ca, paBroe 0,05,
B KaYE€CTBE BEPXHETO IIOPOrOBOr0 YPOBHS JIIsl MOPCKOH cpefibl, BenuunuHbl 0,05-0,18 — kax
COOTBETCTBYIOLIHE MPEOBIBAHMIO BU/IOB B YCIIOBHSIX 3CTyapusi, a BeUYHHBI cBbiie 0,18 — B
KauecTBE MHIMKaTopa oOuTaHus 00cIe0BaHHBIX 0cO0ei B MPECHOBOIHOM cpefe.

Taxke MUKPOXUMHUYECKUI aHAIN3 IPUMEHSIETCS Il OLIEHKH MUTPALMH Y UCKIIIOUH-
TENTLHO MPECHOBOHBIX U MOPCKHUX PBIO JUIsl BBISBIICHHUS PAHOHOB, UTPAIOIINX KIIOUYEBYIO POJIb
B BOCITPOHM3BOJICTBE, PAaHHEM Pa3BUTHH, 3MMOBKE M Harylie TakuxX BUI0B. BriepBbie moTeHIman
WCIIOJIb30BaHUSI METOA OBLT MPOIEMOHCTPUPOBAH JJIsl aHAIM3a MUTPALUi PEeCTaBUTEIS
HaTUBHBIX JIococeBbIx CeBepHoil AMepuku Oncorhynchus clarki lewisi [Wells et al., 2003],
YTO B AAJbHEUIIIEM JICIVIO B OCHOBY OLICHKH IIEPEMEIICHUH BUa B Ipe/ieaX PeyHOH CeTH
[Muhlfeld et al., 2012]. Tak:xe METOR MPUMEHSIICS IS PEKOHCTPYKITUHA OHTOTEHETHYIECKOM
CMEHbI MecT oOuTanust U murpanmid kymxu Hosoit 3enanaun [Olley et al., 2011], aByx
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BUJIOB cuaMCKoro kapra Henicorhynchus siamensis u H. lobatus p. Mexonr [Fukushima
et al., 2014], xapuyca Th. arcticus n nonkamenmuka C. cognatus oJHON U3 pek OacceliHa
p- Makkensu B bpuranckoit Komym6un [Clarke et al., 2015], sxentoro okyns P. flavescens
03. Muuuran [Schoen et al., 2016], mosoau yaBbuu p. Hymarak, Ansicka [Brennan et al.,
2015; Brennan, Schindler, 2017], xkapma-kou Cyprinus carpio p. Baiikaro, HoBas 3emanmus
[Blair, Hicks, 2012], puauxra Rhinichthys osculus nepechIxalonmx pydbeB OacceiiHa p.
I'mna, Hero-Mexkcuko [Whitney et al., 2017], manopotoro 6acca M. dolomieu p. [lxevimc,
Bupmxunus, CLLIA [Humston et al., 2017], a Taxxe o3epHOro ocerpa Acipenser fulvescens
u nonaroHoca Scaphirhynchu splatorynchus p. Muccucumu [Phelps et al., 2017]. Mcronb3o-
BaHHE MUKPOXMMHUH OTOJIMTOB AJISl U3yUCHHSI MUTPALIM HCKITIOUUTEIILHO MOPCKUX BHJIOB B
JUTEpaType MPECTABICHO KaK MJIEMEHT aHaJIu3a CTPYKTYPbI SKCILTYaTHPYEMBIX IPOMBICIIOM
cran (cM. Beime). K paboram, OCBAIIEHHBIM HCKITFOYUTEILHO MUTPAIHSIM MOPCKHX BHJIOB
PBIO, MOKHO OTHECTH OIMYOIMKOBAHHBIC PE3YJIBTAThI HACHTU(UKAIIMH CMEHBI MECT OOUTaHHS
sKesrroroniocoro xemyniona Haemulon flavolineatum aroina Tynedd, benus [Chittaro et al.,
2005], peiobi-tactouku Pomacentrus amboinensis bonbiioro bapseproro Puda [Sih et al.,
2016], caiiku Boreogadus saida n apkrndeckoro nmemonocta Gymnocanthus tricuspis Uy-
korckoro Mops [Gleason et al., 2016], a Takxke aHTapKTUUECKOM cepeOpsiHku Pleuragramma
antarcticum mops Yaunemna [Caccavo et al., 2019]. Bo Bcex ciydasx Uit peKOHCTPYKIHN
MUTpAIHii 0cO0eH HCTIONMB30BAJICS aHATU3 TUHAMUKI XUMHYECKOTO COCTaBa BJIOJb OCH Kallh-
UHUPOBAHHOM CTPYKTYPBI OT e¢ IIeHTpa K nepudeprn. Kak mpaBuiio, B KauecTBE MapKepPOB
HCIOJIb30BAIUCH BEIMUMHBI KOHIIEHTpauuu Ba, Str, Mg u Mn. B nByx ciyuasx npuMeHsIN
coornomenue ¥’Sr/%Sr [Muhlfeld et al., 2012; Brennan et al., 2015].

Hoenmugpurkayusa npoucxorcoenus ocodeil sBIsSETCS KIOUEBbIM AIEMEHTOM PEKOH-
CTPYKLUH XM3HEHHOTO IUKJIa PBIO, KOTOPBIH JIEKHUT B OCHOBE IETEPMHUHALINN €IMHHUII 3a11aca,
OIIEHKW MUTPALNi U BBISIBIICHUS] 3HAYUMBIX PaOHOB JIJIsl paHHETO Pa3BUTHUS U BOCIIPOU3-
BOJICTBA PbI0. OTHUMH H3 TIEPBBIX pabOT IO MPUMEHUMOCTH aHATIH3a XUMHYECKOTO COCTaBa
OTOJIMTOB JJIsl OLIEHKH MPOMCXOXKIeHHS prIO cTanu padotsl [larrepcona Il ¢ coaBropamu
[Patterson 111 et al., 1998] u Topposnbaa ¢ coaBropamu [ Thorrold et al., 1998]. B nepBoM cityuae
B KauecTBe 00bEKTa UCCIICI0BAHII UCTIONB30BAJICS KPACHBIH cHANIep Lutjanus campechanus,
00OUTAOMIHI B CEBEPHOIT YacTH MEKCHKaHCKOTO 3aJ1MBa, BO BTOPOM — aMEPHKAHCKHUH 19T
Alosa sapidissima pex Konnexrukyt, ['yn3on u Jlenasap, CILIA. B 00oux ciaydasx OTONHUTHI
pactBopsuuch B 10 %-noii HNO,, mmociie 4ero npoBoaunics aHaiu3 pacTBOpa METOIOM CIIEK-
TPOMETPUH C MHAYKTUBHO CBA3aHHOM M1a3MeHHo-atoMHo amuccneit (ICP-AES) [Patterson
[ et al., 1998] m1bo Macc-ceKTPOMETPUH C MHAYKTUBHO CBsi3aHHOM miia3moii [ Thorrold et
al., 1998]. Ha ocHOBaHMY BEJIMUMH KOHLIEHTPAIIUH XUMHUECKUX HJICMEHTOB UCCIIC0BATEIISIMU
Opl1a MpoBeAeHa Kiaccupukanys BEIOOPOK ¢ TouHOCTHI0 80-92 %.

Yame MeTO MPUMEHSIETCS s UACHTU(UKAIMN TTPOUCXOXKICHUS MTPECHOBOTHBIX
1100 aHAIPOMHBIX BHJIOB PBIO, pe’ke MOPCKUX M ACTyapHBIX BUAOB. [loMmumo psina ynomsi-
HyTbIX Bbiiie padot [Wells et al., 2003; Olley et al., 2011; Muhlfeld et al., 2012; Brennan,
Schindler, 2017; Whitney et al., 2017], nerepMuHALIS TPOUCXOKIECHHUS ObLJIa YCIIEIITHOM
JUTSL CTIeYIOLIMX [TPECHOBOIHBIX phIO: moaBu 0B ococs Knapka O. clarki lewisi [Muhlfeld
etal., 2005] u O. clarki clarki [Pearcy, Miller, 2018], natuBHbIX AJ1s1 Oacceitna p. KomymOus
(ceBepo-3aman CeBepHOU AMEpHKH); ceMrH S. salar aTmanTHdeckoro modepexns Kanambr
[Reader et al., 2015]; cynaka Sander vitreus Bogoxpanwiui p. Muccypu [Carlson et al.,
2016]; nmuneitHoro npoxuioayca P. lineatus n anagpomuoro coma G. barbus Gacceiina p.
Jla-TInara [Avigliano et al., 2016, 2017a, b]; xkanansHOTO coMa I. punctatus p. Muccypu
[Spurgeon et al., 2018], caxanuuckoro TaitmeHs Parahucho perryi o. Xokkaiino [Fukushima
et al., 2014]; 6enoro 6acca Morone chrysops 3 Bogoxpanwinina MaxKonaxu, HeOpacka,
CIIIA [Perrion et al., 2020]. [Ins knaccudukaimu BHIOOPOK MOPCKUX PHIO METOJ] YCIICIITHO
MPUMEHSIIICS JIJISl aHAM3a eBpoIeicKoro andoyca Engraulis encrasicolus ceBepo-3anaanon
gactu CpenusemHoro mops [Guidetti et al., 2013], HoBo3enmanackoit Mepiy3bl Merluccius
australis w3 Yumu u ¢ @onknenackux octporos [Brickle et al., 2016], Tpecku G. morhua
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Ceepnoro mopst [Wright et al., 2018b], cenbau C. harengus bantuiickoro mops [Moll et
al., 2019]. Cpenn scTyapHBIX BHIIOB HASHTH(DHUKAINS TPOUCXOKICHHISI METOAAMHA MHUKPO-
XMMHYECKOTO aHalln3a OTOJMTOB MPOBOAMIACKH [UIsl JIaBpaka eBponeiickoro Dicentrarchus
labrax n Tpex nemepcanbHbIX BUIOB Solea solea, S. senegalensis w Platichthys flesus no-
oepexns [lopryramuu [Vasconcelos et al., 2008]; moitBer Mallotus villosus sctyapus p. Cs.
JlaBpenTus [Lazartigues et al., 2016]. Taxxe MEKpOXUMHS OTOJTUTOB ObLlIa HCITONIb30BaHA B
JIOTIOJTHEHUE K TeHETHUECKOMY aHalu3y nmoronuxra Pogonichthys macrolepidotus sctyapus
Can-®paniucko [Feyrer et al., 2007]. Bo Becex ciayyasix aBTopaM yaajioch UACHTU(OULIHPO-
BaTh YHUKaJIbHBIE MapKePHI I MOJIOJIN, KOTOPYIO BEUIOBIIIM B palilOHaX HEpeCTa U PaHHETO
Haryna, JM00 yCTaHOBUThH MPOUCXOXKICHHE B3POCIBIX 0COOCH, aHATU3UPYS XUMUYECKHH
COCTaB MaJIbKOBOM (JIMYMHOYHOI) 30HBI UX OTOJUTA.

B oTnensHBIX cydasx onpeneseHne MpouCXoXKIeHHS ObIJI0 HEYAaYHBIM JIH00 TOYHOCTD
KJIaCCH(UKAIMK BHIOOPOK ObLTa HU3KOH. B 4aCTHOCTH IIpy aHaIM3e OTOJIMTOB HHBa3HBHOTO
kapma-kou C. carpio u3 p. Baiikaro, HoBast 3enanius, uccieioBaresisiMu ObUIN yCTaHOBIICHBI
MPOTSHKEHHBIE MUTPAIIMHU BHJIA B TIpeJiesiaX BOA0COOpa peKu, HO UieHTU(OUKAIHS paiOHOB-
VCTOYHUKOB TTOTIOTHEHUS TIOMYJISIIAN OKa3allaCh HEBOZMOYKHOMW, YTO OBLIO OOBSICHEHO HU3-
KM YPOBHEM Pa3JInunii B XUMH3ME BOJIbI MEXly 00CIIeI0BaHHBIMHU JIOKalibHOCTsIMH [ Blair,
Hicks, 2012]. llummepmaHoM ¢ coaBropamu [Zimmerman et al., 2013] ObuiM BBISBICHBI
pa3iuyus B TOYHOCTH KJIACCHU(HUKAIIMHA BHIOOPOK JIBYX BHJIOB MPOXOIHBIX THXOOKEAHCKIX
nococeit — kmxkyua O. kisutch n ketsl pek 3ai1. Hopron (Norton Sound), Ansicka. Ha ocno-
BE aHaJM3a AJIEMEHTHOTO COCTaBa OTOJIMTOB YUYEHBIM YAAJOCh KiacCU(UIIMPOBATh 0cO0eH
KIDKyda pa3HbIX pek ¢ TouHocThIo 80 %, TOT/Ia Kak y KeThl 3Ta BeIMYMHA cocTaBmiia 68 %,
YTO aBTOPHI CBSI3BIBAIOT C PA3HUIIEH B ITPOIOJHKUTEIHHOCTH IIPECHOBOIHOTO ITEPHO/IA KU3HH
BU0B. [IpoTHBOpEUnBBIC pe3yabTaThl Kiaccu(pUKauy ObUTH TOTyYeHBI TIPH aHaTH3€e BI0O-
pok ceroneTok cuyka Centropomus undecimalis m-oBa ®ropuja: TO4HOCTH KilacCHDUKAIN
ocobeif, coOpaHHBIX B pa3HOE BpPEeMsI B TIPECIIax OMHON dCTyapHOW CHCTEMBI, COCTaBIIsIIA
57 % B onHOM cityyae 1 98 % B APYroM, 4TO MPOIEMOHCTPHPOBAJIO TEMIIOPAJILHYIO Bapu-
a0eIbHOCTh OCEUIOCTH MOJIOIN BUJIa Cpear 00CIIeIOBaHHBIX pailoHOB Haryna [Ley, Rolls,
2018]. Huskuit ypoBeHb KiIaccupUKaUA OBLT OTMEUCH M MIPH aHAIN3E BBIOOPOK JTydaps
Pomatomus saltatrix, cobpanHbpIX B 12 3cTyapHBIX cucTeMax BoctouHoi ABctpanud [Schilling
et al., 2018], 4To B KOMIUIEKCE C aHAIM30M UCTOPHUUECKUX IAHHBIX 110 Pa3MEPHOMY COCTaBY
YJOBOB MOATBEP/IIIO TIPEANIOIOKEHHE O CYIIECTBEHHON IJIACTUMHOCTH MOJIOJH BUJIA B HC-
MOJTb30BAHHUN ACTYapHBIX U MPUOPEIKHBIX 30H HATryJIa.

OTMeTHM, YTO MPUMEHEHUE METOJIa ISl ONpeeIeHUs] pallOHOB BOCIIPOM3BOJCTBA U
PEKOHCTPYKIIMH MUTPALUI B XOJI€ )KU3HEHHOTO LUKJIa CUMITATPUYHO OOUTAIOIIUX OJIM3KO-
POICTBEHHBIX BH/IOB PHIO TIO3BOJISET YTOYHUTH MEXaHU3MBI X COCYIIIECTBOBAHUS U CHUKE-
HUSl KOHKYpeHIIUU. Tak, MHTepeCHbIe Pe3yNbTaThl TIOJTYUYCSHBI ITPH aHAN3e MPECHOBOIHBIX
(dhopM KyMxu U patykHou Gopenu Oncorhynchus mykiss, KOTOpble CUMIIATPUYHO OOUTAIOT
B OacceitHe oiHOrO U3 NMPUTOKOB p. Muccypu [Ciepiela, Walters, 2019]. ABTopam ynanoch
WUACHTU(UIIUPOBATh PalOHBI HEPECTa W PAHHETO Haryja MOJIOJH, a TaKKe COOTHOIIEHUE
YHCIIa MUTPUPYIOLINX M PE3UICHTHBIX 0CO0EH cpeir 00CIeI0BaHHBIX PBIO U pacpe/iesieHue
ocobeit B Xx0/ie OHTOTeHe3a 110 OacceliHy peKH, KOTOPBIE Y UCCIICIOBAHHBIX BUIOB pa3inya-
muck. Tak, 1t pagy)HON Qopenu XxapakTepHa 0ojee MHTEHCHBHAS MUTPAIUS MOJIOIH U3
paiioHOB HepecTa, TOra Kak S. frutta XapakTepru30BaIach OOJIbILEH 0CEIOCTHIO B Ipeeax
00CJIeI0OBaHHOM PEYHON CUCTEMBI,

B psize ciiyyaeB MeTo TO3BOJISIET IPOBOIUTH PEKOHCTPYKIIUH CPEJIbl OO TAHHSI CAMKH,
OT KOTOPO¥ MPOU30IIIIa aHAIM3UpYyeMasi 0CO0b, ITyTEM aHaIM3a XHMHYECKOTO COCTaBa sapa
(mpumopanyma) otonuta. OTOIUT 3aKIaAbIBACTCS B pAHHUN JTMUYUHOYHBINA MEPUOA KU3HU
PBIOBI, TOATOMY XUMHYECKHI COCTaB OTOJUTA JIO ITEPEeX0/a JINYMHKN Ha BHEITHEE IIUTAaHHE
4acTO COOTBETCTBYET TAKOBOMY caMKH, oTinoxwuinei ukpy [Volk et al., 2000; Zimmerman,
Reeves, 2002; Hegg et al., 2019]. OTo mo3BonsieT UAeHTH(GULIUPOBATH TPOUCXOKICHHE
MOJIOIW OT aHAJIPOMHBIX JTHOO KHUIIBIX POTUTEIICH TIPH UCTIONB30BAHUN OTHUX pPAailOHOB He-
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pecTta pazHbIMH OpPMaMH OTHOTO BUJI, YTO OBLIO MPOJEMOHCTPUPOBAHO, B YACTHOCTH, JUIS
kymxu [Gabrielsson et al., 2012; Rohtla et al., 2017].

Xomunz u cmpeunz NPOXOTHBIX BUJOB TAKXKE OBLIM HEOJHOKPATHO HCCIEIOBaHBI
METOJaMH MUKPOXUMHYECKOTO aHalli3a KaJbIIMHUPOBAHHBIX CTPYKTYp. OHOM U3 MepBhIX
paboT Mo aHaIM3y TOYHOCTH BO3BpaTa HATHBHBIX NMPOM3BOIUTEINCH B paifloHbI HepecTa ¢
MIpUMEHEHUEM MeTo/Ia sBisgeTcs padota bpandepu ¢ coaBropamu [Bradbury et al., 2008] mo
aMepUKaHCKo 3y0acToll kopromike Osmerus mordax voro-BoCTouHOU yactu 0. HerodayH -
nenn, Kanana. AHanm3 MUKPOXHMMHUHU OTOJIMTOB OJIHOBPEMEHHO C pe3ylbTaTaMH MEUCHHUS
MTOKa3aJ BRICOKYIO CTENIEHh XOMHHTA M COOTBETCTBEHHO YPOBEHb M30JISIIIMA MEXKTy 00cCIie-
JOBaHHBIMH TOMYJSIUUSAMU BUAa. KpoMe Toro, MeTos ycremHo NpuMeHsuICs Ul aHaIn3a
XOMHUHTa TaKUX MPEACTABUTENCH THXOOKEAHCKHX JIOCOCEH, KaK KMKyY M YaBblua, HEPECTs-
muxcst B Oacceiine p. @peiizep, Kanaga [Shrimpton et al., 2014], a Taxke dSHIEMUIHOTO
nococst Oncorhynchus masou rhodurus o3. busa, SImonust [Amano et al., 2018]. B mepBom
cirydae ObUT MOATBEPIK/ICH BHICOKUH YPOBEHb XOMHHTA JJISl TPOU3BOJMTENEH 000MX BHIOB,
coOpaHHBIX Ha HepeCcTUIIUINAX. Bo BTopoM citydae aBTopbI IPOIEMOHCTPHPOBAIH, HA00OPOT,
HU3KHA YPOBEHb XOMUHTA, Kor/ia 78 % MpoaHaIn3upOBaHHBIX TPON3BOINTENEH OBLITH HeHA-
TUBHBIMH JJI51 HEPECTOBOM PEKH, XOTSI CTPEUHT HE OBbIII CTOXaCTHYECKUM M OBbLIT XapaKTepeH
JUTSL PBIO, IPOUCXOAMBIIMX M3 COCENHUX PeK. TakiKe METOo MPUMEHSIICS JUIsl aHau3a TOY-
HOCTH XOMHUHTA H OIEHKH 00MeHa MeXTy TOMyJISIUIMHA eBpOTIeHcKoil ano3sl Alosa alosa
O®pannuu u [Topryramuu [Randon et al., 2018], a Taxke ceBepoaMepUKaHCKUX CENbACH A.
pseudoharengus u A. aestivalis pex Jlonr-Ainenna, Konnekrukyt, CILIA [Gahagan et al.,
2012]. Tak, pe3y/ibTaTsl aHATN3a OTOJIIUTOB A. alosa TPOIEMOHCTPUPOBAIH THHAMUKY 3HA-
YUMOCTH Pa3IUYHBIX PEK B MIONIOJTHEHNUHU BU/Ia HA METAIOMYIIAIINOHHOM YPOBHE; BO BTOPOM
Cllydae TOYHOCTH Kilaccu(uKauyy Obula HU3KOH, 4TO CBA3aHO C HU3KUM YPOBHEM pa3iniuuii
pBIO MCCIeOBaHHBIX JIOKAILHOCTEH MO UCIONB30BaHHBIM MapkepaM. JIpyrum mpumepom
WCITIOJIb30BAHMS METO/IA CTaJl aHAJIU3 JUHAMUKA BeaudyrH cootHouenuii ¥’Sr/*°Sr, Se : Ca u
Sr: Ca ot sigpa k nepudepuun 0ToINTA, HPOBEACHHBIN y coMa Brachyplatystoma rousseauxii
p- Amazonku. MccnenoBateny MOATBEPIMIN XOMUHT U MMPOTSYKEHHOCTh MUTPALIMid BUIA HA
paccrosiaue > 8000 KM, 9TO Ha CETOTHS SBJISIETCS PEKOPIHON BETHMYUHOMN 151 TPECHOBOAHBIX
pw16 [Duponchelle et al., 2016; Hauser et al., 2020].

Hoenmugukayus ocobdeit 3a600cK020 RPOUCX0IHCOCHUA B CMCIIAHHON BBIOOpKE
SIBJISICTCSI OTHOW M3 BaYKHBIX 3a/1a4 PIOHOTO XO3SHCTBA, /ISl pEIIeHHsI KOTOPOH Takke Tpu-
MEHSETCSI METOJ] MUKPOXUMHYECKOTO aHAIN3a KaJILIIMHIUPOBAHHBIX CTPYKTYp. OIMH U3 Hau-
Oosiee 3HAUMMBIX 00BEKTOB PHIOOBOICTBA — JIOCOCEBBIE, MOJIOIb KOTOPBIX BBITYCKAeTCs Ha
€CTECTBEHHBIH HAryJl, a TIPOU3BOIUTENN OCBAUBAIOTCS TPOMBICIOM. [1pr 3TOM BEDKUBAEMOCTh
MOJIOZIH, BBIITYCKaeMOH C pPhIOOBOAHBIX 3aBOJIOB, M aHAJIM3 BO3BpaTa MPOU3BOIUTENEH CTAHO-
BATCS KIIFOYEBBIMHU BOTIPOCAMHU OLIEHKH 3(h(DEKTUBHOCTH MEPOTIPUSTHI 110 HCKYCCTBEHHOMY
BOCTIPOM3BOJICTBY U WX BIMSHUSI HA €CTECTBEHHbIE cTana. s naeHTuHUKaun ocodei 3a-
BOJICKOTO TIPOUCXOXKJICHHS CPE/IN BBIOOPOK JIOCOCEBBIX, COOPAHHBIX B €CTECTBEHHOM Cpejie
o0WTaHMs, METO]] YCIIENTHO MPUMEHSIICS B CIEAYIOUINX CIy4asiX: MPH aHaJn3e BHIOOPOK
cemru S. salar Wotnanauu [Adey et al., 2009], ®pannuu [Perrier et al., 2011; Martin et al.,
2013] u Hopseruu [Flem et al., 2017, 2018; Uglem et al., 2020]; uccienoBanusx crajibHO-
rojoBoro Jiococst Oncorhynchus mykiss [Watson et al., 2018] u o3epHoit popemn Salvelinus
namaycush [Landsman et al., 2017] 03. Muuuran; ananusa ropOytum Oncorhynchus gorbuscha
0. Xokkaiio [ Tomida et al., 2014]; knaccudukanyy KeTbl ppIOOBOAHBIX X035 CTB BOCTOUHOTO
nobepexns KOxuoit Kopen [Sohn et al., 2005]. Takxke MeTO UCHOIB30BAJICS ISl OLICHKU
3¢ deKTUBHOCTH 3aphIOICHHS TTPECHBIX BooeMoB CeBepHOit 1 FOxHON AMepuKn cremyto-
IIMMH BHJIAMU PbIO: IITyKa-MacKUHOHT Esox masquinongy mraros WuHoiic u MunHecora,
CIIA [Rude et al., 2014]; nupapyky Arapaima spp. ueHTpanbHoli AMa3onku [Pereira et al.,
2019]; 6emsrit 6acc M. chrysops Bogoxpannnuima MakKonaxu, Hebpacka, CILIIA [Perrion
et al., 2020]; o3epublii oceTp A. fulvescens p. Henbcon, Manuto6a, CILIA [Loeppky et al.,
2020]. Cpean MOpCKUX PBIO METO UCTIONIBL30BAJICS IIPU ONPEACICHUN 0CO0eH NCKYCCTBEH-
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HOTO MPOUCXOXKCHHUS B TOMYJISIIIUIX MOPCKOro Oacca D. labrax u Mopckoro jema Sparus
aurata 3anagHoi yactu Cpemuzemaoro mops [Arechavala-Lopez et al., 2016], a Takke B
BBIOOpKaxX MOPCKUX Kapacell Acanthopagrus latus FOxuno-Kuraiickoro mopst [Wang et al.,
2018] u A. schlegelii npubpexubix Boj 0. TaliBanb [Chang et al., 2019]. B yka3zanHbIX pa-
00Tax MPUMEHSJICS aHAJIN3 COAEPIKAHUS PA3TUIHBIX HJIEMEHTOB B MAJIBKOBOH (JIMIMHOYHO )
30HE Pa3IMYHBIX KAIBIUHUPOBAHHBIX CTPYKTYP, KOTOPBIH TO3BOJIMI BBIJIEIUTH YHUKATbHEIE
XMMHUYECKHE MapKepsbl ISl PbI0 HCKYCCTBEHHOTO TIPOUCXOKCHHUS, UTO JIETVIO B OCHOBY MX
UICHTH(GUKAIIK B CMEIIAHHOW BBIOOPKE.

B HexoTOphIX citydasx s ueHTA(GUKAIHA 0COOeH MCKYCCTBEHHOTO MTPOUCXOXKIACHUS B
CMEIIaHHOH BBIOOPKE MPOBOJAMTCS XUMUUIECKOE MEUCHHUE ITOCAIOYHOTO MaTepHaa epes ero
BBIITYCKOM B €CTECTBEHHYIO cpely 0OMTaHus. i 3TOTro B YCIOBUSAX aKBaKyJIbTypPhlI UCTIOJb-
3yeTcsi IMMEPCHOHHBIN CIIOCO0: Ha OTPEIEIeHHBIN MEPHO] 0COOH TTOMEIIAIOTCS B BOAHYIO
Cpeny C CoIepKaHHeM CIEIU(PUISCKOTO0 XHMHYECKOTO MapKepa, HalmpuMep CTaOMILHOTO
nzoromna *'Ba win 36Sr, KOTOpBIe MPUMEHSINCH, B YACTHOCTH, TSI MCUCHUS SHIIEBBIX Kall-
CyJI KapakaTUIEBUIHOTO KajbMmapa S. lessoniana [Chiang et al., 2019] u Monoau 03epHOTro
ocerpa A. fulvescens [Loeppky et al., 2020]. [loMrnMo yIOMSHYTBIX CTaOMIIBHBIX U30TOIIOB
HCTIONB3YIOTCS H30TOMbI **Ba, *°Ba, 3Ba, ¥’Sr, ¥Sr u peikozemMernbHbIe METAIITBI — JTaHTaH
(La), camapwmii (Sm), aucniopsutii (Dy), eBpormii (Eu), MeueHne KOTOPBIME TaKKe IIPOBOUTCS
MMMEPCHOHHBIM ITyTeM JTH00 100aBKoi Mapkepa B ity [ Woodcock et al., 2013]. [l qamb-
HeWIen uIeHTU(PUKAIIMY MapKepa UCIONIb3YeTCs MUKPOXUMHYECKUHN aHAITU3 YEIITyH, OTOIUTOB
100 IPYrUX KaJbIIMHUPOBAHHBIX CTPYKTYP ¢ Ucnoib3oBanueM LA-ICP-MS merona. Anb-
TEPHATUBHBIM ITyTEM XHMHUYECKOTO MApKUPOBAHUSI SIBJISICTCS HCIIOJIb30BaHHUE TETPALMKIINHA,
anM3apuHa J00 KaabllenHa. DTH BelIeCcTBa (POPMUPYIOT COOTBETCTBEHHO JKENThIC, (PHOIETO-
BbIE JINOO 3€JICHbIE METKU Ha KAJIBLIMHUPOBAHHBIX CTPYKTYPax, KOTOPbIE HICHTUPHIUPYIOTCS
MeToaMu (DITF0OPECIICHTHON MUKpOCKouu. [1oapoOHbIH 0030p MO XMMUYECKUM METO/IaM
MapKHPOBaHUs PHIO IIpeacTaBieH B paboTe Bappen-Maepc ¢ coaBropamu [ Warren-Myers et
al., 2018]. HecmoTpst Ha psit OTpaHUYEHHI U PUCK CMEPTHOCTH MIPU MEUEHHH MOJIOJH, CIIO-
€00 XUMHYECKOTO MapKUPOBAHHS SIBISIETCS] OTHOCHTEILHO MPOCTHIM U JICIICBBIM BAPHAHTOM
MeUeHMsI, KOTOPBI MPUTOCH JIIsl JOJITOBPEMEHHOTO MOHUTOPHHTA PbIO, BBITYCKAaeMbIX U3
PBIOOBOTHBIX 3aBOJIOB B €CTECTBEHHYIO Ccpely oouTanus. OTMETHM, U4TO B HACTOSIIEE BPEeMs
Ha JlanpHem BocToke Hanbonee MIMPOKO UCTIONB3YETCsl MAPKUPOBAHUE OTOIMUTOB 3aBOJICKON
MOJIOAM JIOCOCEH CYXHM U TEPMUYECKUM MeTogaMu [Mskures u ap., 2019].

DKomoKcuKon0zuecKue uccie008anus U UOeHmupuKkayus UCMoOYHUKOS 3azpA3He-
HUs 600HOUL CPEObl MOTYT TAKKE POBOANUTHCS METOAAMHU MUKPOXMMUYECKOTO aHATN3a Kajlb-
IUHUPOBAHHBIX CTPYKTYP pbIO. Tak, ycTaHOBIEHA KOPPEIISIIIUS COIEPKAHUS Psijia TSKEIBIX
METaJJIOB B OTOJMTAaX 0COOEH aMEepPHKAHCKOTO yrpst A. rostrata, OTIOBIEHHBIX B palfOHAX
C BBICOKUM YPOBHEM 3arpsi3HEHUI W TOBBIIIEHHOW KOHIEHTPAIUEH MOJUTFOTAHTOB B BOJIE
[Arslan, Secor, 2005]. [To3aHee 3Ta cBsi3b ObLIA BBIIBUHYTA B KAY€CTBE Pa0OYCH IUIIOTE3bI
MIPH MCTIOJIb30BAaHUH METO/Ia MUKPOXHUMHH OTOJIMTOB KPacHOTO cHammepa L. campechanus
[Nowling et al., 2011] u pyuseBoit dopenu Salvelinus fontinalis [Keller et al., 2018] mus
UACHTU(UKALUK 3arpS3HEHUI BOJHON Cpelbl OT NEATEIbHOCTH HedTe- U ra30Z00bIvH.
Kpome Toro, Mmetos npuMeHsIcs 1715l OLIEHKH HAKOTUICHHS TIECTUIUIIOB Y Pa3IHYHBIX GOpM
KyMH, OOWTAOIICH B 30HE MHTCHCUBHOTO CEITLCKOTO X03sicTBa B BomocOope p. Kirora,
Hosgast 3enanmus [Scholes et al., 2016]; uneHTrdUKaIMK NCTIOIB30BAHUS 30H C HHTEHCUBHBIM
YPOBHEM 3arpsi3HEHHS [T Haryjla MOPCKUX BHJIOB, HAIpUMeEP MOPCKOTo Kapacs Acantho-
pagrus butcheri 3anagaoi ABctpanuu [Andronis et al., 2017] u aByx BumoB capr Diplodus
sargus sargus v D. vulgaris ceBepo-3amagHoro CpeamseMHOMOpbs [Bouchoucha et al., 2018];
a TaKoKe U aHaJIn3a TPOLEeCcCOB OMOaKKYMYISLUH MOJUTIOTAHTOB Y TPEHIAHACKONW TPECKU
Gadus ogac u eBpornieiickoro kepuaka Myoxocephalus scorpius B 30HE pa3pabOTKH MOJIE3HBIX
nckomnaembIx B I pennananu [Hansson et al., 2020].

Ananus OuHaMuKu KAUMamuyeckux yca08uil v NajeoKINMaTHIeCKUe PEKOHCTPYK-
MU CTaJIU JIPYTHMH HAIPABICHUSIMHU UCCIEIOBAHUMA, 1 KOTOPBIX HCIIOIB3YeTCs METO/I.
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Pabora, mocesiieHHas aHATU3y AMHAMHUKH KIIMMaTHYECKUX YCIOBHUH, ObLIa OMyOIMKOBaHA
MaxkMyinus ¢ coaBropamu [McMullin et al., 2017], koTopbie aHaTU3UPOBAIM OTOJIHUTHI
AHTAPKTHYECKUX PBIO: KPHOMEIArH4ecKoro MPEACTaBUTENSI HOTOTEHUEBHIX Pagothenia
borchgrevinki u nensHo#t peIOBI Trematomus bernacchii ¢ IPUIOHHBIM 00pa30M JKU3HHU.
ABTOpaMu ObLIN IPOAHAIN3UPOBAHBI MATEPHUAJIbl, COOPaHHBIE C UHTEPBAJIOM B 12 j1eT B 3aJ1.
MaxMypao (McMurdo Sound), mope Pocca, Artapkruka. s 000ux BUI0B ObLIa yCTaHOB-
JIeHa pa3HUIIa B COACPIKAHMH KITFOUEBbIX OMOAKTHBHBIX 1 KOHCEPBATHBHBIX JIEMEHTOB, YTO
CBSI32HO C Pa3IMUUEM B COCTOSIHUH JIGAOBOW 0OCTaHOBKH B TO/Ibl MccienoBanmid. [Ipumepom
MaJICOKITMMAaTHYECKOM PEKOHCTPYKIMHU CITy>KUT pabota bepryuuu ¢ coaBropamu [Bertucci et
al., 2018], re ObLIO MPOaHATU3UPOBAHO M30TOMHOE cooTHOMmIeHHe &'°0 u 6"°C mis usyde-
HUSI AMHAMMKH TEMIepaTypsl IpUOpexHbIX BoJ bpa3uinuu B no3gHeM rosonexe. ABropamu
OBLTH BOCCTAHOBJICHBI XPOHOJOTHIECKHE MO cenoBaTenbHoCTH (5,60—0,68 THIC. JIET 10 H.3.)
BEJINYHMH COJICHOCTH U TeMIIeparyphl, KOTOPbIC B Pa3HBIX pallOHaX MOOEPEKbsi MEHSJIHCH B
3aBHCHMOCTH OT JUHAMMKH allBeJNIMHTa. B KauecTBe Apyroro npumepa najieopekoHCTPYyK-
LU MOJKHO MTPUBECTH pabOTy ABUINIMAHO ¢ coaBTopamu [Avigliano et al., 2020], koTopbiMu
OBbUIM IPOBEICHBI HCCIICIOBAHMS IEMEHTHOIO COCTaBa OTONUTOB G. barbus, 0OHapyKEeHHbBIX
IIPU apXEO0JOrMYECKUX PACKOIKaX CTOSHOK OXOTHUKOB-COOMparesieil Ha HoOepeKbe ceBep-
Hoif [lararonnn, narupyemsix 1000-800 net mo H.3. ABTOpamu ObUTH PEKOHCTPYHPOBAHBI
MUTPALUHU PBIO, YCTAHOBJICHO IMPEAIoiaraeMoe MECTO UX MOUMKH M pa3MepHBI cOCTaB,
CBUJICTENLCTBYOLIMI 00 MCIOIb30BAaHUN HECETICKTUBHBIX OPYIMH [UIsl OTIIOBA PHIO.

Pexoncmpykuyusa ¢puzuonocuueckux npoyeccos, uoenmugukayua 603pacma u ana-
JIU3 pocma TakKe MOTYT IIPOBOJUTHCS METOAAMH MUKPOXHMHUYECKOTO aHAJIN3a KaJIbIUHH-
POBaHHBIX CTPYKTYp pblO. PH3n0I0rHYecKre NpoLecchl BIMAIOT HA XUMUUYECKUH COCTaB
KpPOBH U, COOTBETCTBEHHO, OTOJIMTOB. DKCIIEPUMEHTAIHLHBIMU padOTaMHU Ha €BPOMEHCKON
kambane Pleuronectes platessa Oblna Tpociie)keHa TeMIOopaibHas AMHAMHUKA KOHIEHTpa-
LMY 3JIEMEHTOB IJIa3Mbl KPOBHU B 3aBUCUMOCTH OT CTaJAMM OHTOT€HE3a U MOJIOBOM NMpUHA/I-
nesxxHocTH peio [Sturrock et al., 2014]. Pe3ynbrarsl poieMOHCTPUPOBAITU CYIIECTBEHHOE
BIHSIHAE (PU3HOIOTUYECKUX MPOIECCOB Ha KoHIeHTparuio Mn, Cu, Zn, Se, Pb, Sr u Ca.
[Tozmuee Xeccu ¢ coaBropamu [Hiissy et al., 2016], ncrmonb3ysi BO3aeHCTBHE CE30HHON
JTUHAMHKH (PU3HOJIOTHIECKUX MPOIIECCOB HA COMAEPKAHIE XUMHUYECKUX IEMEHTOB B €XKe-
TOHBIX IPUPOCTAX OTOIUTOB, HACHTH(QHIMPOBAIN BO3pacT Tpecku G. morhua BOCTOUHON
Bantuku. Pe3ynbrarel BU3yanbHO OLIEHKH BO3pacTa pbIO U3 3TOTO paiioHa 3a4acTyro ObUIH
HEKOPPEKTHBIMU BBUJY Cl1a0O0H BBIPAXKEHHOCTH €KETOIHBIX 30H MPUPOCTa HA OTOJMTAX,
YTO NPUBOANIIO K CMELICHHBIM OLIEHKaM BO3PACTHOIO cOCTaBa. MUKPOXMMHUYECKUHN aHAIIN3
MIO3BOJIWJI BBISIBUTH UAEHTUYHOCTh CE30HHON AMHAMMKM BKJIIOUEHMS MEU, IIMHKA U pPyOu-
JIUSl B COCTaB OTOJIMTOB ISt PhIO M3 Bcex paiioHoB banTuiickoro m CeBepHOTO MOpEH, 4To
MO3BOJIMJIO YBEJIMYHUTH TOYHOCTh UICHTH(OUKAIIMK BO3PACTA JUISI OTACIBHBIX TPYIITHPOBOK
Buaa. B kauecTBe mpuMepa aHanuza MpoleccoB pocTa MOXKHO NpuBecTH padoty Paiiana ¢
coasropami [Ryan et al., 2019], rae npoananu3upoBaHa JuHAMUKa cooTHOIIeHUs Ba : Ca ot
LEHTpa K nepudepun Yemryu npoxoaHon Kymxu Upnanaun. ABTopaMu n3ydaiuch ocodu ¢
M3BECTHBIM MOPCKHUM IIPUPOCTOM, KOTOPBIH OBIT olleHeH Ha ocHOBe PIT-meueHus. OneHku
WHAMBHTyaJIbHOTO TIPUPOCTA, OCHOBAHHBIE HA PE3yJabTaTaX MUKPOXMMHYECKOTO aHAJN3a,
XapakTepu30BaIuCh npsMoil koppemsuei (R?= 0,97) ¢ dhakTuyeckum IpHUPOCTOM, ycTa-
HOBJICHHBIM TI0 Pe3yJIbTaTaM MEUYEHMUS.

3akjoueHue

MHUKpPOXUMHUUYECKHH aHATIN3 KaJIbLIMHUPOBAHHBIX CTPYKTYP PBIO CIIy>KUT COBPEMEHHBIM
AQHAJMTUYECKUM HHCTPYMEHTOM, I103BOJISIFOILIUM IIPOBOIUTH OHTOTCHETHUECKHUE PEKOHCTPYK-
UM YCJIOBHI OOWTAHMUS U OLICHUBAThH NIPOUCXOXKIeHHE PbI0. OCHOBA METOIa — TOYEYHBIC
W3MEpEeHHs KOHLIEHTPAIIMU XMMUYECKHX 3JIEMEHTOB U MX M30TOIIOB OT IIEHTpa K nepudepun
(1n0o0 B ompeneNieHHOM y4YacTKe) aHAIM3UPYyeMOro o0pasia, B KaueCTBE KOTOPOTO MOTYT
MCIIOJIb30BATHCS OTOJIMTHI, YEIllysl U KOCTHBIE 3JIeMEeHTHI prI0. Kpome Toro, Metoa ycnemHo
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TIPUMEHSJICS /71 aHAJIM3a CTATOJIMTOB MHUHOT, a TaKXKe KJIIOBA M CTATOJIUTOB TOJOBOHOTHX.
Kak mpaBuiio, U1 aHaJIn3a UCMOJIb3YETCsI MACC-CIIEKTPOMETPHSI C UHAYKTHBHO CBS3aHHON
T1a3mMon u na3epHoit admsueit (LA-ICP-MS).

[Tpu aHanmM3e KaabUIUHUPOBAHHBIX CTPYKTYP 0COOEH €CTeCTBEHHOTO IPOUCXOXKICHHS B
Ka4eCTBE MapKepa 9acTo UCTIOIB3YIOTCS TaKHUe JIEMEHTHI, Kak Ba, St, Zn, Mg u Mn, KOHIICH-
TpaLysi KOTOPBIX BBIPaKEHA OTHOCUTEIILHO CONlep KaHMsI KajlbLiusl. Takke B KauecTBe O1oreo-
XUMHYECKOT0 MapKepa MPUMEHSIOT COOTHOILICHUE U30TOIOB CTPOHLUS ¥ St/%Sr, cTaOMITbHBIX
n3otomnoBs azora 8'°N, yreposa 6°C u kucnopona 6'°%0. JIist uaeHTHPHUKAIIHT 0CO0ei HCKYC-
CTBEHHOTO IIPOUCXOXKACHHS B CMELIAHHOH BHIOOPKE YaCTO IPOBOAUTCSI XUMHUUECKOE MEUCHHE
M0CaZ0YHOro MaTepHraja nepes ero BhIIyCKOM B €CTECTBEHHYIO Cpelly OOUTaHus, AJIsl STOTO
HCITOJB3YIOTCSI CTabMIbHBIE M30TOMTEI *7Ba, 1**Ba, ¥ Ba, *‘Ba, ¥'Sr, *Sr, 3Sr, psa peaxosemens-
HBIX METAJJIOB, TETPALIUKIINH, alIU3apuH 100 KasiplienH. KoMOMHNpPOBaHHOE HCIIOIB30BaHHUE
Pa3IMYHBIX XMMHUUYECKHUX MapKEPOB, a TAKKE COYETAHNE METOI0B MUKPOXUMUYECKOTO aHATM3a
C pe3yabTaraMH TeHETHYECKUX, MOPPOIOTHUECKUX U TMapa3UTOIOTHUECKUX MCCIeTOBAHUN
CIOCOOHO CYIIECTBEHHO MOBBICUTH TOYHOCTH KiIacCH(PUKAMK JaHHbIX. CTaTHCcTHYeCKas
00paboTKa, Kak IPaBUJIO, TPOBOANUTCS METOAAMHU TUCKPUMHUHAHTHOIO aHAJIH3A.

[lepBbie pabOTHI 1O UCTIONB30BAHUIO METOMA OBUIM OMYOIMKOBaHBI B KOHLE 80-X —
Hayasne 90-x rT. mpouioro Bexa. Ha ceronusmamii 1eHs O0bIIast 4acTh OMyOIMKOBaHHBIX
CTareil MOCBsIIEHA BOIPOCaM ACTEPMHUHALIMH OTAEIbHBIX CTal IPOMBICIOBBIX BUJOB PbIO,
MUTPALSIM U IPOUCXOKACHUIO 0co0eil. B O0NMbIIMHCTBE ClIydaeB METO MO3BOJINII YCIICIITHO
MPOBOANUTH OHTOTEHETHYECKHE PEKOHCTPYKIIMH CMEHBI Cpelibl 0OUTaHUsI 0COOCH, HACHTH-
(GUIHUpoBaTh UX MPOUCXOXKICHUE JTUOO MPOBOJUTH KIACCU(PUKAINIO OTACITBHBIX TPYI B
CcMelIaHHOM BeIOOpKe. Takxke METO MPUMEHSUICS JUIsSl U3YUYEHUSI XOMUHIa U CTPEHHIa IIPO-
XOJHBIX PBIO, aHAIM3a MEXaHU3MOB CUMIATPUYHOTO COCYILECTBOBAHMUS OIM3KOPOACTBEH-
HBIX BUJIOB, HICHTU(QHUKALIMN 0COOEH 3aBOICKOTO MPOUCXOXKACHUS B CMEIIAHHOM BBIOOPKE,
9KOTOKCHKOJIOTHUECKUX UCCIIEI0BaHNH, NCCIIEI0BAHUH JMHAMMUKH KIIMMAaTUIECKUX YCIIOBUN
Y MJICOKJIMMAaTHYECKUX PEKOHCTPYKLMH, MIeHTU()HKALUKI BO3pacTa, aHaIn3a pocTa U (PU3H0-
JIOTHYECKHUX MPOLECCOB. B OTAEIBHBIX cIydasx KiIacCu(UKANNIO aHATHU3UPYEMbIX TaHHBIX
MIPOBOANTH HE YAABAIOCH, UTO OBLIO CBSI3aHO C HU3KOH JIETEPMUHUPYIONIEH CTIOCOOHOCTHIO
MCIOJIb30BAHHBIX MapKepOB, 0COOCHHOCTSIMU MHUIpaluii 00CIeI0OBaHHBIX I'PYNIHUPOBOK
pBI0 MO0 MackupyrommM 3pdekToM apyrux GpakropoB, B YACTHOCTH (HUIUOIOTHUCCKUX.
B 1esomM MOXXHO 3aKITIOUNTH, YTO METO/I MUKPOXMMHUYECKOTO aHaN3a KaJbIIMHUPOBAHHBIX
CTPYKTYP CIy>KUT 3G PEKTUBHBIM aHAIUTHUECKUM HHCTPYMEHTOM [UIsl PEILEHUs Pa3HOIIIa-
HOBBIX (PyHIaMEHTAIbHBIX U NPUKIAJHBIX HAYYHBIX 3a/a4.

MoskHO TIoJIaraTh, 4To B paMKax peaiu3annu [IporpaMMbl KOMITJIEKCHBIX PHIOOXO03s1H-
CTBEHHBIX UCCIICIOBAHUH BOMHBIX OMOJIOTHICCKHUX PeCypcoB b6acceiina p. Amyp (2020-2024
IT.) AAHHBII METO/ MOXET OBbITh HCIOJIB30BAH B CIIEAYIOIINX NCCIIEIOBAHMSIX : NCCIEIOBaHUS
BHYTPHBHIO0BOH AudhepeHIHalum, a TAK)Ke aHaJI|3 XOMHUHTa KeTbl U TOpOyIIr, BOCIIPOU3-
BOJISIIIIUXCS B PA3JIMYHBIX NIPUTOKaX p. AMYp; OIleHKa KOA(GUIIMEHTOB BO3BpaTa OCEHHEH
KeTbl HCKYCCTBEHHOI'O BOCIIPOM3BOJCTBA; aHAIN3 3()(HEKTUBHOCTH MEP IO UCKYCCTBEHHO-
MY BOCIPOHM3BOACTBY SHAEMUYHBIX OCETPOBBIX AMypa — aMypcKoro ocerpa Acipenser
schrenckii v kanyru A. dauricus — myTeM XUMHYECKOTO MapKHPOBAHUS PIOOBOIHON MOJIOAM
U UAECHTU(UKALMS MapKUPOBAHHBIX 0COOEH B CMEIIAHHOH BBIOOPKE; OHTOTCHETHUECKUE
PEKOHCTPYKLMH CMEHBI MECT OOUTAHUS C Pa3INYHON COJICHOCTBIO JUIsl aMypPCKOTO 0CeTpa U
KJIyTH; AeTepMUHALUS JOKAJIBHBIX CTaJ, PailOHOB Haryjla U aHAJIU3 MUTPALUNA a3UaTCKON
Osmerus dentex 1 0OBIKHOBEHHOW MajOpOTO Koproiiku Hypomesus olidus. B Hacrosiiee
BpeMs MeToz anpoOupyercst A quddepeHanny KeTbl HCKyCCTBEHHOT'O IPOUCXOXKICHUS
B CMEILIAHHOM BBIOOPKE (B IOMOJHEHUE K TEPMUUECKOMY OTOIUTHOMY MapKHUpPOBaHHUIO, IPO-
BoguMomMy XabapoBckHUPO coemecTHO ¢ AMypcknm punuanom OI'BY «nmaBpeioBom»).
ITpumeHeHne KOMOMHUPOBAHHBIX METOJOB ITO3BOJIUT YBEIMUUTH TOYHOCTD KJIaCCHU(DUKALINN
ocobeil B cMeIaHHoi BEIOOPKE, a MOyYeHHbIC HAPAOOTKH OyAyT UCIOJIb30BAaHBI AJISl OCHKU
BHYTPUBUJIOBOU TU(PPEPEHIMALINY JIOCOCEH B OacceiiHe p. AMYp U B APYTHX HAIPABJICHUSIX.

704



HpumeHeHue AHAIU3A MUKPOITEMEHMHO2c0 cocmaea KATbYUHUPOBAHHbIX CIMPYKMYpD pblé...

duHAHCHPOBaHUE PAGOTHI

Pesynbrare! HacTosmel pabOThI OB MOTYYEHBI IPU YaCTUYHOM MOJAEPKKE IPaHTa
Ne 2019-0858 MunmcTepcTBa Beiciiero o0pa3oBanus U Hayku Poccuiickoit Denepanun.

Co0mnroneHne 3THYECKUX CTAHAAPTOB

Hacrostmuii murepaTtypHBId 0030p HE COAEPKUT COOCTBEHHBIX IKCIIEPUMEHTAIBHBIX
JTAHHBIX, TTOJYYEHHBIX C UCTIOIH30BaHNEM JKMBOTHBIX MIIM C yyacTHeM Jrofeil. bubnuorpa-
(uueckne CChUIKH Ha MCIIONB30BaHHBIE B 0030pe JaHHbBIC APYTHX aBTOPOB OPOPMIICHBI B
cootBeTcTBUU ¢ ['OCTom.

Crnucok JuTepaTyphl

Adanacses F0.1., FOpuna H.A., KotoBckuii E.®. ['ucronorus : MoHOTp. — 5-€ U311, Iepe-
pa0. u nor. — M. : Menununa, 2002. — 744 c.

Ba6asin B.K. [IpenocTopoxHBIH TOX0/ K OIICHKE 0011ero qomyctiumoro yinosa (OY). Ananus
U PEKOMEHJIAlMK o NpuMeHeHuto : MmoHorp. — M. : BHHUPO, 2000. — 192 c.

Busepron P., Xoar C. [lnHaMuKka 9UCIEHHOCTH IPOMBICIOBBIX PhIO : MOHOTpP. — M. : ITwmr.
poOM-CTh, 1969. — 248 c.

JementbeBa T.®. bronornyeckoe 060CHOBaHNE MPOMBICIIOBBIX TIPOTHO30B : MOHOTP. — M. :
My, mpom-cth, 1976. — 240 c.

MsxkumeB M.C., UBanoBa M.A., 3eiqennukoB O.B. K Bonpocy 0 MeueHUH MOJIOU TUXO0O-
KEaHCKUX Jococel 1 3(PEKTUBHOCTH pabOTHI prIOOBOAHBIX 3aB0OB // buon. mops. — 2019. — T.
45, Ne 5. — C. 342-348. DOI: 10.1134/S0134347519050085.

Masaos 1.C., Ky3umun K.B., I'py3neBa M.A. u ap. PaznooOpasue Kn3HEHHOH CTpaTeriu
ManbMbl Salvelinus malma (Walbaum) (Salmonidae, Salmoniformes) Kamuarku: oHTOreHeTHUSCKHE
PEKOHCTPYKLHUH 110 JAHHBIM PEHTTEHO(IYOPECIIEHTHOIO aHalln3a MUKPOAJIEMEHTHOTO COCTaBa pe-
ructpupytomux crpykryp // Jokin. PAH. — 2013. — T. 450, Ne 2. — C. 240-244. DOI: 10.7868/
S0869565213150267.

Masaos 1.C., CamoiisioB K.1O., Ky3umun K.B. u ap. PazHo0Opa3ne KU3HEHHBIX CTpaTEeTH
cynaka Sander lucioperca (L.) Huwkneit Bonrn (o gaHHBIM aHaidH3a MHKPOJIEMEHTHOTO COCTaBa
oronutoB) // buon. BHyTp. Box. — 2016. — Ne 4. — C. 45-53. DOI: 10.7868/S0320965216040112.

Puxep YE. Metozibl OLICHKH M UHTEpIIPETaLsi OMOJIOTMYECKHUX MOKa3areiel MOMmyIsiuii poio :
MoHorp. — M. : ITum. mpom-ctb, 1979. — 408 c. ([lep. ¢ anDL.)

Adelir-Alves J., Daros F.A.L.M., Spach H.L. et al. Otoliths as a tool to study reef fish
population structure from coastal islands of south Brazil / Mar. Biol. Res. — 2018. — Vol. 14, Ne
9-10. — P. 973-988. DOI: 10.1080/17451000.2019.1572194.

Adey E.A., Black K.D., Sawyer T. et al. Scale microchemistry as a tool to investigate the
origin of wild and farmed Sal/mo salar // Mar. Ecol. Prog. Ser. — 2009. — Vol. 390. — P. 225-235.
DOI: 10.3354/meps08161.

Allen P.J., Hobbs J.A., Cech J.J. et al. Using trace elements in pectoral fin rays to assess life history
movements in sturgeon: Estimating age at initial seawater entry in Klamath River green sturgeon // Transact.
Amer. Fish. Soc. — 2009. — Vol. 138, Iss. 2. — P. 240-250. DOI: 10.1577/T08-061.1.

Alo D., Correa C., Samaniego H. et al. Otolith microchemistry and diadromy in Patagonian
river fishes // Peer J. — 2019. — Vol. 7. DOI: 10.7717/peerj.6149.

Amano Y., Kuwahara M., Takahashi T. et al. Low-fidelity homing behaviour of Biwa salmon
Oncorhynchus sp. landlocked in Lake Biwa as inferred from otolith elemental and Sr isotopic compo-
sitions // Fish. Sci. — 2018. — Vol. 84. — P. 799-813. DOI: 10.1007/s12562-018-1220-7.

Andronis C., Evans N.J., McDonald B.J. et al. Otolith microchemistry: Insights into bioavailable
pollutants in a man-made, urban inlet // Mar. Pollut. Bull. —2017. — Vol. 118, Iss. 1-2. — P. 382-387.
DOI: 10.1016/j.marpolbul.2017.02.037.

Arai T., Chino N. Opportunistic migration and habitat use of the giant mottled eel Anguilla mar-
morata (Teleostei: Elopomorpha) // Sci. Rep. —2018. — Vol. 8. DOI: 10.1038/s41598-018-24011-z.

Arai T., Hirata T., Takagi Y. Application of laser ablation ICPMS to trace the environmental
history of chum salmon Oncorhynchus keta // Mar. Environ. Res.—2007. — Vol. 63, Iss. 1.—P. 55-66.
DOI: 10.1016/j.marenvres.2006.06.003.

Arai T., Levin A.V., Boltunov A.N., Miyazaki N. Migratory history of the Russian sturgeon
Acipenser guldenstadti in the Caspian Sea, as revealed by pectoral fin spine Sr:Ca ratios // Mar.
Biol. —2002. — Vol. 141, Iss. 2. — P. 315-319. DOI: 10.1007/500227-002-0820-y.

705



Muxees I1.F., Illeuna T A.

Araya M., Niklitschek E.J., Secor D.H., Piccoli P.M. Partial migration in introduced wild
chinook salmon (Oncorhynchus tshawytscha) of southern Chile // Estuarine, Coastal and Shelf Sci-
ence. — 2014. — Vol. 149. — P. 87-95. DOI: 10.1016/j.ecss.2014.07.011.

Arechavala-Lopez P., Milosevic-Gonzalez M., Sanchez-Jerez P. Using trace elements in
otoliths to discriminate between wild and farmed European sea bass (Dicentrarchus labrax L.) and
Gilthead sea bream (Sparus aurata L.) // Intern. Aquat. Res. — 2016. — Vol. 8. — P. 263-273. DOI:
10.1007/s40071-016-0142-1.

Arkhipkin A.I., Campana S.E., FitzGerald J., Thorrold S.R. Spatial and temporal variation
in elemental signatures of statoliths from the Patagonian longfin squid (Loligo gahi) // Can. J. Fish.
Aquat. Sci. — 2004. — Vol. 61. — P. 1212-1224. DOI: 10.1139/F04-075.

Arslan Z., Secor D.H. Analysis of trace transition elements and heavy metals in fish otoliths
as tracers of habitat use by American eels in the Hudson River estuary // Estuaries and Coasts. —
2005. — Vol. 28, Ne 3. — P. 382-393. DOI: 10.1007/b£02693921.

Artetxe-Arrate 1., Fraile 1., Crook D.A. et al. Otolith microchemistry: a useful tool for inves-
tigating stock structure of yellowfin tuna (Thunnus albacares) in the Indian Ocean // Mar. Freshwater
Res. —2019. — Vol. 70, Iss. 12. — P. 1708-1721. DOI: 10.1071/MF19067.

Avigliano E., Carvalho B., Velasco G. et al. Nursery areas and connectivity of the adults anad-
romous catfish (Genidens barbus) revealed by otolith-core microchemistry in the south-western Atlantic
Ocean // Mar. Freshwater Res. — 2016. — Vol. 68, Iss. 5. — P. 931-940. DOI: 10.1071/MF16058.

Avigliano E., Domanico A., Sanchez S., Volpedo A.V. Otolith elemental fingerprint and scale
and otolith morphometry in Prochilodus lineatus provide identification of natal nurseries // Fish.
Res. —2017a. — Vol. 186. — P. 1-10. DOI: 10.1016/].fishres.2016.07.026.

Avigliano E., Maichak de Carvalho B., Leisen M. et al. Otolith edge fingerprints as approach
for stock identification of Genidens barbus // Estuarine, Coastal and Shelf Science. — 2017b. — Vol.
197. — P. 92-96. DOI: 10.1016/j.ecss.2017.06.008.

Avigliano E., Maichak de Carvalho B., Miller N. et al. Fin spine chemistry as a non-lethal
alternative to otoliths for stock discrimination in an endangered catfish species // Mar. Ecol. Prog.
Ser. — 2019. — Vol. 614. — P. 147-157. DOI: 10.3354/meps12895.

Avigliano E., Martinez G., Stoessel L. et al. Otoliths as indicators for fish behaviour and
procurement strategies of hunter-gatherers in North Patagonia // Heliyon. — 2020. — Vol. 6, Iss. 3.
DOI: 10.1016/j.heliyon.2020.e03438.

Avigliano E., Pisonero J., Domanico A. et al. Spatial segregation and connectivity in young and
adult stages of Megaleporinus obtusidens inferred from otolith elemental signatures: Implications for
management // Fish. Res. — 2018a. — Vol. 204. — P. 239-244. DOI: 10.1016/j.fishres.2018.03.007.

Avigliano E., Pisonero J., Sdnchez S. et al. Estimating contributions from nursery areas to fish
stocks in freshwater systems using otolith fingerprints: The case of the streaked prochilod in the La
Plata Basin (South America) // River Res. Applic. — 2018b. — Vol. 34, Iss. 7. — P. 863—-872. DOI:
10.1002/rra.3304.

Avigliano E., Velasco G., Volpedo A.V. Use of lapillus otolith microchemistry as an indicator
of the habitat of Genidens barbus from different estuarine environments in the southwestern Atlantic
Ocean // Environ. Biol. Fish. —2015. — Vol. 98. —P. 1623-1632. DOI: 10.1007/s10641-015-0387-3.

Barton D.P., Taillebois L., Taylor J. et al. Stock structure of Lethrinus laticaudis (Lethrinidae)
across northern Australia determined using genetics, otolith microchemistry and parasite assemblage
composition // Mar. Freshwater Res. —2018.— Vol. 69, Iss. 4. —P. 487-501. DOI: 10.1071/MF17087.

Beck A.J., Charette M.A., Cochran J.K. et al. Dissolved strontium in the subterranean
estuary — Implications for the marine strontium isotope budget // Geochimica et Cosmochimica
Acta. — 2013. — Vol. 117. — P. 33-52. DOI: 10.1016/j.gca.2013.03.021.

Benjamin J.R., Wetzel L.A., Martens K.D. et al. Spatio-temporal variability in movement,
age, and growth of mountain whitefish (Prosopium williamsoni) in a river network based upon PIT
tagging and otolith chemistry // Can. J. Fish. Aquat. Sci. — 2014. — Vol. 71, Ne 1. — P. 131-140.
DOI: 10.1139/cjfas-2013-0279.

Bertucci T., Aguilera O., Vasconcelos C. et al. Late Holocene palacotemperatures and pa-
lacoenvironments in the Southeastern Brazilian coast inferred from otolith geochemistry // Palaeo-
geography, Palaeoclimatology, Palaeoecology. — 2018. — Vol. 503. — P. 40-50. DOI: 10.1016/j.
palaeo.2018.04.030.

Bijvelds M.J., Flik G., Kolar Z.1., Bonga S.E.W. Uptake, distribution and excretion of
magnesium in Oreochromis mossambicus: dependence on magnesium in diet and water // Fish Physiol.
Biochem. — 1996. — Vol. 15, Iss. 4. — P. 287-298. DOI: 10.1007/BF02112355.

706




HpumeHeHue AHAIU3A MUKPOITEMEHMHO2c0 cocmaea KATbYUHUPOBAHHbIX CIMPYKMYpD pblé...

Bilton H.T. Factors influencing the formation of scale characters // North Pacific Fish Comm.
Bull. — 1975. — Vol. 32. — P. 102-108.

Biolé F.G., Thompson G.A., Vargas C.V. et al. Fish stocks of Urophycis brasiliensis revealed
by otolith fingerprint and shape in the Southwestern Atlantic Ocean // Estuarine, Coastal and Shelf
Science. — 2019. — Vol. 229. DOI: 10.1016/j.ecss.2019.106406.

Blair J.M., Hicks B.J. Otolith microchemistry of koi carp in the Waikato region, New Zealand:
a tool for identifying recruitment locations? // Inland Waters. — 2012. — Vol. 2, Iss. 3. — P. 109-118.
DOI: 10.5268/TW-2.3.480.

Bouchoucha M., Pecheyran C., Gonzalez J.L. et al. Otolith fingerprints as natural tags to
identify juvenile fish life in ports // Estuarine, Coastal and Shelf Science. — 2018. — Vol. 212. —
P. 210-218. DOI: 10.1016/j.ecss.2018.07.008.

Bradbury L.R., Campana S.E., Bentzen P. Otolith elemental composition and adult tagging
reveal spawning site fidelity and estuarine dependency in rainbow smelt // Mar. Ecol. Prog. Ser. —
2008. — Vol. 368. — P. 255-268. DOI: 10.3354/meps07583.

Brennan S.R., Schindler D.E. Linking otolith microchemistry and dendritic isoscapes to map
heterogeneous production of fish across river basins // Ecol. Appl. — 2017. — Vol. 27, Iss. 2. — P.
363-377. DOI: 10.1002/eap.1474.

Brennan S.R., Zimmerman C.E., Fernandez D.P. et al. Strontium isotopes delineate fine-
scale natal origins and migration histories of Pacific salmon // Sci. Advances. — 2015. — Vol. 1, Ne
4. DOL: 10.1126/sciadv.1400124.

Brickle P., Schuchert P.C., Arkhipkin A.L et al. Otolith Trace Elemental Analyses of South
American Austral Hake, Merluccius australis (Hutton, 1872) Indicates Complex Salinity Structuring
on their Spawning/Larval Grounds // PLoS One. — 2016. — Vol. 11, Iss. 1: e0145479. DOI: 10.1371/
journal.pone.0145479.

Brusher J.H., Schull J. Non-lethal age determination for juvenile goliath grouper Epinephelus
itajara from southwest Florida // Endang. Spec. Res. —2009. — Vol. 7.— P. 205-212. DOI: 10.3354/
esr00126.

Caccavo J.A., Ashford J.R., Ryan S. et al. Spatial structuring and life history connectivity of
Antarctic silverfish along the southern continental shelf of the Weddell Sea // Mar. Ecol. Prog. Ser. —
2019. — Vol. 624. — P. 195-212. DOI: 10.3354/meps13017.

Campana S.E. Chemistry and composition of fish otoliths: pathways, mechanisms
and applications // Mar. Ecol. Prog. Ser. — 1999. — Vol. 188. — P. 263-297. DOI: 10.3354/
meps188263.

Campana S.E. Otolith elemental composition as a natural marker of fish stocks // Stock
identification methods applications in fishery science / ed. by S.X. Cadrin, K.D. Friedland, J.R.
Waldman. — Elsevier, 2005. — Ch. 12. — P. 227-245. DOI: 10.1016/B978-012154351-8/50013-7.

Campana S.E., Chouinard G.A., Hanson J.M. et al. Otolith elemental fingerprints as bio-
logical tracers of fish stocks // Fish. Res. — 2000. — Vol. 46, Iss. 1-3. — P. 343-357. DOI: 10.1016/
S0165-7836(00)00158-2.

Campana S.E., Fowler A.J., Jones C.M. Otolith elemental fingerprinting for stock identification
of Atlantic cod (Gadus morhua) using laser ablation ICPMS // Can. J. Fish. Aquat. Sci. — 1994. —
Vol. 51. — P. 1942-1950. DOI: 10.1139/194-196.

Campana S.E., Neilson J.D. Daily growth increments in otoliths of starry flounder (Platichthys
stellatus) and the influence of some environmental variables in their production // Can. J. Fish. Aquat.
Sci. — 1982. — Vol. 39, Ne 7. — P. 937-942. DOI: 10.1139/£82-127.

Carlson A.K., Fincel M.J., Graeb B.D.S. Otolith microchemistry reveals natal origins of
walleyes in Missouri River reservoirs // North Amer. J. Fish. Manag. — 2016. — Vol. 36, Iss. 2. —
P. 341-350. DOI: 10.1080/02755947.2015.1135214.

Carlson A.K., Phelps Q.E., Graeb B.D.S. Chemistry to conservation: Using otoliths to ad-
vance recreational and commercial fisheries management // J. Fish Biol. — 2017. — Vol. 90, Iss.
2.—P. 505-527. DOI: 10.1111/jfb.13155.

Carragher J.F., Sumpter J.P. The mobilization of calcium from calcified tissues of rainbow
trout (Oncorhynchus mykiss) induced to synthesize vitellogenin // Comp. Biochem. Physiol. —
1991. — Vol. 99, Iss. 1-2. — P. 169-172. DOI: 10.1016/0300-9629(91)90253-9.

Chang M., Tzeng W., You C. Using otolith trace elements as biological tracer for tracking
larval dispersal of black porgy, Acanthopagrus schlegeli and yellowfin seabream, A. latus among
estuaries of western Taiwan // Environ. Biol. Fish. —2012. — Vol. 95. — P. 491-502. DOI: 10.1007/
s10641-012-0081-7.

707



Muxees I1.F., Illeuna T A.

Chang W., Shih C., Lin H. et al. Discrimination of wild and hatchery-reared black porgy Ac-
anthopagrus schlegelii using otolith elements analysis of magnesium and manganese // Open J. Mar.
Sci. — 2019. — Vol. 9, Ne 1. — P. 18-32. DOI: 10.4236/0jms.2019.91002.

Chiang C.-1., Chung M.-T., Shih T.-W. et al. Evaluation of the '*"Ba mass-marking technique
and potential effects in the early life history stages of Sepioteuthis lessoniana // Mar. Freshwater
Res. —2019. — Vol. 70. — P. 1698-1707. DOI: 10.1071/MF18325.

Ching T.-Y., Chen C.-S., Wang C.-H. Spatiotemporal variations in life-history traits and statolith
trace elements of Sepioteuthis lessoniana populations around northern Taiwan // J. Mar. Biol. Assoc.
UK. —2017. — Vol. 99, Iss. 1. — P. 1-11. DOI: 10.1017/S0025315417001801.

Chittaro P.M., Usseglio P., Fryer B.J., Sale P.F. Using otolith microchemistry of Haemulon
flavolineatum (French grunt) to characterize mangroves and coral reefs throughout Turneffe Atoll,
Belize: difficulties at small spatial scales // Estuaries. — 2005. — Vol. 28, Ne 3. — P. 373-381. DOI:
10.1007/BF02693920.

Ciepiela L.R., Walters A.W. Life-history variation of two inland salmonids revealed through
otolith microchemistry analysis // Can. J. Fish. Aquat. Sci.—2019.— Vol. 76, Ne 11.—P. 1971-1981.
DOI: 10.1139/cjfas-2018-0087.

Clarke A.D., Telmer K.H., Shrimpton J.M. Elemental analysis of otoliths, fin rays and scales:
a comparison of bony structures to provide population and life-history information for the Arctic
grayling (Thymallus arcticus) // Ecol. Freshwater Fish. — 2007. — Vol. 16, Iss. 3. — P. 354-361.
DOI: 10.1111/5.1600-0633.2007.00232.x.

Clarke A.D., Telmer K.H., Shrimpton J.M. Movement patterns of fish revealed by otolith
microchemistry: a comparison of putative migratory and resident species / Environ. Biol. Fish. —
2015. — Vol. 98, Iss. 6. — P. 1583-1597. DOI: 10.1007/s10641-015-0384-6.

Coiraton C., Amezcua F. In utero elemental tags in vertebrae of the scalloped hammerhead
shark Sphyrna lewini reveal migration patterns of pregnant females // Sci. Rep. — 2020. — Vol. 10.
DOI: 10.1038/s41598-020-58735-8.

Courtemanche D.A., Whoriskey Jr.F.G., Bujold V., Curry R.A. Assessing anadromy of brook
char (Salvelinus fontinalis) using scale microchemistry // Can. J. Fish. Aquat. Sci. — 2006. — Vol.
63, Ne 5. — P. 995-1006. DOI: 10.1139/f06-009.

Coutant C.C., Chen C.H. Strontium microstructure in scales of freshwater and estuarine striped
bass (Morone saxatilis) detected by laser ablation mass spectrometry // Can. J. Fish. Aquat. Sci. —
1993. — Vol. 50, Ne 6. — P. 1318-1323. DOI: 10.1139/193-149.

Crook D.A., Wedd D., Berra T.M. Analysis of otolith 8’St/%Sr to elucidate salinity histories
of Nurseryfish Kurtus gulliveri (Perciformes: Kurtidae) in a tropical lowland river in northern Aus-
tralia // Freshwater Sci. — 2015. — Vol. 34, Iss. 2. — P. 609-619. DOI: 10.1086/681022.

Cuevas M.J., Gérski K., Castro L.R. et al. Otolith elemental composition reveals separate
spawning areas of anchoveta, Engraulis ringens, off central Chile and northern Patagonia // Sci.
Mar. — 2019. — Vol. 83, Iss. 4. — P. 317-326. DOI: 10.3989/scimar.04918.28A.

David B.O., Jarvis M., Ozkundakci D. et al. To sea or not to sea? Multiple lines of evidence
reveal the contribution of non-diadromous recruitment for supporting endemic fish populations
within New Zealand’s longest river // Aquat. Conserv.: Mar. Freshw. Ecosyst. — 2019. — Vol. 29,
Iss. 9. — P. 1409-1423. DOI: 10.1002/aqc.3022.

Degens E.T., Deuser W.G., Haedrich R.L. Molecular structure and composition of fish
otoliths // Mar. Biol. — 1969. — Vol. 2. — P. 105-113. DOI: 10.1007/BF00347005.

Déring J., Wagner C., Tiedemann M. et al. Spawning energetics and otolith microchemistry
provide insights into the stock structure of bonga shad Ethmalosa fimbriata // J. Fish Biol. —2019. —
Vol. 94, Iss. 2. — P. 241-250. DOI: 10.1111/jfb.13881.

Duponchelle F., Pouilly M., Pécheyran C. et al. Trans-Amazonian natal homing in giant
catfish // J. Appl. Ecol. — 2016. — Vol. 53, Iss. 5. — P. 1511-1520. DOI: 10.1111/1365-2664.12665.

Edmonds J.S., Moran M.J., Caputi N., Morita M. Trace clement analysis of fish sagittac as
an aid to stock identifications: pink snapper (Chrysophrys auratus) in western Australian waters //
Can. J. Fish. Aquat. Sci. — 1989. — Vol. 46, Ne 1. — P. 50-54. DOI: 10.1139/89-007.

El Meknassi S., Dera G., Cardone T. et al. Sr isotope ratios of modern carbonate shells: Good
and bad news for chemostratigraphy // Geology. — 2018. — Vol. 46, Iss. 11. — P. 1003—1006. DOI:
10.1130/G45380.1.

Elsdon T.S., Wells B.K., Campana S.E. et al. Otolith chemistry to describe movements and
life-history parameters of fishes: Hypotheses, assumptions, limitations and inferences // Ocean. Mar.
Biol. — 2008. — Vol. 46. — P. 297-330.

708



HpumeHeHue AHAIU3A MUKPOITEMEHMHO2c0 cocmaea KATbYUHUPOBAHHbIX CIMPYKMYpD pblé...

Farrell J., Campana S.E. Regulation of calcium and strontium deposition on the otoliths of
juvenile tilapia, Oreochromis niloticus // Comp. Biochem. Physiol. Part A: Physiology. — 1996. —
Vol. 115, Iss. 2. — P. 103—-109. DOI: 10.1016/0300-9629(96)00015-1.

Ferreira 1., Santos D., Moreira C. et al. Population structure of Chelidonichthys lucerna in
Portugal mainland using otolith shape and elemental signatures // Mar. Biol. Res. — 2019. — Vol.
15, Iss. 8-9. — P. 500-512. DOI: 10.1080/17451000.2019.1673897.

Feyrer F., Hobbs J., Baerwald M. et al. Otolith microchemistry provides information com-
plementary to microsatellite DNA for a migratory fish // Transact. Amer. Fish. Soc. — 2007. — Vol.
136, Iss. 2. — P. 469-476. DOI: 10.1577/T06-044.1.

Flem B., Benden T.F., Finne T.E. et al. The fish farm of origin is assigned by the element profile
of Atlantic salmon (Salmo salar L.) scales in a simulated escape event // Fish. Res. — 2018. — Vol.
206. — P. 1-13. DOI: 10.1016/j.fishres.2018.04.025.

Flem B., Moen V., Finne T. et al. Trace element composition of smolt scales from Atlantic
salmon (Salmo salar L.), geographic variation between hatcheries // Fish. Res. — 2017. — Vol.
190. — P. 183-196. DOI: 10.1016/j.fishres.2017.02.010.

Fortunato R.C., Gonzilez-Castro M., Galan A.R. et al. Identification of potential fish stocks
and lifetime movement patterns of Mugil liza Valenciennes, 1836 in the Southwestern Atlantic Ocean //
Fish. Res. —2017. — Vol. 193. — P. 164—172. DOI: 10.1016/j.fishres.2017.04.005.

Fukushima M., Jutagate T., Grudpan C. et al. Potential effects of hydroelectric dam devel-
opment in the Mekong River basin on the migration of Siamese mud carp (Henicorhynchus siamensis
and H. lobatus) elucidated by otolith microchemistry // PloS One. —2014. — Vol. 9, Iss. 8: €103722.
DOI: 10.1371/journal.pone.0103722.

Gabrielsson R.M., Kim J., Reid M.R. et al. Does the trace element composition of brown
trout Salmo trutta eggs remain unchanged in spawning redds? // J. Fish Biol. —2012. — Vol. 81, Iss.
6. — P. 1871-1879. DOI: 10.1111/j.1095-8649.2012.03396.x.

Gahagan B.I., Vokoun J.C., Whitledge G.W., Schultz E.T. Evaluation of otolith microchem-
istry for identifying natal origin of anadromous river herring in Connecticut // Mar. Coast. Fish. —
2012. — Vol. 4, Iss. 1. — P. 358-372. DOI: 10.1080/19425120. 2012.675967.

Galleguillos R., Ferrada S., Canales-Aguirre C. et al. Analisis de genética de poblaciones //
Unidades poblacionales de merluza de tres aletas (Micromesistius australis) / preparado por Niklitschek
E., Canales C., Ferrada S. et al. — Coyhaique, 2009. — P. 34-49.

Gaston T.F., Suthers I.M. Spatial variation in "*C and 0"°N of liver, muscle and bone in a rocky
reef planktivorous fish: the relative contribution of sewage // J. Exp. Mar. Biol. Ecol. —2004. — Vol.
304. — P. 17-33. DOL: 10.1016/j.jembe.2003.11.022.

Gauldie R.W.,, Sharma S.K., Volk E. Micro-raman spectral study of vaterite and aragonite otoliths
of the coho salmon, Oncorhynchus kisutch // Comp. Biochem. Physiol. Part A: Physiology. — 1997. —
Vol. 118, Iss. 3. — P. 753-757. DOI: 10.1016/S0300-9629(97)00059-5.

Geffen A.J., Nash R.D.M., Dickey-Collas M. Characterization of herring populations west of
the British Isles: an investigation of mixing based on otolith microchemistry // ICES J. Mar. Sci. —
2011. — Vol. 68, Iss. 7. — P. 1447-1458. DOI: 10.1093/icesjms/fsr051.

Gillanders B.M. Trace metals in four structures of fish and their use for estimates of stock
structure // Fish. Bull. —2001. — Vol. 99. — P. 410-419.

Gleason C.M., Norcross B.L., Spaleta K. Otolith chemistry discriminates water mass occupancy
of Arctic fishes in the Chukchi Sea // Mar. Freshwater Res. — 2016. — Vol. 67, Iss. 7. — P. 967-979.
DOI: 10.1071/MF15084.

Glimcher M.J. The nature of the mineral phase in bone: Biological and clinical implications //
Metabolic bone disease and clinically related disorders / ed. by L.V. Avioli, S.M. Krane. — San Diego,
CA : Academic Press, 1998. — Chap. 2. — P. 23-52.

Green C.P., Robertson S.G., Hamer P.A. et al. Combining statolith element composition
and Fourier shape data allows discrimination of spatial and temporal stock structure of arrow squid
(Nototodarus gouldi) // Can. J. Fish. Aquat. Sci. — 2015. — Vol. 72. — P. 1-10. DOI: 10.1139/
cjfas-2014-0559.

Guidetti P., Petrillo M., De Benedetto G., Albertelli G. The use of otolith microchemistry to
investigate spawning patterns in European anchovy: A case study in the eastern Ligurian Sea (NW
Mediterranean) // Fish. Res. — 2013. — Vol. 139. — P. 1-4. DOI: 10.1016/j.fishres.2012.10.015.

Guillou A., Delanoue J. Use of strontium as a nutritional marker for farm-reared brook trout
// The Prog. Fish-Cult. — 1987. — Vol. 49. — P. 34-39. DOI: 10.1577/1548-8640(1987)49<34:YO-
SAAN>2.0.CO;2.

709



Muxees I1.F., Illeuna T A.

Gunn J.S., Harrowfield I.R., Proctor C.H., Thresher R.E. Electron probe microanalysis of
fish otoliths — evaluation of techniques for studying age and stock discrimination // J. Exp. Mar. Biol.
Ecol. — 1992. — Vol. 158, Iss. 1. — P. 1-36. DOI: 10.1016/0022-0981(92)90306-U.

Hale L.F., Dudgeon J.V., Mason A.Z., Lowe C.G. Elemental signatures in the vertebral cartilage
of the round stingray, Urobatis halleri, from Seal Beach, California / Environ. Biol. Fish. — 2006. —
Vol. 77, Iss. 3-4. — P. 317-325. DOI: 10.1007/s10641-006-9124-2.

Hand C.P., Ludsin S.A., Fryer B.J., Marsden E.J. Statolith microchemistry as a technique
for discriminating among Great Lakes sea lamprey (Petromyzon marinus) spawning tributaries // Can.
J. Fish. Aquat. Sci. — 2008. — Vol. 65. — P. 1153-1164.

Hansson S.V., Desforges J.-P., van Beest F.M. et al. Bioaccumulation of mining derived metals
in blood, liver, muscle and otoliths of two Arctic predatory fish species (Gadus ogac and Myoxoceph-
alus scorpius) // Env. Res. — 2020. — Vol. 183. DOI: 10.1016/j.envres.2020.109194.

Hata M., Kawakami T., Otake T. Immediate impact of the tsunami associated with the 2011
Great East Japan Earthquake on the Plecoglossus altivelis altivelis population from the Sanriku coast
of northern Japan // Environ. Biol. Fish. — 2016. — Vol. 99. — P. 527-538.

Hauser M., Duponchelle F., Hermann T.W. et al. Unmasking continental natal homing in
goliath catfish from the upper Amazon // Freshwater Biol. — 2020. — Vol. 65, Iss. 2. — P. 325-336.
DOI: 10.1111/fwb.13427.

Hedger R.D., Atkinson P.M., Thibault 1., Dodson J.J. A quantitative approach for classifying
fish otolith strontium: calcium sequences into environmental histories // Ecol. Informatics. — 2008. —
Vol. 3, Ne 3. — P. 207-217. DOL: 10.1016/j.ecoinf.2008.04.001.

Hegg J.C., Kennedy B.P., Chittaro P. What did you say about my mother? The complexities
of maternally derived chemical signatures in otoliths // Can. J. Fish. Aquat. Sci. — 2019. — Vol. 76,
Ne 1. —P. 81-94. DOI: 10.1139/cjfas-2017-0341.

Heidemann F., Marohn L., Hinrichsen H.H. et al. Suitability of otolith microchemistry for
stock separation of Baltic cod // Mar. Ecol. Prog. Ser. — 2012. — Vol. 465. — P. 217-226. DOLI:
10.3354/meps09922.

Hill K.T., Cailliet G.M., Radtke R.L. A comparative analysis of growth zones in four cal-
cified structures of Pacific blue marlin, Makaira nigricans // Fish. Bull. — 1989. — Vol. 87, Iss.
4. —P. 829-843.

Hobbs J.A., Lewis L.S., Ikemiyagi N. et al. The use of otolith strontium isotopes (*’St/%Sr)
to identify nursery habitat for a threatened estuarine fish // Environ. Biol. Fish. — 2010. — Vol.
89. — P. 557-569. DOI: 10.1007/s10641-010-9672-3.

Humston R., Doss S.S., Wass C. et al. [sotope geochemistry reveals ontogeny of dispersal and
exchange between main-river and tributary habitats in smallmouth bass Micropterus dolomieu // J.
Fish Biol. —2017. — Vol. 90, Iss. 2. — P. 528-548. DOI: 10.1111/j{b.13073.

Hiissy K., Groger J., Heidemann F. et al. Slave to the rhythm: seasonal signals in otolith mi-
crochemistry reveal age of eastern Baltic cod (Gadus morhua) // 1CES J. Mar. Sci. — 2016. — Vol.
73, Iss. 4. — P. 1019-1032. DOI: 10.1093/icesjms/fsv247.

Hutchinson J.J., Trueman C.N. Stable isotope analyses of collagen in fish scales: limitations set
by scale architecture // J. Fish Biol. —2006. — Vol. 69, Iss. 6. —P. 1874—1880. DOI: 10.1111/j.1095-
8649.2006.01234.x.

Izzo C., Huveneers C., Drew M. et al. Vertebral chemistry demonstrates movement and pop-
ulation structure of bronze whaler // Mar. Ecol. Prog. Ser. — 2016. — Vol. 556. — P. 195-207. DOI:
10.3354/meps11840.

Izzo C., Reis-Santos P., Gillanders B.M. Otolith chemistry does not just reflect environmental
conditions: A meta-analytic evaluation // Fish and Fisheries. — 2018. — Vol. 19, Iss. 3. — P. 441-454.
DOI: 10.1111/faf.12264.

Jacobsen J.A., Hansen L.P. Conventional tagging methods in stock identification: internal and
external tags : ICES ASC 2004/EE:29. — 2004. — 16 p.

Jari¢ L., Lenhardt M., Pallon J. et al. Insight into Danube sturgeon life history: trace element
assessment in pectoral fin rays // Environ. Biol. Fish. —2011. — Vol. 90, Iss. 2. — P. 171-181. DOI:
10.1007/s10641-010-9728-4.

Jones R. Manual of methods for fish stock assessment, Part 4. Marking : Fao Fisheries Technical
Paper. — 1966. — Ne 51, Suppl 1. — 109 p.

Kafemann R., Adlerstein S., Neukamm R. Variation in otolith strontium and calcium ratios as
an indicator of life-history strategies of freshwater fish species within a brackish water system // Fish.
Res. — 2000. — Vol. 46, Iss. 1-3. — P. 313-325. DOI: 10.1016/s0165-7836(00)00156-9.

710



HpumeHeHue AHAIU3A MUKPOITEMEHMHO2c0 cocmaea KATbYUHUPOBAHHbIX CIMPYKMYpD pblé...

Kalish J.M. Use of otolith microchemistry to distinguish the progeny of sympatric anadromous
and non-anadromous salmonids // Fish. Bull. — 1990. — Vol. 88. — P. 657-666.

Kang S., Kim S., Telmer K. et al. Stock identification and life history interpretation using trace
element signatures in salmon otoliths // Ocean Sci. J. — 2014. — Vol. 49, Iss. 3. — P. 201-210. DOI:
10.1007/s12601-014-0020-y.

Keenleyside K.A. Elemental composition of vertebral bone of the northern redbelly dace (Phox-
inus eos) in relation to lake environmental factors : M. Sc. — Univ. of Toronto, Ontario, Canada, 1992.

Keller D.H., Zelanko P.M., Gagnon J.E. et al. Linking otolith microchemistry and surface
water contamination from natural gas mining // Environ. Pollut. —2018. — Vol. 240. — P. 457-465.
DOI: 10.1016/j.envpol.2018.04.026.

Kennedy B.P., Blum J.D., Folt C.L., Nislow K.H. Using natural strontium isotopic signatures
as fish markers: Methodology and application // Can. J. Fish. Aquat. Sci. — 2000. — Vol. 57, Ne
11. — P. 2280-2292. DOI: 10.1139/cjfas-57-11-2280.

Kerr L.A., Campana S.E. Chemical composition of fish hard parts as a natural marker of fish
stocks // Stock identification methods / ed. by S.X. Cadrin, L.A. Kerr, S. Mariani. — San Diego : Aca-
demic Press, 2014. — Chap. 11. — P. 205-234. DOI:10.1016/B978-0-12-397003-9.00011-4.

Kerr L.A., Secor D.H., Kraus R.T. Stable isotope (3'*C and 3'®0) and Sr/Ca composition of
otoliths as proxies for environmental salinity experienced by an estuarine fish // Mar. Ecol. Prog.
Ser. — 2007. — Vol. 349. — P. 245-253. DOI: 10.3354/meps07064.

Lall S.P. The minerals // Fish nutrition / ed. by J.E. Halver, R.W. Hardy. — San Diego : Aca-
demic, 2002. — P. 259-308. DOI: 10.1016/B978-012319652-1/50006-9.

Landsman S., Stein J.A., Whitledge G., Robillard S.R. Stable oxygen isotope analysis
confirms natural recruitment of Lake Michigan-origin Lake Trout (Salvelinus namaycush) to the
adult life stage // Fish. Res. — 2017. — Vol. 190. — P. 15-23. DOI: 10.1016/j.fishres.2017.01.013.

Lazartigues A.V., Plourde S., Dodson J.J. et al. Determining natal sources of capelin in a
boreal marine park using otolith microchemistry // ICES J. Mar. Sci.— 2016. — Vol. 73, Iss. 10. —P.
2644-2652. DOI: 10.1093/icesjms/fsw104.

Ley J.A., Rolls H.J. Using otolith microchemistry to assess nursery habitat contribution and
function at a fine spatial scale / Mar. Ecol. Prog. Ser. — 2018. — Vol. 606. — P. 151-173. DOI:
10.3354/meps12765.

Liden K., Angerbjorn A. Dietary change and stable isotopes: a model of growth and dor-
mancy in cave bears // Proceedings of the Royal Society B: Biological Sciences. — 1999. — Vol.
266(1430). — P. 1779-1783. DOI: 10.1098/rspb.1999.0846.

Limburg K.E., Elfman M., Kristiansson P. et al. New insights into fish ecology via nuclear
microscopy of otoliths / AIP Conference Proceedings: Proceedings of 17" International Conference
on Applications of Accelerators in Research and Industry. — 2003. — Vol. 680, Iss. 1. —P. 339-342.
DOI: 10.1063/1.1619730.

Limburg K.E., Landergren P., Westin L. et al. Flexible modes of anadromy in Baltic sea trout:
making the most of marginal spawning streams // J. Fish Biol. —2001. — Vol. 59, Iss. 3. — P. 682-695.
DOI: 10.1111/j.1095-8649.2001.tb02372 x.

Loeppky A.R., McDougall C.A., Anderson W.G. Identification of hatchery-reared Lake Sturgeon
Acipenser fulvescens using natural elemental signatures and stable isotope marking of fin rays // North
Amer. J. Fish. Manag. — 2020. — Vol. 40, Iss. 1. — P. 61-74. DOI: 10.1002/nafm.10372.

Longmore C., Fogarty K., Neat F. et al. A comparison of otolith microchemistry and otolith
shape analysis for the study of spatial variation in a deep-sea teleost, Coryphaenoides rupestris //
Environ. Biol. Fish. — 2010. — Vol. 89, Iss. 3. — P. 591-605. DOI: 10.1007/s10641-010-9674-1.

Lowe M.R., DeVries D.R., Wright R.A. et al. Otolith microchemistry reveals substantial use of
freshwater by southern flounder in the northern Gulf of Mexico // Estuaries and Coasts. — 2011. — Vol.
34, Ne 3. — P. 630-639. DOI: 10.1007/s12237-010-9335-9.

Mai A.C.G., dos Santos M.L., Lemos V.M., Vieira J.P. Discrimination of habitat use between
two sympatric species of mullets, Mugil curema and Mugil liza (Mugiliformes: Mugilidae) in the rio
Tramandai Estuary, determined by otolith chemistry // Neotrop. Ichthyol. — 2018. — Vol. 16, Ne 2.
DOI: 10.1590/1982-0224-20170045.

Manual of fish sclerochronology / eds by J. Panfili, H. Pontual (de), H. Troadec, P.J. Wright. —
Brest, France : Ifremer-IRD coedition, 2002. — 464 p.

Martin J., Bareille G., Berail S. et al. Persistence of a southern Atlantic salmon population:
Diversity of natal origins from otolith elemental and Sr isotopic signatures // Can. J. Fish. Aquat.
Sci. — 2013. — Vol. 70, Ne 2. — P. 182—197. DOI: 10.1139/cjfas-2012-0284.

711



Muxees I1.F., Illeuna T A.

McMullin R.M., Wing S.R., Reid M.R. Ice fish otoliths record dynamics of advancing and
retreating sea ice in Antarctica // Limnol. Oceanogr. — 2017. — Vol. 62, Iss. 6. — P. 2662-2673.
DOI: 10.1002/In0.10597.

Miyan K., Khan M.A., Patel D.K. et al. Truss morphometry and otolith microchemistry reveal
stock discrimination in Clarias batrachus (Linnaeus, 1758) inhabiting the Gangetic river system //
Fish. Res. — 2016. — Vol. 173. — P. 294-302. DOI: 10.1016/j.fishres.2015.10.024.

Moll D., Kotterba P., Jochum K.P. et al. Elemental inventory in fish otoliths reflects natal origin
of Atlantic herring (Clupea harengus) from Baltic Sea juvenile areas // Front. Mar. Sci. — 2019. — Vol.
6.—P. 1-11. DOI: 10.3389/fmars.2019.00191.

Morais P., Dias E., Cerveira 1. et al. How scientists reveal the secret migrations of fish //
Frontiers for Young Minds. — 2018. — Vol. 6. — P. 1-10. DOI: 10.3389/frym.2018.00067.

Mugiya Y., Hakomori T., Hatsutori K. Trace metal incorporation into otoliths and scales in the
goldfish, Carassius auratus // Comp. Biochem. Physiol. Part C : Comp. Pharmacol. — 1991. — Vol.
99, Iss. 3. — P. 327-331. DOI: 10.1016/0742-8413(91)90250-W.

Mugiya Y., Watabe N. Studies on fish scale formation and resorption—II. Effect of estradiol
on calcium homeostasis and skeletal tissue resorption in the goldfish, Carassius auratus, and the
killifish, Fundulus heteroclitus // Comp. Biochem. Physiol. Part A : Physiology. — 1977. — Vol. 57,
Iss. 2. — P. 197-202. DOI: 10.1016/0300-9629(77)90455-8.

Mubhlfeld C.C., Marotz B., Thorrold S.R., FitzGerald J.L. Geochemical signatures in scales
record stream of origin in westslope cutthroat trout // Transact. Amer. Fish. Soc. — 2005. — Vol. 134,
Iss. 4. — P. 945-959. DOI: 10.1577/T04-029.1.

Mubhlfeld C.C., Thorrold S.R., McMahon T.E., Marotz B. Estimating westslope cutthroat
trout (Oncorhynchus clarkii lewisi) movements in a river network using strontium isoscapes // Can.
J. Fish. Aquat. Sci. — 2012. — Vol. 69, Ne 5. — P. 906-915. DOI: 10.1139/£2012-033.

Mulligan T.J., Lapi L., Kieser R. et al. Salmon stock identification based on elemental composition
of vertebrae // Can. J. Fish. Aquat. Sci.— 1983. — Vol. 40, Ne 2. — P. 215-229. DOI: 10.1139/f83-032.

Murase 1., Iguchi K. Facultative amphidromy involving estuaries in an annual amphidromous
fish from a subtropical marginal range // J. Fish Biol. — 2019. — Vol. 95, Iss. 6. — P. 1391-1398.
DOI: 10.1111/jfb.14147.

Nazir A., Khan ML.A. Spatial and temporal variation in otolith chemistry and its relationship
with water chemistry: Stock discrimination of Sperata aor // Ecol. Freshwater Fish. — 2019. — Vol.
28, Iss. 3. — P. 499-511. DOLI: 10.1111/eff.12471.

Niklitschek E.J., Secor D.H., Toledo P. et al. Segregation of SE Pacific and SW Atlantic
southern blue whiting stocks: integrating evidence from complementary otolith microchemistry and
parasite assemblage approaches // Environ. Biol. Fish. — 2010. — Vol. 89, Iss. 3. — P. 399-413.
DOI: 10.1007/s10641-010-9695-9.

Nishimoto M.M., Washburn L., Warner R.R. et al. Otolith elemental signatures reflect resi-
dency in coastal water masses // Environ. Biol. Fish. —2010. — Vol. 89, Iss. 3. — P. 341-356. DOL:
10.1007/s10641-010-9698-6.

Northern T.J., Smith A.M., McKinnon J.F., Bolstad K.S.R. Trace elements in beaks of greater
hooked squid Onykia ingens: opportunities for environmental tracing // Molluscan Res. — 2019. —
Vol. 39, Iss. 1. — P. 29-34. DOI: 10.1080/13235818.2018.1495604.

Nowling L., Gauldie R.W., Cowan Jr. J.H., De Carlo E. Successful discrimination using
otolith microchemistry among samples of red snapper Lutjanus campechanus from artificial reefs and
samples of L. campechanus taken from nearby oil and gas platforms // Open Fish Sci. J. — 2011. —
Vol. 4. —P. 1-9. DOI: 10.2174/1874401x01104010001.

Olley R., Young R.G., Closs G.P. et al. Recruitment sources of brown trout identified by otolith
trace element signatures // New Zeal. J. Mar. Freshwater Res. —2011. — Vol. 45, Iss. 3. —P. 395-411.
DOI: 10.1080/00288330.2011.592196.

Padilla A.J., Brown R.J., Wooller M.J. Determining the movements and distribution of anadro-
mous Bering Ciscoes by use of otolith strontium isotopes // Transact. Amer. Fish. Soc. — 2016. — Vol.
145, Iss. 6. — P. 1374-1385. DOI: 10.1080/00028487.2016.1225599.

Pangle K.L., Ludsin S.A., Fryer B.J. Otolith microchemistry as a stock identification tool for
freshwater fishes: testing its limits in Lake Erie // Can. J. Fish. Aquat. Sci. — 2010. — Vol. 67, Ne
9. — P. 1475-1489. DOI: 10.1139/F10-076.

Patterson W.E.II1, Cowan Jr. J.H., Graham E.Y., Berry Lyons W. Otolith microchemical
fingerprints of age-0 Red snapper, Lutjanus campechanus, from the northern Gulf of Mexico // Gulf
of Mexico Science. — 1998. — Vol. 16, Ne 1. — P. 83-91. DOI: 10.18785/goms.1601.12.

712



HpumeHeHue AHAIU3A MUKPOITEMEHMHO2c0 cocmaea KATbYUHUPOBAHHbIX CIMPYKMYpD pblé...

Pearcy W.G., Miller J.A. Otolith microchemistry of Coastal Cutthroat Trout from the Marys
and Willamette Rivers // Northwestern Naturalist. — 2018. — Vol. 99, Iss. 2. — P. 101-114. DOI:
10.1898/NWN17-21.1.

Pender P.J., Griffin R.K. Habitat history of barramundi Lates calcarifer in a north Australian
river system based on barium and strontium levels in scales // Transact. Amer. Fish. Soc. — 1996.
— Vol. 125, Iss. 5. — P. 679-689. DOI: 10.1577/1548-8659(1996)125<0679:HHOBCI>2.3.CO:;_2.

Pereira L.A., Santos R.V., Hauser M. et al. Commercial traceability of Arapaima spp. fisheries
in the Amazon basin: can biogeochemical tags be useful? // Biogeosciences. — 2019. — Vol. 16. —P.
1781-1797. DOI: 10.5194/bg-16-1781-2019.

Perrier C., Daverat F., Evanno G. et al. Coupling genetic and otolith trace element analyses
to identify river-born fish with hatchery pedigrees in stocked Atlantic salmon (Salmo salar) popula-
tions // Can. J. Fish. Aquat. Sci. — 2011. — Vol. 68, Ne 6. — P. 977-987. DOI: 10.1139/f2011-040.

Perrion M.A., Kaemingk M.A., Koupal K.D. et al. Use of otolith chemistry to assess recruit-
ment and habitat use of a white bass fishery in a Nebraska reservoir // Lake and Reservoir Management.
— 2020. — Vol. 36, Iss. 1. — P. 64-74. DOI: 10.1080/10402381.2019.1637977.

Phelps Q.E., Hupfeld R.N., Whitledge G.W. Lake sturgeon Acipenser fulvescens and shovel-
nose sturgeon Scaphirhynchus platorynchus environmental life history revealed using pectoral fin-ray
microchemistry: Implications for interjurisdictional conservation through fishery closure zones // J.
Fish Biol. — 2017. — Vol. 90, Iss. 2. — P. 626—639. DOI: 10.1111/j{b.13242.

Pozebon D., Scheffler G.L., Dressler V.L. Recent applications of laser ablation inductively
coupled plasma mass spectrometry (LA-ICP-MS) for biological sample analysis: a follow-up review
//'J. Anal. At. Spectrom. — 2017. — Vol. 32, Iss. 5. — P. 890-919. DOI: 10.1039/C7JA00026J.

Prichard C.G., Jonas J.L., Studen J.J. et al. Same habitat, different species: otolith micro-
chemistry relationships between migratory and resident species support interspecific natal source
classification // Environ. Biol. Fish. — 2018. — Vol. 101, Iss. 6. — P. 1025-1038. DOI: 10.1007/
s10641-018-0756-9.

Proctor C.H., Thresher R.E., Gunn J.S. et al. Stock structure of the southern bluefin tuna
Thunnus maccoyii: an investigation based on probe microanalysis of otolith composition // Mar. Biol.
— 1995. — Vol. 122. — P. 511-526. DOI: 10.1007/BF00350674.

Ramsay A.L., Hughes R.N., Chenery S.R., McCarthy I.D. Biogeochemical tags in fish: predict-
ing spatial variations in strontium and manganese in Salmo trutta scales using stream water geochemistry
// Can. J. Fish. Aquat. Sci. — 2015. — Vol. 72, Ne 3. — P. 422-433. DOI: 10.1139/cjfas-2014-0055.

Ramsay A.L., Milner N.J., Hughes R.N., McCarthy I.D. Comparison of the performance of
scale and otolith microchemistry as fisheries research tools in a small upland catchment // Can. J. Fish.
Aquat. Sci. — 2011. — Vol. 68, Ne 5. — P. 823-833. DOI: 10.1139/f2011-027.

Randon M., Daverat F., Bareille G. et al. Quantifying exchanges of Allis shads between river
catchments by combining otolith microchemistry and abundance indices in a Bayesian model // ICES
J. Mar. Sci. — 2018. — Vol. 75, Iss. 1. — P. 9-21. DOI: 10.1093/icesjms/fsx148.

Reader J.M., Spares A., Stokesbury M.J.W. et al. Elemental fingerprints of otoliths from
smolt of Atlantic salmon, Sa/mo salar Linnnaeus, 1758, from three maritime watersheds: natural tag
for stock discrimination // Proceedings of the Nova Scotian Institute of Science. — 2015. — Vol. 48,
Iss. 1. — P. 91-123. DOI: 10.15273/pnsis.v48i1.5908.

Régnier T., Augley J., Devalla S. et al. Otolith chemistry reveals seamount fidelity in a deep-
water fish // Deep-Sea Res. I. — 2017. — Vol. 121. — P. 183-189. DOI: 10.1016/j.dsr.2017.01.010.

Reimer T., Dempster T., Warren-Myers F. et al. High prevalence of vaterite in sagittal otoliths
causes hearing impairment in farmed fish // Sci. Rep. — 2016. — Vol. 6. DOI: 10.1038/srep25249.

Roberts B.H., Morrongiello J.R., King A.J. et al. Migration to freshwater increases growth
rates in a facultatively catadromous tropical fish / Oecologia. — 2019. — Vol. 191, Iss. 2. — P.
253-260. DOI: 10.1007/s00442-019-04460-7.

Rohtla M., Matetski L., Svirgsden R. et al. Do sea trout Salmo trutta parr surveys monitor
the densities of anadromous or resident maternal origin parr, or both? // Fish. Manag. Ecol. — 2017.
— Vol. 24, Iss. 2. — P. 156-162. DOI: 10.1111/fme.12214.

Rohtla M., Vetemaa M., Taal L. et al. Life history of anadromous burbot (Lota lota, Linneaus)
in the brackish Baltic Sea inferred from otolith microchemistry // Ecol. Freshwater Fish. —2014. —
Vol. 23, Iss. 2. — P. 141-148. DOI: 10.1111/eft.12057.

Roy P.K., Lall S.P. Mineral nutrition of haddock Melanogrammus aeglefinus (L.): a compar-
ison of wild and cultured stock // J. Fish Biol. — 2006. — Vol. 68, Iss. 5. — P. 1460-1472. DOI:
10.1111/.0022-1112.2006.001031.x.

713



Muxees I1.F., Illeuna T A.

Rude N.P., Smith K.T., Whitledge G.W. Identification of stocked muskellunge and potential
for distinguishing hatchery-origin and wild fish using pelvic fin ray microchemistry // Fish. Manag.
Ecol. — 2014. — Vol. 21. — P. 312-321. DOI: 10.1111/fme.12081.

Ryan D., Shephard S., Gargan P., Roche W. Estimating sea trout (Salmo trutta L.) growth
from scale chemistry profiles: an objective approach using LA-ICPMS // Fish. Res. —2019. — Vol.
211. — P. 69-80. DOI: 10.1016/j.fishres.2018.10.029.

Ryan D., Shephard S., Kelly F.L. Temporal stability and rates of post-depositional change in
geochemical signatures of brown trout Salmo trutta scales // J. Fish Biol. — 2016. — Vol. 89, Iss.
3.—P. 1704-1719. DOI: 10.1111/jfb.13081.

Santamaria N., Bello G., Pousis C. et al. Fin Spine Bone Resorption in Atlantic Bluefin Tuna,
Thunnus thynnus, and Comparison between Wild and Captive-Reared Rpecimens // PLoS One. —
2015. — Vol. 10, Ne 3: €0121924. DOI: 10.1371/journal. pone.0121924.

Schilling H.T., Reis-Santos P., Hughes J.M. et al. Evaluating estuarine nursery use and life
history patterns of Pomatomus saltatrix in eastern Australia // Mar. Ecol. Prog. Ser. — 2018. — Vol.
598. — P. 187-199. DOI: 10.3354/meps12495.

Schoen L.S., Student J.J., Hoffman J.C. et al. Reconstructing fish movements between coastal
wetland and nearshore habitats of the Great Lakes // Limnol. Oceanogr. — 2016. — Vol. 61, Iss. 5.
— P. 1800-1813. DOI: 10.1002/Ino.10340.

Scholes R.C., Hageman K.J., Closs G.P. et al. Predictors of pesticide concentrations in fresh-
water trout — The role of life history // Environ. Pollut. — 2016. — Vol. 219. — P. 253-261. DOI:
10.1016/j.envpol.2016.10.017.

Sealy J., Armstrong R., Schrire C. Beyond lifetime averages: tracing life-histories through
isotopic analysis of different calcified tissues from archacological human skeletons // Antiquity. —
1995. — Vol. 69, Iss. 263. — P. 290-300. DOI: 10.1017/ S0003598X00064693.

Secor D.H., Campana S.E., Zdanowicz V.S. et al. Inter-laboratory comparison of Atlantic and
Mediterranean bluefin tuna otolith microconstituents // ICES J. Mar. Sci. — 2002. — Vol. 59, Iss.
6. — P. 1294-1304. DOI: 10.1006/jmsc.2002.1311.

Secor D.H., Houde E.D., Henderson-Arzapalo A., Picoli P.M. Tracking the migrations of
estuarine and coastal fishes using otolith microchemistry : ICES Anadromous/Catadromous Commit-
tee. — 1993. — Vol. 41. — 16 p.

Sellheim K., Willmes M., Hobbs J.A. et al. Validating Fin Ray Microchemistry as a Tool to
Reconstruct the Migratory History of White Sturgeon // Transact. Amer. Fish. Soc. — 2017. — Vol.
146, Iss. 5. — P. 844-857. DOI: 10.1080/00028487.2017.1320305.

Severin K.P., Carroll J., Norcross B.L. Electron microprobe analysis of juvenile walleye
pollock, Theragra chalcogramma, otoliths from Alaska: a pilot stock separation study // Environ.
Biol. Fish. — 1995. — Vol. 43. — P. 269-283. DOI: 10.1007/BF00005859.

Shaw P.W. Using mitochondrial DNA markers to test for differences between nuclear and
mitochondrial genome genetic subdivision of the southern blue whiting (Micromesistius australis).
— Stanley, Falkland Islands : Fisheries Department, Falkland Islands Government, 2005. — 20 p.

Shirai K., Koyama F., Murakami-Sugihara N. et al. Reconstruction of the salinity history
associated with movements of mangrove fishes using otolith oxygen isotopic analysis // Mar. Ecol.
Prog. Ser. — 2018. — Vol. 593. — P. 127-139. DOI: 10.3354/meps12514.

Shrimpton J.M., Warren K.D., Todd N.L. et al. Freshwater movement patterns by juvenile
Pacific salmon Oncorhynchus spp. before they migrate to the ocean: Oh the places you’ll go! //J. Fish
Biol. — 2014. — Vol. 85 (4). — P. 987-1004. DOI: 10.1111/jtb.12468.

Sie S.H., Thresher R.E. Micro-PIXE analysis of fish otoliths: methodology and evaluation of
first results for stock discrimination // Internat. J. PIXE. — 1992. — Vol. 2, Iss. 3. — P. 357-379.
DOI: 10.1142/S0129083592000385.

Sih T.L., Kingsford M.J. Near-reef elemental signals in the otoliths of settling Pomacentrus
amboinensis (Pomacentridae) // Coral Reefs. — 2016. — Vol. 35. — P. 303-315. DOI: 10.1007/
s00338-015-1376-x.

Smith K.T., Whitledge G. Trace element and stable isotopic signatures in otoliths and pectoral
spines as potential indicators of catfish environmental history // Catfish 2010 : Proceedings of the
2nd International Catfish Symposium American Fisheries Society Symposium 77. — 2011. — P.
645-660.

Smith K.T., Whitledge G.W. Fin ray chemistry as a potential natural tag for smallmouth bass
in Northern Illinois Rivers // J. Freshwater Ecol. — 2010. — Vol. 25, Iss. 4. — P. 627-635. DOI:
10.1080/02705060.2010.9664412.

714



HpumeHeHue AHAIU3A MUKPOITEMEHMHO2c0 cocmaea KATbYUHUPOBAHHbIX CIMPYKMYpD pblé...

Soeth M., Spach H., Daros F. et al. Stock structure of Atlantic spadefish Chaetodipterus faber
from Southwest Atlantic Ocean inferred from otolith elemental and shape signatures // Fish. Res. —
2019. — Vol. 211. — P. 81-90. DOI: 10.1016/j.fishres.2018.11.003.

Sohn D., Kang S., Kim S. Stock identification of chum salmon (Oncorhynchus keta) using
trace elements in otoliths // J. Oceanogr. — 2005. — Vol. 61. — P. 305-312.

Spurgeon J.J., Pegg M.A., Halden N.M. Mixed-origins of channel catfish in a large-river
tributary // Fish. Res. — 2018. — Vol. 198. — P. 195-202. DOI: 10.1016/j.fishres.2017.09.001.

Sturrock A.M., Trueman C.N., Darnaude A.M., Hunter E. Can otolith elemental chemistry
retrospectively track migrations in fully marine fishes? // J. Fish Biol. — 2012. — Vol. 81 (2). —P.
766—795. DOI: 10.1111/j.1095-8649.2012.03372.x.

Sturrock A.M., Trueman C.N., Milton J.A. et al. Physiological influences can outweigh
environmental signals in otolith microchemistry research // Mar. Ecol. Prog. Ser. — 2014. — Vol.
500. — P. 245-264. DOI: 10.3354/meps10699.

Svirgsden R., Rohtla M., Albert A. et al. Do Eurasian minnows (Phoxinus phoxinus L.) inhab-
iting brackish water enter fresh water to reproduce: Evidence from a study on otolith microchemistry
/! Ecol. Freshwater Fish. — 2018. — Vol. 27, Iss. 1. — P. 89-97. DOI: 10.1111/eff.12326.

Swan S.C., Gordon J.D.M., Shimmield T. Preliminary investigations on the uses of otolith micro-
chemistry for stock discrimination of the deep-water black scabbardfish (Aphanopus carbo) in the North
East Atlantic // J. Northw. Atl. Fish. Sci. — 2003. — Vol. 31. — P. 221-231. DOI: 10.2960/J.v31.al7.

Taddese F., Reid M.R., Closs G.P. Direct relationship between water and otolith chemistry in
juvenile estuarine triplefin Forsterygion nigripenne // Fish. Res. — 2019. — Vol. 211. — P. 32-39.
DOI: 10.1016/j.fishres.2018.11.002.

Takagi Y., Yamada J. Effects of calcium and phosphate deficiencies on bone metabolism in
a teleost, tilapia (Oreochromis niloticus): A histomorphometric study // Mechanisms and phylogeny
of mineralization in biological systems / ed. by Suga S., Nakahara H. — Tokyo : Springer, 1991. —
Chapter 2.11. — P. 187-191.

Thibault 1., Hedger R.D., Dodson J.J. et al. Anadromy and the dispersal of an invasive fish
species (Oncorhynchus mykiss) in Eastern Quebec, as revealed by otolith microchemistry // Ecol.
Freshwater Fish. — 2010. — Vol. 19. — P. 348-360. DOI: 10.1111/j.1600-0633.2010.00417..x.

Thorrold S.R., Jones C.M., Campana S.E. Response of otolith microchemistry to environ-
mental variations experienced by larval and juvenile Atlantic croaker (Micropogonias undulatus) //
Limnol. Oceanogr. — 1997. — Vol. 42, Iss. 1. — P. 102—111. DOI: 10.4319/10.1997.42.1.0102.

Thorrold S.R., Jones C.M., Campana S.E. et al.Trace element signatures in otoliths record
natal river of juvenile American shad (4/osa sapidissima) // Limnol. Oceanogr. — 1998. — Vol. 43,
Ne 8. — P. 1826-1835. DOI: 10.4319/10.1998.43.8.1826.

Thorrold S.R., Shuttleworth S. In situ analysis of trace elements and isotope ratios in fish
otoliths using laser ablation sector field inductively coupled plasma mass spectrometry // Can. J. Fish.
Aquat. Sci. — 2000. — Vol. 57 (6). — P. 1232—1242. DOI: 10.1139/f00-054.

Thresher R.E., Proctor C.H., Gunn J.S., Harrowfield I.LR. An evaluation of electron probe
microanalysis of otoliths for stock delineation and identification of nursery areas in the southern tem-
perate groundfish, Nemadactylus macropterus (Cheilodactylidae) // Fish. Bull. US. — 1994. — Vol.
92. — P. 817-840.

Tian H., Liu J., Cao L., Dou S. Interactive effects of strontium and barium water concentration
on otolith incorporation in juvenile flounder Paralichthys olivaceus // PLoS ONE. — 2019. — Vol.
14(6). — e 0218446. DOI: 10.1371/journal. pone.0218446.

Tillett B.J., Meekan M.G., Parry D. et al. Decoding fingerprints: elemental composition of
vertebrae correlates to age-related habitat use in two morphologically similar sharks // Mar. Ecol.
Prog. Ser. — 2011. — Vol. 434. — P. 133-142. DOI: 10.3354/meps09222.

Tomida Y., Suzuki T., Yamada T. et al. Differences in oxygen and carbon stable isotope ratios
between hatchery and wild pink salmon fry // Fish. Sci. — 2014. — Vol. 80 (2). — P. 273-280. DOI:
10.1007/s12562-014-0699-9.

Torz A., Nedzarek A. Variability in the concentrations of Ca, Mg, Sr, Na, and K in the oper-
cula of perch (Perca fluviatilis L.) in relation to the salinity of waters of the Oder Estuary (Poland) //
Oceanol. Hydrobiol. Studies. — 2013. — Vol. 42 (1). — P. 22-27. DOI: 10.2478/s13545-013-0061-3.

Tzadik O.E., Curtis J.S., Granneman J.E. et al. Chemical archives in fishes beyond otoliths:
A review on the use of other body parts as chronological recorders of microchemical constituents for
expanding interpretations of environmental, ecological, and life-history changes // Limnol. Oceanogr.,
Methods. — 2017. — Vol. 15, Iss. 3. — P. 238-263. DOI: 10.1002/lom3.10153.

715



Muxees I1.F., Illeuna T A.

Tzeng W.N., Severin K.P., Wickstrom H. Use of otolith microchemistry to investigate the
environmental history of European eel Anguilla anguilla // Mar. Ecol. Prog. Ser. — 1997. — Vol.
149. — P. 73-81. DOI: 10.3354/meps149073.

Ugarte A., Unceta N., Pecheyran C. et al. Development of matrix-matching hydroxyapatite
calibration standards for quantitative multi-element LA-ICP-MS analysis: Application to the dorsal spine
offish //J. Anal. At. Spectrom. —2011.— Vol. 26, Iss. 7.—P. 1421-1427. DOI: 10.1039/c1ja10037h.

Uglem 1., Kristiansen T.S., Mejdell C.M. et al. Evaluation of large-scale marking methods in
farmed salmonids for tracing purposes: Impact on fish welfare // Rev. Aquacult. — 2020. — Vol. 12,
Iss. 2. — P. 600-625. DOI: 10.1111/raq.12342.

Vasconcelos R.P., Reis-Santos P., Tanner S. et al. Evidence of estuarine nursery origin of five
coastal fish species along the Portuguese coast through otolith elemental fingerprints // Estuarine,
Coastal and Shelf Science. — 2008. — Vol. 79, Iss. 2. — P. 317-327. DOI: 10.1016/j.ecss.2008.04.006.

Vaughan J. The physiology of bone : monogr. — Oxford : University Press, 1970. — 346 p.

Volk E.C., Blakley A., Schroder S.L., Kuehner S.M. Otolith chemistry reflects migratory
characteristics of Pacific salmonids: using otolith core chemistry to distinguish maternal associations
with sea and freshwaters // Fish. Res. — 2000. — Vol. 46. — P. 251-266.

Walther B.D. The art of otolith chemistry: interpreting patterns by integrating perspectives //
Mar. Freshwater Res. — 2019. — Vol. 70. — P. 1643—-1658. DOI: 10.1071/MF18270.

Walther B.D., Thorrold S.R. Water, not food, contributes the majority of strontium and barium
deposited in the otoliths of a marine fish / Mar. Ecol. Prog. Ser. — 2006. — Vol. 311. — P. 125-130.
DOI: 10.3354/meps311125.

Wang X., Wang L., Lv S., Li T. Stock discrimination and connectivity assessment of yellowfin
seabream (Acanthopagrus latus) in northern South China Sea using otolith elemental fingerprints //
Saudi J. Biol. Sci. — 2018. — Vol. 25, Iss. 6. — P. 1163-1169. DOI: 10.1016/].sjbs.2017.09.006.

Warburton M.L., Jarvis M.G., Closs G.P. Otolith microchemistry indicates regional phylopatry
in the larval phase of an amphidromous fish (Gobimorphus hubbsi) // New Zeal. J. Mar. Freshwater
Res. —2018. — Vol. 52, Iss. 3. — P. 398-408. DOI: 10.1080/00288330.2017.1421237.

Warren-Myers F., Dempster T., Swearer S.E. Otolith mass marking techniques for aquaculture
and restocking: benefits and limitations // Rev. Fish Biol. Fish. —2018. — Vol. 28 (3). — P. 485-501.
DOI: 10.1007/s11160-018-9515-4.

Watson N.M., Prichard C.G., Jonas J.L. et al. Otolithchemistry-based discrimination of
wild- and hatchery-origin Steelhead across the Lake Michigan Basin // North Amer. J. Fish. Manag.
—2018. — Vol. 38. — P. 820-832. DOI: 10.1002/nafm.10178.

Wells B.K., Bath G.E., Thorrold S.R., Jones C.M. Incorporation of strontium, cadmium, and
barium in juvenile spot (Leiostomus xanthurus) scales reflects water chemistry // Can. J. Fish. Aquat.
Sci. — 2000. — Vol. 57 (10). — P. 2122-2129. DOI: 10.1139/cjfas-57-10-2122.

Wells B.K., Rieman B.E., Clayton J.L. et al. Relationships between water, otolith, and scale
chemistries of westslope cutthroat trout from the Coeur d’ Alene River, Idaho: the potential application
of hard-part chemistry to describe movements in freshwater // Trans. Am. Fish. Soc. — 2003. — Vol.
132, Iss. 3. — P. 409-424. DOI: 10.1577/1548-8659(2003)132<0409:RBWOAS>2.0.CO;2.

Wells R.J.D., Kinney M., Kohin S. et al. Natural tracers reveal population structure of albacore
(Thunnus alalunga) in the eastern North Pacific // ICES J. Mar. Sci. — 2015. — Vol. 72, Iss. 7. —P.
2118-2127. DOI: 10.1093/icesjms/fsv051.

Whitney J.E., Gido K.B., Hedden S.C. et al. Identifying the source population of fish re-col-
onizing an arid-land stream following wildfire-induced extirpation using otolith microchemistry //
Hydrobiologia. — 2017. — Vol. 797. — P. 29-45. DOI: 10.1007/s10750-017-3143-1.

Wolff B.A., Johnson B.M., Landress C.M. Classification of hatchery and wild fish using
natural geochemical signatures in otoliths, fin rays, and scales of an endangered catostomid // Can.
J. Fish. Aquat. Sci. — 2013. — Vol. 70, Iss. 12. — P. 1775-1784. DOI: 10.1139/cjfas-2013-0116.

Woodcock S.H., Grieshaber C.A., Walther B.D. Dietary transfer of enriched stable isotopes
to mark otoliths, fin rays, and scales // Can. J. Fish. Aquat. Sci.— 2013. — Vol. 70, Iss. 1. — P. 1-4.
DOI: 10.1139/cjfas-2012-0389.

Wright P.J., Regnier T., Gibb F.M. et al. Identifying stock structuring in the sandeel, Ammo-
dytes marinus, from otolith microchemistry // Fish. Res. — 2018a. — Vol. 199. — P. 19-25. DOI:
10.1016/j.fishres.2017.11.015.

Wright P.J., Régnier T., Gibb F.M. et al. Assessing the role of ontogenetic movement in
maintaining population structure in fish using otolith microchemistry // Ecol. Evol. — 2018b. — Vol.
8, Iss. 16. — P. 7907-7920. DOI: 10.1002/ece3.4186.

716



HpumeHeHue AHAIU3A MUKPOITEMEHMHO2c0 cocmaea KATbYUHUPOBAHHbIX CIMPYKMYpD pblé...

Yamada S.B., Mulligan T.J. Marking nonfeeding salmonid fry with dissolved strontium // Can.
J. Fish. Aquat. Sci. — 1987. — Vol. 44 (8). — P. 1502-1506. DOI: 10.1139/£87-180.

Yamada Y., Okamura A., Tanaka S. et al. The roles of bone and muscle as phosphorus
reservoirs during the sexual maturation of female Japanese eels, Anguilla japonica Temminck and
Schlegel (Anguilliformes) // Fish Physiol. Biochem. — 2001. — Vol. 24. — P. 327-334. DOI:
10.1023/A:1015059524947.

Yang J., Jiang T., Liu H. Are there habitat salinity markers of the Sr:Ca ratio in the otolith of
wild diadromous fishes? A literature survey // Ichthyol. Res. — 2011. — Vol. 58. — P. 291-294. DOI:
10.1007/s10228-011-0220-8.

Zimmerman C.E., Reeves G.H. Identification of steelhead and resident rainbow trout progeny
in the Deschutes River, Oregon, revealed with otolith microchemistry // Trans. Am. Fish. Soc. —
2002. — Vol. 131. — P. 986-993. DOI: 10.1577/1548-8659(2002)131<0986:10SARR>2.0.CO;2.

Zimmerman C.E., Swanson H.K., Volk E.C., Kent A.J.R. Species and life history affect the
utility of otolith chemical composition for determining natal stream of origin for Pacific salmon // Trans.
Am. Fish. Soc. — 2013. — Vol. 142 (5). — P. 1370-1380. DOI: 10.1080/00028487.2013.811102.

Zymonas N.D., McMahon T.E. Comparison of pelvic fin rays, scales and otoliths for estimating
age and growth of bull trout, Salvelinus confluentus // Fish. Manag. Ecol. — 2009. — Vol. 16, Iss.
2.—P. 155-164. DOI: 10.1111/.1365-2400.2008.00640.x.

References

Afanasyev, Yu.l., Yurina, N.A., and Kotovsky, E.F., Gistologiya (Histology), Moscow: Med-
itsina, 2002, 5" ed.

Babayan, V.K., Predostorozhnyi podkhod k otsenke obshchego dopustimogo ulova (ODU) (The
Precautionary Approach to the Assessment of Total Allowable Catch (TAC)), Moscow: VNIRO, 2000.

Beaverton, R. and Holt, S., Dinamika chislennosti promyslovykh ryb (Dynamics of the number
of commercial fish), Moscow: Pishchevaya Promyshlennost’, 1969.

Dementieva, T.F., Biologicheskoye obosnovaniye promyslovykh prognozov (Biological sub-
stantiation of fishing forecasts), Moscow: Pishchevaya Promyshlennost’, 1976.

Myakishev, M.S., Ivanova, M.A., and Zelennikov, O.V., Marking of salmon juveniles and the
efficiency of fish farming, Russ. J. Mar. Biol., 2019, vol. 45, no. 5, pp. 363-369.

Pavlov, D.S., Kuzishchin, K.V., Gruzdeva, M.A., Polyakov, M.P., and Pelgunova, L.A., Life
history strategy diversity in the Kamchatkan dolly varden char Salvelinus malma (Walbaum) (Salmoni-
dae, Salmoniformes): ontogenetic reconstructions based on the data of x-ray fluorescence analysis of the
microchemistry of recording structures, Doklady Biological Sciences, 2013, vol. 450, no. 1, pp. 142—145.

Pavlov, D.S., Samoilov, K.Y., Kuzishchin, K.V., Gruzdeva, M.A., and Pelgunova, L.A.,
Diversity of life strategies of pikepech Sander lucioperca (L.) in the Lower Volga (by the data of
microelement composition of otolithes), Inland Water Biology, 2016, vol. 9, no. 4, pp. 382-389.

Ricker, W.E., Computation and Interpretation of Biological Statistics of Fish Populations,
Ottawa: Dep. Environ. Fish. Mar. Serv., 1975.

Adelir-Alves, J., Daros, F.A.L.M., Spach, H.L., Soeth, M., and Correia, A.T., Otoliths as a
tool to study reef fish population structure from coastal islands of south Brazil, Mar. Biol. Res., 2018,
vol. 14, no. 9-10, pp. 973-988. doi 10.1080/17451000.2019.1572194

Adey E.A., Black K.D., Sawyer T., Shimmield, T.M. and Trueman, C.N., Scale microchem-
istry as a tool to investigate the origin of wild and farmed Salmo salar, Mar. Ecol. Prog. Ser., 2009,
vol. 390, pp. 225-235. doi 10.3354/meps08161

Allen, P.J., Hobbs, J.A., Cech, J.J., Van Eenennaam, J.P., and Doroshov, S.I., Using trace
elements in pectoral fin rays to assess life history movements in sturgeon: Estimating age at initial
seawater entry in Klamath River green sturgeon, Transact. Amer. Fish. Soc., 2009, vol. 138, no. 2,
pp- 240-250. doi 10.1577/T08-061.1

Alo, D., Correa, C., Samaniego, H., Krabbenhoft, C.A., and Turner, T.F., Otolith micro-
chemistry and diadromy in Patagonian river fishes, Peer J., 2019, vol. 7. doi 10.7717/peerj.6149

Amano, Y., Kuwahara, M., Takahashi, T., Shirai, K., Yamane, K., Kawakami, T., Yokouchi,
K., Amakawa, H., and Otake, T., Low-fidelity homing behaviour of Biwa salmon Oncorhynchus sp.
landlocked in Lake Biwa as inferred from otolith elemental and Sr isotopic compositions, Fish. Sci.,
2018, vol. 84, pp. 799-813. doi 10.1007/s12562-018-1220-7

Andronis, C., Evans, N.J., McDonald, B.J., Nice, H.E., and Gagnon, M.M., Otolith micro-
chemistry: Insights into bioavailable pollutants in a man-made, urban inlet, Mar. Pollut. Bull., 2017,
vol. 118, no. 1-2, pp. 382-387. doi 10.1016/j.marpolbul.2017.02.037

717



Muxees I1.F., Illeuna T A.

Arai, T. and Chino, N., Opportunistic migration and habitat use of the giant mottled eel An-
guilla marmorata (Teleostei: Elopomorpha), Sci. Rep., 2018, vol. 8. doi 10.1038/s41598-018-24011-z

Arai, T., Hirata, T., and Takagi, Y., Application of laser ablation ICPMS to trace the envi-
ronmental history of chum salmon Oncorhynchus keta, Mar. Environ. Res., 2007, vol. 63, no. 1, pp.
55-66. doi 10.1016/j.marenvres.2006.06.003

Arai, T., Levin, A.V., Boltunov, A.N., and Miyazaki, N., Migratory history of the Russian
sturgeon Acipenser guldenstadti in the Caspian Sea, as revealed by pectoral fin spine Sr:Ca ratios,
Mar:. Biol., 2002, vol. 141, no. 2, pp. 315-319. doi 10.1007/s00227-002-0820-y

Araya, M., Niklitschek, E.J., Secor, D.H., and Piccoli, P.M., Partial migration in introduced
wild chinook salmon (Oncorhynchus tshawytscha) of southern Chile, Estuarine, Coastal and Shelf
Science, 2014, vol. 149, pp. 87-95. doi 10.1016/j.ecss.2014.07.011

Arechavala-Lopez, P., Milosevic-Gonzalez, M., and Sanchez-Jerez, P., Using trace elements
in otoliths to discriminate between wild and farmed European sea bass (Dicentrarchus labrax L.) and
Gilthead sea bream (Sparus aurata L.), Intern. Aquat. Res., 2016, vol. 8, pp. 263-273. doi 10.1007/
s40071-016-0142-1

Arkhipkin, A.I.,, Campana, S.E., FitzGerald, J., and Thorrold, S.R., Spatial and temporal
variation in elemental signatures of statoliths from the Patagonian longfin squid (Loligo gahi), Can.
J. Fish. Aquat. Sci., 2004, vol. 61, pp. 1212—-1224. doi 10.1139/F04-075

Arslan, Z. and Secor, D.H., Analysis of trace transition elements and heavy metals in fish
otoliths as tracers of habitat use by American eels in the Hudson River estuary, Estuaries and Coasts,
2005, vol. 28, no. 3, pp. 382-393. doi 10.1007/bf02693921

Artetxe-Arrate, L., Fraile, 1., Crook, D.A., Zudaire, 1., Arrizabalaga, H., Greig, A., and
Murua, H. Otolith microchemistry: a useful tool for investigating stock structure of yellowfin tuna
(Thunnus albacares) in the Indian Ocean, Mar. Freshwater Res., 2019, vol. 70, no. 12, pp. 1708-1721.
doi 10.1071/MF19067

Avigliano, E., Carvalho, B., Velasco, G., Tripodi, P., Vianna, M., and Volpedo, A.V., Nursery
areas and connectivity of the adults anadromous catfish (Genidens barbus) revealed by otolith-core
microchemistry in the south-western Atlantic Ocean, Mar. Freshwater Res., 2016, vol. 68, no. 5, pp.
931-940. doi 10.1071/mf16058

Avigliano, E., Domanico, A., Sinchez, S., and Volpedo, A.V., Otolith elemental fingerprint
and scale and otolith morphometry in Prochilodus lineatus provide identification of natal nurseries,
Fish. Res., 2017a, vol. 186, pp. 1-10. doi 10.1016/j.fishres.2016.07.026

Avigliano, E., Maichak de Carvalho, B., Leisen, M., Romero, R., Velasco, G., Vianna, M.,
Barra, F., and Volpedo, A.V., Otolith edge fingerprints as approach for stock identification of Genidens
barbus, Estuarine, Coastal and Shelf Science,2017b, vol. 197, pp. 92-96. doi 10.1016/j.ecss.2017.06.008

Avigliano, E., Maichak de Carvalho, B., Miller, N., Cérdoba Gironde, S., Tombari, A.,
Limburg, K., and Volpedo, A.V., Fin spine chemistry as a non-lethal alternative to otoliths for stock
discrimination in an endangered catfish species, Mar. Ecol. Prog. Ser., 2019, vol. 614, pp. 147-157.
doi 10.3354/meps12895

Avigliano, E., Martinez, G., Stoessel, L., Méndez, A., Bordel, N., and Pisonero, J., and
Volpedo, A., Otoliths as indicators for fish behaviour and procurement strategies of hunter-gatherers
in North Patagonia, Heliyon, 2020, vol. 6, no. 3. doi 10.1016/j.heliyon.2020.e03438

Avigliano, E., Pisonero, J., Domanico, A., Silva, N., Sanchez, S., and Volpedo, A.V., Spatial
segregation and connectivity in young and adult stages of Megaleporinus obtusidens inferred from
otolith elemental signatures: Implications for management, Fish. Res., 2018a, vol. 204, pp. 239-244.
doi 10.1016/j.fishres.2018.03.007

Avigliano, E., Pisonero, J., Sanchez, S., Domanico, A., and Volpedo, A.V., Estimating con-
tributions from nursery areas to fish stocks in freshwater systems using otolith fingerprints: The case
of the streaked prochilod in the La Plata Basin (South America), River Res. Applic., 2018b, vol. 34,
no. 7, pp. 863—872. doi 10.1002/rra.3304

Avigliano, E., Velasco, G., and Volpedo, A.V., Use of lapillus otolith microchemistry as an
indicator of the habitat of Genidens barbus from different estuarine environments in the southwestern
Atlantic Ocean, Environ. Biol. Fish.,2015, vol. 98, pp. 1623-1632. doi 10.1007/s10641-015-0387-3

Barton, D.P., Taillebois, L., Taylor, J., Crook, D.A., Saunders, T., Hearnden, M., Greig, A.,
Welch, D.J., Newman, S.J., Travers, M.J., Saunders, R.J., Errity, C., Maher, S., Dudgeon, C., and
Ovenden, J., Stock structure of Lethrinus laticaudis (Lethrinidae) across northern Australia determined
using genetics, otolith microchemistry and parasite assemblage composition, Mar. Freshwater Res.,
2018, vol. 69, no. 4, pp. 487-501. doi 10.1071/MF17087

718



HpumeHeHue AHAIU3A MUKPOITEMEHMHO2c0 cocmaea KATbYUHUPOBAHHbIX CIMPYKMYpD pblé...

Beck, A.J., Charette, M.A., Cochran, J.K., Gonneea, M.E., and Peucker-Ehrenbrink, B.,
Dissolved strontium in the subterranean estuary — Implications for the marine strontium isotope
budget, Geochimica et Cosmochimica Acta, 2013, vol. 117, pp. 33-52. doi 10.1016/j.gca.2013.03.021

Benjamin, J.R., Wetzel, L.A., Martens, K.D., Larsen, K., and Connolly, P.J., Spatio-temporal
variability in movement, age, and growth of mountain whitefish (Prosopium williamsoni) in a river
network based upon PIT tagging and otolith chemistry, Can. J. Fish. Aquat. Sci., 2014, vol. 71, no.
1, pp. 131-140. doi 10.1139/cjfas-2013-0279

Bertucci, T., Aguilera, O., Vasconcelos, C., Nascimento, G., Marques, G., Macario, K., de
Albuquerque, C.Q., Lima, T., and Belém, A., Late Holocene palacotemperatures and palacoenvi-
ronments in the Southeastern Brazilian coast inferred from otolith geochemistry, Palaecogeography,
Palaeoclimatology, Palaeoecology, 2018, vol. 503, pp. 40-50. doi 10.1016/j.palaeo.2018.04.030

Bijvelds, M..J., Flik, G., Kolar, Z.1., and Bonga, S.E.W., Uptake, distribution and excretion of
magnesium in Oreochromis mossambicus: dependence on magnesium in diet and water, Fish Physiol.
Biochem., 1996, vol. 15, no. 4, pp. 287-298. doi 10.1007/BF02112355

Bilton, H.T., Factors influencing the formation of scale characters, North Pacific Fish Comm.
Bull., 1975, vol. 32, pp. 102-108.

Biolé, F.G., Thompson, G.A., Vargas, C.V., Leisen, M., Barra, F., Volpedo, A.V., and
Avigliano, E., Fish stocks of Urophycis brasiliensis revealed by otolith fingerprint and shape in the
Southwestern Atlantic Ocean, Estuarine, Coastal and Shelf Science, 2019, vol. 229. doi 10.1016/].
€css.2019.106406

Blair, J.M. and Hicks, B.J., Otolith microchemistry of koi carp in the Waikato region, New
Zealand: a tool for identifying recruitment locations?, Inland Waters, 2012, vol. 2, no. 3, pp. 109-118.
doi 10.5268/IW-2.3.480

Bouchoucha, M., Pecheyran, C., Gonzalez, J.L., Lenfant, P., and Darnaude, A.M., Otolith
fingerprints as natural tags to identify juvenile fish life in ports, Estuarine, Coastal and Shelf Science,
2018, vol. 212, pp. 210-218. doi 10.1016/j.ecss.2018.07.008

Bradbury, L.LR., Campana, S.E., and Bentzen P., Otolith elemental composition and adult
tagging reveal spawning site fidelity and estuarine dependency in rainbow smelt, Mar. Ecol. Prog.
Ser., 2008, vol. 368, pp. 255-268. doi 10.3354/meps07583

Brennan, S.R. and Schindler, D.E., Linking otolith microchemistry and dendritic isoscapes
to map heterogeneous production of fish across river basins, Ecol. Appl., 2017, vol. 27, no. 2, pp.
363-377. doi 10.1002/eap.1474

Brennan, S.R., Zimmerman, C.E., Fernandez, D.P. Cerling, T.E., McPhee, M.V., and
Wooller M.J., Strontium isotopes delineate fine-scale natal origins and migration histories of Pacific
salmon, Sci. Advances, 2015, vol. 1, no. 4. doi 10.1126/sciadv.1400124

Brickle, P., Schuchert, P.C., Arkhipkin, A.IL., Reid, M.R., and Randhawa, H.S., Otolith Trace
Elemental Analyses of South American Austral Hake, Merluccius australis (Hutton, 1872) Indicates
Complex Salinity Structuring on their Spawning/Larval Grounds, PLoS One, 2016, vol. 11, no. 1, art.
ID 0145479. doi 10.1371/journal.pone.0145479

Brusher, J.H. and Schull, J., Non-lethal age determination for juvenile goliath grouper Epinephelus
itajara from southwest Florida, Endang. Spec. Res., 2009, vol. 7, pp. 205-212. doi 10.3354/esr00126

Caccavo, J.A., Ashford, J.R., Ryan, S., Papetti, C., Schroder, M., and Zane L., Spatial
structuring and life history connectivity of Antarctic silverfish along the southern continental shelf of
the Weddell Sea, Mar. Ecol. Prog. Ser., 2019, vol. 624, pp. 195-212. doi 10.3354/meps13017

Campana, S.E., Chemistry and composition of fish otoliths: pathways, mechanisms and appli-
cations, Mar. Ecol. Prog. Ser., 1999, vol. 188, pp. 263-297. doi 10.3354/meps188263

Campana, S.E., Otolith elemental composition as a natural marker of fish stocks, in Stock
identification methods applications in fishery science, Cadrin, S.X., Friedland, K.D., Waldman, J.R.,
eds., Elsevier, 2005, ch. 12, pp. 227-245. doi 10.1016/B978-012154351-8/50013-7

Campana, S.E., Chouinard, G.A., Hanson, J.M., Fréchet, A., and Brattey, J., Otolith cle-
mental fingerprints as biological tracers of fish stocks, Fish. Res., 2000, vol. 46, no. 1-3, pp. 343-357.
doi 10.1016/S0165-7836(00)00158-2

Campana, S.E., Fowler, A.J., and Jones, C.M., Otolith elemental fingerprinting for stock
identification of Atlantic cod (Gadus morhua) using laser ablation ICPMS, Can. J. Fish. Aquat. Sci.,
1994, vol. 51, pp. 1942—1950. doi 10.1139/f94-196

Campana, S.E. and Neilson, J.D., Daily growth increments in otoliths of starry flounder
(Platichthys stellatus) and the influence of some environmental variables in their production, Can. J.
Fish. Aquat. Sci., 1982, vol. 39, no. 7, pp. 937-942. doi 10.1139/£82-127

719




Muxees I1.F., Illeuna T A.

Carlson, A.K., Fincel, M.J., and Graeb, B.D.S., Otolith microchemistry reveals natal origins of
walleyes in Missouri River reservoirs, North Amer. J. Fish. Manag., 2016, vol. 36, no. 2, pp. 341-350.
doi 10.1080/02755947.2015.1135214

Carlson, A.K., Phelps, Q.E., and Graeb, B.D.S., Chemistry to conservation: Using otoliths
to advance recreational and commercial fisheries management, J. Fish Biol., 2017, vol. 90, no. 2, pp.
505-527. doi 10.1111/jfb.13155

Carragher, J.F. and Sumpter, J.P., The mobilization of calcium from calcified tissues of
rainbow trout (Oncorhynchus mykiss) induced to synthesize vitellogenin, Comp. Biochem. Physiol.,
1991, vol. 99, pp. 169—-172. doi 10.1016/0300-9629(91)90253-9

Chang, M., Tzeng, W., and You, C., Using otolith trace elements as biological tracer for
tracking larval dispersal of black porgy, Acanthopagrus schlegeli and yellowfin seabream, 4. latus
among estuaries of western Taiwan, Environ. Biol. Fish., 2012, vol. 95, pp. 491-502. doi 10.1007/
s10641-012-0081-7

Chang, W., Shih, C., Lin, H., Wang, C., Chang, P., and Y., Discrimination of wild and hatch-
ery-reared black porgy Acanthopagrus schlegelii using otolith elements analysis of magnesium and
manganese, Open J. Mar. Sci., 2019, vol. 9, no. 1, pp. 18-32. doi 10.4236/0jms.2019.91002

Chiang, C.-1., Chung, M.-T., Shih, T.-W., Chan, T.-Y., Yamaguchi, A., and Wang, C.-H.,
Evaluation of the '*’Ba mass-marking technique and potential effects in the early life history stages
of Sepioteuthis lessoniana, Mar. Freshwater Res., 2019, vol. 70, pp. 1698—-1707. doi 10.1071/
MF18325

Ching, T.-Y., Chen, C.-S., and Wang, C.-H., Spatiotemporal variations in life-history traits
and statolith trace elements of Sepioteuthis lessoniana populations around northern Taiwan, J. Mar.
Biol. Assoc. UK., 2017, vol. 99, no. 1, pp. 1-11. doi 10.1017/S0025315417001801

Chittaro, P.M., Usseglio, P., Fryer, B.J., and Sale, P.F., Using otolith microchemistry of Hae-
mulon flavolineatum (French grunt) to characterize mangroves and coral reefs throughout Turneffe
Atoll, Belize: difficulties at small spatial scales, Estuaries, 2005, vol. 28, no. 3, pp. 373-381. doi
10.1007/BF02693920

Ciepiela, L.R. and Walters, A.W., Life-history variation of two inland salmonids revealed
through otolith microchemistry analysis, Can. J. Fish. Aquat. Sci., 2019, vol. 76, pp. 1971-1981. doi
10.1139/cjfas-2018-0087

Clarke, A.D., Telmer, K.H., and Shrimpton, J.M., Elemental analysis of otoliths, fin rays
and scales: a comparison of bony structures to provide population and life-history information for
the Arctic grayling (Thymallus arcticus), Ecol. Freshwater Fish, 2007, vol. 16, no. 3, pp. 354-361.
doi 10.1111/5.1600-0633.2007.00232

Clarke, A.D., Telmer, K.H., and Shrimpton, J.M., Movement patterns of fish revealed by
otolith microchemistry: a comparison of putative migratory and resident species, Environ. Biol. Fish.,
2015, vol. 98, no. 6, pp. 1583—1597. doi 10.1007/s10641-015-0384-6

Coiraton, C. and Amezcua, F., In utero elemental tags in vertebrae of the scalloped hammer-
head shark Sphyrna lewini reveal migration patterns of pregnant females, Sci. Rep., 2020, vol. 10.
doi 10.1038/s41598-020-58735-8

Courtemanche, D.A., Whoriskey, Jr.F.G., Bujold, V., and Curry, R.A., Assessing anadromy
of brook char (Salvelinus fontinalis) using scale microchemistry, Can. J. Fish. Aquat. Sci., 2006, vol.
63, no. 5, pp. 995-1006. doi 10.1139/f06-009

Coutant, C.C. and Chen, C.H., Strontium microstructure in scales of freshwater and estuarine
striped bass (Morone saxatilis) detected by laser ablation mass spectrometry, Can. J. Fish. Aquat. Sci.,
1993, vol. 50, no. 6, pp. 1318-1323. doi 10.1139/f93-149

Crook, D.A., Wedd, D., and Berra, T.M., Analysis of otolith ’Sr/*Sr to elucidate salinity
histories of Nurseryfish Kurtus gulliveri (Perciformes: Kurtidae) in a tropical lowland river in northern
Australia, Freshwater Sci., 2015, vol. 34, no. 2, pp. 609—619. doi 10.1086/681022

Cuevas, M.J., Gorski, K., Castro, L.R., Vivancos, A., and Reid, M., Otolith elemental compo-
sition reveals separate spawning areas of anchoveta, Engraulis ringens, off central Chile and northern
Patagonia, Sci. Mar., 2019, vol. 83, no. 4, pp. 317-326. doi 10.3989/scimar.04918.28A

David, B.O., Jarvis, M., Ozkundakci, D., Collier, K.J., Hicks, A.S., and Reid M., To sea or
not to sea? Multiple lines of evidence reveal the contribution of non-diadromous recruitment for sup-
porting endemic fish populations within New Zealand’s longest river, Aquat. Conserv.: Mar. Freshw.
Ecosyst., 2019, vol. 29, no. 9, pp. 1409-1423. doi 10.1002/aqc.3022

Degens, E.T., Deuser, W.G., and Haedrich, R.L., Molecular structure and composition of fish
otoliths, Mar. Biol., 1969, vol. 2, pp. 105-113. doi 10.1007/BF00347005

720




HpumeHeHue AHAIU3A MUKPOITEMEHMHO2c0 cocmaea KATbYUHUPOBAHHbIX CIMPYKMYpD pblé...

Doring, J., Wagner, C., Tiedemann, M., Brehmer, P., and Ekau. W., Spawning energetics and
otolith microchemistry provide insights into the stock structure of bonga shad Ethmalosa fimbriata,
J. Fish Biol., 2019, vol. 94, no. 2, pp. 241-250. doi 10.1111/jfb.13881

Duponchelle, F., Pouilly, M., Pécheyran, C. Hauser, M., Renno, J.-F., Panfili, J., Darnaude,
A.M., Garcia-Vasquez, A., Carvajal-Vallejos, F., Garcia-Davila, C., Doria, C., Bérail, S., Donard,
A., Sondag, F., Santos, R.V., Nuiiez, J., Point, D., Labonne, M., and Baras, E., Trans-Amazonian
natal homing in giant catfish, J. Appl. Ecol., 2016, vol. 53, no. 5, pp. 1511-1520. doi 10.1111/1365-
2664.12665

Edmonds, J.S., Moran, M.J., Caputi, N., and Morita, M., Trace element analysis of fish
sagittae as an aid to stock identifications: pink snapper (Chrysophrys auratus) in western Australian
waters, Can. J. Fish. Aquat. Sci., 1989, vol. 46, no. 1, pp. 50-54. doi 10.1139/£89-007

El Meknassi, S., Dera, G., Cardone T., De Rafélis, M., Brahmi, C., and Chavagnac, V., Sr
isotope ratios of modern carbonate shells: Good and bad news for chemostratigraphy, Geology, 2018,
vol. 46, no. 11, pp. 1003-1006. doi 10.1130/G45380.1

Elsdon, T.S., Wells, B.K., Campana, S.E., Gillanders, B.M., Jones, C.M., Limburg, K.E.,
Secor, D.H., Thorrold, S.R., and Walther, B.D., Otolith chemistry to describe movements and
life-history parameters of fishes: Hypotheses, assumptions, limitations and inferences, Ocean. Mar.
Biol., 2008, vol. 46, pp. 297-330.

Farrell, J. and Campana, S.E., Regulation of calcium and strontium deposition on the otoliths
of juvenile tilapia, Oreochromis niloticus, Comp. Biochem. Physiol. Part A: Physiology, 1996, vol.
115, no. 2, pp. 103—-109. doi 10.1016/0300-9629(96)00015-1

Ferreira, 1., Santos, D., Moreira, C., Feijo, D., Rocha, A., and Correia, A.T., Population
structure of Chelidonichthys lucerna in Portugal mainland using otolith shape and elemental signatures,
Mar. Biol. Res., 2019, vol. 15, no. 8-9, pp. 500-512. doi 10.1080/17451000.2019.1673897

Feyrer, F., Hobbs, J., Baerwald, M., Sommer, T., Yin, Q.-Z., Clark, K., May, B., and Ben-
nett W., Otolith microchemistry provides information complementary to microsatellite DNA for a
migratory fish, Transact. Amer. Fish. Soc.,2007, vol. 136, no. 2, pp. 469—476. doi 10.1577/T06-044.1

Flem B., Benden T.F., Finne T.E., Moen, V., Nordahl, T.M., Skar, K., Nordgulen, 9.,
and Solli, A., The fish farm of origin is assigned by the element profile of Atlantic salmon (Sa/mo
salar L.) scales in a simulated escape event, Fish. Res., 2018, vol. 206, pp. 1-13. doi 10.1016/].
fishres.2018.04.025

Flem, B., Moen, V., Finne, T., Viljugrein, H., and Kristoffersen, A.B., Trace element compo-
sition of smolt scales from Atlantic salmon (Salmo salar L.), geographic variation between hatcheries,
Fish. Res., 2017, vol. 190, pp. 183-196. doi 10.1016/].fishres.2017.02.010

Fortunato, R.C., Gonzalez-Castro, M., Galan, A.R., Alonso, I.G., Kunert, C., Dura, V.B.,
and Volpedo, A., Identification of potential fish stocks and lifetime movement patterns of Mugil liza
Valenciennes, 1836 in the Southwestern Atlantic Ocean, Fish. Res., 2017, vol. 193, pp. 164—172. doi
10.1016/j.fishres.2017.04.005

Fukushima, M., Jutagate, T., Grudpan, C., Phomikong, P., and Nohara, S., Potential effects
of hydroelectric dam development in the Mekong River basin on the migration of Siamese mud carp
(Henicorhynchus siamensis and H. lobatus) elucidated by otolith microchemistry, PloS One, 2014,
vol. 9, no. &, art. ID 103722. doi 10.1371/journal.pone.0103722

Gabrielsson, R.M., Kim, J., Reid, M.R., Stirling, C.H., Numata, M., and Closs, G.P., Does
the trace element composition of brown trout Salmo trutta eggs remain unchanged in spawning redds?,
J. Fish Biol., 2012, vol. 81, no. 6, pp. 1871-1879. doi 10.1111/j.1095-8649.2012.03396.x

Gahagan, B.I., Vokoun, J.C., Whitledge, G.W., and Schultz, E.T., Evaluation of otolith
microchemistry for identifying natal origin of anadromous river herring in Connecticut, Mar. Coast.
Fish., 2012, vol. 4, no. 1, pp. 358-372. doi 10.1080/19425120. 2012.675967

Galleguillos, R., Ferrada, S., Canales-Aguirre, C., Astete, S., and Lafon A., Analisis de
genética de poblaciones, in Unidades poblacionales de merluza de tres aletas (Micromesistius aus-
tralis), Niklitschek, E., Canales, C., Ferrada, S., Galleguillos, R., George-Nascimento, M., Hernandez,
E., Herranz, C., Lafon, A., Roa, R., Toledo, P., eds, Coyhaique, 2009, pp. 34—49.

Gaston, T.F. and Suthers, I.M., Spatial variation in 6'*C and 0"N of liver, muscle and bone
in a rocky reef planktivorous fish: the relative contribution of sewage, J. Exp. Mar: Biol. Ecol., 2004,
vol. 304, pp. 17-33. doi 10.1016/j.jembe.2003.11.022

Gauldie, R.W., Sharma, S.K., and Volk, E., Micro-raman spectral study of vaterite and arago-
nite otoliths of the coho salmon, Oncorhynchus kisutch, Comp. Biochem. Physiol. Part A: Physiology,
1997, vol. 118, no. 3, pp. 753-757. doi 10.1016/S0300-9629(97)00059-5

721



Muxees I1.F., Illeuna T A.

Geffen, A.J., Nash, R.D.M., and Dickey-Collas, M., Characterization of herring populations
west of the British Isles: an investigation of mixing based on otolith microchemistry, ICES J. Mar.
Sci., 2011, vol. 68, no. 7, pp. 1447—-1458. doi 10.1093/icesjms/fsr051

Gillanders, B.M., Trace metals in four structures of fish and their use for estimates of stock
structure, Fish. Bull., 2001, vol. 99, pp. 410-419.

Gleason, C.M., Norcross, B.L., and Spaleta, K., Otolith chemistry discriminates water mass
occupancy of Arctic fishes in the Chukchi Sea, Mar: Freshwater Res., 2016, vol. 67, no. 7, pp. 967-979.
doi 10.1071/MF15084

Glimcher, M.J., The nature of the mineral phase in bone: Biological and clinical implications,
in Metabolic bone disease and clinically related disorders, Avioli, L.V. and Krane, S.M., ed., San
Diego, CA: Academic Press, 1998, chap. 2, pp. 23-52.

Green, C.P., Robertson, S.G., Hamer, P.A., Virtue P., Jackson G.D., and Moltschaniwskyj
N.A., Combining statolith element composition and Fourier shape data allows discrimination of spatial
and temporal stock structure of arrow squid (Nototodarus gouldi), Can. J. Fish. Aquat. Sci., 2015,
vol. 72, pp. 1-10. doi 10.1139/cjfas-2014-0559

Guidetti, P., Petrillo, M., De Benedetto, G., and Albertelli, G., The use of otolith microchem-
istry to investigate spawning patterns in European anchovy: A case study in the eastern Ligurian Sea
(NW Mediterranean), Fish. Res., 2013, vol. 139, pp. 1-4. doi 10.1016/j.fishres.2012.10.015

Guillou, A. and Delanoue J., Use of strontium as a nutritional marker for farm-reared brook
trout, The Prog. Fish-Cult., 1987, vol. 49, pp. 34-39. doi 10.1577/1548-8640(1987)49<34:YO-
SAAN>2.0.CO;2

Gunn, J.S., Harrowfield, I.R., Proctor, C.H., and Thresher, R.E., Electron probe microanal-
ysis of fish otoliths devaluation of techniques for studying age and stock discrimination, J. Exp. Mar.
Biol. Ecol., 1992, vol. 158, no. 1, pp. 1-36. doi 10.1016/0022-0981(92)90306-U

Hale, L.F., Dudgeon, J.V., Mason, A.Z., and Lowe, C.G., Elemental signatures in the vertebral
cartilage of the round stingray, Urobatis halleri, from Seal Beach, California, Environ. Biol. Fish.,
20006, vol. 77, no. 3—4, pp. 317-325. doi 10.1007/s10641-006-9124-2

Hand, C.P., Ludsin, S.A., Fryer, B.J., and Marsden, E.J., Statolith microchemistry as a tech-
nique for discriminating among Great Lakes sea lamprey (Petromyzon marinus) spawning tributaries,
Can. J. Fish. Aquat. Sci., 2008, vol. 65, pp. 1153—-1164.

Hansson, S.V., Desforges, J.-P, van Beest, F.M., Bach, L., Halden, N.M., Sonne, C., Mos-
bech, A., and Sendergaard, J., Bioaccumulation of mining derived metals in blood, liver, muscle
and otoliths of two Arctic predatory fish species (Gadus ogac and Myoxocephalus scorpius), Env.
Res., 2020, vol. 183. doi 10.1016/j.envres.2020.109194

Hata, M., Kawakami, T., and Otake T., Inmediate impact of the tsunami associated with the
2011 Great East Japan Earthquake on the Plecoglossus altivelis altivelis population from the Sanriku
coast of northern Japan, Environ. Biol. Fish., 2016, vol. 99, pp. 527-538.

Hauser, M., Duponchelle, F., Hermann, T.W., Limburg, K.E., Castello, L., Stewart,
D.J.., Torrente-Vilara, G., Garcia-Vasquez, A., Garcia-Davila, C., Pouilly, M., Pecheyran, C.,
Ponzevera, E., Renno, J.-F., Moret, A.S., and Doria, C.R.C., Unmasking continental natal homing
in goliath catfish from the upper Amazon, Freshwater Biol., 2020, vol. 65, no. 2, pp. 325-336. doi
10.1111/fwb.13427

Hedger, R.D., Atkinson, P.M., Thibault, I., and Dodson, J.J., A quantitative approach for
classifying fish otolith strontium: calcium sequences into environmental histories, Ecol. Informatics,
2008, vol. 3, no. 3, pp. 207-217. doi 10.1016/j.ecoinf.2008.04.001

Hegg, J.C., Kennedy, B.P., and Chittaro, P., What did you say about my mother? The com-
plexities of maternally derived chemical signatures in otoliths, Can. J. Fish. Aquat. Sci., 2019, vol.
76, no. 1, pp. 81-94. doi 10.1139/cjfas-2017-0341

Heidemann, F., Marohn, L., Hinrichsen, H.H., Huwer, B., Hiissy, K., Kliigel, A., Bottcher,
U., and Hanel, R., Suitability of otolith microchemistry for stock separation of Baltic cod, Mar. Ecol.
Prog. Ser., 2012, vol. 465, pp. 217-226. doi 10.3354/meps09922

Hill, K.T., Cailliet, G.M., and Radtke, R.L., A comparative analysis of growth zones in four cal-
cified structures of Pacific blue marlin, Makaira nigricans, Fish. Bull., 1989, vol. 87, no. 4, pp. 829-843.

Hobbs, J.A., Lewis, L.S., Ikemiyagi, N., Sommer, T., and Baxter, R.D., The use of otolith
strontium isotopes (¥’Sr/*°Sr) to identify nursery habitat for a threatened estuarine fish, Environ. Biol.
Fish., 2010, vol. 89, pp. 557-569. doi 10.1007/s10641-010-9672-3

Humston, R., Doss, S.S., Wass, C., Hollenbeck, C., Thorrold, S.R., Smith, S., and Bataille,
C.P., Isotope geochemistry reveals ontogeny of dispersal and exchange between main-river and

722



HpumeHeHue AHAIU3A MUKPOITEMEHMHO2c0 cocmaea KATbYUHUPOBAHHbIX CIMPYKMYpD pblé...

tributary habitats in smallmouth bass Micropterus dolomieu, J. Fish Biol., 2017, vol. 90, no. 2, pp.
528-548. doi 10.1111/jfb.13073

Hiissy, K., Groger, J., Heidemann, F., Hinrichsen, H.-H., and Marohn, L., Slave to the
rhythm: seasonal signals in otolith microchemistry reveal age of eastern Baltic cod (Gadus morhua),
ICES J. Mar. Sci., 2016, vol. 73, no. 4, pp. 1019-1032. doi 10.1093/icesjms/fsv247

Hutchinson, J.J. and Trueman, C.N., Stable isotope analyses of collagen in fish scales: limita-
tions set by scale architecture, J. Fish Biol., 2006, vol. 69, no. 6, pp. 1874—1880. doi 10.1111/j.1095-
8649.2006.01234.x

Izzo, C., Huveneers, C., Drew, M., Bradshaw, C.J.A., Donnellan, S.C., and Gillanders,
B.M., Vertebral chemistry demonstrates movement and population structure of bronze whaler, Mar.
Ecol. Prog. Ser., 2016, vol. 556, pp. 195-207. doi 10.3354/meps11840

Izzo, C., Reis-Santos, P., and Gillanders, B.M., Otolith chemistry does not just reflect environ-
mental conditions: A meta-analytic evaluation, Fish and Fisheries, 2018, vol. 19, no. 3, pp. 441-454.
doi 10.1111/faf.12264

Jacobsen, J.A. and Hansen, L.P., Conventional tagging methods in stock identification: internal
and external tags, /ICES ASC 2004/EE:29, 2004.

Jarié, L., Lenhardt, M., Pallon, J., Elfman, M., Kalauzi, A., Suciu, R., Cvijanovic, G., and
Ebenhard, T., Insight into Danube sturgeon life history: trace element assessment in pectoral fin rays,
Environ. Biol. Fish., 2011, vol. 90, no. 2, pp. 171-181. doi 10.1007/s10641-010-9728-4

Jones, R., Manual of methods for fish stock assessment. Part 4. Marking, Fao Fisheries Tech-
nical Paper, 1966, no. 51, Suppl 1.

Kafemann, R., Adlerstein, S., and Neukamm, R., Variation in otolith strontium and calcium
ratios as an indicator of life-history strategies of freshwater fish species within a brackish water system,
Fish. Res., 2000, vol. 46, no. 1-3, pp. 313-325. doi 10.1016/50165-7836(00)00156-9

Kalish, J.M., Use of otolith microchemistry to distinguish the progeny of sympatric anadromous
and non-anadromous salmonids, Fish. Bull., 1990, vol. 88, pp. 657—666.

Kang, S., Kim, S., Telmer, K., Welch, D., and Lee, Y.-H., Stock identification and life history
interpretation using trace element signatures in salmon otoliths, Ocean Sci. J., 2014, vol. 49, no. 3,
pp- 201-210. doi 10.1007/s12601-014-0020-y

Keenleyside, K.A., Elemental composition of vertebral bone of the northern redbelly dace (Phox-
inus eos) in relation to lake environmental factors: M. Sc., Univ. of Toronto, Ontario, Canada, 1992.

Keller, D.H., Zelanko, P.M., Gagnon, J.E., Horwitz, R.J., Galbraith, H.S., and Velinsky,
D.J., Linking otolith microchemistry and surface water contamination from natural gas mining, En-
viron. Pollut., 2018, vol. 240, pp. 457-465. doi 10.1016/j.envpol.2018.04.026

Kennedy, B.P., Blum, J.D., Folt, C.L., and Nislow, K.H., Using natural strontium isotopic
signatures as fish markers: Methodology and application, Can. J. Fish. Aquat. Sci., 2000, vol. 57,no.
11, pp. 2280-2292. doi 10.1139/cjfas-57-11-2280

Kerr, L.A. and Campana, S.E., Chemical composition of fish hard parts as a natural marker
of fish stocks, Stock identification methods, Cadrin, S.X., Kerr, L.A., Mariani, S., ed., San Diego:
Academic Press, 2014, Chap. 11, pp. 205-234. doi 10.1016/B978-0-12-397003-9.00011-4

Kerr, L.A., Secor, D.H., and Kraus, R.T., Stable isotope (3'°C and 8'*0) and Sr/Ca composition
of otoliths as proxies for environmental salinity experienced by an estuarine fish, Mar. Ecol. Prog.
Ser., 2007, vol. 349, pp. 245-253. doi 10.3354/meps07064

Lall, S.P., The minerals, Fish nutrition, Halver, J.E. and Hardy, R.W., ed., San Diego: Academic,
2002, pp. 259-308. doi 10.1016/B978-012319652-1/50006-9

Landsman, S., Stein, J.A., Whitledge, G., and Robillard, S.R., Stable oxygen isotope analysis
confirms natural recruitment of Lake Michigan-origin Lake Trout (Salvelinus namaycush) to the adult
life stage, Fish. Res., 2017, vol. 190, pp. 15-23. doi 10.1016/j.fishres.2017.01.013

Lazartigues, A.V., Plourde, S., Dodson, J.J., Morissette, O., Ouellet, P., and Sirois, P., De-
termining natal sources of capelin in a boreal marine park using otolith microchemistry, /CES J. Mar.
Sci., 2016, vol. 73, no. 10, pp. 2644—2652. doi 10.1093/icesjms/fsw104

Ley, J.A. and Rolls, H.J., Using otolith microchemistry to assess nursery habitat contribution and
function at a fine spatial scale, Mar: Ecol. Prog. Ser., 2018, vol. 606, pp. 151-173. doi 10.3354/meps12765

Liden, K. and Angerbjorn, A., Dietary change and stable isotopes: a model of growth and
dormancy in cave bears, Proceedings of the Royal Society B: Biological Sciences, 1999, vol. 266, no.
1430, pp. 1779-1783. doi 10.1098/rspb.1999.0846

Limburg, K.E., Elfman, M., Kristiansson, P., Malmkvist, K., and Pallon J., New insights
into fish ecology via nuclear microscopy of otoliths, AIP Conference Proceedings: Proceedings of

723



Muxees I1.F., Illeuna T A.

17" International Conference on Applications of Accelerators in Research and Industry, 2003, vol.
680, no. 1, pp. 339-342. doi 10.1063/1.1619730

Limburg K.E., Landergren P., Westin L., Elfman M., and Kristiansson P., Flexible modes
of anadromy in Baltic sea trout: making the most of marginal spawning streams, J. Fish Biol., 2001,
vol. 59, no. 3, pp. 682—695. doi 10.1111/j.1095-8649.2001.tb02372.x

Loeppky, A.R., McDougall, C.A., and Anderson, W.G., Identification of hatchery-reared
Lake Sturgeon Acipenser fulvescens using natural elemental signatures and stable isotope marking
of fin rays, North Amer. J. Fish. Manag., 2020, vol. 40, no. 1, pp. 61-74. doi 10.1002/nafm.10372

Longmore, C., Fogarty, K., Neat, F., Brophy, D., Trueman, C.N., Milton, J.A., and Mar-
iani, S., A comparison of otolith microchemistry and otolith shape analysis for the study of spatial
variation in a deep-sea teleost, Coryphaenoides rupestris, Environ. Biol. Fish., 2010, vol. 89, no. 3,
pp- 591-605. doi 10.1007/s10641-010-9674-1

Lowe, ML.R., DeVries, D.R., Wright, R.A., Ludsin, S.A. and Fryer, B.J., Otolith microchemis-
try reveals substantial use of freshwater by southern flounder in the northern Gulf of Mexico, Estuaries
and Coasts, 2011, vol. 34, no. 3, pp. 630—639. doi 10.1007/s12237-010-9335-9

Mai, A.C.G., dos Santos, M.L., Lemos, V.M., and Vieira, J.P., Discrimination of habitat use
between two sympatric species of mullets, Mugil curema and Mugil liza (Mugiliformes: Mugilidae)
in the rio Tramandai Estuary, determined by otolith chemistry, Neotrop. Ichthyol., 2018, vol. 16, no.
2. doi 10.1590/1982-0224-20170045

Manual of fish sclerochronology, Panfili, J., Pontual H., (de), Troadec, H., Wright, P.J., eds,
Brest, France: Ifremer-IRD coedition, 2002.

Martin, J., Bareille, G., Berail, S., Pécheyran, C., Gueraud, F., Lange, F., Daverat, F., Bru,
N., Beall, E., Barracou, D., and Donard, O., Persistence of a southern Atlantic salmon population:
Diversity of natal origins from otolith elemental and Sr isotopic signatures, Can. J. Fish. Aquat. Sci.,
2013, vol. 70, no. 2, pp. 182—197. doi 10.1139/¢jfas-2012-0284

McMullin, R.M., Wing, S.R., and Reid, M.R., Ice fish otoliths record dynamics of advancing and
retreating sea ice in Antarctica, Limnol. Oceanogr:,2017,vol. 62,no. 6, pp. 2662-2673. doi 10.1002/In0.10597

Miyan, K., Khan, M.A., Patel, D.K., Khan, S., and Ansari, N.G., Truss morphometry and
otolith microchemistry reveal stock discrimination in Clarias batrachus (Linnaeus, 1758) inhabiting
the Gangetic river system, Fish. Res., 2016, vol. 173, pp. 294-302. doi 10.1016/j.fishres.2015.10.024

Moll, D., Kotterba, P., Jochum, K.P., von Nordheim, L., and Polte, P., Elemental inventory
in fish otoliths reflects natal origin of Atlantic herring (Clupea harengus) from Baltic Sea juvenile
areas, Front. Mar. Sci., 2019, vol. 6, pp. 1-11. doi 10.3389/fmars.2019.00191

Morais, P., Dias, E., Cerveira, 1., Carlson, S.M., Johnson, R.C., and Sturrock, A.M., How
scientists reveal the secret migrations of fish, Frontiers for Young Minds, 2018, vol. 6, pp. 1-10. doi
10.3389/frym.2018.00067

Mugiya, Y., Hakomori, T., and Hatsutori, K., Trace metal incorporation into otoliths and
scales in the goldfish, Carassius auratus, Comp. Biochem. Physiol. Part C: Comp. Pharmacol., 1991,
vol. 99, no. 3, pp. 327-331. doi 10.1016/0742-8413(91)90250-W

Mugiya, Y. and Watabe, N., Studies on fish scale formation and resorption—II. Effect of es-
tradiol on calcium homeostasis and skeletal tissue resorption in the goldfish, Carassius auratus, and
the killifish, Fundulus heteroclitus, Comp. Biochem. Physiol. Part A: Physiology, 1977, vol. 57, no.
2, pp. 197-202. doi 10.1016/0300-9629(77)90455-8

Mubhlfeld, C.C., Marotz, B., Thorrold, S.R., and FitzGerald. J.L.. Geochemical signatures
in scales record stream of origin in westslope cutthroat trout, Transact. Amer. Fish. Soc., 2005, vol.
134, no. 4, pp. 945-959. doi 10.1577/T04-029.1

Mubhlfeld, C.C., Thorrold, S.R., McMahon, T.E., and Marotz, B., Estimating westslope cut-
throat trout (Oncorhynchus clarkii lewisi) movements in a river network using strontium isoscapes,
Can. J. Fish. Aquat. Sci., 2012, vol. 69, no. 5, pp. 906-915. doi 10.1139/2012-033

Mulligan, T.J., Lapi, L., Kieser, R., Yamada, S.B., and Duewer, D.L., Salmon stock identi-
fication based on elemental composition of vertebrae, Can. J. Fish. Aquat. Sci., 1983, vol. 40, no. 2,
pp- 215-229. doi 10.1139/f83-032

Murase, I. and Iguchi, K., Facultative amphidromy involving estuaries in an annual amphi-
dromous fish from a subtropical marginal range, J. Fish Biol., 2019, vol. 95, no. 6, pp. 1391-1398.
doi 10.1111/jtb.14147

Nazir, A. and Khan, M.A., Spatial and temporal variation in otolith chemistry and its relation-
ship with water chemistry: Stock discrimination of Sperata aor, Ecol. Freshwater Fish, 2019, vol.
28, no. 3, pp. 499-511. doi 10.1111/eff. 12471

724



HpumeHeHue AHAIU3A MUKPOITEMEHMHO2c0 cocmaea KATbYUHUPOBAHHbIX CIMPYKMYpD pblé...

Niklitschek, E.J., Secor, D.H., Toledo, P., Lafon, A., and George-Nascimento, M., Segregation
of SE Pacific and SW Atlantic southern blue whiting stocks: integrating evidence from complementary
otolith microchemistry and parasite assemblage approaches, Environ. Biol. Fish., 2010, vol. 89, no.
3, pp- 399-413. DOI 10.1007/s10641-010-9695-9

Nishimoto, M.M., Washburn, L., Warner, R.R., Love, M.S. and Paradi, G.L., Otolith ele-
mental signatures reflect residency in coastal water masses, Environ. Biol. Fish.,2010, vol. 89, no. 3,
pp- 341-356. doi 10.1007/s10641-010-9698-6

Northern, T.J., Smith, A.M., McKinnon, J.F., and Bolstad, K.S.R., Trace elements in beaks
of greater hooked squid Onykia ingens: opportunities for environmental tracing, Molluscan Res., 2019,
vol. 39, no. 1, pp. 29-34. doi 10.1080/13235818.2018.1495604

Nowling, L., Gauldie, R.W., Cowan Jr., J.H., and De Carlo, E., Successful discrimination
using otolith microchemistry among samples of red snapper Lutjanus campechanus from artificial
reefs and samples of L. campechanus taken from nearby oil and gas platforms, Open Fish Sci. J.,
2011, vol. 4, pp. 1-9. doi 10.2174/1874401x01104010001

Olley, R., Young, R.G., Closs, G.P., Kristensen, E.A., Bickel, T.O., Deans, N.A., Davey, L.N.,
and Eggins, S.M., Recruitment sources of brown trout identified by otolith trace element signatures, New
Zeal. J. Mar. Freshwater Res., 2011, vol. 45, no. 3, pp. 395-411. doi 10.1080/00288330.2011.592196

Padilla, A.J., Brown, R.J., and Wooller, M.J., Determining the movements and distribution
of anadromous Bering Ciscoes by use of otolith strontium isotopes, Transact. Amer. Fish. Soc., 2016,
vol. 145, no. 6, pp. 1374-1385. doi 10.1080/00028487.2016.1225599

Pangle, K.L., Ludsin, S.A., and Fryer, B.J., Otolith microchemistry as a stock identification
tool for freshwater fishes: testing its limits in Lake Erie, Can. J. Fish. Aquat. Sci., 2010, vol. 67, no.
9, pp- 1475-1489. doi 10.1139/F10-076

Patterson, W.E.III, Cowan Jr., J.H., Graham, E.Y., and Berry Lyons, W., Otolith micro-
chemical fingerprints of age-0 Red snapper, Lutjanus campechanus, from the northern Gulf of Mexico,
Gulf of Mexico Science, 1998, vol. 16, no. 1, pp. 83-91. doi 10.18785/goms.1601.12

Pearcy, W.G. and Miller, J.A., Otolith microchemistry of Coastal Cutthroat Trout from the Marys and
Willamette Rivers, Northwestern Naturalist, 2018, vol. 99, no. 2, pp. 101-114. doi 10.1898/NWN17-21.1

Pender, P.J. and Griffin, R.K., Habitat history of barramundi Lates calcarifer in a north Aus-
tralian river system based on barium and strontium levels in scales, Transact. Amer. Fish. Soc., 1996,
vol. 125, no. 5, pp. 679-689. doi 10.1577/1548-8659(1996)125<0679:HHOBCI>2.3.CO;2

Pereira, L.A., Santos, R.V., Hauser, M., Duponchelle, F., Carvajal, F., Pecheyran, C., Bérail,
S., and Pouilly, M., Commercial traceability of Arapaima spp. fisheries in the Amazon basin: can biogeo-
chemical tags be useful?, Biogeosciences, 2019, vol. 16, pp. 1781-1797. doi 10.5194/bg-16-1781-2019

Perrier, C., Daverat, F., Evanno, G., Pécheyran, C., Bagliniere, J.-L., and Roussel, J.-M.,
Coupling genetic and otolith trace element analyses to identify river-born fish with hatchery pedigrees
in stocked Atlantic salmon (Salmo salar) populations, Can. J. Fish. Aquat. Sci., 2011, vol. 68, no. 6,
pp- 977-987. doi 10.1139/£2011-040

Perrion, M.A., Kaemingk, M.A., Koupal, K.D., Schoenebeck, C.W., and Bickford, N.A., Use
of otolith chemistry to assess recruitment and habitat use of a white bass fishery in a Nebraska reservoir,
Lake and Reservoir Management, 2020, vol. 36, no. 1, pp. 64—74. doi 10.1080/10402381.2019.1637977

Phelps, Q.E., Hupfeld, R.N., and Whitledge, G.W., Lake sturgeon Acipenser fulvescens and
shovelnose sturgeon Scaphirhynchus platorynchus environmental life history revealed using pectoral
fin-ray microchemistry: Implications for interjurisdictional conservation through fishery closure zones,
J. Fish Biol., 2017, vol. 90, no. 2, pp. 626-639. doi 10.1111/jfb.13242

Pozebon, D., Scheffler, G.L., and Dressler, V.L., Recent applications of laser ablation induc-
tively coupled plasma mass spectrometry (LA-ICP-MS) for biological sample analysis: a follow-up
review, J. Anal. At. Spectrom., 2017, vol. 32, no. 5, pp. 890-919. doi 10.1039/C7JA00026J

Prichard, C.G., Jonas, J.L., Studen, J.J., Watson, N.M., and Pangle, K.L., Same habitat,
different species: otolith microchemistry relationships between migratory and resident species support
interspecific natal source classification, Environ. Biol. Fish., 2018, vol. 101, no. 6, pp. 1025-1038.
doi 10.1007/s10641-018-0756-9

Proctor, C.H., Thresher, R.E., Gunn, J.S., Mills, D.J., Harrowfield, I.R., and Sie, S.H., Stock
structure of the southern bluefin tuna Thunnus maccoyii: an investigation based on probe microanalysis
of otolith composition, Mar: Biol., 1995, vol. 122, pp. 511-526. doi 10.1007/BF00350674

Ramsay, A.L., Hughes, R.N., Chenery, S.R., and McCarthy, L.D., Biogeochemical tags in
fish: predicting spatial variations in strontium and manganese in Sa/mo trutta scales using stream water
geochemistry, Can. J. Fish. Aquat. Sci., 2015, vol. 72, no. 3, pp. 422—433. doi 10.1139/cjfas-2014-0055

725




Muxees I1.F., Illeuna T A.

Ramsay, A.L., Milner, N.J., Hughes, R.N., and McCarthy, L.D., Comparison of the perfor-
mance of scale and otolith microchemistry as fisheries research tools in a small upland catchment,
Can. J. Fish. Aquat. Sci., 2011, vol. 68, no. 5, pp. 823—-833. doi 10.1139/£2011-027

Randon, M., Daverat, F., Bareille, G., Jatteau, P., Martin, J., Pecheyran, C., and Drou-
ineau, H., Quantifying exchanges of Allis shads between river catchments by combining otolith
microchemistry and abundance indices in a Bayesian model, /CES J. Mar. Sci., 2018, vol. 75, no. 1,
pp- 9-21. doi 10.1093/icesjms/fsx 148

Reader, J.M., Spares, A., Stokesbury, M.J.W., Avery, T.S., and Dadswell, M.J., Elemental
fingerprints of otoliths from smolt of Atlantic salmon, Sa/mo salar Linnnaeus, 1758, from three mar-
itime watersheds: natural tag for stock discrimination, Proceedings of the Nova Scotian Institute of
Science, 2015, vol. 48, no. 1, pp. 91-123. doi 10.15273/pnsis.v48i1.5908

Régnier, T., Augley, J., Devalla, S., Robinson, C.D., Wright, P.J., and Neat, F.C., Otolith
chemistry reveals seamount fidelity in a deepwater fish, Deep Sea Res., Part I, 2017, vol. 121, pp.
183-189. doi 10.1016/j.dsr.2017.01.010

Reimer, T., Dempster, T., Warren-Myers, F., Jensen, A.J., and Swearer, S.E., High preva-
lence of vaterite in sagittal otoliths causes hearing impairment in farmed fish, Sci. Rep., 2016, vol. 6.
doi 10.1038/srep25249

Roberts, B.H., Morrongiello, J.R., King, A.J., Morgan, D.L., Saunders, T.M., Woodhead,
J., and Crook, D.A., Migration to freshwater increases growth rates in a facultatively catadromous
tropical fish, Oecologia, 2019, vol. 191, no. 2, pp. 253-260. doi 10.1007/s00442-019-04460-7

Rohtla, M., Matetski, L., Svirgsden, R., Kesler, M., Taal, I., Saura, A., Vaittinen, M., and
Vetemaa, M., Do sea trout Salmo trutta parr surveys monitor the densities of anadromous or resident ma-
ternal origin parr, or both?, Fish. Manag. Ecol.,2017,vol. 24, no. 2, pp. 156-162. doi 10.1111/fme.12214

Rohtla, M., Vetemaa, M., Taal, L., Svirgsden, R., Urtson, K., Saks, L., Verliin, A., Kesler, M., and
Saat, T., Life history of anadromous burbot (Lota lota, Linneaus) in the brackish Baltic Sea inferred from
otolith microchemistry, Ecol. Freshwater Fish,2014, vol. 23, no. 2, pp. 141-148. doi 10.1111/eff.12057

Roy, P.K. and Lall, S.P., Mineral nutrition of haddock Melanogrammus aeglefinus (L.):
a comparison of wild and cultured stock, J. Fish Biol., 2006, vol. 68, no. 5, pp. 1460-1472. doi
10.1111/.0022-1112.2006.001031.x

Rude, N.P., Smith, K.T., and Whitledge, G.W., Identification of stocked muskellunge and
potential for distinguishing hatchery-origin and wild fish using pelvic fin ray microchemistry, Fish.
Manag. Ecol., 2014, vol. 21. — P. 312-321. doi 10.1111/fme.12081

Ryan, D., Shephard, S., Gargan, P., and Roche, W., Estimating sea trout (Salmo trutta L.)
growth from scale chemistry profiles: an objective approach using LA-ICPMS, Fish. Res., 2019, vol.
211, pp. 69-80. doi 10.1016/].fishres.2018.10.029

Ryan, D., Shephard, S., and Kelly, F.L., Temporal stability and rates of post-depositional
change in geochemical signatures of brown trout Salmo trutta scales, J. Fish Biol., 2016, vol. 89, no.
3, pp. 1704—-1719. doi 10.1111/jfb.13081

Santamaria, N., Bello, G., Pousis, C., Vassallo-Agius, R., de la Gandara, F., and Corriero,
A., Fin spine bone resorption in Atlantic Bluefin Tuna, Thunnus thynnus, and comparison between
wild and captive-reared specimens, PLoS One, 2015, vol. 10, no. 3, art. ID ¢0121924. doi 10.1371/
journal. pone.0121924

Schilling, H.T., Reis-Santos, P., Hughes, J.M. et al. Smith, J.A., Everett, J.D., Stewart,
J., Gillanders, B.M., and Suthers, I.M., Evaluating estuarine nursery use and life history patterns
of Pomatomus saltatrix in eastern Australia, Mar. Ecol. Prog. Ser., 2018, vol. 598, pp. 187—199. doi
10.3354/meps12495

Schoen, L.S., Student, J.J., Hoffman, J.C., Sierszen, M.E., and Uzarski, D.G., Reconstructing
fish movements between coastal wetland and nearshore habitats of the Great Lakes, Limnol. Oceanogr.,
2016, vol. 61, no. 5, pp. 1800—1813. doi 10.1002/In0.10340

Scholes, R.C., Hageman, K.J., Closs, G.P., Stirling, C.H., Reid, M.R., Gabrielsson, R., and
Augspurger, J.M., Predictors of pesticide concentrations in freshwater trout — The role of life history,
Environ. Pollut., 2016, vol. 219, pp. 253-261. doi 10.1016/j.envpol.2016.10.017

Sealy, J., Armstrong, R., and Schrire, C., Beyond lifetime averages: tracing life-histories
through isotopic analysis of different calcified tissues from archaeological human skeletons, Antiguity,
1995, vol. 69, no. 263, pp. 290-300. doi 10.1017/ S0003598X00064693

Secor, D.H., Campana, S.E., Zdanowicz, V.S., Lam, J.W.H., Yang, L., and Rooker, J.R.,
Inter-laboratory comparison of Atlantic and Mediterranean bluefin tuna otolith microconstituents,
ICES J. Mar. Sci., 2002, vol. 59, no. 6, pp. 1294—-1304. doi 10.1006/jmsc.2002.1311

726




HpumeHeHue AHAIU3A MUKPOITEMEHMHO2c0 cocmaea KATbYUHUPOBAHHbIX CIMPYKMYpD pblé...

Secor, D.H., Houde, E.D., Henderson-Arzapalo, A., and Picoli, P.M., Tracking the migra-
tions of estuarine and coastal fishes using otolith microchemistry, ICES Anadromous/Catadromous
Committee, 1993, vol. 41.

Sellheim, K., Willmes, M., Hobbs, J.A., Glessner, J.J.G., Jackson, Z.J., and Merz, J.E.,
Validating Fin Ray Microchemistry as a Tool to Reconstruct the Migratory History of White Sturgeon,
Trans. Am. Fish. Soc.,2017, vol. 146, no. 5, pp. 844-857. doi 10.1080/00028487.2017.1320305

Severin, K.P., Carroll, J., and Norcross, B.L., Electron microprobe analysis of juvenile walleye
pollock, Theragra chalcogramma, otoliths from Alaska: a pilot stock separation study, Environ. Biol.
Fish., 1995, vol. 43, pp. 269-283. doi 10.1007/BF00005859

Shaw, P.W., Using mitochondrial DNA markers to test for differences between nuclear and
mitochondrial genome genetic subdivision of the southern blue whiting (Micromesistius australis),
Stanley, Falkland Islands: Fisheries Department, Falkland Islands Government, 2005.

Shirai, K., Koyama, F., Murakami-Sugihara, N., Nanjo, K., Higuchi, T., Kohno, H.,
Wananabe, Y., Okamoto, K., and Sano, M., Reconstruction of the salinity history associated with
movements of mangrove fishes using otolith oxygen isotopic analysis, Mar. Ecol. Prog. Ser., 2018,
vol. 593, pp. 127-139. doi 10.3354/meps12514

Shrimpton, J.M., Warren, K.D., Todd, N.L. McRae, C., Glova, G., Telmer, K., and Clarke, A.,
Freshwater movement patterns by juvenile Pacific salmon Oncorfiynchus spp. before they migrate to the
ocean: Oh the places you’ll go!, J. Fish Biol., 2014, vol. 85, no. 4, pp. 987-1004. doi 10.1111/jfb.12468

Sie, S.H. and Thresher, R.E., Micro-PIXE analysis of fish otoliths: methodology and evalua-
tion of first results for stock discrimination, Internat. J. PIXE, 1992, vol. 2, no. 3, pp. 357-379. doi
10.1142/S0129083592000385

Sih, T.L. and Kingsford, M.J., Near-reef elemental signals in the otoliths of settling Pomacentrus
amboinensis (Pomacentridae), Coral Reefs, 2016, vol. 35, pp. 303-315. doi 10.1007/s00338-015-1376-x

Smith, K.T. and Whitledge, G., Trace element and stable isotopic signatures in otoliths and
pectoral spines as potential indicators of catfish environmental history, Catfish 2010: Proceedings of the
2nd International Catfish Symposium American Fisheries Society Symposium 77,2011, pp. 645-660.

Smith, K.T. and Whitledge, G.W., Fin ray chemistry as a potential natural tag for small-
mouth bass in Northern Illinois Rivers, J. Freshwater Ecol., 2010, vol. 25, no. 4, pp. 627-635. doi
10.1080/02705060.2010.9664412

Soeth M., Spach H., Daros F., Alves, J., Almeida, A., and Correia, A., Stock structure of At-
lantic spadefish Chaetodipterus faber from Southwest Atlantic Ocean inferred from otolith elemental
and shape signatures, Fish. Res., 2019, vol. 211, pp. 81-90. doi 10.1016/j.fishres.2018.11.003

Sohn, D., Kang, S., and Kim, S., Stock identification of chum salmon (Oncorhynchus keta)
using trace elements in otoliths, J. Oceanogr., 2005, vol. 61, pp. 305-312.

Spurgeon, J.J., Pegg, M.A., and Halden, N.M., Mixed-origins of channel catfish in a large-river
tributary, Fish. Res., 2018, vol. 198, pp. 195-202. doi 10.1016/j.fishres.2017.09.001

Sturrock, A.M., Trueman, C.N., Darnaude, A.M., and Hunter, E., Can otolith elemental
chemistry retrospectively track migrations in fully marine fishes?, J. Fish Biol., 2012, vol. 81, no. 2,
pp. 766—-795. doi 10.1111/j.1095-8649.2012.03372.x

Sturrock, A.M., Trueman, C.N., Milton, J.A., Waring, C.P., Cooper, M.J., and Hunter, E.,
Physiological influences can outweigh environmental signals in otolith microchemistry research, Mar.
Ecol. Prog. Ser., 2014, vol. 500, pp. 245-264. doi 10.3354/meps10699

Svirgsden, R., Rohtla, M., Albert, A., Taal, L., Saks, L., Verliin, A., and Vetemaa, M., Do Eurasian
minnows (Phoxinus phoxinus L.) inhabiting brackish water enter fresh water to reproduce: Evidence from a
study on otolith microchemistry, Ecol. Freshwater Fish., 2018, vol.27,no. 1,pp. 89-97. doi 10.1111/eff. 12326

Swan, S.C., Gordon, J.D.M., and Shimmield, T., Preliminary investigations on the uses of
otolith microchemistry for stock discrimination of the deep-water black scabbardfish (Aphanopus carbo)
in the Northeast Atlantic, J. Northw. Atl. Fish. Sci., 2003, vol. 31, pp. 221-231. doi 10.2960/J.v31.al7

Taddese, F., Reid, M.R., and Closs, G.P., Direct relationship between water and otolith chem-
istry in juvenile estuarine triplefin Forsterygion nigripenne, Fish. Res., 2019, vol. 211, pp. 32-39.
doi 10.1016/j.fishres.2018.11.002

Takagi, Y. and Yamada, J., Effects of calcium and phosphate deficiencies on bone metabolism in a
teleost, tilapia (Oreochromis niloticus): A histomorphometric study, Mechanisms and phylogeny of mineral-
ization in biological systems, Suga, S., Nakahara, H., eds., Tokyo: Springer, 1991, Chapter 2.11, pp. 187-191.

Thibault, I., Hedger, R.D., Dodson, J.J., Shiao, J.-C., lizuka, Y., and Tzeng, W.-N., Anadromy and
the dispersal of an invasive fish species (Oncorhynchus mykiss) in Eastern Quebec, as revealed by otolith
microchemistry, Ecol. Freshwater Fish.,2010, vol. 19, pp. 348-360. doi 10.1111/j.1600-0633.2010.00417.x

727



Muxees I1.F., Illeuna T A.

Thorrold, S.R., Jones, C.M., and Campana, S.E., Response of otolith microchemistry to envi-
ronmental variations experienced by larval and juvenile Atlantic croaker (Micropogonias undulatus),
Limnol. Oceanogr., 1997, vol. 42, no. 1, pp. 102—111. doi 10.4319/10.1997.42.1.0102

Thorrold, S.R., Jones, C.M., Campana, S.E. McLaren, J.W., and Lam, J.W.H., Trace ele-
ment signatures in otoliths record natal river of juvenile American shad (4losa sapidissima), Limnol.
Oceanogr., 1998, vol. 43, no. 8, pp. 1826—1835. doi 10.4319/10.1998.43.8.1826

Thorrold, S.R. and Shuttleworth, S., In situ analysis of trace elements and isotope ratios in
fish otoliths using laser ablation sector field inductively coupled plasma mass spectrometry, Can. J.
Fish. Aquat. Sci., 2000, vol. 57, no. 6, pp. 1232-1242. doi 10.1139/f00-054

Thresher, R.E., Proctor, C.H., Gunn, J.S., and Harrowfield, I.R., An evaluation of electron probe
microanalysis of otoliths for stock delineation and identification of nursery areas in the southern temperate
groundfish, Nemadactylus macropterus (Cheilodactylidae), Fish. Bull. US., 1994, vol. 92, pp. 817-840.

Tian, H., Liu, J., Cao, L., and Dou, S., Interactive effects of strontium and barium water
concentration on otolith incorporation in juvenile flounder Paralichthys olivaceus, PLoS ONE, 2019,
vol. 14, no. 6, ¢ 0218446. doi 10.1371/journal. pone.0218446

Tillett, B.J., Meekan, M.G., Parry, D., Munksgaard, N., Field, I.C., Thorburn, D., and Bradshaw,
C.J.A., Decoding fingerprints: elemental composition of vertebrae correlates to age-related habitat use in two
morphologically similar sharks, Mar: Ecol. Prog. Ser, 2011, vol. 434, pp. 133—142. doi 10.3354/meps09222

Tomida, Y., Suzuki, T., Yamada, T. Asami, R., Yaegashi, H., Iryu, Y., and Otake, T., Dif-
ferences in oxygen and carbon stable isotope ratios between hatchery and wild pink salmon fry, Fish.
Sci., 2014, vol. 80, no. 2, pp. 273-280. doi 10.1007/s12562-014-0699-9

Torz, A. and Nedzarek, A., Variability in the concentrations of Ca, Mg, Sr, Na, and K in the
opercula of perch (Perca fluviatilis L.) in relation to the salinity of waters of the Oder Estuary (Po-
land), Oceanol. Hydrobiol. Studies, 2013, vol. 42, no. 1, pp. 22-27. doi 10.2478/s13545-013-0061-3

Tzadik, O.E., Curtis, J.S., Granneman, J.E., Kurth, B.N., Pusack, T,J., Wallace, A.A.,
Hollander, D.J., Peebles, E.B., and Stallings, C.D., Chemical archives in fishes beyond otoliths: A
review on the use of other body parts as chronological recorders of microchemical constituents for
expanding interpretations of environmental, ecological, and life-history changes, Limnol. Oceanogr.,
Methods, 2017, vol. 15, no. 3, pp. 238-263. doi 10.1002/lom3.10153

Tzeng, W.N., Severin, K.P., and Wickstréom, H., Use of otolith microchemistry to investigate
the environmental history of European eel Anguilla anguilla, Mar. Ecol. Prog. Ser., 1997, vol. 149,
pp. 73-81. doi 10.3354/meps149073

Ugarte, A., Unceta, N., Pecheyran, C., Goicolea, M.A., and Barrio, R.J., Development
of matrix-matching hydroxyapatite calibration standards for quantitative multi-element LA-ICP-
MS analysis: Application to the dorsal spine of fish, J. Anal. At. Spectrom., 2011, vol. 26, no. 7, pp.
1421-1427. doi 10.1039/c1ja10037h

Uglem, L., Kristiansen, T.S., Mejdell, C.M., Basic, D., and Mortensen, S., Evaluation of
large-scale marking methods in farmed salmonids for tracing purposes: Impact on fish welfare, Rev.
Aquacult., 2020, vol. 12, no. 2, pp. 600-625. doi 10.1111/raq.12342

Vasconcelos, R.P., Reis-Santos, P., Tanner, S., Maia, A., Latkoczy, C., Giinther, D., Costa,
M.J., and Cabral, H., Evidence of estuarine nursery origin of five coastal fish species along the
Portuguese coast through otolith elemental fingerprints, Estuarine, Coastal and Shelf Science, 2008,
vol. 79, no. 2, pp. 317-327. doi 10.1016/j.ecss.2008.04.006

Vaughan, J., The physiology of bone, Oxford: University Press, 1970.

Volk, E.C., Blakley, A., Schroder, S.L., and Kuehner, S.M., Otolith chemistry reflects migratory
characteristics of Pacific salmonids: using otolith core chemistry to distinguish maternal associations
with sea and freshwaters, Fish. Res., 2000, vol. 46, pp. 251-266.

Walther, B.D., The art of otolith chemistry: interpreting patterns by integrating perspectives,
Mar. Freshwater Res., 2019, vol. 70, pp. 1643—-1658. doi 10.1071/MF18270

Walther, B.D. and Thorrold, S.R., Water, not food, contributes the majority of strontium and
barium deposited in the otoliths of a marine fish, Mar: Ecol. Prog. Ser., 2006, vol. 311, pp. 125-130.
doi 10.3354/meps311125

Wang, X., Wang, L., Lv, S., and Li, T., Stock discrimination and connectivity assessment
of yellowfin seabream (Acanthopagrus latus) in northern South China Sea using otolith elemental
fingerprints, Saudi J. Biol. Sci., 2018, vol. 25, no. 6, pp. 1163-1169. doi 10.1016/].sjbs.2017.09.006

Warburton, M.L., Jarvis, M.G., and Cless, G.P., Otolith microchemistry indicates regional
phylopatry in the larval phase of an amphidromous fish (Gobimorphus hubbsi), New Zeal. J. Mar.
Freshwater Res., 2018, vol. 52, no. 3, pp. 398—408. doi 10.1080/00288330.2017.1421237

728




HpumeHeHue AHAIU3A MUKPOITEMEHMHO2c0 cocmaea KATbYUHUPOBAHHbIX CIMPYKMYpD pblé...

Warren-Myers, F., Dempster, T., and Swearer, S.E., Otolith mass marking techniques for
aquaculture and restocking: benefits and limitations, Rev. Fish Biol. Fish., 2018, vol. 28, no. 3, pp.
485-501. doi 10.1007/s11160-018-9515-4

Watson, N.M., Prichard, C.G., Jonas, J.L., Student, J.J., and Pangle, K.L., Otolithchem-
istry-based-discrimination of wild- and hatchery-origin Steelhead across the Lake Michigan Basin,
North Amer. J. Fish. Manag., 2018, vol. 38, no. 4, pp. 820-832. doi 10.1002/nafm.10178

Wells, B.K., Bath, G.E., Thorrold, S.R., and Jones, C.M., Incorporation of strontium, cadmi-
um, and barium in juvenile spot (Leiostomus xanthurus) scales reflects water chemistry, Can. J. Fish.
Aquat. Sci., 2000, vol. 57, no. 10, pp. 2122-2129. doi 10.1139/cjfas-57-10-2122

Wells, B.K., Rieman, B.E., Clayton, J.L., Horan, D.L., and Jones, C.M., Relationships between
water, otolith, and scale chemistries of west slope cutthroat trout from the Coeur d’Alene River, Idaho:
the potential application of hard-part chemistry to describe movements in fresh water, Trans. Am. Fish.
Soc., 2003, vol. 132, no. 3, pp. 409—424. doi 10.1577/1548-8659(2003)132<0409:RBWOAS>2.0.CO;2

Wells, R.J.D., Kinney, M., Kohin, S., Dewar, H., Rooker, J.R., and Snodgrass, O.E., Natural
tracers reveal population structure of albacore (Thunnus alalunga) in the eastern North Pacific, ICES
J. Mar. Sci., 2015, vol. 72, no. 7, pp. 2118-2127. doi 10.1093/icesjms/fsv051

Whitney, J.E., Gido, K.B., Hedden, S.C., Macpherson, G. L., Pilger, T.J., Propst, D.L., and
Turner, T.F., Identifying the source population of fish re-colonizing an arid-land stream following
wildfire-induced extirpation using otolith microchemistry, Hydrobiologia, 2017, vol. 797, pp. 29-45.
doi 10.1007/s10750-017-3143-1

Wolff, B.A., Johnson, B.M., and Landress, C.M., Classification of hatchery and wild fish using
natural geochemical signatures in otoliths, fin rays, and scales of an endangered catostomid, Can. J.
Fish. Aquat. Sci., 2013, vol. 70, no. 12, pp. 1775-1784. doi 10.1139/cjfas-2013-0116

Woodcock, S.H., Grieshaber, C.A., and Walther, B.D., Dietary transfer of enriched stable isotopes
to mark otoliths, fin rays and scales, Can. J. Fish. Aquat. Sci., 2013, vol. 70, no. 1, pp. 1-4. doi 10.1139/
cjfas-2012-0389

Wright, P.J., Regnier, T., Gibb, F.M., Augley, J., and Devalla, S., Identifying stock structur-
ing in the sandeel, Ammodytes marinus, from otolith microchemistry, Fish. Res., 2018, vol. 199, pp.
19-25. doi 10.1016/j.fishres.2017.11.015

Wright, P.J., Régnier, T., Gibb, F.M., Augley, J., and Devalla, S., Assessing the role of on-
togenetic movement in maintaining population structure in fish using otolith microchemistry, Ecol.
Evol., 2018, vol. 8, no. 16, pp. 7907—7920. doi 10.1002/ece3.4186

Yamada S.B. and Mulligan, T.J., Marking nonfeeding salmonid fry with dissolved strontium,
Can. J. Fish. Aquat. Sci., 1987, vol. 44, no. 8, pp. 1502—1506. doi 10.1139/87-180

Yamada, Y., Okamura, A., Tanaka, S., Utoh, T., Horie, N., Mikawa, N., and Oka, H.P., The
roles of bone and muscle as phosphorus reservoirs during the sexual maturation of female Japanese
eels, Anguilla japonica Temminck and Schlegel (Anguilliformes), Fish Physiol. Biochem., 2001, vol.
24, pp. 327-334. doi 10.1023/A:1015059524947

Yang, J., Jiang, T., and Liu H., Are there habitat salinity markers of the Sr:Ca ratio in the
otolith of wild diadromous fishes? A literature survey, Ichthyol. Res., 2011, vol. 58, pp. 291-294. doi
10.1007/s10228-011-0220-8

Zimmerman, C.E. and Reeves, G.H., Identification of steelhead and resident rainbow trout
progeny in the Deschutes River, Oregon, revealed with otolith microchemistry, Trans. Am. Fish. Soc.,
2002, vol. 131, pp. 986-993. doi 10.1577/1548-8659(2002)131<0986:I10SARR>2.0.CO;2

Zimmerman, C.E., Swanson, H.K., Volk, E.C., and Kent, A.J.R. Species and life history affect
the utility of otolith chemical composition for determining natal stream of origin for Pacific salmon,
Trans. Am. Fish. Soc., 2013, vol. 142, no. 5, pp. 1370-1380. doi 10.1080/00028487.2013.811102

Zymonas, N.D. and McMahon, T.E., Comparison of pelvic fin rays, scales and otoliths for
estimating age and growth of bull trout, Salvelinus confluentus, Fish. Manag. Ecol., 2009, vol. 16,
no. 2, pp. 155-164. doi 10.1111/j.1365-2400.2008.00640.x

ICES. Report of the Study Group on Herring Assessment and Biology in the Irish Sea and
Adjacent Waters, ICES CM 1994/H:05, 1994.

Hocmynuna 6 pedaxyuio 27.05.2020 e.
Ilocne oopabomxu 29.06.2020 e.
Ipunsma x nyonuxayuu 20.08.2020 2.

729



