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VYiydumieHHasi Mpoueaypa BU3yaJdbHOr0 00HAPYKeHUsI
TeTPAUMK/JIMHOBON METKHM IIPH MAaCCOBOM Me4YeHUH I'PHI3yHOB

Ha ocnose ananusa oOWupHo20 KpanuaibHO20 Mamepuald NOKA3AHO, HMo
cywecmeyowue Memoobl GU3YATbHOU OUASHOCIUKU MeMPAYUKIUHOBOU MemKu Yy
2PbI3YHO8 HEeOOCMAmOUHO HAOeXHCHbL. [ NOBbIWEHUS 6EPOAMHOCIU  6bIAEIEeHUs
MEYEHBIX  JHCUBOMHBIX ~ XAPAKMEPHYIO  (hyopecyenyuio  nood  Yismpagpuoremom
HeoOX0OUMO UCKAMb 8 AHWIUGAX KAK 8epXHe20 pe3yd, MAK U HUNCHEl 4enrocmu.
Vayuwennaa memoouxa oaem npupocm s¢pgpexmusnocmu om 37 00 55%. Obuapyorcenvi
PA3IUYUA 8 NPOAGILEHUY MEMPAYUKTUHOBOU MEMKU Y NOIEBOK NO CPABHEHUIO C MbIUUAMU.
Yemanosneno, umo co epemenem 06pasybl om a100bIX BbIEAPEHHBIX U OYUUJCHHBIX
uepenos CMAaHoBAMCA 3HAYUMENLHO C8enJiee 8 YAbmpapuoneme, 4mo OCIOHCHAE
ouaenocmuxy. HnmeHncusHocmo Qryopecyenyuu Memxi 8 pe3yax makdice nocmenenHo
cHudrcaemes. Onpedenen Kpumuueckuti Cpok XpaumeHus oOpasyos — mpu 200a,
nocie Komopozo eviasieHue memxu 3ampyousemcs. ObHapysceHo, umo obpabomxa
NepOKCUOOM 8000p0OA, KOMOPYIO YACMO NPUMEHSION NPU OYUCKE YEPenos 2Pbl3yHO8,
yxyouiaem uOUMOCIb MeMpaAYUKIUHOBOU MEMKIL.

KuroueBbie cioBa: Apodemus agrarius; Microtus agrestis; Microtus arvalis,
Microtus oeconomus; Myodes glareolus; Myodes rutilus; Sicista betulina; Sylvaemus
uralensis.

BBenenue

MeToabl MACCOBOTO CAMOMEUEHUS )KUBOTHBIX, MTOSBUBIINCH HECKOIBKO JECs-
THJICTHH Ha3all, IPUMEHSUINCH TIABHBIM 00pa3oM ISl PelIeHHs MPAaKTHIEeCKUX
3aj1a4 — OLIEHKH OJIHOTHI MOTPeOJICHNs IPUMAHKHU C BaKI[MHAMH WM saamu [1—
3] wu pa3paboTku croco0oB OOPBOBI ¢ BpenuTelsiMu [4]. JIuie B e IMHUYIHBIX
ClIy4yasiX 3TOT IOJXOJ| UCIIOb30BANIU B TEOPETHUECKUX HCCIENOBaHUSX [5, 6].
Bo3nukHOBEHNE M IIMPOKOE MTPU3HAHKUE KOHIICTIIINH METAIOIYJISIINI TIPHBETO K
3HAQUUTEIBHOMY POCTY MHTEpeca MCCIIEN0BaTeNeH K U3yUEHHIO MUIPAIlMOHHON
AKTHBHOCTH XHUBOTHBIX, IIOCKOJIBKY IMEHHO 3TOT TIPOIECC CBI3BIBACT OTHACIHHEIC
JIOKaJIbHBIE MOMYJISIIIUU B CTPYKTYpPBI O0see BBICOKOro nopsiaka [7]. Mcnons3osa-
HHUE TIPOCTHIX U ACHIEBLIX CIIOCOOOB MAacCOBOTO MEUCHHS MTO3BOJISIET POBOIUTD
9KCIIEPUMEHTBI B MacIITadax Leblx Jan magpToB [8—11], 4To 4acTo COBEPILUICHHO
HEOOXOIMMO B MCCIICIOBAHMAX MPOIIECCOB PACCENCHHS WM CTEICHU H30JISIIH
IpYIIHPOBOK 0coO€i. B CBsI3U ¢ 3TUM CTaM MOABIATHCS PAOOThI, HAIIPABICHHbIE
Ha COBEPIICHCTBOBAHKE CYIIECTBYIOMNX MeTOMuK [12—15].
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[IpumeHeHre TeTpanuKIvHA B Ka9eCTBE OnOMapKepa MOKHO OTHECTH K YUCITY
HauboIee pacpoCTPaHEHHBIX METOI0B MacCOBOTr0 MedeHus. JKUBOTHOE, CheBIlIee
MIPUMAaHKY, COJICPIKAIYI0 ONH U3 aHTHOMOTHKOB TETPAIIMKIMHOBOTO PsiZia, MOTY-
YaeT METKY B BUJIE JKeJITOM (IIyOpECICHIINH B KOCTAX U 3y0ax, HaOII0aeMyro Mo
neiictBueM yisrpaduoineta [16]. SBneHue BEI3BAHO TEM, YTO TETPAUKIMH U €T0
JiepuBaThl 00pa3yIoT XeNaTHbIe KOMILJIEKChI C HOHAMU KaJibIIMs B MOMEHT €ro Jie-
MTOHUPOBAHMS B KOCTHBIX CTpYKTypax [17]. [Toatomy duryopecrieHIus oOHapyKu-
BaeTCsl Ha TeX y4yacTKax, [JI€ IMPOUCXOIMI POCT B TOT MEPHOI, KOT/A KUBOTHOE
CHENo TMPUMaHKy. MeToI MPUMEHSCTCS TOYTH UCKITIOUYUTENFHO HA MIIEKOIIHTATO-
IIMX U 0COOGHHO YacTo Ha IphI3yHax. B mocnenHeM ciydae METKY MOXKHO OOHa-
PYXXUTh BU3yalbHO B pacTymux 4dacTsx koctei [18, 19] mwnm B pesmax [20, 21],
KOTOPBIE Y ATOH IPYIIIBI )KUBOTHBIX MHTEHCUBHO PAcTyT BCIO kKU3Hb. CyIIecTBYeT
TaKXKe CITOCO0 BBISBJICHUS TETPALMKIMHOB C TIOMOIIBIO Xpomartorpaduu [22], HO
OH HE MOJIyYWJI IIUPOKOTO PACIPOCTPAHEHHs, TaK KaK OKA3aJCs CIHUILIKOM CIIOXK-
HBIM U oporuM. K ToMy ske 9Ta MeTonuka moapa3symMeBacT yHHUTOKCHHE 00pa3-
1IOB, YTO HE Bceraa npuemiiemMo. [loaToMy npocToid BU3yalbHBIN MOUCK MapKepa
MO-TIPEXKHEMY OCTAETCSl OCHOBHBIM METOJIOM, OCOOCHHO YJIOOHBIM MpU padoTe ¢
MacCOBBIM MarepuajioM. [Ipu BBISBIEHUH MEYEHBIX TPHI3yHOB MPUCYTCTBHE Te-
TPAIMKIIMHA Yallle BCETO OMPEACIISIOT WM B KOCTH HIDKHEH uemtocT [1, 23, 24],
wim B BepxHeM pestie [9-11, 21, 25]. Ilpsmoe cpaBHEHHE STHX METOJUK paHee
HE MMPOBOIMIIOCE. L[eNb JaHHOTO HCciieToBaHMs 3aKII0YaIach B OMCKe Hanbosee
3¢ dEeKTUBHON NpOLEAYPbl BU3yaTbHOTO OOHAPYKEHUS TETPAUKIMNHOBON METKH
I[P MAaCCOBOM MEUEHHH I'PBI3YHOB C yIETOM BO3MOKHBIX TIOTPEITHOCTEH, CBS3aH-
HBIX CO criel(uKo 1oneBoii padoThl 1 00PaOOTKM KpaHUAIFHOTO MaTepHara.

MaTepnam,I U METOAMKHU HCCTICT0BAHUS

CpaBrenue 3(pPEeKTUBHOCTH IMOUCKA METKH B HW)KHEH YETFOCTH WM B BEPXHEM
pe31ie TPEI3yHOB BITOIHEHO Ha 3BEPhKaX Pa3iIMIHBIX BUIOB, IOMEUCHHBIX TIPHMAaH-
KOH ¢ THAPOXJIOPUIOM TETPALIUKIIMHA M OHMaHHbBIX J1eToM 2016 T. B IGCHBIX MacCH-
Bax Ha Tepputopu T. ExarepraOypra. OTI0B MEITKUX MIICKOTTUTAIONIIX TIPOBOIFIIH
CTaHIAPTHBIM 300JIOTHYECKHIM METOJIOM C COONIONCHUEM OOIICTIPUHSATHIX ITHYC-
CKHX HOPM II0 OTHOIICHHIO K KMBOTHBIM. MeUeHHEe MPOBOIMIOCH HEOTHOKPATHO,
MOATOMY IPUMaHKa ObLIa JOCTYIHA TPBI3yHAM B TEUEHHE TpeX Helenb. B xone
MIPOOOTIOATOTOBKH TOCIIEC BRIBAPKU U OYMCTKU YEPEIIOB JICTAIIH aHIILTA(EI H30JIHPO-
BaHHOT'O BEPXHETO Pe3Iia M OIHOM U3 IMOJIOBUH HIKHEH YETIOCTH BMECTE C PE3LIOM.
BeIsBeHHE TETPAIMKIMHOBOW METKH IPOBOIWIIA B TEMHOM KOMHATE C UCIIONB30-
BaHueM mMukpockona MBC-1 (JIOMO) u YO ocserurens ¢ puinsrpom YOC-6. Bee
00pasipl, B KOTOPBIX OOHAPYKEHBI MPU3HAKK METKH, (POTOrpadupoBaid B OJJHOM
KaJipe ¢ KOHTPOJILHBIMHU JUTS MOATBEp>kAeHuUs. Beero obpadorano 1 133 uepena.

[Ipoananm3upoBaHO BIUSHAE Ha BELSIBIIEMOCTD TETPALUKIMHOBOW METKH IBYX
pacIpOCTpaHEHHBIX PAKTUK, IPHUMEHSIEMBIX MIPU Pab0Te ¢ KPaHHATLHBIM MaTepU-
aJIoM, — My3eHHOTO XpaHEeHHs 1 00pabOTKH YeperioB EPOKCHUIOM BOIOPOIA.



Yayuwennaa npoyedypa euzyanvrnozo oonapysicenusn 129

OneHKy BO3JCHCTBUS (PaKTOpa BpeMEeHH (My3eHHOTO XpaHCHHs) Ha OOIIUit
BUJ B yabTpaduonere aHIUIH(OB 0e3 METKU OCYIIECTBIIIM HA OCHOBE HAIIETO
Marepuaina, coopanHoro B EkarepunOypre B 2011-2016 T, a Taxke B MibMen-
ckoM 3anoBeHuke B 1978 n 2014 rr. Yepena crapime 2013 1. XpaHIIUCDH B LIEJIOM
BrAe. AHIDTH(E OT HUX CIIENaHbI CICNHAIBHO U JAHHOTO MCCICIOBaHMs B Ha-
yane 2017 1. JIng mpoBeeHusT KOPPEKTHBIX CPABHEHUH CIydailHO OTOOpaHHBIE
mapel 00pa3IoB pPa3HOTO CPOKA XPaHEHHS pa3MeIIald B Ipenesax Mol 3peHHs
MHUKpPOCKONa U (GoTorpadpupoBain OfHUM KajapoM. [lambHelmuil aHaau3 IpoBo-
JIIcs o pororpadusim.

st u3ydeHuss U3MEHEHM, MPOUCXOASIINX C TETPALUKINHOBOM METKON ¢
TEUEHUEM BpPEMEHM, HCIOJb30BaH JOIOJHUTEIbHBIN Marepua, MOJyYeHHbIH
B pe3yabTare ofiHokpaTtHoro MedeHus B ExarepunOypre B 2013 . B stoMm ciy-
Jae MpUMaHKa Oblila TOCTyIHA 3BepbKaM He Oornee Hemenu. ONeHKy IpOBOIIIH,
cpaBHUBas (hoTtorpaduu 00pasLoB, CACTAHHBIE B OJUHAKOBBIX yciaoBusax B 2013
u 2017 rr. [Tpu 3ToM B 0060uX citydasx ucrnonb3oBamu YO ocerutens OJI/1-41
(CITO CaeToTexHHKA).

Jns m3ydeHns BIUSIHAS 00pabOTKH YepeTioB MEPOKCHAOM BOAOPOIa Ha BBISIB-
JISIEMOCTb TETPALMKIMHOBON METKHU JeNanuch GpoTtorpaduu OfNHUX U TeX ke 00-
PasIoB (4 ImIT.) 10 U TOCIIe COOTBETCTBYIOMIEH Nporeaypsl. TabiaeTku ruaponepu-
Ta, UCTOJUCHHBIE B MOPOIIOK, 3anuBayiu 50 MJI KUISTKA, TOCIIE Yero MOMEIal B
pPacTBOp OJMH BEPXHUU pesell Wi nenblit uepern Ha 30 muH. [lepen ¢pororpadu-
poBaHMEM 00pa3Ibl IPOCYIINBAIN IPU KOMHATHOM TeMIIepaType He MEHee CyTOK.

Ha Bcex sTamax mccmemoBaHus Mcmoib3oBain (oroammapar Canon Power-
Shot SX220HS (Canon Inc., fAnonus). [Tonyyennsie ¢pororpaduu He moaBepra-
JIUCh HUKaKUM BUAAM LIBETOBOM Koppekuuu. CTaTHCTUYECKOE CpaBHEHME IPO-
MOPIHUI MPOBOIWIN C TIOMOILBIO TOUHOTO KpuTepust duiepa (IBYCTOPOHHUI) B
nporpammuaoM makere StatSoft STATISTICA 6.0. KpanuanbHbIid MaTepuas Ha-
xoautces Ha xpaneHun Myszes UOPuX YpO PAH (r. ExatepunOypr).

Pe3y.]'leaTbI HCCJICAOBaAHUA

CpaBHeHHUE JIByX CIOCOOOB IMOMCKA METKU IPOBEICHO Ha 3BEphKax, MoMe-
YCHHBIX B €CTECTBEHHBIX YCIOBHSAX B paMKax paOOTHI O M3YYCHUIO MUTPAITH-
OHHOW aKTHBHOCTH I'PBI3yHOB. [103TOMY 00CTOSATENILCTBA AETEKIIMN METKHU B Ha-
[IeM METOANYECKOM HCCICIOBAHNHT TOTHOCTHIO aHAJIOTHIHBI TEM, C KOTOPBIMH
CTQJIKMBAIOTCSL 300JIOTH IPH MPAKTUYECKOM IPUMEHEHUH TETPALUKIMHOBON
METO/INKH.

Bcero BbisiBieHO 223 MEUEHBIX JKUBOTHBIX, CPEIH KOTOPBIX OTMEUCHBI MPE/I-
CTaBUTEIIM BCEX BH/OB HECHHAHTPOITHBIX PhI3yHOB, MPUCYTCTBOBABIINX B BbI-
oopke 2016 1. u3 ExarepunOypra: Sylvaemus uralensis (Pallas, 1811), Apodemus
agrarius (Pallas, 1771), Myodes glareolus (Schreber, 1780), Myodes rutilus (Pal-
las, 1779), Microtus arvalis (Pallas, 1778), Microtus agrestis (Linnaeus, 1761),
Microtus oeconomus (Pallas, 1776), Sicista betulina (Pallas, 1779).
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B GonmpmmHCTBE CiTydaeB TETPANMKIMHOBAS METKa OOHApY)KEHA KakK B BEpX-
HEeM, TaK 1 B HWKHeM pestie (n = 134). YV HeKkoTopbIX ocobeil oHa HaliieHa TOJIbKO
B HI)KHEM (n = 82) WK TOJIBKO B BepxHeM pesiie (n = 5). B Takux cirydasx MeTka
Obla Hespkol. MeTka Ha KOCTU HWKHEH 4elntocTH BhisiBiieHa y 100 3BEphKOB.
VY nByx ocobeii (S. uralensis u A. agrarius) sipkasi piayopecrieHIIns HaOIroaanach
TOJILKO B KOCTH HUKHEW YeJIFOCTH MPU OTCYTCTBUU METKH B pe3nax (puc. 1).

Puc. 1. [IposiBnenye TeTpannKINHOBOH METKH (3KEITBIN MM JKEJITO-3€ICHBIH I[BET):

A — ToNBKO B HIDKHEM pe3slie Myodes glareolus; B — Tonbko B BepxHeM peste Sylvaemus
uralensis; C — TOIBKO B KocTsX Apodemus agrarius. ®oro O.B. Tonkauéra u O.P. ['m3ymmuHoit
[Fig. 1. View of the tetracycline mark (yellow or yellow-green color):

A - In the lower incisor Myodes glareolus; B - In the upper incisor Sylvaemus uralensis;

C - Only in bones of Apodemus agrarius. Photo by OV Tolkachev and OR Gizullina]

BrIsIBICHEI HEKOTOPBIE OCOOCHHOCTH PACTIONIOKEHUS METKH B 3yOHOH TKaHU
3BEpPHKOB Pa3HbIX TAKCOHOB. OOHAPYKEHO, YTO B BEPXHHUX Pe3Iax MOJIEBOK (Iyo-
PECIIEHIHS MPOSBISIETCS B BUIIEC KIIMHA, CHIIBHO BBITSIHYTOTO B HAaIIPaBICHUH PO-
cTa 3y0a M 0OBIYHO JTOXOJISIIETO 10 OKKIFO3MOHHOM MOBEPXHOCTH B BUJIE TOHKOH
JMHUH, TOTA KaK y MBIIICH CBEUYCHNE OXBATHIBACT MOUTH BCIO IIMPHHY HUTH(A
(puc. 2). Tlo HammM HaOIIOJACHUSIM, UHTEHCUBHOCTH (PIyOpECICHIIMH B 3y0ax
MBIIIEH 0OBIYHO BEIIIE, YeM Yy TToJIeBOK. CiTydan, KOTaa MEeTKa MPOSBIUIACH TOJIhb-
KO B HWKHEM pe3lie, TOCTOBEPHO Yallle BCTPEYaoTCs y MOJEBOK MO CPAaBHEHHIO
¢ mbiiaMu (50 u 27% OT MeUEHBIX MOJIEBOK U MBIIIEH COOTBETCTBEHHO; TOUHBIH
kputepuii @umepa, p < 0,001).

[Ipu cpaBHeHNN aHILTH(OB BEPXHUX PE3IIOB HEMEUEHbIX KHBOTHBIX, OTJIOB-
JeHHBIX B pa3Hbie ronsl (1978, 2011-2016), oOHapyskeHO, 4TO Bce 00paslibl, Ha-
XOJISIIIHECs Ha XpaHSHUH OOJBIIE TPEX JIeT, 3HAUNTEIBHO CBETIIee Ooiee CBEKUX
(puc. 3). DddexT nposiBrIsAeTCS BHE 3aBUCUMOCTH OT BUJA TpbIzyHa. s qomnon-
HUTEIHHOU MPOBEPKU PEaTbHOCTH HAOMIONAeMOTO SBJICHHUS Hal OJHUM U3 aBTO-
POB IOCTABUJIH «CJIETIOHN DKCIIEPUMEHTY, B X0JIe KOTOPOTO UCTIBITYEMBIH yCIIEIIHO
pasaenu CMeNIaHHY 0 BBIOOPKY 00pa3inoB 1978 u 2016 rT. ¢ 3ammdpoBaHHBIMU
HOMEpaMHU Ha JIBE€ COOTBETCTBYIOIINE TPYIIIIHL.
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Vyodes glareolus VIyodes glareolus Viyodes glareolus

Sylvaemus uralensis Sylvaemus uralensis Sylvaemus uralensis

Puc. 2. TunuuHoe NposiBICHUE TETPALMKINHOBON METKU B aHIIIH(aX BEPXHUX
pe31oB peikeit onesku (Myodes glareolus Schreber, 1780) u manoii 1ecHO# MbIIIH
(Sylvaemus uralensis Pallas, 1811). O0pa31pl M0Iy4eHbI OT )KUBOTHBIX, OTJIOBJICHHBIX
Ha IJIOLIA/IKE MEUEHMSI B paMKaX OHOro dkcnepuMenTa. [IpuMaHka ¢ TeTpaunkiInHOM
9KCIIOHUpOBaJach B TeueHue Tpex Heaenab. @oro O.B. Tonkauéra u O.P. ['u3yminHOR
[Fig. 2. Typical manifestation of the tetracycline mark in slices of the upper incisors of bank vole
(Myodes glareolus Schreber, 1780) and pigmy wood mouse (Sy/vaemus uralensis Pallas, 1811).
Specimens were obtained from animals caught at a marking plot within the same experiment.
The bait with tetracycline was exposed for three weeks. Photo by OV Tolkachev and OR Gizullina]

Puc. 3. DddexT «ocBeTaeHN» BEpXHUX PE3LOB Y HEMEUEHBIX JKUBOTHBIX C TCUCHUEM
BPEMEHU IIPU CPABHEHHUHU CIyYaliHBIX BBIOOpOK 00pa3ioB 2012
1 2016 rr. ®oto O.B. Tonkauéra
[Fig. 3. «Lighteningy effect appearing in the upper incisors of unmarked animals over time
when comparing random samples from 2012 and 2016. Photo by OV Tolkachev]

CpaBHUTEIHHBINA aHAIN3 COCTOSIHUS BEPXHHUX PE3LOB € TeTPAUHKINHOBBIMH
MeTKaMHU, BBITOJIHEHHBIN 110 GoTorpadusiM OTHUX U TEX ke 00pa3loB, cae/IaH-
HbIM B 2013 m 2017 rT., IOKa3al, 94To IUiomaap HabogaeMon (ryopecieHIum
1 e€ MHTEHCUBHOCTh YMEHBIIAIOTCS CO BpEMEHEM HE3aBUCUMO OT BUJOBOH MpH-
Ha/ICKHOCTH TpbI3yHa. OOHApYKeHO, 9TO 00paboTka 00pa3oB IEPOKCHIOM BO-
JI0pOJia IPUBOJUT K aHaorugyHomy 3¢ dexry (puc. 4). Eciu pe3iisl He N3BIEUEHBI
U3 Yepera, TO IePOKCHUT ACHCTBYET TOJIBKO Ha T€ WX YaCTH, KOTOPHIE BEICTYIIAIOT
U3 aJbBEOJL.
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Puc. 4. Jlerpananus TeTpalKInHOBONW METKU B aHIUIH(AX BEPXHUX PE3LOB CO BPEMEHEM
1 mocie 06paboTKU MEPOKCUIOM BOJOPOaa. A — BBEPXY OJHH U TOT e 00pasel] ¢ METKOH,
cdoTorpadupoBaHHbIH B HACHTUYHBIX YCIO0BHAX B 2014 1 2017 IT; HIDKE — 1Ba KOHTPOJIBHBIX
o0pasmua 3a COOTBETCTBYIOLINE TOABI. B — BBEPXY pe3ell ¢ METKO 10 1 mocie 00paboTku
MIEPOKCHIOM BOAOPOA; HIKE — OJJMH M TOT XK€ KOHTPOIbHBIN 00pasen. doro O.B. Tonkauésa
[Fig. 4. Degradation of the tetracycline mark in slices of the upper incisors over time
and after treatment with peroxide hydrogen. (4) At the top is the same marked specimen
photographed in identical conditions in 2014 and 2017. Below are two control samples
for the respective years. (B) At the top is the incisor with the mark before and after treatment
with hydrogen peroxide. Below is the same control sample. Photo by OV Tolkachev]

OO0cy:k1eHne pe3yJIbTaTOB HCCJIeI0BAHUS

OCHOBHOM 1I€JIbI0 HAIIEr0 MCCIICAOBAaHMS SBISUIOCH CpaBHEHHE d((EeKTHB-
HOCTH JIByX METOJIMK BU3YaJIBHOTO ITOWCKA TETPAIMKIMHOBOW METKH y TPBI3y-
HOB — B HIKHEH YEIIOCTH MIM B BepxHeM pesle. CylecTBOBaHUE ITHX JBYX
TIOJIXO/IOB CBS3aHO C MCTOpHUEH pa3BuTHs MeToaa B nestioM. B 1967 1. C. Jluaxapt
n Jlx. Kennenu [26] BnepBble NPEAIOKUIN IPUMEHATH TETPALMKINH B 3KOJIOTH-
YEeCKUX UCCIIeNOBaHUAX. B cBOel paboTe OHU HCITOIh30BAII KOMOTOB, Y KOTOPBIX
JUIA aHaJlM3a Opajy KOCTH HOT, TPYJAUHY, peOpo U MOJOBUHY HIKHEH 4eltocTH.
Hauboitee 3ameTHas (uryopecieHIus HaOmonasack B HIKHEH deinroctu. [1o3n-
nee JIx. Kpuep [23] mpoBen cxoqHoe UccleqoBaHue Ha TphI3yHax. [Ipu 3ToM oH
MIPOBOJTAIT TIOMCK METKH TOJILKO B HHIKHEW UEIIFOCTH, OTIMPasiCh Ha paboTy TpeIbl-
JQyLIX aBTOPOB, U He Jeian nuudsl. Bee mocneayonuye aHOsA3bIYHbIE UCCIIe-
JIOBAaTEIN WCIIONb30BaM 3Ty MeToauKy. B Poccum npumeHeHne TeTpanukiInHOB
JUIsI MEYEHUS TPBI3YHOB Hauyanoch co cratbu [LA. Kieseszans u M.B. Munsr [21],
B KOTOPOH aBTOPHI OMPEICIISITA METKY TOJIBKO B BEPXHEM pE3IIE, MOCKOIBKY 00-
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pasIbl MOTyYald U3 HEOUHIICHHBIX YEPETIOB B ITOJICBBIX YCIOBHSAX, a H3BJICKATDH
HIKHIOIO YETIIOCTh B TaKOM citydae HamHoro cioxHee (I.A. Knesesanb, muuHoe
cooOrieHne). Ba)XHBIM HOBOBBEICHHEM JTHX aBTOPOB CTAJIO IPUTOTOBICHHE aH-
nUTHQOB PE3LOB, YTO MOBBICHIO dPPEKTUBHOCTh ACTCKIIMU METKU. B GONbIINH-
CTBE PYCCKOSI3BIUHBIX PabOT MpUMEHSIeTCS UMEHHO 3TOT mmoaxon [9—11, 25, 27].
B HEKOTOPBIX CiTydasx TOMOTHUTEIFHO UCCISIOBAIN Pa3InYHbIC KOCTH Yepera 1
MOCTKpaHUAIBHOTO ckeeta [18, 19]. MbI cuutaeM, 94To Ipu paboTe ¢ MACCOBBIM
MaTepHuaioM, OOBIYHO MOTYYaeMbIM IPU MACCOBOM MEYEHHH I'PhI3YHOB, LIEIECO-
00pazHo paboTaTh TOIBKO C YEPEIIOM KUBOTHBIX, IOCKONBKY TOT TTOIXOM JTyUIIIe
BCETO COTIIACYETCsl ¢ OOIIENPUHATHIMU 300JJ0THYECKUMU METOJJUKAMH, HE TPeOys
JOTIOTHUTEIHHBIX MAaHHUITYJIALNH C OTIOBICHHBIMH 3BEPbKAMH.

B xone uccienoBaHusi Mbl YCTaHOBWIIM, YTO y HEKOTOPBIX 0coOei duryopec-
[EHIUS TPOSIBIICTCS] TOIBKO B HIDKHEM WIIM TOJNIBKO B BEpXHEM pesme. Terpa-
LUKJIMHOBAs METKA B HIDKHEW YETIOCTH TPBI3YHOB (pe3ell + KOCTh) MPOsBIISETCS
HECKOJIbKO Yale, 4eM B BepxHeM pesiie (218 vs 140 ciyuae). COOTBETCTBEHHO,
MOMCK METKHU B HWXKHEW yenmocTd Ha 35,8% sddexkruBnee. OnyopecieHNIO B
koctax (100 ciaydyaeB) Mbl HaOMrOAAU pexe, yeM B 3y0ax. Kpome Toro, mo Ha-
MM HaOIOICHUSM, HHTCHCUBHOCTD (DIIyOPECIICHIIMH HA TOBEPXHOCTU KOCTEH
0OBIYHO MEHBIIIE, YeM B pe3lax. B JaByX oOpasnax MeTka OOHapyKeHa TOJIBKO
B KOCTsIX, HO He B 3y0ax. [lockonbky 00a 3BepbKa OTIOBIEHBI crycTs 12 Henenb
IocJIie MEUCHMsI, OUCBHIHO, YTO METKa B UX PE3IIax ycCIieNa MCYe3HYTh U3-3a CTa-
ynBaHuA 3y00B. Bce ocTalibHbIe MeYeHbIe 3BEPhKHU OTIaBIMBAINCH uepe3 3—6 He-
JIeTh TIOCTIE PacKIIaIKi MPUMAHKH C TETPAIMKINHOM. J[Ba aHAIOTHYIHBIX CITydast
onucanbl panee E.®. Manadeesoii [25] Ha cepbix nojieBkax. OueBUIHO, YTO TO-
HCK METKH TOJIFKO Ha TIOBEPXHOCTH KOCTEH deperta ObUT OBl B HAILIEM CITyJae Kpaii-
He HepPeKTUBHBIM, Bonpeku pexomenaauusm k. Kpuepa [23]. bonee unren-
CHBHOE IIpOsIBIICHHE (DITyopeceHINH B pe3lax Mo CPaBHEHUIO C KOCTSIMH MOXET
OOBSICHATBCS TEM, UTO MIEPBBIC, B OTIIMYUE OT MOCICTHUX, Y TPHI3YHOB PACTYT I10-
CTOSIHHO, @ TeTPALIUKIINH CBA3BIBACTCS TOIBKO CO CBOOOAHBIMI HOHAMH KaJbITHS,
KOTOpBIC B TOCTATOYHOM KOJHMYECTBE MPUCYTCTBYIOT B MECTax Mpoudepariu
MHHEpaJIN30BaHHBIX TKaHEeH. boree yacToe mposBiIeHne METKH B HIDKHHAX Pe3lax
[0 CPABHEHHIO C BEPXHUMH, BEPOSTHO, CBSI3aHO C TEM, YTO MEPBBIC y TPHI3YHOB
pactyt ObicTpee [28]. Takum 00pa3om, Juiss HanOoJiee TIOJHOTO BBISBICHUS Me-
YEeHBIX 3BEPHKOB 11e7IeCO00Pa3HO MPOCMaTpUBaTh aHILTH(BI KaKk BEPXHETro pe3la,
TaK W HWKHeH denroctu. [IpeamaraemMprii KOMOMHUPOBAaHHBIN 1oX01 3 dekTus-
Hee TIOMCKa METKHU TOJILKO B KOCTH HWKHEH uenocTd Ha 55,2%, a 1o CpaBHEHHIO
C TIPOCMOTPOM OIHOTO BepxXHeEro pe3na — Ha 37,2%. OOHapyKeHHBIC Pa3IHIns B
MaTTepHaX MpPOSIBICHHS METKU B BEPXHHX PE3IaX MBIIICH U MOJIEBOK MOTYT OBITh
CBSI3aHBI KaK ¢ 0COOCHHOCTSIMU CTPOCHUS M POCTA PE3IOB B ceMeiicTBax Muridae
u Cricetidae, Tak 1 ¢ pa3Nnu4usIMU B TIOJTy4EHHOI! 103€ MapKepa U3-3a pa3HbIX KOp-
MOBBIX IIPEIIIOYTEHUH 1, COOTBETCTBEHHO, Pa3HOTO CPOJICTBA K HAIICH IPUMAaHKE.

[Ipu cpaBHeHHMH 001Iero BHUA PE3IOB Pa3HbIX JIET cOOpa BBIICHUIOCH, YTO
00pa3IIel, HAXOMAIMIKEC Ha XpaHSHUH TPH Tofia U Oolee, BRINIIAT 0] YIIbTpa-
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(HOIEeTOM 3aMETHO CBETIIEe, YeM CBEXKHE, YTO OCIOKHSICT THATHOCTHKY TETpa-
LUUKIMHOBOM METKH M3-3a CHWKCHHS KOHTPACTHOCTH IO CPaBHEHHUIO ¢ (poHOM.
[apannensHO MPOUCXOMUT NETPATAIUS CaMOW METKH, YTO 3aMETHO IO CHIDKE-
HUIO SPKOCTH, TUIOIIAAH U (GOPMBI (GIIyOpecUpyOIIUX y4acTKOB. BepositHo, Ha-
OmromaeMbIil A GEKT BhI3BAH MOCTEIICHHBIM Pa3pylICHHEM OCTATKOB OPTaHUKH
B 3y0ax (BKJIIOYAsl XeJaTHbIE KOMILJIEKCHI). TeM ke MOKET OObSCHATHCS U JIerpa-
Janusl METKH I07 IeHCTBHEM TIEPEKHCH BOIOPOAA, KOTOPask YacTO IPUMEHSICTCS
Juid (pUHATIBHON OYMCTKU YEepernoB MM MpH padoTe CO CTapbIMH, IJIOXO MOYH-
IIEHHBIME 00pa3naMu. JlaHHoe MpeAoIoKeHIE KOCBEHHO MTOATBEPKAACTCS TEM,
YTO UHTEHCHUBHOCTbH ()IIyOPECUEHIMH TETPALIUKINHA B KOCTAX CHIIBHO CHIKAETCS
Iocyie BO3ICHCTBHUS BHIMMOTO CBETA, BEPOSTHO, TOXKE 3a CUET Pa3pyIICHUS Xe-
JIATHBIX KOMIUIEKCOB [29, UT. 1o 26]. B ¢BsA3M ¢ 3TUM HEOOXOAUMO OTMETHTD, YTO
KpaHHAIBHBIA MaTepHal, NCIOIB30BaHHBIN B HAIIEM HCCICAOBAHUH, XPAaHHUIICS
B 3aKPBITHIX SIIMKaX, [NIAaBHBIM 00pa3oM B MOABaIbLHOM XpaHuiauiie Myses 1D-
PuX YpO PAH.
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Oleg V. Tolkachev, Olesya R. Gizullina, Grigoriy V. Olenev
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Russian Federation

Improved visual detection of tetracycline label for group rodent marking

Tetracycline is employed in practical and theoretical studies for group marking
of animals. Individuals who consume the bait with marker get a label that appears
as yellow or yellow-green fluorescence in bones and teeth under UV light. When
this approach is used for rodents there are two locations for mark searching: in the
mandibular surface (Crier, 1970) or in the polished slice of the upper incisor (Klevezal
and Mina, 1980). The aim of this research was to find the most effective procedure for
the visual detection of the tetracycline label in the mass marking of rodents, taking into
account possible errors related to the specific nature of field work and the processing
of cranial material.
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We compared the efficacy of mark searching in the lower jaw or the upper incisor
using different rodent species that were marked with bait containing tetracycline
hydrochloride and then captured during the summer 2016 in the forest stands near
Yekaterinburg, Russia. We made polished slices of both the isolated upper incisor and
the branch of mandibulae with incisor in the course of sample preparation. Detection of
tetracycline label was carried out in the dark room by microscope under UV light. If a
mark was suspected, we took a picture of that specimen together with a reference one
in the same frame. Numbers of involved individuals were 1133. To assess the influence
of time factor (museum storing) on a general view of slices under UV we compared
upper incisors from animals without tetracycline label, which were caught in different
years (1978-2016). Comparisons of randomly selected pairs from samples of different
storage time were placed within the microscope field of view and photographed as one
frame. Alterations of tetracycline marks in time were estimated by comparing images
of the upper incisors taken under the same conditions in 2013 and 2017. To assess the
impact of peroxide hydrogen on the detectability of tetracycline label we made photos
of the same specimens (4 ind.) before and after the procedure. This study was carried
out on abundant and not threatened species of small mammals. Our institution (Institute
of Plant and Animal Ecology, Ural Branch, Russian Academy of Sciences) has a special
permission for such work. We did not use any unusual protocols that could contradict
the generally accepted standards of animal care.

Basing on the analysis of extensive cranial material, we showed that the existing
methods of visual diagnostics of the tetracycline mark in rodents is not reliable enough.
In some cases, the label can only appear in the upper or lower incisors. On the surface
of the bone of the lower jaw fluorescence is usually less intense than in the teeth, but
in two cases a distinct mark was found only in bones, due to the fact that ever-growing
incisors had time to be grinded (Fig. 1). To increase the probability of label detection it
is necessary to search for specific fluorescence under UV light in slices of both the upper
incisor and the lower jaw. The improved method gives the increment of efficiency from
37% to 55%. We revealed differences in tetracycline label expression between voles
and mice (Fig. 2). In the upper incisors of the voles, fluorescence manifests itself in
the form of a wedge that is strongly elongated in the direction of tooth growth, usually
reaching the occlusal surface in the form of a thin line, whereas in mice the yellow glow
covers almost the entire width of the section. Cases when the mark appears only in the
lower incisor more often occur in voles than in mice (50% vs 27%). It was found that
over time teeth from any boiled and cleaned skulls become lighter under UV, which
complicates the diagnosis (Fig. 3). The intensity of label fluorescence in incisors also
gradually reduced (Fig. 4). The critical storage period for skulls was ascertained - three
years, after which the identification of the mark becomes quite difficult. We discovered
that treatment with hydrogen peroxide, which is often used for cleaning rodent skulls,
impairs the visibility of the tetracycline mark (Fig. 4). In conclusion, we propose three
practical recommendations for detection of tetracycline label in rodents: 1) Search for
yellow or yellow-green fluorescence in slices of both the upper incisor and the lower
jaw; 2) Detection should be done during the first three years after skull clearing; 3)
Samples, which were designated to mark detection, should never be treated with
hydrogen peroxide.
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