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AHHOTAILUS

Bozpact mnepBoro pempoAyKTHBHOIO LHUKJIA Yy MIEKONUTAIONIMX IUIOXO TOAJAeTCA
OTIPEJIETICHNIO, TIOCKOJIBKY OOJIBIIMHCTBO HanOoJiee PacpoOCTPaHEHHBIX METOJIOB TPEOYIOT
MIpOBECHUS MO0 MPSAMBIX HaOMIOAeHNH, 100 aHanM3a penpoayKTHBHOTO TpakTa. OHAKO
WCCIIEOBAHMS Psiia BUAOB KPYMHBIX MIIEKONMTAIONIMX AAIOT OCHOBAHHS IIPEIOJIOXKHTS,
YTO HAYalO pPENPOAYKTHBHOH AKTUBHOCTH Y CaMOK COIPOBOXKIAETCS COKpalICHUEM
MIMPUHBI CBETJBIX IOJIOC IIEMEHTa 3yOOB, a 3HAYUT, YTO 3yOBI MOT'YT HCIIOJIB30BaThCS B
KayecTBE CPeACTBa OIPEaesIeHIsI BO3pacTa ImepBoro penpoxykrusHoro mukiaa (BITPL). s
BBISICHEHHSI TOT0, MOYKHO JIM 110 LIMPHUHE CBETION MOJOCHl LemMeHTa paccuurars BIIPL] y
ceBepHbIx kanmanoB (Enhydra lutris kenyoni), Mbl mpoBOAMIM 3aMepbl IIUPUHBI CBETION
MOJIOCHI LIEMEHTA Ha Cpe3axX MajibIX KOPEHHbBIX 3y0OB M CpaBHUBAIIU Pe3yJIbTaThl C JAHHBIMU
WCCIICIOBAHUSI PENPOJIYKTUBHBIX TpakToB. CaMKH KaJlaHOB KJIACCU(HIIMPOBAIMCh Kak
pOXKaBIIMe, €cIM IIMPHUHA XOTS Obl OJHOW M3 IOJIOC CBETJIOrO LIEMEHTa UX 3yOoB Oblia
MEHBIIE MOPOroBOi BeNWYMHBI. B KauecTBe MOpPOroBOM BBHIOMpanach BEIMYHMHA, IPU
KOTOpPOW BEpPOSTHOCTh OMIMOKK Oblila MHHUMaJbHOW. [Ipu moporoBoil BennunHe paBHON
0,32, MBI BepHO KiaccuduipoBanu 83% aHamu3upyeMbIX caMok (n = 92) B cpaBHEHUH C
pe3ysbTaTaMy OLCHKH 110 aHaJM3y PENpOAyKTHBHBIX TPAKTOB, a ONpPEIETICHHBII Mo 3y0am
BITPII (3,52 + 0,032 roma) He OTIMYANCA OT pe3yibTaTa, MOJXYYeHHOTO IyTeM aHAIH3a
penponyKTuBHEIX TpakToB (3,45 + 0,031 roma; t-tect, P > 0,05). IlomydeHHbIE TaHHEBIE
TOBOPST B TIOJIb3y MWCIOJIB30BAHUS L[EMEHTa KaK WHIUKATOpa HAJIWYUS TIPOILIBIX
PENPOAYKTUBHBIX LUKJIOB B CaMOK KaJaHOB, KOTOPBIE MOXKHO Jajee HCIOJIb30BaTh VIS
pacdera CpeJHEro BO3pacTa IEPBOTO PENPOLYKTUBHOIO IuKia. ITockombKy COKpalieHue
IMIMPUHBI TIOJIOC LIEMEHTA ONHUCHIBAIOTCS TAKXKE y APYTMX BUAOB MIICKOIMTAIONINX, K HUM
TaK)Xe MOXKHO IMPUMEHHUTDH JAHHBIA KOMUYeCTBEHHbIH MeTox uccienoBanus. (OKYPHAIJI
OXPAHBI U YIIPABJIEHUS PECYPCAMU JIMKOM ITPUPOJIBI 72(3):618-624; 2008
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NuauBuayanbHast IPUCTIOCOOIEHHOCTD YKHBOTHOTO (POPMUPYETCS MO MPSIMBIM
BO3JICHCTBUEM (PAKTOPOB OKPY KAIOIIEH Cpe/Ibl, TAKUX KaK: IUIOTHOCTh PacCeeHHUs,
HaJU4KMe XUIHUKOB U MUTAHUE — OKA3bIBAIOIINX BO3/IEWCTBHE HA HAKOTUICHHE
OpraHU3MOM XKHUBOTHOTO HeTTo-3Hepruu (CtupHc, 1976). CornacHo T€OpUH KHU3HEHHBIX
IIUKJIOB, JUTsl ONTUMH3AIIUN HHIUBUTYaTbHOW MPUCTIOCOOIEHHOCTH M BBKUBAEMOCTHU
OpraHu3Ma, )KUBOTHBIE TOJKHBI PETYJIMPOBATH KOJUYECTBO SHEPTUH, BbIIEIAEMON Ha
BOCIIpOU3BOACTBO. Hampumep, B monyisiusX ¢ BHICOKON TUIOTHOCTBIO U OTPAHUYEHHBIM
KOJIMYECTBOM PECYpPCOB ONTUMH3AIUS NHAUBHIyaIbHOM MPUCTIOCOOIEHHOCTH MOKET
JIOCTUTaThCs 3@ CUET MOBBIICHUS UHANBUYAIBHOTO BO3PACTa MEPBOT0O
penponyktuHoro nukia (u-BITPL) xuBOTHOTO, €CIIM 3TO 3HAYUTEIIHHO MOBBIIIAET €T0
BeKUBaeMocTh (berrrcon u Jloc, 1985; Cxornang, 1985; Illokno, 1991; ®ecra-buanuer
u ap., 1995). TouHno Takke, KOraa MPOUCXOIUT COKPAIICHUE TTOMYJISIINH, BHI3BAHHOE
rpolieccaMu UAYIIUMU «CHU3Y-BBEPX», HAPUMEP OrPAHUUYEHHOCTHIO MUIIEBBIX
pecypcos, cpeanee 3HadeHne BITPL] (c-BIIPLI — cpennee 3Hauenne Bcex u-BITPL]
JAHHOM MOIMYJISAIUHN) J11 KOHKPETHON MOMYJIALIMYA BO3PACTAET, JaXKe €CIIA HE y BCeX
oco0eit uamensiercss unauBuayanbHbid BITPL] (Ctuphc, 1976; MakMaros, u ap., 2003).
W Hao0opoT, eciu COKpalleHue YUCICHHOCTH MOMYJISAIUN 00yCIIOBICHO (paKTOpaMH,
JEHCTBYIOIIMMU «CBEPXY-BHU3Y», HAIPUMED, OOMIMEM XUIIHUKOB MTPHU U300MINN TPOUNX
pecypcos, To 3HaueHue c-BIIPL] Oyaetr uMeTh TeHICHIIUIO K YMEHBIIICHUIO, TTOCKOJIBKY
00JIbIlIee KOJIUYECTBO CAMOK HAa4YHET MPUHOCHUTDH TOTOMCTBO B 00Jiee paHHEM BO3pacTe
(I3ukoBckuit u ap., 2004). CnegoBaTenbHO, U3MEHEHUs B 3HaUeHUsIX Kak u-BIIPL, Tak u
c-BIIPLl moryT moMo4b HaM MOHSThH MPUYMUHBI CHUKEHUSI YUCIICHHOCTH MOIMYJISLINT
(D6epxapt u Cunudd, 1977; benrrcon u Jloc, 1985). K coxanenuto, HOCKOIbKY s
onpeneneHus cpeanero BITPLL nist Toit wm nHOM momy sty He0OX0AMMO 3HATH U-
BIIPL] caMOK onpenesieHHOro BO3pacTa, 3TOT [MOKAa3aTeNb ONPEAEIISIETCS BECbMA PEIIKO
(bonec u Jlxetimc, 1979; Knatron-bpok, 1988; Tecta u np., 1990; Jle bed u Peiirep,
1991). V kpynsbix muexonuratomux u-BIIPL] onpenensercs npu nomommu
JOJITCOCPOYHBIX MPOrPAMM MEYEHHS M IIOBTOPHOTO OTJIOBA, MJIK MOHUTOPUHTA, KOTOPHIE
TpeOyIoT OOMBIINX 3aTPaT BPEMEHHU U JCHET, a TAK)Ke SBJISIOTCS OPTaHU3allMOHHO
CJIOKHBIMU B CBSI3U C JIOJITOBPEMEHHBIM XapakTepoM ux ocyuiectsieHus (Tecta u np.,
1990; Cunudd u Ponc, 1991; Moncon u ap., 2000; ITucropuyc u np., 2001). Ocobyto
CJIOKHOCTH TIPEJICTABIIACT MPOBEACHUE TAKUX MUCCIICIOBAHUIM HAa BUIAaX WJIH MOIMYJISAIHUSAX,
XapaKTePU3YIOMINXCs OOJIBIIUM PACX0I0M METOK, 3HAYUTEIbHON MOOMIbHOCTbBIO, THOO
HU3KOW MPHUBA3aHHOCTHIO K pallOHy 0OMTaHUS. AJTBTEPHATHBHBIM METOJOM OIICHKH H-
BIIPL] siBnsieTcst ucciieoBaHUE PENPOIYKTUBHBIX TPAKTOB, B KOTOPBIX IPUCYTCTBYIOT
MHAMKATOPBI TEKyIIeH 1 npouuisix 6epemenHocteit: sxentolie (JKT) u 6enosartsie (BT)
tena (boakun u np., 1993; Crupnunr, 2005). Eciu nu3BecTHO MUHUMAaNBHOE BpeMs, B
TeueHne koroporo bT nmpoaomkaroT coxpaHsAThCs B AMYHUKE 1 MUHUMAJIbHBIN BO3pacT
BO3MOYKHOT'O HACTYIUIEHUS [IEPBOU OBYJIALIMH, TO MOKHO paccuntars u-BIIPLL,
WCIIONIB3YS 3HAUEHHUE BO3pacTa 0COOU M KOJUYECTBA MHAMKATOPOB MPOIILIBIX
PENpPOAYKTUBHBIX LIUKIIOB MMyTeM 00paTHOTO pacyerta. [Ipu Takom meToae obiee
koinuectBO KT u BT BeiunTaercs U3 Bo3pacta ocodu 1yis MOJIy4eHUs 3HAUEHUS -
BIIPL] mpu ycioBuu, 4TO BO3pacT CAMKH MEHBIIE WIIK PABEH CyMM€E MUHUMAJIBHOT'O
Bo3pacTta u-BIIPLl u MmunumansHoro cpoka coxpanenus bT B suunuke (benrrcon u
Cunudd, 1981). OnHako 3TOT METOJ HE MOXKET OBITh MCIIONBL30BaH AJis pacuera u-BIIPL,
€CJIM OJIMH U3 MOKa3aTeJIel HEM3BECTCH WIIW MOABEPKEH 3HAUUTEIIbHBIM KOJICOaHHSIM.



OnHako eciM UCTI0Ib30BATh SIMYHUKHU TOJIBKO C LIEJIbIO BBISIBICHUS HAJTHYUS Y
YKUBOTHOTO TIPOILITBIX OEPEMEHHOCTEN Ha MOMEHT B3SITHS TIPOOKI (0 YeM
CBUAETENLCTBYET NpUCyTcTBUE BT), TO ycii0BuUs cTaHOBATCA HE CTOJIbL cTporumu. Toraa
MO’KHO OIPENIEIUTh IPOMOPLHUIO POKABLIMX CAMOK B Ka)KJIOM BO3PAaCTHOM KJacce U
noacuntath c-BIIPL] nomymnsiuuu o meroay JleMacrepa (1978). Ognaxo, ams
UCIOJIb30BAaHUS TAKOH METOJMKN HEOOXOUM 3HAYUTEIbHBIN pa3Mep BEIOOPKHU B
pa3IMYHBIX BO3PACTHBIX KJIaccax, IPUMEPHO HE MeHee 25 caMOK KayKIoro Kiiacca,
HA4MHAas ¢ CaMOro MOJIOAOI0 BO3pacTa, KOrJa caMKa MOXKET ObITh ClIOCOOHA K
BOCIIPOM3BOJICTBY JI0 BO3pacTa, KOT/ia BCe CaMKU HauMHaroT poxarts (JeMacrep, 1978).
HecmoTtps Ha To, 4TO aHAIM3 MOJIOBBIX OPraHOB I0CTaTOYHO AELIEB U OBICTP B
NPUMEHEHHH, OH BEeJIeT K YHUUTOKEHHIO )KUBOTHOTO, &, CIIEJIOBATENIbHO, AeTaeT cOop
JAHHBIX CJIO’KHBIM HJIM IIPOCTO HEBO3MOXHBIM B CBSA3H € COOOPAKEHUSIMHA OXPaHBI

pecypca.

IIpu ucnosb30BaHUU PENPOAYKTUBHOIO TpakTa i onpenenenus u-BIIPL] wiu c-BIIPL]
HCCIIEI0BATEII0 HEOOXOIMMO 3HATh BO3pacT 0cOOU. Y MIIEKOIMTAIOLINX BO3PACT JIETKO
OTIpEJIeNIAETCS 110 TOJIOBBIM CIIOSM [IEMEHTHOTO BEIIEeCTBa 3y0OB, TaK KaK Yepeayromuecs
TEMHBIE U CBETJIbIE CJIOM JIETKO Pa3IMYUMbl B IPOXO/AIEM CBETE (IIPH YCIOBHUH, UTO 3y0
HE MO/IBEpTajics Ype3MEPHbIM MEXaHNYECKUM Harpyskam). Kakplit ron kopeHs 3y6a
I0J] IECHON 00pacTaeT Mo NEPUMETPY CBETJIBIM U TEMHBIM I'OJI0BBIMHU CJIOSIMH LIEMEHTA.
VY JKMBOTHBIX CPEIHUX HIMPOT CBETIIast 1Mojioca (OpMUPYETCs B IIEPHOJ C KOHIIA BECHBI J10
Hayaja OCEHH, TO €CTh, IEPHUO HaroJiee HHTEHCUBHOI'O POCTa, & TEMHAs 110J10ca — €
MO3/IHEH OCeHM J0 paHHeH BecHbI, korja poct 3amesiercs (Knesesans u Knaitnen6epr,
1969). CeeTiible 1 TEMHBIE TOAOBBIC CJIOH IIEMEHTA HE MOJICKAT PE3OPOIMH B OTIUIHE
OT KOCTHOW TKaHH, a MX pa3Mepbl HE OTPaHUYMBAIOTCS 00BEMOM ITYJIBIIOBOM MOIOCTH
3y0a B oTiIMuMeE OT JieHTuHa. KpoMe Toro B Hay4HO! NPaKTUKE YKE IIUPOKO
pacrpocTpaHeH coop npob 3y00B y OTIaBIMBaeMbIX KUBOTHBIX (Kiesesais,
Knattaen6epr, 1969; Knesesans, 1996; Ctioapt u ap., 1996; bonkus u ap., 1997). Takum
00pa3oM, KOJIMYECTBO I'OJIOBBIX CII0EB MOXKET CIIYKUTh II0Ka3aTeJIeM BO3pacTa
’KHBOTHOTO, a IIMPHHA CBETIIBIX CJIOEB OTPa)KaTh BHYTPEHHHUE U BHEUTHHE (DAaKTOPHI,
KOTOpbIE OKa3bIBAJIM BO3/IEHCTBHE HA CE30HHYIO CKOPOCTh UX pocTa. Eme onHoii o0mieit
XapaKTepUCTUKON 3y0OOB MHOTUX MJIEKOIIUTAIOUINX SIBJISETCS COKpAIICHUE IIMPUHBI
CBETJION MOJIOCHI TOAOBOTO CJI0S LIEMEHTA 10 MEpe YBEJIMUEHHUS BO3pACTa KUBOTHOTO
(Knesezans u Knatinenoepr, 1969; Kpetirxen u np., 1970; benarrcon u Cunudd, 1981;
Kneseszanb u Ctroapt, 1994), 40 yueHble 0OBIYHO CBS3BIBAIOT JIMOO C TOJIOBBIM
co3peBanueM (u-BIIC, Bo3pacT, B KOTOpOM caMKa MOKET 3a0epeMeHeTh) JIH00 ¢
HaYaloM penpoAyKTUBHON akTuBHOCTH caMoK (u-BIIPLL; Koit u I"apmenuc, 1992;
Knesesanp, 1996). A 3T0 03Ha4aeT, UTO U3MEHEHUS B IIUPUHE CBETJION MOJOCHI MOTYT
JaTh HaM aJlbTEPHATUBHBINA METOJI ONPENIeIEHUs] PeNpOLyKTUBHOIO cTaTyca 0coOu.
bonee Toro, yueHsle yxe NpoieMOHCTPUPOBAJIH, CBSI3b BO3pACTa, IpU KOTOPOM
IIPOMCXOIUT COKpPALIEHNE IIUPHUHBI CBETJION MOJIOCHI (OTIpeiensieMoe BU3YyallbHO) C U-
BIIPL] unu u-BIIC (ompenensBiierocs npu NOMOIIY aHAINU3a MOJIOBBIX MyTEeN WK
MOCPEJICTBOM METO/a MEUEHHUS U MOBTOPHOTO OTJIOBA) Y TAKMX BUI0OB, KaK KoJ4aTast
uepna (Phoca hispida), ceporit Trosiens (Halichoerus grypus), Tioneab-kpadoen (Lobodon
carcinophagus) 1 ceBepHbIil MOpcKol ciloH (Mirounga angustirostris) (Conep6epr, 1978;
benrcron u Cunudd, 1981; Kneseszans u Ctroapt, 1994). Kpome Toro, Koit u I'apmenuc



(1992) orcnenmmu hopMHUPOBAHKE y3KHX CBETIIBIX MOJIOC [IEMEHTA B TIEPUOJT
BBIHAIIIMBAHUA U BHIKAPMJIMBaHUs JACTEHbIIIEH Y yepHbIX MeaBeaei (Ursus americanus).
IIpaBna, belikepy u bosenry (1997) He yaanoch BbIIBUTh HAIMUYUS YETKON CBS3H MEXKAY
u-BIIPL] u ymeHbIIEHEM IMPUHBI CBETIION MOJIOCH 3yOHOTO IIEMEHTa Y OOBIKHOBEHHBIX
TioneHelt (Phoca vitulina). AHanoOru4YHbIE COKPALICHUS IIUPHHBI CBETIION MOJIOCHI
3yOHOIO 1IeMeHTa, BO3MOXHO, HAOIIOJAI0TCS M Y CaMIIOB, HO 3TOT BOIPOC YYEHBIMU HE
u3ydaics, TaK Kak JMHAMHUKa Pa3BUTHS MOIMYJIALUHN ropa3ao O0JIbIIe 3aBUCUT OT
PENpPOAYKTUBHBIX MTAPAMETPOB CAMOK, HEXKEITU CaMIIOB.

Hecmotps Ha TO, 4TO MOKa3aTeay MUPHUHBI [IEMEHTHBIX MOJIOC HE SBISAIOTCSA HAJCKHBIM
cpeactsoM onpenenenust u-BIIPL nist Bcex JKMBOTHBIX, U3MEHEHUE IIMPUHBI CBETIION
MOJIOCHI MOKHO HMCIIOJIB30BATh JUIsl ONPEEICHHS TOT0, pOXKaia JaHHas caMKa WM HeT. A
€CJIM 3TO TakK, TO MPHU MOMOIIY aHATU3a LIEMEHTAa MOYKHO TMOJy4YHUTh JIaHHBIE,
HeoOxoaumbIe 11s orieHKH c-BITPLL momymsiiiuuy, o onrucaHHOMN BBIIIE pacyeTHOM
monenu JleMactepa (1978). B cBs3u ¢ HeJTaBHUM MaieHUEM YUCICHHOCTH MOy SN
ceBepHBIX KaslaHoB (Enhydra lutris kenyoni) B 10T0-BOCTOYHBIX paiioHaX AJISICKH, yUCHbIE
AKTUBU3MPOBAIH MTOVCKU HOBBIX METOJIOB OLICHKH MapaMeTPOB OMOIIOTHYECKUX ITUKIIOB,
OKa3bIBAIOUINX BIMSHUE HAa JUHAMUKY MOMyJIsAuK. [IocKoIbKy KamaHbl MOTYT
MIPUHOCUTH IIOTOMCTBO 00JIee OHOTO pa3a B rojl, a TAKKE, TOCKOIbKY YYCHBIM HE
M3BECTEH MUHUMABbHBIN CPOK, B TEUEHUE KOTOPOTO B SIMYHUKAX TPOCMATPUBAIOTCS
OBapHUaIbHBIE CTPYKTYPHI, y HAC HE OBLIO BO3MOXKHOCTH UCTIIOIB30BATh METO]] OOPaTHOTO
oTcyeTa A1l nojiydeHus 3HadyeHus u-BIIPLl mo penpoayKTUBHBIM TpakTam AJist
CpaBHEHHUS TUX JaHHBIX C JaHHBIMU HcclenoBanus nemenTa (boakun u np., 1993).
BmecTto 3T0r0 Mbl IpoBEpHIIK BO3MOKHOCTH HCIIOIB30BAHMSI aHAJIN3a CBETIION MOI0CHI
[[EMEHTA Y CeBEPHBIX KaJJaHOB B KQ4e€CTBE WHAMKATOPA MPOILIOT0 yUacTUsl 00CIeTyeMoi
0CcO0H B pa3MHOKEHUHU.

PAMOH UCCJIEJOBAHUI

Bbutn cobpanbl 00pasibl PepOyKTUBHBIX TPAKTOB U MaJIbIX KOPEHHBIX 3y0OB, B3SITHIX Y
92 caMOK ceBepHOro KajiaHa B Bo3pacte oT 2 110 14 net B nepuoa ¢ 1989 no 2005 rogx.
CeBepHblii KajlaH NPEeCTaBIAET OO0 MOABUA KajlaHa, paCIIPOCTPaHEHHBIN 110
TEPPUTOPUH OT AJIEYTCKUX OCTPOBOB (1oro-Bocrounast Asnsicka) no mrara Operon, CIIA
(Buiicon u np., 1991). O6pasiisl codupauch U3 TPeX UCTOYHUKOB, KAKOBBIMH CITYKUJIH:
TPYIIbI, cOOpaHHBIE TIOCTIE pa3NuBa HEPTHU B CBS3U C KaTacTpodoii TaHkepa « IKCOH-
Banaus» B 1989 rony (AMepukanckas reonorudeckas ciuyxoa [USGS] u Cnyxba
oxpansl pecypcos pbi0 u aukoit npuposl CIIIA [USFWS] n=42); BeiOpolIeHHbIE Ha
Oeper TPyIIbl MOTHOIIHX KUBOTHBIX, COOpaHHbIe B epuo ¢ 1994 mo 2005 roasr Ha
Ansicke (n=17) u B Poccun (n=4; USFWS), a Take kananbl, T0ObITbIE KOPEHHBIMH
KUTEIAMU AJISICKU B paMKax TPaJUIIMOHHOTO MPUPOIOIO0Ib30BaHUS (AJSICKUHCKAs
Komuccus 1o kanany u cuBydy 1 USFWS; n=29). Bce o6pa3iibl coOupanucs ¢
coOroieHneM Bcex npaBuil, ycraHoBieHHbIX USFWS.



METOAUKA
AHAaJIM3 BO3PacTa M IIUPHHBI IEMEHTA

o xaxxJ1011 caMKe KaJlaHa aHAJIM3UPOBAJIOCH JIBA NIPOJIOJIBHBIX CPEIMHHO-CarUTTaIbHBIX
cpesa JIeKaIbIIMHUPOBAHHOTO MpemoJisipa. Bo Bcex aHanm3ax UCIOJIb30BAaJICs TIEPBHIN U3
MPUCYTCTBYIOIIMX MAJIbIX KOPEHHBIX 3y0O0B (B JAHHOM CiIy4ae, BTOPOM MpeMoJtsp,
MOCKOJIbKY Y JAHHOT'O BH/IA TIEPBBIIl MPEMOJISIP OTCYTCTBYET), HO MO3UIUS 3y0a (BepXHUM
WM HIDKHUI) He yKa3bIBanack. Bee caiinel roroBumch B Jlaboparopusx MatcoHa
(Mwmnrays, mrat MonTtana, CIIIA), a Bo3pacT oco0el, y KOTOPBIX Opajuch mpoosI,
OTpeeNsiCs B COOTBETCTBUM C METOJIMKOM, onucanHoi y boakuna u ap. (1977). Mel
MPUHSIIN TOJTy4YeHHbIe 1a00paToOpusMU JaHHbBIE TI0 BO3PACTY, HE MBITAACh UX
NIEPETIPOBEPUTH, TAK BO BCEX MEPEUHMCIECHHBIX BBILIE MPEAbIAYIIUX UCCIEI0BAHUAX
BO3pacT KaJIaHOB OIPEIETsIICS YKa3aHHBIMU JIA00paTOPUSAMHU, U I 00ecTieyeHUs
eIMHO00pa3us NaHHBIX, BCE aHAIM3HI 110 ONPEEIICHUIO BO3pacTa MpOBOJMINCH TUYHO [
Mbtconom (I'. MatcoH, ycTHOE coobmieHue). st cokpaiieHnst KoJIn4ecTBa BO3MOYKHBIX
oOOK B ONpEAETICHUH BO3PACTA, MBI UCIIOJIb30BAIH TOJIBKO JAHHBIE C KOJIOM
JIOCTOBEpHOCTH Bo3pacTa A win b (3HaueHHe MOTEHIIMATILHON TOTPEITHOCTH
cooTBeTcTBEHHO +0 rox u +1 rox ans kana"os B Bozpacte oT 0 1o 7 net (I'. Martcom,
ycTHOe coobuienue). [locne okpacku u onpesesieHns: BO3pacTa Mbl paCCMOTPEIIN CPE3bl
3y00B 1O MUKPOCKOTIOM cO cToKpaTHbIM yBenuueHueM «Nikon Eclipse E400» u
CeNIalii CHUMKH TIpH oMoty mudpoBoit potokamepsl «MicroPublisher 3.3»
(mpomsBoactBa «QImagingy», bpuranckas Komym6us, Kanana). llupuna cBerioi
MOJIOCHI U3MEPSIIACh OT LIEHTPA 10 LIEHTPA MPHJIETaloIMX TEMHBIX CJI0€B Ha U(POBBIX
canMkax (Puc. 1) mpu momoru KoMIeloTepHOM porpammsl «MetaVue- 6.1»
(mpousBoactBa Gpupmsel «Molecular Devices», r. Cannuseiin, mrat Kammdopnaus). [1o
KKJOMY KaJaHy Mbl U3MEPSUIH CBETIYIO MOJIOCY LIEMEHTA B 3X pa3NUYHbBIX TOUKaX,
KOTOPBIE BEIOMPAIUCH B 3aBHCUMOCTH OT YETKOCTH M300paKeHHUs [IEeMEHTa, Ha 000UX
cpesax 3y0a, TO eCTh BCEro JAENaNoCh IeCTh 3aMEPOB CBETJION MONIOCHL. M3Mepsiinch
TOJIKO MOJIHOCTHIO CPOPMHUPOBABIINECS CBETIIBIE MOJIOCH! (IIMPOKHUE CBETIIbIE MOJIOCHI,
OTrpaHUYEHHBIE C 00EUX CTOPOH Y3KHUMH TEMHBIMH CJIOSMH), TOCKOJIBKY CUUTAIOCH, YTO
LIMPUHA TIOCIEAHEN «HE3aBEPILIEHHOW» CBETIION MOJI0CkI, BEPOATHO, OyI€T HETOYHOM! B
CBSI3H CO CMEPTHIO KHUBOTHOTO.

PucyHnoxk 1. I'ofoBbie c0H [EMEHTa MAJIOro KOPEHHOTO 3y0a NeBATUIICTHEH CaMKH KajlaHa
(o6pazerr Ne 480001), moo6erToit Ha Amsicke, CILIA B 2005 T. MBI mpoBenn 3aMepHl B TPEX MECTaxX
Ha K2KJIOM M3 JIBYX Cpe30B 3y0a.

[IInprHa KOHKPETHBIX CBETIIBIX MOJIOC CTAHAAPTU3UPOBANIACK (3 p, TZI€ 1 = MECTO 3amepa,
a n = HOMEp CBETJIOHN MOJIOCKI) IO CaMOil IIMPOKOM MOJIOCKE B KaXKJIOM MECTE 3aMepa
(ain/aiL rae L= camoii mmpokoil cBeTI0i mosoce), MOCKOJIbKY HAPOCTHI CBETIIOTO
[IEMEHTa OOBIYHO TOJIIIE OJIMKE K KOHITY KOPHS, a TaK)Ke MOCKOJIbKY 00IIasi TONIIHHA C
BO3PACTOM YBEJIMYMBAETCSI, TOI/Ia KAK TOJIMHA CBETJIOTO CJI0S C BO3PacTOM
cokpamaercs (Kpeiirxen u ap., 1970). beuio npoBeneHo cpaBHEHHE
CTaH/IapTU3UPOBAHHBIX 3aMEPOB LIEMEHTA JIJIsl KaX/10M CBETJION MOJIOCHI 10 cpe3aM 3y0oB
U 110 MECTaM 3aMepa C UCIOJIb30BaHUEM BAPHALIMOHHOTO aHAIN3a TOBTOPHBIX
W3MEHEHHH ISl TOTO, YTOOBI YOSTUTHCS B OTCYTCTBUU 3HAYUTEIHHBIX PACXOXKICHUH




MEX]y 3aMEpaMH B 3aBUCHMOCTH OT MeCTa 3amMepa MU BIOpaHHOTO cpe3a. [1ocKoIbKy
HUKAKUX 3HAYUTEIBHBIX PacX0oXAeHU oOHapyxeHo He O0b110 (P > 0.05), MBI paccunTanu
CpeaHee 3HaUeHUE CTaHAAPTU3UPOBAHHBIX 3aMEPOB JJIsl KAXKI0W CBETIION MOJIOCHI,
MOJTy4YHUB 10 OJHOU MOCEA0BATEIBLHOCTH CPEJHUX CTAaHAAPTU3UPOBAHHBIX 3aMEPOB
IIMPUHBI CBETIIBIX MOJIOC I KAKIOW CaMKH KallaHa. 3aTeM MBI BRIOpAId CaMyI0 Y3KYIO
CBETIIYIO MOJIOCY (@min) MO KAXAOMY KaJlaHy JIJIsl HCTIOIb30BaHUS B MOCIIETYOIINX
aHanM3ax, MpHU YCIOBUH, YTO 3Ta 10Jioca He OblIa nepBoit mo cuety (n =3). Ecnu camas
y3Kasi 1oJ10ca OKa3blBaJIach NEPBOM, Mbl UCTIOIB30BAIH JIsl aHAJTM30B B KAUECTBE amin
CIIEAYIONIYI0 HanboJiee y3KyIo MOJI0Cy, IOCKOJIBKY KajlaHbl HE Pa3MHOXKAIOTCSl Ha IEPBOM
rony >wu3Hu (KenpoH, 1969; boakun u ap., 1993). YV Heboapmoro komyecTa ocobdei
nepBasi CBETJIas 1MOJI0ca OKa3bIBaJlaCh CaMOW y3KOM, CKOpee BCEro, MOTOMY, YTO JaHHbIE
0CO0M MO3THO BBIBEJIHCH, U Y HUX OBLIO HEJJOCTATOUYHO BPEMEHHU Ha POCT CBETJIOrO
LIEMEHTA JI0 HACTYIUICHHUS 3UMBI, KOT/Ia Ha4uaJIoCh HapacTaHue 00jiee TEMHOTO LIEMEHTA.

PucyHnoxk 2. I'papudeckoe n306paxeHne BpeMEHHOMN MOCIIEI0BATEIBHOCTH 110 3aMepaM
CBETJIBIX TIOJIOC [IEMEHTA U aHAJN3y PENPOTyKTUBHOTO TPAKTa MPUMEHHUTEIHFHO K KallaHaM
cobpanubsiM Ha Assicke, CIIA, B 1989 — 2005 rogax. [TyHKTHPHBIMA JTHHUSAMH 0003HAYCHBI 3yOBI
KOHKPETHBIX 0co0eil. UepHble yepToukr 0003HAYAIOT TEMHBIE TOJIOBBIE MTOJIOCKU IIEMEHTA.
[IpocTpaHcTBO MEX Ty HUMH 0003HAYAET CBETIYIO MOJIOCY AaHHOTO roja Xi IIe i = roj Ku3HH.
Hapx myHKTHpHBIME THHUSMHA TPUBECHBI Y€THIPE BOBMOXKHBIX pe3yJIbTaTa aHaln3a
PENpPOAYKTUBHOTO TpakTa, rae OeioBarsie Tena (CA) SBIAIOTCS MHIUKATOPOM HATHYHUS
MPOLLIBIX OepeMeHHOCTeH, a sxkenthie Tena — (CL) yka3pIBaroT Ha TEKYIyI0 OEpeMEHHOCTb.
MHoroTouune ¢ JIT000H CTOPOHBI JaHHOW CTPOKH YKa3bIBAET, YTO B TOJI POCTA JAHHOTO CIIOS
morto cpopmupoBaTbes CA wm CL. CripaBa 0T MyHKTHPHBIX JTHHUH yKa3aH PENPOAyKTHBHBIH
CTaTyc ¥ BO3pacT 0COOM, KOTOPBIH OB HCIONB30BaH MIPH aHAJIHU3€ CPEIHETO BO3pacTa MepBoro
PENpOAYKTUBHOTO IUKJA JaHHOW Bo3pacTHOU rpymiibl (¢-BITPLL perp rp)-

AHAaJU3 penpoAyYKTHBHBIX TPAKTOB

PenpomyKTHBHBIE TPaKTHI KaJIaHOB 00 HeMenIeHHO (ukcupoBanmuch B 10%
HelTpanbHOM OydepHoM pacTBope dhopMainHa, 100 3aMOPAKUBAIUCH TTPH
temmieparype -20 rpagycoB Llenbcus, ¢ mocieyonmM pa3MopaKuBaHUEM U (PUKcaIiei
1o Mepe noiydeHus popmanuHa. Bee oOpasiibl HaxoAWIKMCh B pacTBope (popMairHa Ha
MPOTSKEHUH >1 Mecsa 10 Hayasla IpOBEACHUS aHaIu30B. [l onpeneneHus 0011ero
konndectBa JKT u BT MbI Bbipe3anu u3 penpoayKTUBHOTO TPAKTa SIMUHUKH, JEJIaIH
Cpe3bl TOMIMMHON 1-2 MM (BpY4HYI0) U U3y4dau UX HEBOOPYKEHHBIM I1a3oM (CuHXa u
ap., 1966; boakun u ap. 1993). ITo kaxmoit ocobu 3anuckIBaics BO3pacT U KOJIHMYECTBO
KT u BT. Ecniu ananus penpoayKTUBHOIO TpaKTa JlaBajl HEMPaBIO0100HbIE
pe3yJIbTaThl (HapuMep: penpoayLMpyolas rooBajas caMka), Mbl y 1A 3TH
00pa3irel U3 Bcex aHam30B (n = 2). [ cpaBHEHHS TaHHBIX HCCIICIOBAHUS
PENpOIYKTUBHBIX TPAKTOB C U3MEHEHUSIMH B IIMPUHE LIEMEHTHBIX M0JIOC, HEOOXO0AUMO
YUMUTBHIBATh, YTO KaXKJasl U3 aHAJIM3UPYEMbIX TKAaHEH JaeT KapTUHY HECKOJIBKO Pa3HBIX IO
CpOKaM NepHO/I0B B )KU3HU KOHKPETHOHN caMKHU KanaHa. PernpoayKTUBHBIN TpakT
oTpaxaeT nHPOpMaIUIO 10 OEPEMEHHOCTSIM CAMKH /10 MOMEHTA €€ CMEPTH, TOrJa Kak
3aMepbl LIEMEHTa 3y0a OTpa)karoT MH(OPMAIMIO TOJIBKO 10 KOHIIA 3UMBI F'0J1a, B TEUEHHUE
KOTOPOTr0 HACTyNHJIa CMEPTh )KMBOTHOTO, IOCKOJIbKY 3aMEPSIMCH TOJIBKO MOJHOCTHIO




chopmupoBasiuecs nonockl (boakun u ap., 1997). Ilosromy ¢ 11enb0 cTaHAAPTU3ALUN
BPEMEHHBIX CPAaBHEHUI Mbl UCIIOJIH30BAIM TOJIBKO JaHHBIE O MPOLLIBIX OEPEMEHHOCTSX,
NPEICTaBICHHbIE B PENIPOAYKTUBHOM TpakTe OenoBateiMu Tenamu (BT). B pesynbrare,
MOJTy4YE€HHbIE CPAaBHEHUS HE OTpaXkaiu HH(GOPMaLMU IO PENPOAYKTUBHOMY LIUKITY To/1a,
Kor1a mpoBoAMIICS cOop 0OpasnoB. Hampumep, mpu npoBeIeHUN aHAIM3a MbI CUUTAIIN
MATUIETHIOIO CaMKY, KOTOpast Obuta OepeMeHHO B MOMEHT B3siTHs oOpasna (KT B
PENPOAYKTUBHOM TPAKTE), HO HE MMeIla IIPU3HAKOB MPONUTbIX OepemenHocTe (HeT bT),
Hepo’KaBIIIeH ueThipexieTHel camkoi (Puc. 2). [Tociie mpuHATHS TaKKX MOMPaBOK K
JAHHBIM PETPOTYKTUBHOTO TPAKTa MBI OTIPECIIAIIH MPOIICHT POXKABIINX CAMOK B
Ka)KJI0OM BO3pacCTHOM rpymme (1o HaTH4uio 0eT0BaThIX TE) OT OJTHOTO O CEMH JIET.
3aTeM MBI B3sUTU JOJII0 POKABIIMX CAMOK B KaX 0 BO3PACTHOM KAaTETOPUU U
paccuntanu c-BIIPLL (c-BITPI perp.rp) 0 MeTORY JeMactepa (1978). Hecmotps Ha ToO,
YTO KaJIaHbl HE TPUHOCST MMOTOMCTBA HA IEPBOM T'OAY KU3HH, BKIIOUEHUE TOJ0BATBIX
CaMOK B pacyeThl yJydiiaeT kauecTBo 3HaueHus c-BIIPLl u cokpamaer pacxoxaeHue B
pe3yabTaTax. Bece mpoTokosbl aHanu30B yTBEpkaeHbl KoMuccueit no oxpase u
HCIIOJI30BaHUIO )KMBOTHBIX YHUBepcuTeTa mrara Ajsicka (IACUC No. 2006burns8).

Pucynoxk 3. IporeHT caMOK, BEpHO KIacCH(DUIIMPOBAHHBIX KaK POKABIINE WIIH HEPOIKABIIIHE
(JieBast OCh OpJIMHAT), & TAKXKE TPOIEHT JIOXKHOIIOIOKHUTEIBHBIX U IO KHOOTPHUIATEIIBHBIX
pe3ynbTaToB (TipaBasi 0Ch OPAMHAT) JUIS KaXK0W BO3MOKHOM MOPOTOBON BETMYUHBI Ayyin,
onpenensBiieiics ¢ narepBaioM 0,01 ms 0Opa3oB cOOpaHHBIX Y CEBEPHBIX KaJTaHOB AJISICKH B
1989 — 2005 ronax.

AHaJIN3 JaHHBIX

MBI OLICHWITH 11€7I€CO00PA3HOCTh UCTIOJIB30BAHUS Ain B KAUECTBE aJIEKBATHOTO
MHANKATOpa PErpoayKTHBHOTO CTaTyca (pokaBIllasi MIIM HEPOXKABIIIasi caMKa) IByMsI
criocobamu. B mepBoM cirydae Mbl CpaBHUBAIU PE3YJIBTATHI Apin HETIOCPEACTBEHHO C
pe3ynbTaTaMu aHallu3a PenpoayKTUBHOTO TpakTa 0€30THOCUTENBHO Bo3pacTa. Llensio
MEPBOTO CPaBHEHHUS OBLIO OMPEIEICHUE TOPOTOBON BETUUHHBI Apyin, IPU KOTOPOM CaMKa
KaJlaHa YeTKO Morajana Obl B IPaBUIBHYIO PEIIPOIYKTUBHYIO KATETOPUIO: HEPOKaBIIas
(8min > TOPOTOBOM BEIMYHMHBI) WIIH POKABIIAS (Apmin < MOPOTOBOI BEIIMYNHBI), B
COOTBETCTBHUH C Pe3yJIbTaTaMU aHAIM3a PEMPOTYKTUBHOTO TpaKkTa. Mbl
MIPOAHAIM3UPOBAIH BCE BOZMOKHbBIE BAPUAHTHI IOPOrOBOM BEIMYUHBI amin (0T 0.01 110
1.00), mpu ’TOM ONTUMATBHBIM CUUTATACh TaKasi IOPOrOBas BETUYHMHA, TIPU KOTOPOI
MaKCUMAaJIbHO COKPAIAJIOCh KOJIMYECTBO KaK JIOXKHOIOIOKUTEIBHBIX (apin < TOPOTOBOM
BEJIMYUHBI, HO Pe3yIbTaThl aHATN3a PENPOTYKTUBHOTO TPAKTa HE MOATBEPKAAIOT
HaJUYHS TPOIUTBIX OEPEMEHHOCTEHN ), TaK U JIOKHOOTPHUIATENBHBIX (Amin > MOPOTOBOM
BEJIMYMHBI, HO Pe3yJIbTaThl aHAJIN3a PEIPOIYKTUBHOTO TPAKTa YKA3bIBAIOT HA HATHYUE B
MIPOLIOM PENpPOAYKTHUBHBIX COOBITUI) PE3yJIbTaTOB ONPEEICHUS Kilacca
MIPUHAJICKHOCTH 0cO0€eH (porKaBIINe UK HepokaBiiue). Mbl MAKCUMAIIbHO COKPATHIIN
KOJIMYECTBO OMIMOOYHBIX PE3yJILTATOB IO PEMPOAYKTHBHBIM KJIacCaM TaKHM 00pa3oM,
YTOOBI IPOIIEHT POKABIINX CAMOK B BEIOOPKE HE OKa3bIBaJ BIUSHUS HA TIOPOTOBYIO
BEIIUYUHY.

JIist u3ydeHust BApMaTUBHOCTH ONTUMAJIBHON ITOPOrOBOW BEJIMYMHBI, KOTOPOU CIIEJ0BAJIO
OKUJIaTh MPH aHAJIN3€E CBETJIBIX MOJIOC 3yOHOI0 IIEeMEHTa, Mbl IPUMEHWIIN METO/T




oyrctpena, moxy4uuB 1000 peruK onTUMaIbHOTO MTOPOTOBOTO 3HAYCHUS BHIIIIS
omucaHHBIM criocoooMm (DdpoH, 1982). Ecnu OyTcTpen-perinka BeljaBaia
MHO>KECTBEHHBIC 3HAUCHUS ONTUMAaTHHON TOPOTOBOM BETUYHUHEI (HATIPUMED, €CITU Apin OT
0,33 u 0,34 naBano OMHAKOBHIE PE3YJIBTATHI), MBI OpaJId CpeAHEE 3HAUCHUE PETUTUKH
(@min = 0,335).

PucyHnok 4. PacnipenesnieHre onTHMAaNbHBIX amin 3HAYCHHUH, MOTYYCHHOE B PE3yIbTaTe
OyTcTpen-aHanm3a Habopa TaHHBIX 00pa3oB 92 caMOK CeBEpHBIX KallaHOB, COOPAHHBIX Ha
Amsacke, CIIA, B 1989 — 2005 rogax. Cpearsis onrTUMaabHas TOPOTOBast BETMIMHA COCTABHIIA
0,32+0,024 (cpenHsis BenuunHa £ CTAHAAPTHOE OTKJIOHEHHUE)

[Tocne Toro, Kak MbI BRIOpAId ONITUMATHHYIO IOPOTOBYIO BETHUUHBI Ain 10 CPETHEMY
3HAYEHUIO OYTCTPEN-PEIIuK, Mbl IPUMEHUIIN €€ JUIS pa3/iesieHus] BCeX aHaJIU3UPYyEMBbIX
CaMOK Ha PO’KaBIIUX U HEPOXKABIIUX. 3aTEM MbI B3sUIU MPOLIEHT PENPOAYKTUBHBIX CAMOK
10 Ka)K1I0M BO3PACTHOM I'PYIIIIE U € €0 MOMOIIBIO paccuntanu ¢-BITPLL,y 6, Takum xe
crioco6oM, kak Mbl paccuuTbiBaiIu C-BITPLL perp p (HAeMactep, 1978). st otueTa Oblau
B35Thl CPEJHUE 3HAUYEHHUS + CTAHIaPTHOE OTKJIIOHEHHUE. 3aT€M Mbl CPaBHUJIM JIBA
noiy4yeHHbIX 3HaueHus c-BIIPL] npu nomomnm moaudummpoBannoro t-tecra (JJeMacrep,
1978). Kpome Toro, mpu nmomoru ypaBHeHnus Ne9 B metonuke JleMactepa Mbl
paccUnTaNy 0KMIAEMYIO OIIPENEaUMYIO pasHully Mexay c-BIIPL; e, 1 ¢-BITPLI perp.rp.

PE3YJIbTATBI

MBI onpeenuiam, YTo ONTUMAJIbHAs TIOPOToBasi BEJIMYMHA aAmin cocTaBisieT 0,32 camon
UPOKOH cBeTsIoln noJstockl (Puc. 3). Ucnonb3ys 3Ty onTUMaabHYIO TOPOTOBYIO
BEJIMYMHY, MbI BEpHO Kiaccupuipponanu 83% o0pa3ioB Kak OTHOCSIIUXCS K
POXKaBILUM WM HEPOXKABIIUM caMKaM. KoJIMuecTBO JI0)KHOMOI0KUTEIBHBIX
Pe3yabTaToOB cOCTaBUIO 7,6% (MbI omrbouno npusHaiu 18% u3 39 HepokKaBIIUX CaMOK
PO’KaBLINMHU), a KOJIMYECTBO JIOKHOOTPULIATENBHBIX pe3ylibTaToB cocTaBmiio 10% (17%
u3 53 po’kaBIIMX CaMOK OBLIM MPHU3HAHBI HEPOXKABIIUMHE). HU JT0)KHOTIOI0KUTEIbHBIE,
HU JIO)KHOOTPHLIATENIbHbIE PE3YIbTaThl HE KOHIEHTPHUPOBAIUCH BOKPYT TOPOTrOBOM
BEJIMYUHBI Apin, HATIPOTUB OLIUOKH PACIIPEEISIINCH MO0 BCEMY CHEKTPY BO3MOKHBIX
3HAYCHHH MOpPOoroBoil BenmunHbl. OgHako 1o pesyasrataM 1000 OyTcTpen-perinK, Mbl
IIOJIyYMJIM TOCTAaTOYHO Y3KMH MaIa3oH 3HaueHui noporosoil Bennuussl: 0,32 + 0,024
(cpennee 3HaUeHME + cTaHIapTHOE OTKIOHEHUE) (Puc. 4).

[IpumeHnuB 3HaU€HKE TOPOTOBON BEJTMUUHBI (Cpe/iHee 3HaUeHHEe, PACCUUTAHHOE B
pe3ynbrare OyTcpemn-aHalli3a PEIUiiK) K KaKIoMy U3 00pa3iioB, Mbl paCCYUTAIH, YTO C-
BIIPI,y6 paBHsieTes 3,51+ 0,032 (x + CO) ner, B TO BpeMsl Kak [0 pe3yJIbTaTaM aHalIu3a
penpoayKTHBHBIX TPAaKTOB 3HaueHHe C-BIIPLI eqp.rp cocTaBmino 3,45 + 0,031 ner. Takum
obpaszomM, c-BIIP1l,ys, He otnngancs ot c-BITPL penp.rp (ts1 = 1,43, P > 0,05), a pacueTHas
ornpeaenuMas pa3HHIla MeXIAy CpeIHUMH 3HaueHusMHU paBHsutachk 0,77 net. [Toutu 90%
00pa3IoB COOTBETCTBOBAIM KPUTHYECKOMY BO3PACTHOMY JIMANa30HY (TO €CTh AHAINA30HY
BO3pacTOB, HAUMHAIOIIEMYCSI C TTOCIIEHET0 BO3pacTa, MPU KOTOPOM HU OJJHA M3 CAMOK He
ObLIa pOKaBIICH, M KOHYAIOMIEMYCS TIEPBBIM BO3PACTOM, IIPH KOTOPOM BCE CaMKHU




OKa3bIBaJIUCh POKABIIHNMHU, B HAILIEM HUCCJICIOBAaHUU OT 1 A0 7 .HGT) JJI OIIPECACIICHUS C-

BITPLL
TACKYCCHS

Mp1 n30paiiv KOMMYeCTBEHHBIN MOJIX0/] K OLIEHKE CBETJIBIX MOJI0C 3yOHOI0 IIEMEHTA B
Ka4yecTBE MHIMKATOpa MPOIUIBIX O€peMEHHOCTEH U OOHAPYKUIIU, YTO COKpAIlleHUE
HIMPUHBI CBETIIBIX MOJOC B TOAOBBIX CIOSX 3yOHOTO IIEMEHTA MOXKET CITYXKHTh
MH/IMKAaTOpaM HaJMYUs MPOLUIBIX PEIPOIyKTHBHBIX COOBITHI Y CAMOK CEBEPHBIX
KajaHOB. BbIOpaB cOOTBETCTBYIOIIEE TOPOTOBOE 3HAUECHUE IIIUPUHBI CBETIION TOJIOCHI
3yOHOTO LIEMEHTA, Mbl CMOTJIH MPABHIBHPO ONPEACTUTh PETPOIYKTUBHBIN CTAaTyC
OO0JIBIIMHCTBA CAaMOK, Pa3/IeJIB UX HA POXKABIIMX U HEPOKABIIUX, YTO MO3BOJIUIIO HAM
paccuuTaTh MpHU MOMOIIH MOTYUYSHHBIX NPU aHaju3e 3y0oB AaHHBIX 3HaueHue c-BITPLI,
HE OTJIMYaBILIEECs OT pPe3yJIbTaTOB pacyeTa JaHHON BEIMYHMHBI IIPU MOMOLIY aHAIN3a
PENpOayKTUBHBIX TpakToB. CKOpee BCEero, ycrex HaIluX pacyeToB, O0bACHACTCS
IIPUMEHEHNEM JIBYX MHHOBAI[MOHHBIX IIPUEMOB: UCIIOJb30BaHUEM KOJIMYECTBEHHBIX, a HE
KAueCTBEHHBIX CTATUCTUYECKUX NU3MEPEHUH LIEMEHTA, U UCIIOJIb30BAHUEM LINPUHBI
CBETJIOM IMOJIOCKI [IEMEHTA JIJIs ONPEAEIICHUs pENPOayKTUBHOTO cTaryca, a He u-BIIPL]
WJIY TI0JIOBOM 3pEJIOCTH.

B npenpinynimx uccneqoBaHusx, COOTHOCSIIMX IITUPUHY MOJIOCHI LIEMEHTA C
PENPOTyKTUBHBIMH COOBITUSIMH, BO3PACT JKUBOTHOTO, TIPH KOTOPOM HACTYIIAJIO CY>KEHUE
CBETJIOM IOJIOCHI LIEMEHTA, OMPEAEIISIICA UCCIIEI0BATENEM BU3yalbHO. Takoi MeTO
SIBJSIETCS] CYyOBEKTHUBHBIM M HECET B ce0€ OO0JIBIIION MOTEHITHAIT TTOTYyYEHUST OIITMOOTHBIX
PE3yJBTATOB MPHU UCCIECOBAHUN 3Y0OOB, B3SATHIX Y )KHUBOTHBIX, IPUOIMKAIOIINXCS K
BO3pAaCTy, KOTJIa PACCTOSTHHE MEXTy TOJOBBIMH CIIOSIMU [IEMEHTA HAYMHAET COKPAIIAThCs
(benrtcon u Jloc, 1985; betikep u bosenr, 1997). B HacTosiiieM uccieqoBaHUHA MbI
WCIIOJIH30BAIM KOJIMUYECTBECHHBIC U3MEPEHUS JJIs ONIPEICIICHUS HATUMIMs U CTCTICHU
W3MEHEHUS IUPUHBI CBETIION MOJIOCHI IIEMEHTA C TIEPEX0I0OM CAMKH B aKTHBHBIN
PEnpOyKTUBHBIN CTATYC (pOXKaBIIMX caMOK). Kpome Toro, mockoibKy Mbl HE IOy YHIIN
3HAYUTENbHBIX PACXOXKICHUI MEKy 3HAUYCHUSIMU IIUPUHBI CBETJION MOJIOCHI B
3aBUCUMOCTH OT MECTa 3amepa U cpesa 3y0a, Mbl JIeJIali 3aMephbl CBETIION TOJIOCHI
LIEMCHTA B HauOoJIee YeTKOM MeCTE claiiza.

JlpyruM MperMyIIecTBOM HAIIeTo UCCIeI0BaHuUs ObUT TOT (DaKT, YTO MBI UCIIOIB30BATIH
JAHHBIC 110 COKPAIICHUIO ITUPUHBI CBETIION MOJIOCH 3yOHOTO IIEMEHTA ISl ONIPEACIICHUS
TOJIKO PETPOyKTUBHOTO cTaTyca oco0el (Kak poXKaBIIMX MIIM HEPOXKABIIUX ), a HE TS
ONpPEACIICHUSI HHINBUIYATbHOTO BO3pacTa MEPBOro penpoyKTUBHOIO IIUKIIA. Takoe
yclioBue ObUIO HEOOXOAMMO TIOTOMY, YTO Y HAC HE UMeeTCsl HHPOPMAIUU O KOJIUYECTBE
OepeMeHHOCTEeH B TO U TPOJOHKUTEILHOCTA COXPAHCHHUS B ITOJIOBOM TPAKTE
SIMYHUKOBBIX CTPYKTYp Y CaMOK KaJaHOB. A clie[J0OBaTeIbHO, HAaM HE YAal0Ch OBl
OIIPEACIUTh HEOOXOIUMYIO JUI NpoBeeHUs cpaBHeHHs BemunHy U-BIIPLI peqp . HoO
naxe eciu Obl y Hac OblIa BO3MOXKHOCTB onpenenenus u-BIIPL yeqp 1, OLIEHKA U-
BIIPIl,y6: Bce paBHO MOTJIa ObI IPUBECTU K BOSHUKHOBEHHUIO JIOTIOJIHUTEIBHBIX
HMCTOYHUKOB OLITUOOK, MOCKOJIBKY MOKHO OBLITO OBI MPEANONIOKHUTH, YTO camasi y3Kas



cBeTas nosnoca orpaxaeT u-BIIPLL,y6,, a 3TO HE 0053aTEIBHO COOTBETCTBYET
JIEUCTBUTEIILHOCTH.

Onna u3 cnoxxkHocteit onpeaenenus u-BIIPL] mo cBeTsbM mojgocaM roioBbIX CI0EB
LIEMEHTA COCTOUT B TOM, YTO HaM HE U3BECTHbBI KOHKPETHBIC MPUYUHBI COKPAILEHUS UX
IIUPHUHBL. XOTS MHOTHE YUYCHBIC YTBEPXKIAIOT, YTO COKPAIIEHNUE ITUPHHBI CBETIION
MOJIOCHI IIEMEHTHOTO CJIOSI OOBSICHSIETCS TepepacIpeie]ICHIEeM SHEPTUU B OPTaHU3ME
YKUBOTHOTO C pOCTa Ha o0ecrieueHrne OEpeMEHHOCTH U BCKapMIIMBAHUS, IPYTHE YUCHBIC
CUHMTAIOT, YTO U3MEHEHUS IIIMPUHBI IPOUCXOJIAT 3a CUET SHAOKPUHHBIX CIABUTOB,
MIPOUCXOAAIINX B IMIEPHOJI IIOJIOBOTO CO3PEBAHUS, KOTOPOE HACTYIIAET PaHBIIE TIEPBOM
o6epemennoctu (Knesesans u Maiipuk, 1984; Koii u I'apmenuc, 1992; Knesesans, 1996).
HNHTEepecHO OTMETUTD, YTO €KETOTHBIC YBEIIMUCHHUS PA3MEPOB OTOJIUTOB (YIITHBIX
KOCTOYEK) Y PbIO, CXOJIHBIC C YBEIIMUCHHEM Pa3MEPOB IIEMEHTHBIX ITOJIOC Y
MJIEKOITUTAIOIINX, YaCTO OKA3BIBAIOTCS MPSIMO MPOIMOPIIMOHATIEHEIMUA COMAaTHIECKOMY
pocty (®pancuc, 1990). V kanaHoB IMpHHA CBETIBIX MOJIO0C COKPAILAETCs, CKOPEE BCETO,
13-3a TIepepacpeieICHHs] JHEPTUU B KOHIIE TTepro1a OEPEMEHHOCTH U B TIEPUO]T
BCKapMJIMBAHUs1, HO HEJIb3sl UCKIIIOUATh U TOPMOHAIBHBIX BO3/elcTBHM. O/IHAKO, 3a CUeT
PacCMOTPEHHS TOTO, TOCTATOYHO JIM YMEHBIITUIACH IIUPHUHA CBETIION MOJIOCHI, YTOOBI
YKa3bIBaTh HA HAJIMYKE B MIPOILIOM PEIPOTYKTUBHOTO COOBITHS, MBI CMOTIIN
3HAYUTEIILHO COKPATUTh BO3MOKHOCTH OIITHOOK.

Mcnonb30BaHue TOJIBKO IaHHBIX [0 YMEHBLIEHHUIO IIMPUHBI CBETJIOHN MOJIOCH! LIEMEHTA
MO3BOJIMJIO BEPHO KiaccupuuupoBatsh 83% 00pa31ioB, paBHOMEPHO PAaCIPEICTUTh
OMOKH B KIacCU(UKALUN MEXy 000MMHU PENPOAYKTUBHBIMU KJIacCaMH U Pa3HECTH
MOTPEIIHOCTH MO BO3MOXHBIM IIOPOTOBBIM 3HAUYEHUSIM, YTO YKa3bIBACT HA TO, YTO
OIMOKH B KJIaCCU(UKAIIUN BOZHUKAIOT HE TOJIBKO B CBSI3M C BBIOOPOM apin, HO BMECTO
3TOr0 MOT'YT OBITh CBSI3aHBI C OIIMOKAaMH B 3aMepax IIUPUHBI CBETIION MOJIOCHI, OLEHKE
BO3pacTa WM B aHAJIN3E PEIPOAYKTUBHOTO TpakTa. [lorpemHocT B onpeaeneHnn
BO3pacTa MM 3aMepax CBETJIION MOJI0CHl MOTYT BO3HHMKATh B CBSI3U C HAJIMYMEM CIIOKHBIX
WJIA HEYETKUX TOAOBBIX CIIOEB, HO TIPOBEICHIE HECKOIBKUX 3aMEPOB TI0 JIBYM Cpe3am
3y0a 3HAUUTEJIBHO COKPAIIAIOT BEPOSTHOCTh BOSHUKHOBEHHUS TAKUX MOIPEIIHOCTEH.
OnHako HaM HE yalI0Ch HU BBIJCINTh, HU KOJHMYECTBEHHO BBIPA3UTH IMOTPEITHOCTH 32
CUeT OnpeieNIeHHsI BO3pacTa WM PEenpoIyKTUBHOTO cTaTyca. Mbl TakKe MOTJIM HEBEPHO
KJIaCCU(UITUPOBATH OTIEIBHBIX OCOOEH, €CIIN UM y1aBaJIOCh COXPAHUTH IIUPUHY
CBETJION MOJIOCHI 6€3 U3MEHEHUs BO BpeMsi OEPEMEHHOCTH 3a CUET HAIUYHSI OOMIBHBIX
MUIIEBBIX PECYPCOB (JIOKHOOTPHUIIATEIBHBIE PE3YIIbTATHI), HIIH €CIIH B CBSI3U C
HE/I0CTAaTKOM IHUIIN COKpaIlajach MIMPHHA CBETIIBIX M0JIOC Y HEPOXKABILIUX CAMOK
(JIO’)KHOTIONIOKUTETBLHBIE PE3YJILTAThI), HO MBI HE MOKEM OIEHHUTH PaCIPOCTPAHEHHOCTh
3TOr0 MCTOYHHMKA OIMIMOOK. YUUTHIBAs IMIUPOKOE pa3HOOOpa3ue MPUPOIHBIX YCIOBHM
OOWTaHUS MCIIOJIb30BAaHHBIX B UCCIICIOBAaHUN )KUBOTHBIX B CBSI3U C Pa3IMIHEM MECT U
BpeMeHU cOopa 00pa3LoB, HU3KUI YPOBEHb MOTPEIIHOCTH B HAIIIMX MCCIIEIOBAHUAX JJaeT
HaM OCHOBaHHE MPEIOI0KHUTh, YTO U3MEHEHHS B IIMPHHE CBETIION TIOJIOCHI, CBSI3aHHBIC
¢ 0EpEMEHHOCTBIO CAaMKH, SIBJIAIOTCS O0Jiee 3HAUNTENbHBIMU, YEM U3MEHEHMUS,
BBI3BaHHBIEC TOJIBKO YCIOBUAMM OKpYXkKaromel cpensl. Kpome toro, 3a cuer
CTaHJapTH3aLMU U3MEPEHUI OTHOCUTEIbHO Hanbosiee MHUPOKOI CBETIION MOJIOCHI, MBI
3aJI0XKHJTU B HAIIE UCCIICOBAaHIE BO3MOXXHOCTh ONPEACIICHHS TPOTIOPIIMOHATIBHBIX



M3MEHEHMH B IIMPUHE CBETIION MOJIOCH A1 KOHKPETHOH ocobu. Takum oOpazoM, y
HEepOoXkaBIIeH CaMKH, Y KOTOPOil B CBSI3U C HEOIAronpUsTHBIMH YCIOBUSIMU HapacTaHUE
CBETJION MOJIOCHI IIEMEHTa ObIIIO 3aMeJICHHBIM Ha IPOTSHXKEHUU BCEll ee )KU3HHU (UTO
JOJKHO BBIPAXaThCsl B HAJTMYUU MOCIIEA0BATEIbHOCTH Y3KUX 0JIOC) HE TIOSIBUTCS
MPONOPIMOHAIFHOTO COKpAILEHHs! ITUPUHBI CBETION MOJIOCHI, HEOOXOIUMOTO IS
nepeBojia ee B ctaTyc poxkasuieil. HakoHerr, eciu B rpoliecce aHasn3a
PENpOIYKTUBHOTO TPAKTa MBI He 3aMeTwin Hanuuus BT, Mbl Moriu omubo4Ho
KJIacCCU(PUITUPOBATH CAMKY, KaK HEpOKaBIITYI0, 1 HA000poT, oOHapykenue bT, He
MPUBE/IIETO K YCIEIIHOMY Pa3BUTHIO O€PEMEHHOCTH WM COKPAIICHHUIO B IIUPUHE
CBETJION MOJIOCKI, MOTJIO JaTh JIOKHOOTPHIIATEIbHbIE pe3yibTaThl. Hu oauH u3
NEPEYHCICHHBIX HCTOYHUKOB OIMNOOK HE SIBJISIETCS MPHUCYIIUM TOJIBKO HAllleMy
UccleIoBaHui0. Bece oHM XapakTepHbI A1 aHAJIM30B JaHHBIX PEIPOAYKTUBHOIO TPAKTA.

Eme oqHuM apryMeHTOM B ITOAJEPKKY UCIIOJIB30BAHUS HAUMEHBIIETO 3HAYCHUS
IIMPHHBI CBETJIOHN MOJIOCH! LIEMEHTHOT'O CJI0SI (amin) B KAUECTBE HA/IEAKHOI0 MHIUKATOPA
HAJINYHS PETIPOYKTUBHOTO COOBITUS B )KU3HU 0COOU, SBIISICTCS Pe3yIbTaT OyTCTper-
aHanu3a. Mbl HEe TOJIBKO MOJIYYMIM y3KUH THANa30H ONTUMAIBHBIX dmin IO OyTCTpen-
peruIuKam, Ipyu 3TOM Cpe/IHee 3HauUeHHe OYTCTpEen-peruiuK ObUIO UICHTUYHBIM CPETHEMY
3HA4YEHHUIO ONPENICIIEHHOMY HaMU /sl U3HadalubHOro oopasua. CoOOTBETCTBUE CPEIHETO
3HA4YEHUs1 OYTCTPEN-PeIUIMK ONTUMAIbHOM MOPOTrOBOM BETMYUHE, TOBOPUT B MOJIB3Y
WCIIOJIb30BaHNUs JAHHOM IIOPOTOBOW BEJIMYHHBI IIPU ONPEAEICHUH PEIPOAYKTHBHOIO
cTaTyca CaMOK KajaHa B JAJIbHEHUIINX uccienoBanusax. HecMoTps Ha TO, 4TO [U1s HAIIEro
UCCIIEIOBaHM 3TO HE IPUHIMUIIAAIBHO, IOCKOJIBKY Y HAC ONTUMAaJIbHAS TOPOTOBast
BEJIMYMHA U CPE/IHEE 3HaUCHHE, TIOJTYYCHHOE B pe3ysbTaTe OyTcpemn-aHaan3a, Obuin
OJIMHAKOBBIMM, B KQUE€CTBE MIOPOTrOBON BEJIMYMHBI I OYAYyIIUX UCCIEJOBAaHUI
HE00X0IMMO BbIOUPATh OyTCTPEN-pe3yabTaT BETUUYHHBL, TOCKOJIBKY 37€Ch YUUTHIBACTCS
cepusi BO3MOXKHBIX 00pasIioB, KOTOPBIE MOKHO cOOpaTh Mo JaHHOMY BHJY, 8 HE TOJIBKO
M0 OAHOW KOHKPETHOM TpyTine ocoOeil.

ITocne Toro, kak ObUIO MOJIyYEHO ONTUMAJIBHOE IOPOrOBOE 3HAYECHUE IS
KJIacCU()MKALMU BCEX CAMOK 110 KaTETOPHSM POXKABILUX WIM HEPOYKABIIMX, MBI
paccuutanu c-BIIPILl Ha ocHOBaHUU TOJIBKO TaHHBIX MccieqoBaHus 3y0oB. [lockonbky
BbIOpaHHAas MOPOToBasi BeJIMUKHA ObIJIO HA/IEKHOM, a OIMOKH pacpeessuIuCh 0 BCEM
BO3PACTHBIM I'PYIIIAM, HE YAUBHUTENBHO, YTO MOJIydYeHHOe 3HaueHue c-BIIPLL,ye,, HE
OTJINYAJIOCH OT BEJIMYMHBI, PACCYMUTAHHOM 110 TaHHBIM aHAJIN3a PEIPOLYKTUBHBIX
TpakToB (C-BITPLL penp.rp). IloCKONBKY IpH MasbIX 00beMax BeIOOpKH pacueTsl c-BITPI]
OYEHb YYBCTBUTEIbHBI K HEOOJBIINM U3MEHEHUSAM B KOJIMUYECTBE POXKABILIUX CAMOK B
Ka)KJJ0 BO3pacTHOM Tpynie, oOHapyKEHHOE HaMH OTCYTCTBUE Pa3HUIIbI B pe3yJIbTaTax
MEXY IBYMS METOaMH, HECMOTPSI Ha pa3Mepbl BBIOOPKH, SBJISETCS €Ille OJHUM
MHJIMKATOPOM HAJIE)KHOCTH «IIEMEHTHOTO» MeToza. [, TeM He MeHee, Iepes TeM, Kak
IIPUMEHATH 3TOT METOJI, NCCIEA0BATENSIM HYKHO TIIATEIBHO ONPEAEIUTD Pa3MEPHI
BBIOOPKU M pacHpeesIeHUs IO BO3PACTHBIM I'PYyIIIaM.



3HAYEHME JIUIA YIIPABJIEHUSA PECYPCOM

VY4eHsble yKe JaBHO NPU3HAKOT HEHHOCTh MOHUTOPUHIAa U3MeHeHui B c-BIIPL] y
JOJITOKUBYILUX MIIEKOMUTAKOUIUX JIJI1 HOHUMAHUS JUHAMUKN U3MEHEHUU U 310POBbS
nomnysinuil (36epxapt u Cunudd, 1977). Mbl Ipo1eMOHCTPUPOBAINA BO3MOXKHOCTb
HCIIOJIb30BAaHUSl AaHAJIN3a CBETJIBIX MOJIOC I'OAOBBIX OTII0KEHHUM LIEMEHTA MaJIbIX
KOPEHHBIX 3y0OB ISl ONIPEEIICHHUS CPETHETO BO3pacTa MepBOro PenpoyKTUBHOTO
LMKJIa Y KaJJaHOB. AHAJIN3 [IEeMEHTa SBJISIETCS] Hepa3pyLIAIOUUM U peHTa0eIbHbIM, a
MIOCKOJIBKY 3aMepbl MOTYT IPOBOJIUTHCS HA TEX XKeE cpe3ax 3y0oB, KOTOpbIE
HCTOJIb30BAIIMCH I aHAJIM3a BO3pacTa, 3TO MO3BOJIAET yueHbIM onpenensath c-BITPL] mo
apXuBHBIM oOpa3iam. CieoBaTeabHO, TAKOH MOIX0 MOKET 00ECIICUUTh YUCHBIM U
MPUPOIOOXPAHHBIM OpTraHu3anusIM 3G HEeKTUBHBIA METO MOHUTOPUHTA U3MEHEHUH C-
BIIPL] y mmpokoro auanazoHa BUJIOB JUKUX KUBOTHBIX. CeroHst u3MepeHust
LIEMEHTHBIX CJIOEB AAIOT YYEHBIM cpeacTBO onpeaenenus c-BITPL] y kaiaHoB u aApyrux
JUKUX MJIEKOIMUTAIOIINX, KOTJa UCIIOJIb30BAHUE UCCIIEI0OBAHUS PEPOLYKTUBHBIX
TPAKTOB WJIU APYTMX METOJAOB HE NMPEJCTABIAETCA BO3MOXKHBIM. [[pmenenue nanHoro
MeTo/a B u3ydeHun penorunudeckoit mactuunoctu c-BIIPLI y ceBepHbIX KanaHOB U3
COKpAIIAIONINXCS U CTAOMIIBHBIX MOMYJISUH, OyIET ONMKUCAaHO B OTAEIBHOM CTaThe (CM.
takxkxe ®oun buna, 2007).

BJIATOJAPHOCTH

HccenenoBanue npoBOAUIOCH IpU noaaepkke HannoHanpsHOM aAMUHUCTPALIMU 110
UCCIIeIOBaHUSIM OKeaHa U atMochepsl 1 CeBepOTUXOOKEAHCKOTO YHUBEPCUTETCKOTO
KOHCOpLIMYMa I10 MCCIIEA0BAaHUsIM MOPCKHUX MileKonuTaroumx. Hamm nccnenosanus
ObLTH OBl HEBO3MOXKHBIMU 0€3 HUCITOJIB30BaHUs 00pa3IoB, COOpaHHBIX I eonorndeckoi
ciry>x60i CIIA, HarmonanbHOM city»k001 0XpaHbl pecypcoB pbl0 U AUKON TPUPOBI,
AJSICKUHCKOH CeThIO 10 cOOpy BHIOPOLIEHHBIX Ha Oeper )KUBOTHBIX U TPAJAULUOHHBIMU
OXOTHHUKaMH U3 YKCiia KOPEHHOTO HaceJIeHHsl, yYaCTBYIOIIMMHU B paboTe AJSICKUHCKON
KOMFCCHH TI0 CEBEPHBIM KaJlaHAM U CHBYYaM. MBI Tak)ke XOTeIH OBl T00JIaro1apuTh
Takux yueHbix Kak: k. boakun, [[. Xonaukce, Jx. Xaac, Jl. [ldaiidep u JIx. [pyurt —
3a MoMoIIhs B cOope 00pasoB u 0030pe MoHOTpaduu. bobryro padboTy 1Mo peaakType
TekcTa npoBenu I'. MaTCOH 1 pelakTop, HE Ha3BaBIIUI CBOETO UMEHHU.
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Environmental factors such as density, predation, and
nutrition directly impact individual fitness by influencing
the net energy gain of an individual (Stearns 1976). Life-
history theory predicts that individuals should adjust the
energy allocated to reproduction to maximize fitness. For
example in dense, resource-limited populations, individual
fitness may be maximized by delaying the individual’s age of
first reproduction (IAFR) if it sufficiently increases survival
(Bengtson and Laws 1985, Skogland 1985, Choquenot
1991, Festa-Bianchet et al. 1995). Similarly, when pop-
ulation declines are driven by bottom-up causes, such as
resource limitation, the average AFR (aAFR, the popula-
tion-wide average of iAFRs) for the population will
increase, even if some individuals do not delay iAFR
(Stearns 1976, McMahon et al. 2003). In contrast, when
population declines are driven by top-down forces, such as
predation, resources are usually abundant and aAFR tends
to decrease as more females begin reproducing at younger
ages (Dzikowski et al. 2004). Therefore, changes in both
iAFR and aAFR may provide insight to underlying causes of
population declines (Eberhardt and Siniff 1977, Bengtson
and Laws 1985).

Unfortunately, because estimating aAFR for a population
entails determining the iAFR for a large number of known-
age females, it is rarely measured (Boness and James 1979,
Clutton-Brock 1988, Testa et al. 1990, Le Boeuf and Reiter
1991). In large mammals iAFR is often determined through
long-term mark-recapture or monitoring studies that are
time-intensive, expensive, and logistically difficult due to the
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long time period over which they must be carried out (Testa
et al. 1990, Siniff and Ralls 1991, Monson et al. 2000,
Pistorius et al. 2001). These studies become particularly
problematic for species or populations where there is high
tag loss, high mobility, or low site fidelity.

An alternate method for estimating iAFR is the use of
reproductive tracts, which contain indicators of current and
past pregnancy (corpora lutea [CLs] and corpora albicantia
[CAs], respectively; Bodkin et al. 1993, Stirling 2005). If
the minimum time a CA persists in the ovary and the
youngest possible age of first ovulation is known, then the
iAFR can be back-calculated using the individual’s age and
exact number of past reproduction indicators. In this
method, total number of CLs and CAs are subtracted from
the individual’s age to arrive at iAFR, provided that the
female is younger than or equal to the minimum iAFR plus
the minimum number of years CAs persist in the ovary
(Bengtson and Sinift 1981). However, this technique cannot
be used to calculate 1AFR if either the minimum iAFR or
the minimum CA persistence is unknown or highly variable.

However, assumptions of the back-calculation method are
relaxed if ovarian structures are used only to determine
whether an individual has reproduced by the time of
sampling, as indicated by the presence of a CA. Then, the
proportion of females that have reproduced in each age class
can be used to calculate an aAFR for the population
following methods outlined by DeMaster (1978). However,
utilizing this technique requires an appropriate sample size
and age distribution, preferably >25 females per age class
from the youngest age at which any female can begin
reproducing until the age that all females become repro-
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ductive (DeMaster 1978). Although analyzing reproductive
tracts is neither expensive nor time-intensive, it is
destructive, making collection of such a large stratified
sample difficult or prohibited due to management concerns.

Whether using reproductive tract analysis to estimate
iAFR or aAFR, the individual’s age must be known. In
mammals, dental cementum annuli are widely used in age
estimation because the alternating pattern of light bands and
dark annuli is easily distinguishable using transmitted light
(provided the tooth was not subject to excessive mechanical
stress). Each year a wide transparent layer, the light band,
and a narrow dark layer, the annuli, are laid down around
the outside of the tooth within the gums. In many
temperate species the light band is formed from late spring
to early autumn, the part of the year associated with higher
growth, and the dark annulus is formed from late autumn to
early spring, a time associated with lower growth (Klevezal
and Kleinenberg 1969). Light bands and annuli are not
reabsorbed like bone, or restricted by pulp cavity volume like
dentin, and researchers regularly collect teeth from captured
animals (Klevezal and Kleinenberg 1969, Klevezal 1996,
Stewart et al. 1996, Bodkin et al. 1997). Thus, the number
of annuli provides an index of animal age, and the width of
the light bands is thought to be related to intrinsic and
extrinsic factors that influence seasonal growth rates. An
additional common feature in many mammalian teeth is the
decline in cementum light band width with age (Klevezal
and Kleinenberg 1969, Craighead et al. 1970, Bengtson and
Siniff 1981, Klevezal and Stewart 1994), which has been
attributed to sexual maturation (1IASM, age when pregnancy
becomes possible) or initiation of reproductive activity in
females (1IAFR; Coy and Garshelis 1992, Klevezal 1996),
which suggests that changes in light band width may
provide an alternative method for identifying reproductive
status. Indeed, researchers have shown that the age at which
cementum light band width declines (determined visually) is
correlated with 1AFR or i1ASM as determined from
reproductive tracts or mark-recapture analyses in ringed
(Phoca hispida), gray (Halichoerus grypus), crabeater (Lobodon
carcinophagus), and northern elephant seals (Mirounga
angustirostris; Soderberg 1978, Bengtson and Siniff 1981,
Klevezal and Stewart 1994). In addition, Coy and Garshelis
(1992) found that narrow light bands were laid down during
cub-rearing events in black bears (Ursus americanus). In
contrast Baker and Boveng (1997) failed to find a strong
correlation between iAFR and light band width decline in
harbor seals (Phoca vitulina). Similar declines in light band
widths also might occur in males, but these patterns have
not been studied because female reproductive parameters
limit population dynamics more often than do male
reproductive parameters.

Although cementum measurements may not reliably
pinpoint iAFR for all species, it might be possible to use
changes in light band width to determine if a female is
parous (having given birth) or nulliparous (not yet
reproductive). If so, then cementum analyses could provide
the data necessary to estimate aAFR for a population

following the DeMaster (1978) calculations discussed above.
Recent declines in northern sea otter populations (Enbydra
lutris kenyoni) in southwest Alaska have focused interest on
development of new methods for estimating life-history
parameters that influence population trajectories. Because
sea otters may reproduce more than once per year, and the
minimum time that an ovarian structure remains visible in
the ovary is unknown, we could not use the back calculation
method to obtain iAFR from reproductive tracts for
comparison to cementum measurements (Bodkin et al.
1993). Instead, we tested whether cementum light band
measurements could be used as an indicator of past
reproduction in northern sea otters.

STUDY AREA

We collected reproductive tracts and premolar teeth from 92
female northern sea otters between the ages of 2 years and
14 years old from 1989 to 2005. Northern sea otters are a
subspecies of sea otter distributed along the Aleutian Islands
(southwest AK) to Oregon, USA (Wilson et al. 1991).
Samples were available from 3 sources: carcasses collected as
a result of the 1989 Exxon Valdez Oil Spill (United States
Geological Survey [USGS] and United States Fish and
Wildlife Service [USFWS]; # = 42), stranded otters that
likely died from acute causes collected between 1994 and
2005 in Alaska (#z = 17) and Russia (z = 4; USFWS), and
subsistence-hunted otters collected across Alaska (The
Alaska Sea Otter and Steller Sea Lion Commission and
USFWS; n = 29). We performed all sample collection in
accordance with USFWS regulations.

METHODS

Cementum Age and Width Analysis

From each female otter, 2 decalcified mid-sagittal longi-
tudinal sections from one premolar tooth were available. We
used the first premolar present (PM2, because PM1 is
absent in the species) for all analyses, but we did not
standardize tooth position (upper or lower). All slides were
prepared and aged by Matson’s Laboratories (Milltown,
MT, USA) as described by Bodkin et al. (1997). We
accepted ages determined at Matson’s Laboratory and did
not attempt to assign independent ages because the
Laboratory has been used for sea otter age analysis in all
recent studies cited here and G. Matson personally ages all
sea otter teeth to maintain consistency (G. Matson, personal
communication). To limit possible errors associated with
age assignment, we used only results with an age certainty
code of A or B (possible error judged to be =0 yr and =1
yr, respectively, for otters 0-7 yr; G. Matson, personal
communication). Following staining and age determination,
we examined teeth sections at 100X magnification and
photographed them using a Nikon Eclipse E400 microscope
outfitted with a MicroPublisher 3.3 digital camera (QImag-
ing, Burnaby, BC, Canada). We measured width of each
light band between the centers of adjacent dark annuli on
digital images (Fig. 1) using MetaVue 6.1 (Molecular
Devices, Sunnyvale, CA). For each otter, we measured
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Figure 1. Premolar cementum annuli of an adult 9-year-old female sea otter
(specimen 480001) from Alaska, USA, in 2005. We took measurements at
3 sites on each of 2 premolar sections.

cementum light band width at 3 variable locations, which
we chose based on cementum clarity, on each of the 2 tooth
sections for a total of 6 measurements per light band. We
measured only completed light bands (large light area
bounded by narrow dark annuli), because width of the last
incomplete light band would likely be affected by date of
death.

We standardized individual light band widths (a; ,,, where i
= measurement site and n = light band no.) to the widest
light band width at each measurement site (or a;, / a;1,
where L = largest light band) because cementum light band
width is generally thicker closer to the root tip, and that
total thickness increases with age, whereas light band
thickness decreases with age (Craighead et al. 1970). We
compared standardized cementum measurements for each
light band by tooth section and measurement site using a
repeated measures 2-way analysis of variance to verify that
measurements did not vary significantly between measure-
ment site or slide section. Because we detected no significant
differences by site or section (P > 0.05) we calculated the
average of the standardized measurements for each light
band, which resulted in one series of average standardized
light band width measurements for each otter. We then
used the thinnest average light band (a,,;,) for each otter in
subsequent analyses, provided that the thinnest average band
was not the first light band (»=3). If the thinnest light band
was the first, we used the next thinnest light band as a.;,.
We did not use the first light band as a,,;, because otters do
not reproduce in their first year of life (Kenyon 1969,
Bodkin et al. 1993). The first light band was the narrowest
in these few otters likely because these otters were born late
in the season and had little time to growth before the winter
season when the dark band was deposited.

Reproductive Tract Analysis

We either immediately fixed reproductive tracts from each
otter in 10% neutral buffered formalin or froze them at
—20° C, in which case we thawed and fixed them once
formalin was available. All samples remained in formalin for

Classification Age
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Figure 2. Diagrammatic representation of light band measurement and
reproductive tract analysis timelines used for sea otters collected in Alaska,
USA, 1989-2005. Each dashed black line represents a tooth from an
individual otter. Solid black lines represent the dark cementum annuli bands
or years. The space between each solid black line represents the light band
width for a given year, X;, where i =year of life. The 4 possible results from
reproductive tract analysis are displayed above each dashed line with corpora
albicantia (CA) representing the marker of past pregnancy and corpora
luteum (CL), the marker of current pregnancy. Ellipses on either side of
reproductive tract information indicate that the CL or CA could have
formed during any of the light bands listed below. To the right of each
dashed line, the resulting reproductive classification and age (yr) we used in
the analysis of average age of first reproduction by age class (AFRuc0) is
listed.

>1 month prior to analysis. To determine total number of
CLs and CAs, we excised fixed ovaries from the repro-
ductive tract, sectioned them by hand at 1-2-mm intervals,
and examined them macroscopically (Sinha et al. 1966,
Bodkin et al. 1993). For each otter we recorded age and
number of CAs and CLs. If reproductive tract analysis
returned biologically implausible samples (e.g., reproductive
1-yr-olds) we removed samples from all analyses (7 = 2).
To compare data from reproductive tracts to changes in
cementum widths, this analysis had to account for the fact
that each tissue represents a slightly different timeframe in
the life of an individual otter. Reproductive tracts contain
information on pregnancies up to time of death, whereas
cementum measurements capture information only up to the
end of winter prior to death, because measurements can only
be made on complete light bands (Bodkin et al. 1997).
Therefore, to standardize temporal comparisons, we used
only data on past pregnancies, as indicated in reproductive
tracts by CAs. As a result, these comparisons do not include
information on reproductive history in the year of collection.
For example, we would treat a 5-year-old otter that was
pregnant at time of collection (CL in reproductive tract),
but had no signs of past pregnancies (no CAs), as a
nulliparous 4-year-old for analyses (Fig. 2). After making
these adjustments to reproductive tract data, we determined
the proportion of females in each age category that had signs
of past reproduction (CAs) for otters ranging in age from 1
year to 7 years. We then used the proportion of parous
females in each age class to calculate an aAFR (aAFR .00
following DeMaster (1978). Although otters do not
reproduce during their first year of life, their inclusion in
the calculation improves aAFR estimate and reduces

620

The Journal of Wildlife Management ® 72(3)



1.0 1.0

w

&
g 081 Los 8
o z
= &
g N
g 06 L 06 o
® a
2 ;
b i @
'g 0.4 3 Fo4

Q
5 1
: :
<] —8— False positive £
< 024 ¥ False negative | 02 S

z

0.0 T T WETTTTPTIIVITRRIIVITTVITIPIIPIITRIPTIRTIPIIIYY | |
00 02 04 06 08 1.0

Threshold fora_ |

Figure 3. Proportion of females correctly classified as parous or nulliparous
(left axis) as well as proportion of false positive and false negative results
(right axis) for each possible threshold value of a;,, as determined at 0.01
intervals for sea otters collected in Alaska, USA, 1989-2005.

variance. All protocols were approved by the Institutional
Animal Care and Use Committee at the University of
Alaska Anchorage (IACUC No. 2006burns8).

Data Analysis

We evaluated use of 4,;, as an accurate indicator of
reproductive status (parous or nulliparous) in 2 ways. In the
first analysis we directly compared results from a,,;, with
reproductive tract analysis without regard to age. The
objective of this first comparison was to determine a
threshold value of 4, that would accurately place otters
into the correct reproductive category, nulliparous (a,,;, >
threshold) or parous (a,,;, < threshold), as determined from
reproductive tract analysis. We evaluated all possible
threshold values of 4., (0.01 to 1.00), with optimal
threshold value being that which minimized proportion of
false positive (@, < threshold but no indication of prior
reproductive events in the tract) and false negative (a,;, >
threshold but indication of a prior reproductive event in
tract) errors by class (parous or nulliparous). We minimized
errors by reproductive class to ensure that proportion of
otters that were parous in the sample set did not influence
the threshold.

To examine variability in the optimal threshold that we
would expect in future analysis of sea otter cementum light
band measurements, we attained 1,000 bootstrap replicates
of the optimal threshold value in the same manner as above
(Efron 1982). If a bootstrap replicate returned multiple
values for the optimal threshold (e.g., an a,,;, of 0.33 and
0.34 produced the same results), we used the mean value for
the replicate (a;, = 0.335).

Once we selected the optimal threshold value of a,,;, from
the median of the bootstrap replicates, we used it to classify
all otters as parous or nulliparous. We then used the
proportion of females in each age that were reproductive to
calculate the aAFR ., the same way we calculated
aAFR . (DeMaster 1978). We report means as = standard
error. We compared the 2 resulting estimates of aAFR using
a modified #-test (DeMaster 1978). In addition, we
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Figure 4. Distribution of the optimal a,,;, determined from 1,000 bootstrap
replicates of a dataset of 92 female sea otters collected in Alaska, USA,
1989-2005. The median optimal threshold value was 0.32 * 0.024 (median
+ SD).

calculated expected detectable difference between aAFR ..q,
and aAFR,,., from equation 9 in DeMaster (1978).

RESULTS

We determined the optimal threshold value for a,,;, to be
0.32 of the largest light band width (Fig. 3). At this optimal
threshold value, we correctly classified 83% of samples as
parous or nulliparous, the false positive rate was 7.6% (we
misclassified 18% of 39 nulliparous samples as parous), and
the false negative rate was 10% (we misclassified 17% of 53
parous samples as nulliparous). Neither the false negative
nor the false positive error rates were centered around the
threshold value; instead, errors were distributed along the
entire continuum of possible threshold values. However,
results of 1,000 bootstrap replicates gave a narrow estimate
of the threshold value: 0.32 * 0.024 (median = SD; Fig.
4).

After applying the threshold obtained from the median of
the bootstrap replicates to each sample, we calculated
aAFR e, to be 3.51 * 0.032 (x £ SD) years whereas
reproductive tract analyses produced an aAFR,. of 3.45 =
0.031 years. The aAFRq, did not differ from aAFR,,
(tgg = 1.43, P > 0.05) and the calculated detectable
difference between means was 0.77 years. Approximately
90% of samples fell in the critical age range (or the range of
ages beginning at the last age where no otter were parous to
the first age where all otter were parous, 1-7 yr old in our
study) for determining aAFR.

DISCUSSION

We took a quantitative approach to evaluating cementum
light bands as an indicator of past reproduction and found
that we could use decreases in cementum width of the light
bands between annuli as an indicator of past reproduction in
northern sea otters. By selecting an appropriate threshold of
cementum light band width, we could correctly identify
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most otters as parous or nulliparous, which allowed us to
calculate from teeth measurements an aAFR that did not
differ from that estimated from reproductive tracts. Our
success likely comes from 2 innovations: use of quantitative,
not qualitative, measures of cementum and use of cementum
light band width to estimate parous status and not iAFR or
sexual maturity.

Previous studies linking cementum band width and
reproductive events have relied upon an observer’s ability
to visually identify the age when light cementum bands
narrow. Such a method is subjective and particularly prone
to errors when examining teeth from animals near the age
when the width between cementum annuli decreases
(Bengtson and Laws 1985, Baker and Boveng 1997). Here,
we used quantitative measurements to determine whether
and to what degree light band width changed with parous
status. In addition, because there were no significant
differences in light band width due to measurement site or
slide section, we made light band width measurements at
the clearest area of the tooth slides.

A second strength of our study was that we only used the
decline in cementum light band width to estimate parous
status and not to identify iAFR, which was necessary
because annual pregnancy rates and multiyear persistence of
ovarian structures are not known for sea otters, making it
impossible to determine the iAFR,,. needed for compa-
rative purposes. Even if it were possible to determine
iAFRacts, estimating iAFR .., likely would have intro-
duced additional sources of error because one might have
assumed that the narrowest light band represented iAFR ceq,
which may or may not have been the case.

One of the difficulties in assigning iAFR based on light
bands between annuli is that the exact cause of the decline in
width is not known. Although many researchers attribute
the decline in cementum light band width to diversion of
energy away from growth for support of pregnancy and
lactation, others postulate that it is due to endocrine shifts
that occur at the onset of sexual maturity, which will occur
earlier than the first reproductive event (Klevezel and
Myrick 1984, Coy and Garshelis 1992, Klevezal 1996). It
is interesting that annual growth increments in fish otoliths
(ear stones), similar to cementum in mammals, are often
found to be directly proportional to somatic growth (Francis
1990). In sea otters, bands likely narrow because of energetic
constraints late in pregnancy and during lactation, but
hormonal influences cannot be ruled out. However, by
focusing only on whether the light band had narrowed
sufficiently to indicate a prior reproductive event, error from
this source was less likely.

Solely using decreases in light band width properly
classified otters as parous or nulliparous in 83% of cases,
evenly distributed misclassifications across both reproduc-
tive classes, and spread errors along the possible threshold
values, which suggests that misclassifications are not due
solely to the selection of ., but instead may be due to
errors in light band measurements, age estimation, or
reproductive tract analysis. Errors in age determination or

light band width measurements could have been due to
presence of compound or indistinct annuli, but multiple
measurements of 2 separate tooth sections likely minimized
these errors. However, we could not separate or quantify
errors due to age assignment and parous status. We could
also have misclassified individual otters if they were able to
maintain thick cementum light band widths during
pregnancy due to abundant food resources (false negative)
or if resource limitations produced narrow bands in
nonreproductive individuals (false positives), but we cannot
assess prevalence of this source of error. Given the wide
variety of environmental conditions likely experienced by
otters in our study due to diversity of sampling sites and
time periods, the low error rate in our study suggests that
changes in light band width associated with parous status
are larger than those associated with changing environ-
mental conditions alone. Additionally, by standardizing
measurements to the widest light band we designed our
analysis to detect a proportional change in light band width
for a given individual so that a nulliparous otter experienc-
ing slow growth due to environmental stressors throughout
its life, presumably represented as a series of narrow bands,
would not have shown a proportional decline in light band
width necessary to be classified as parous. Finally, if we
overlooked a CA during reproductive tract analysis, we
might have falsely classified the otter as nulliparous;
alternatively, a detected CA that did not result in a
successful pregnancy or a reduction in light band width
might result in a false negative. None of these possible
sources of error are unique to our study but instead exist in
all analyses of reproductive tract data.

Additional support for the use of a minimum cementum
light band width measurement (a;,) as a robust indicator of
parous status comes from analysis of the bootstrap results.
Not only was the range of optimal a,,, produced by the
bootstrap replicates narrow, but the median of the bootstrap
replicates was identical to that we determined for the
original sample. The agreement between the bootstrap
median and the optimal threshold value supports the use of
this point threshold in future studies of sea otter parous
classification. Although a moot point for our study because
the optimal threshold and the median of the bootstrap
thresholds were equal, the bootstrap median value should be
selected as the threshold value for future studies as it is based
on a series of possible samples that could be obtained from
the same species and not just one static group of individuals.

Once we selected and used the optimal threshold value to
classify all otters as parous or nulliparous, we calculated
aAFR from data contained in the teeth alone. Because the
selected threshold was robust and errors spread across the
age classes, it was not surprising that the resulting aAFRceq,
did not differ from that calculated from reproductive tracts
(aAFR,;,cts). Because the aAFR calculation is sensitive to
small changes in the number of parous females in each age
class when sample sizes are small, our finding of no
difference between techniques despite sample size concerns
is another indication that the cementum technique is robust.
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Still, researchers should carefully consider sample size and
age distributions before applying this technique.

MANAGEMENT IMPLICATIONS

The value of monitoring changes in aAFR in long-lived
mammals as a tool to understand population dynamics and
health has long been recognized (Eberhardt and Siniff
1977). We demonstrated that premolar cementum light
bands can be used to estimate aAFR in sea otters.
Cementum analysis is nondestructive and cost-effective,
and because measurements can be made on the same slide
section that is used for age analysis, it allows researchers to
determine aAFR from archived samples. Therefore, this
approach may provide researchers and wildlife managers
with an effective tool to monitor changes in aAFR in a wide
variety of wildlife species. Cementum measurements may
now provide researchers with the means to do so in sea
otters and other wild mammals where reproductive tracts or
other methods are unavailable. Application of this technique
to study the phenotypic plasticity in the aAFR of northern
sea otters from declining and stable populations will be
presented in a separate article (also see von Biela 2007).
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