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[IpoBemeHO 3KCIIEpUMEHTAIBHOE MOACIMPOBAHIE MUKPOOMOTEI JIa00PaTOPHON TTOMYJISAIINNA XUIII-
HBIX Kitemeit Neoseiulus californicus (McGregor 1954), pa3BOIMMBIX Ha KOPMOBBIX ITAYTMHHBIX KJIEIIIAX
Tetranychus urticae (Koch 1836), ¢ Liejiblo ycTpaHeHUs 6aKTepHUalbHbIX TATOT¢HOB U ITOBBILICHUS XKU3-
HECTMIOCOOHOCTU JIMHUU Kielleld. Mbl monyuunu auHuto kiemieit N. californicus BioDefence?2 ot envH-
CTBEHHO OIJIONOTBOPEHHOI CaMKU M MPOU3BOIHYIO JUHUIO C ONITUMU3UPOBAHHONW MUKPOOUOTOM
BioDefence3. Ontumuszanuio MUKpOOHUOTHI MPOBOAWIMN MOCIEI0BATEbHONH 00pabOTKOM JUHUM Kiie-
e TeTPaIMKIMHOM IJIST YCTPAHEHMSI ITATOTEHHBIX 0AKTEPUA M 3aTeM — IIPOOMOTHIECKIMH OAaKTepH-
saMu Bacillus subtilis mIs BOCCTaHOBIICHUS XKNU3HECIIOCOOHOCTH TUHNM Kiemneit. [IpoBeneHo cpaBHe-
HUe MUKpOoOMOTHI TuHUI Kieuieil BioDefence2 n BioDefence3 Ha ocHOBe MeTare HOMHBIX JaHHBIX 16S
rRNA renoB. OnpeneneHbl BUIbl 0aKTepuii, 00pa3yonux MUKPOOUOTY UCXOTHON U ONTUMU3UPOBAH-
HOM nuHUH Kiaemeil. OCHOBY KaK MCXOOHOI, TaK 1 ONTUMU3UPOBAHHONM MUKPOOUOTHI N. californicus
COCTaBJISIOT canipogUTHbIE TOYBEHHBbIE OakTepuu Stenotrophomonas maltophilia, Acinetobacter sp. 1 3H-
TepobakTepust Enterobacter hormaechei, N3BeCTHBIC TaKKe KaK OMIIOPTYHUCTHYECKIE TTATOTCHBI YeI0-
Beka. OnTuMM3alns MUKPOOHOTHI IT03BOJISIET YCTPAHUTh BHYTPUKICTOUHYIO OaKkTepuio Renibacterium
salmoninarum, 3BECTHYIO KaK MaTOreH PhIO, U TOKCMH-00pa3yiolyto bakrepuio Clostridium botulinum.
O6cyxnaeTcs BIMSHUE ONTUMU3AIIUU MUKPOOUOTHI KJIEIel Ha XKU3HECTIOCOOHOCTh MOMY/ISIIIUU UC-
KyCCTBEHHOTO pasBeneHust N. californicus. IlorydeHHbIE pe3yabTaThl CO3AIOT OCHOBY ISl COBEPIIIEH-
CTBOBaHMs TEXHOJIOTUM pa3BeneHust N. californicus.

Knruesovie cnosa: Phytoseiidae, Mukpoobuora, mpoobuotudeckue OGaktepuu, 16S rRNA,

MeTabapKoIUpOBaHUE
DOI: 10.31857/S0044513424030011, EDN: VOABPP

Dduroceiuanblil Kieil Neoseiulus californicus (Mc-
Gregor 1954), nepBoHaYaJIbHO OMMCAHHbIN KaK Ipe-
craBuTellb pona Typhlodromus Scheuten 1857, mm-
POKO HCITOJIb3yeTCS IJiI OMOoJoTHYecKOi OOpbOBI
C BpEIUTEISIMU PACTEHUI B YCIOBUSIX 3allUIIEHHO-
ro TpyHTa, TAKUMHU KaK OOBIKHOBEHHBIN MayTUHHBINA

kneur (7etranychus urticae (Koch 1836)), KpacHBIit TO-
MaTHbII TTayTUHHBINA Kiaewn ( Tetranychus evansi (Baker
& Pritchard 1960)) u ApyruMu MeTKMMU BPEIUTEISIMU,
nopaxkarolmumu pacteHus (Sanchez et al., 2008). bosb-
11I0€ YMCJIO BUIOB XepTB N. californicus v ero cnocoo-
HOCTb MEPEHOCUTh BpeMEHHbBIE TTePHOIbI TOJTONaAHUS



4 AHJIPUAHOB nu np.

(muTaeTcs MbUIbLIEBBIMU 3€pHAaMU pacTeHuit) (Akyazi,
Liburd, 2019) yka3biBaloT Ha OTCYTCTBUE CTPOTOM TU-
IIEBOM CTIEIIMATN3AIINY 3TOTO BUIA XUIITHBIX KITCIIEH,
YTO BEPOSITHO OTpaXkaeTcsl Ha COCTaBe ero MUKpPOOHO-
Thl. B HacTosiiee BpeMsi UccieqoBaHUSI MUKPOOUOTHI
N. californicus n npyrux BUAOB (PUTOCEMUAHBIX KISl
HaxomsITCS B HauaJlbHOM cTaguu. o 3moxu MmoJiHoTe-
HOMHOTI'O CEKBEHHUPOBAHMSI MHTEPEC HccenoBaTeei
K 0akTepraabHbIM CUMOMOHTAM (PUTOCESHUTHBIX KJe-
el poKycrupoBaicsl Ha BHYTPUKIIETOUYHBIX 0aKTepu-
sax Wolbachia, Cardinium wn Spiroplasma, BbI3bIBAIOIINX
CIIBUT B COOTHOIIEHWH TIOJIOB B CTOPOHY CaMOK U 1M -
TOTUIa3MaTHUYECKYIO0 HECOBMECTUMOCTh MH(UITMPOBAH-
HBIX ¥ CBOOOIHBIX OT MH(pEKINKN JTUHUI Kitemieid. st
oOHapyXeHUsI BHYTPUKIIETOUHBIX OAKTEpUil UCTIOIb-
30BaJIMCh METOJIbI, OCHOBAHHbIE Ha WAESHTU(UKALIUU
reHoB OakTtepuit Metonom ITLIP (Breeuwer, Jacobs,
1996; Johanowicz, Hoy, 1996; Weeks et al., 2003; Enigl,
Schausberger, 2007). C nosiBIeHMEM METOIOB ITOJTHOTe-
HOMHOTO CEKBEHUPOBAHUS CTAJIHU TIOSIBIISITHCS PAOOTHI
C OMMCaHueM BCe MUKPOOMOTHI M3ydyaeMbIX KJIEIEi
Ha OCHOBE MeTabapKOoIMpOBaHUS OaKTepHaIbHBIX Te-
HOB (Andrianov, 2022). B pabore MepauHa ¢ coaB-
topamu (Merlin et al., 2023) uzydyeH Bonpoc o Bus-
HUM PacTeHUs XO35IMHA HA COCTaB MUKPOOUOTHI CU-
CTeMbl “XMIITHUK — XepTBa” Ha MpuMepe napbl BUIOB
N. californicus v T. urticae py pa3BUTUM Ha PACTECHMSIX
XJIOMYaTHUKA, KYKYypy3bl, 0OOBIKHOBEHHOi dhaconu wiu
Ha Tomare. IIpenmnosaranock, 4To JeTydyne (pUTOHLIMI-
HbIE COCAMHEHMS PAaCTeHUI OYyIyT OKa3bIBaTh BIMSHHE
Ha BUJIOBOI COCTaB MUKPOOMOTHI Kitelleit. TeM He Me-
Hee XapaKTepuCTHKa MUKPOOMOTHL HA OCHOBE MeTabap-
KomupoBaHus 1o reHy 16S rRNA BuisiBiIa yCTOMYMBEIE
KauyeCTBEHHbIE OTAUYUS MUKpoOUOThl N. californicus
ot T. urticae, Ho BIVISTHUE BUOA pacTeHUS HA MUKPO-
OroTy KJeleil He ObUTo0 0OHapyxeHo. BumoBoii coctaB
MUKPOOUOTHI N. californicus B pa3HbIX OTIbITAX OKA3aJICs
n3MeH4YuB. Eciy npuHSTh MHTYUTUBHO MTOHSITHOE J10-
MyIlIeHUEe, YTO 3HAYMMBbIE I OMOJIOTMU KJIellel BUIbI
OakTepuii UMEIOT BBICOKYIO YMCJIEHHOCTb, TO Hau-
Oosblllee 3HaUYeHUE IS Kiteuueid N. californicus nme-
10T OakTepuu U3 ponoB Pseudomonas, Flavobacterium,
Enterococcus, Bacillus n Stenotrophomonas.

W3ydyeHne MUKpOOMOTHI APYroii mapsl BUAOB, 00-
pa30BaHHON XUIIHBIM (PUTOCEHMIHBIM KiIeoM Neo-
seiulus cucumeris (Oudemans 1930) u ero xepTBoii aka-
punueBbIM KielioM Tyrophagus putrescentiae (Schrank
1781), MeTonoMm MeTabapkogupoBaHus reHa 16S rRNA
TaK>Xe BBISIBUJIO paduMKalbHble pa3juyusi MUKPO-
OuoThl xulIHUKa U XepTBhl (Pekas et al., 2017). Mu-
KpoOuoTa XMITHOTrO KJjella oopa3oBaHa MpeuMyllie-
CTBEHHO BUJaMU OakTepuit U3 ponoB Brevibacterium,
Staphylococcus w Bacillus, npudyeM Ha OOJIO
Staphylococcus kloosii (Schleifer et al. 1985) mpuxogut-
cs1 61—72% Bcex Gakrepuii. Emne 12—14% npuxogurcst
Ha Staphylococcus saprophyticus (Fairbrother 1940). Ot
OGakTepuH OTCYTCTBYIOT B YMCTHIX KYJBTypax Kiema 7.
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putrescentiae. ETo MUKpOOMOTA CONEPKUT MIPEUMY-
niectBeHHO Blattabacterium-like v Solitalea-like 6ak-
Tepur. TUNUYHBIE I YeloBeKa KUIIeYHbIe 0aKTe-
pumn Escherichia coli, Lactococcus sp., Leuconostoc sp.
u Propionibacterium HEMHOTOYMCIEHHBI U1 BEPOSITHO
clIydaiiHbl B MUKPOOHOTE KJICIIIESH.

B HenaBHO omyO0JMKOBaHHOMW paboTe C UCMHOJb-
30BaHMEM CEKBEHMPOBAHMS MO Sanger ¢)parMeHTOB
16S rRNA reHa u TpagMLUMOHHBIX MUKPOOHOJIOTH-
YeCKUX TOAXOA0B MPOBEACHO U3YyYeHHEe MUKPOOUO-
Thl TpeX BUIOB (PUTOCEMUIHBIX Kilelleit: Phytoseiulus
persimilis (Athias-Henriot 1957), Amblyseius swirskii
Athias-Henriot 1962 u Neoseiulus cucumeris (Sumner-
Kalkun et al., 2023). ITonyyeHHBIe JaHHBIE TTOATBEPIM-
J BeIBOJ 13 paboThl Ilekac ¢ coaBropamu (Pekas et al.,
2017) o GONBIION YMCICHHOCTH ITOMY/ISIIN OaKTepuii
S. kloosi B Mukpoouote N. cucumeris. OOHapyxXeHUe
S. kloosi B Muxpobuote N. cucumeris IByMsl He3aBUCH-
MBIMU METOIaMM YKa3bIBa€T Ha BaXKHYIO POJIb TOM OaK-
Tepuu Juist ouonoruu N. cucumeris. OCHOBHBIMU TIpe/i-
CTaBUTEISIMU MUKPOOUNOTHL A. swirskii u N. cucumeris
apisitotces Serratia marcescens NECW30 (Bizio 1823)
u Elizabethkingia meningoseptica (King 1959) Kim et
al. 2005 u3 rpynnsl 3HTepoOakTepuii. Mukpoouo-
ta P. persimilis cyliecTBeHHO omiMmyHa. Haubosbuyio
MpeacTaBIeHHOCTh uMeloT S. maltophilia PHPW29,
Serratia odorifera (Grimont et al. 1978) u Arthrobacter sp.
PHPS1 (Conn and Dimmick 1947). DxcniepumeH-
TBI 10 00paboTKe P. persimilis nBymMs: BugamMu OakTe-
puii U3 poaa Serratia moKa3aju UX KOHTPACTHOE BIU-
sSIHME Ha MapaMeTpbl XKU3HECTTIOCOOHOCTU TTOMYISILIUN
(Sumner-Kalkun et al., 2023). O6paboTKa Kiellieil 6ak-
Tepueit S. marcescens, XapaKTepHOU UISI MUKPOOHOTHI
JIPYTMX BUAOB (puTOCEHNA, CHUXKANIA BBIKMBAEMOCTb,
TUTOMOBUTOCTh M aKTUBHOCTD ITUTAHUSI, HO APYTOM BUJI
OakTepuii u3 pona Serratia — S. odorifera U3 MUKPO-
ouotsl P. Persimilis — neiicTBoBaJia IIPOTUBOIIOJIOXHO,
MPOSIBIISISL CBOMCTBA ITpoouoTuka st P. persimilis. Cie-
JyeT OTMETUTD, YTO MATOTEHHOCTbD S. marcescens paHee
oTMeyJaiach I Ja60opaTOPHBIX MOMYJISIIIAM KIIeIIei
Galendromus (Galendromus) occidentalis (Nesbitt 1951),
Yy KOTOpPBIX MH(PEKIUs 3TOoli OakTepueil MpUBOIUT
K HapyIIeHUIO MUIIeBApeHUS W TTPUIUITAHUIO KIS
K cyocrpary (Hoy, Jeyaprakash, 2005, 2008).

Oco0oe npakTUYecKoe 3HauYeHUe I UCIOIb30Ba-
HUS (PUTOCEMUAHBIX KIIEIIEN KaK areHTOB OMOKOHTPO-
JIsl UMEIOT TIaTOTeHHbIe BUIbI OakTepuii. B HacTosIee
BpeMs TOKa3aHa MaTOre HHOCTh ISl KJIelleil HeCKOJb-
KMX BUAOB OaxkTepuii. [l m1abopaTopHOIi TUHUA KJIe-
wa P. persimilis ObUT oNcaH CUHAPOM “HEBOCIIPUUM-
yuocTu” uau non-responding (NR) syndrome, xapak-
TePUYIOLIUNIACS YMEHbIIEHUEM pPa3MepOB B3POCIBIX
ocobeit, coKpallleHUEM TPOAOIKUTEIbHOCTH XU3HU
Y TUIOAOBUTOCTHU KJICILIEH, a TaKXKe CHUXKEHUEM UX aK-
TUBHOCTU B IMMUTAHUM MAayTUHHBIMU Kjielamu. B Ho-
rax 3apaxeHHbIX KJellei HaOIoaalnch KpUCTaJUIb.

Ne3 2024
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IpnuynHOI cMHApPOMa HEBOCIIPUUMUYMBOCTU OKa3a-
JlJach CIIOHTaHHas MH@EeKUIMs IITaMMOM OaKTepUU
Acaricomes phytoseiuli DSM 14247 (Pukall et al. 2006).
Ee poib B maToreHe3e JaHHOTO CUHApPOMA ObIja MOMI-
TBEpPXIeHA BO3MOXHOCTBIO MH(MULIMPOBATH KIIEIIEei
13 HOPMAaJIbHBIX TUHUM B COOTBETCTBUU C IMOCTYJIaTa-
mu Koxa (Gols et al., 2007; Schiitte et al., 2008).

Hanuuue 6akrepuu Oligosporidium occidentalis ac-
COLIMMPOBaHO ¢ 3abojieBaHueM Kielieil Gelendromus
(Galendromus) occidentalis (Becnel et al., 2002), a ¢u-
TonatoreHHasi 6aktepusi Brenneria salicis (Day 1924)
Hauben et al. 1999 accouunpoBaHa ¢ 3a00jeBaHUEM
N. cucumeris (Hoy, Jeyaprakash, 2008; Pekas et al.,
2017). Y ¢puroceitnmHbBIX KielIeit 0OHapyKeHbI IIMPO-
KO pacrpocTpaHEHHbI€ CPeAu BUIOB YIEHUCTOHOTUX
BHYTpUKJeTOYHble OakTepun Wolbachia, Cardinium
u Spiroplasma (Enigl, Schausberger, 2007; Wu, Hoy,
2012; Famah et al., 2014). B HacTosiliee BpeMsl HEeT
JaHHBIX 00 00JIMTaTHOCTU CUMOMO3a KaKUX-JIUOO
IITAMMOB OaKTepUii U3 3TOM IPYNIIBI M (PUTOCEHNITHBIX
Kieneit. BeposatHo, cuMOM03 UMeeT (paKyJIbTaTUBHBINA
xapakTtep. Hanuuue atux 6akrepuit MoxeT ObITh Oec-
CUMIITOMHBIM ¥ 4aCTO aCCOLUMUPOBAHO CO CABUIOM
COOTHOIIEHUS TIOJIOB B MOJIb3Y CAMOK U C IIUTOIIA3-
MaTHUYECKON HECOBMECTHMMOCTBIO, OOHApYKMBaeMOM
MPU CKPEIUBAHUY JIMHWIA ¢ pa3HbIM MH(MEKITNOHHBIM
cratycom (Wu, Hoy, 2012).

B naHHOM cOOOIIIeHUHU MBI BIIEPBbIC IJIST TIOMYJISI-
Ui GUTOCEHMUIHBIX KIIEIIEH, MCITOIb3YEeMbBIX B ITPaK-
THUKE 3alllUThl pacTeHuit B Poccun, mpuBoavM JaHHbIE
MeTabapKoaupoBaHUs UX MUKpoOuoTsl. Ilom Mukpo-
OMOTOI MBI TOHMMAaEM COBOKYITHOCTh BUIOB OaKTe-
puii, onpeaenasieMbIX 1O HYKJISOTUAHON MocaeaoBa-
TeTbHOCTU OaKkTepranbHOTO reHa 16S rRNA. B pabote
M3JI0KEHBI Pe3YyJIbTaThl SKCIIEPUMEHTA 110 ONTUMM3a-
LY MUKPOOUOTHI Tonyasiuuu N. californicus mytem
nocJjenoBaTelbHON 00pabOTKU KJICIIeil aHTUOMOTHU -
KOM (TeTpalluKJIUHOM) 1 MPOOMOTUYECKOM OaKkTepureit
Bacillus subtilis (Ehrenberg 1835) Cohn 1872 ¢ uenbio
ONTUMM3ALIMU TEXHOJOIMU Pa3BeNCHMSI XUIIIHOTO KJie-
1112 ¥ MOBbIIEHUS 3(p(PEKTUBHOCTU €ro TPUMEHEHUSI
JUJIS1 KOHTPOJISI MayTUHHbBIX KJIEILei.

MATEPHAJIBI U METO/1bI

JIunun Knemeii Neoseiulus californicus

XuirHele Kiaemu N. californicus nias JaHHOTO HMC-
cJienoBaHMs ObUIM MOJIyYeHbl U3 KoJulekiiuu Beepoc-
CUMCKOTO HAyYHO-UCCIEA0BATEIbCKOIO MHCTUTYTA
¢uronaronoruu (Glinushkin et al., 2019) u pa3Boau-
Jlach B KYJIbTYpe Ha KOPMOBBIX TTAyTUHHBIX KJIEIIax
T. urticae. Kynbrypy N. californicus BbIpalinBaniu
npu temreparype 25°C, OTHOCUTENIbHOI BJIaXHO-
ct Bo3ayxa 90% m TIpOIOIKUTETFHOCTA CBETOBO-
ro gHsa 20 yacoB. s mpoBeneHusT 3KCIIEPUMEHTOB
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Puc. 1. DxcnepuMeHTaIbHasl yCTAaHOBKA JJIST pa3Bene-
HuUs JabopaTopHbix JUHUK N. Californicus: a — nioThl
JUCTbeB Gacoyiv, KOTOPhIe 3apaXeHbl MayTUHHBIMKI
KJIelIaMU U Ha KOTOPBIX B KOHTPOJIUPYEMBIX YCIOBUSIX
nuTarotcs Kiaewu N. californicus; 6 — camxa N. californi-
cus, B TIEHTpe Tejla TPOCBEUMBAET CO3peBalollee SiIo.
®ororpadus 0. M. Menikona.

B KOHTPOJUPYEMBIX YCIOBUSIX UCITOJb30BAIUCH TIJIO-
Thl, B KOTOPbIX KJIEILIU MMUTATUCh Ha JTUCTBSX (pacosu,
OKPY>XE€HHBIX BOJIOH, UTO MpeaoTBpallago paccerBa-
HuUe Kiemeit (puc. la).

Ha xaxnpiii niuot momemanu mno 10 camok
N. californicus. Kopmnenue N. californicus npoBoau-
JIM Ha 3-i1 1 5-i1 IHM, TToMe1ast Ha JIMCT ¢acojiv na-
YTUHHBIX KJemei. KoqndecTBo Kieniei moacyuThl-
Bajiv yepe3 7 IHel Tmociie Hayajla 9KCIepUMEHTa, YTO
COOTBETCTBYET XXU3HEHHOMY LUKy N. californicus
OT giila 70 uMaro. Mbl MOAYYUIN JUHUIO KIICIIeH
N. californicus BioDefence2 oT enMHCTBEHHOM OILIO-
TOTBOPEHHOM caMKH 1 TIPOU3BOIHYIO TUHUIO C OITH-
MU3UPpOBaHHONM MuKpoouortoii BioDefence3. Jlunus
Biodefence2 ciykmniaa KOHTpOJbHOI TPYNIIONM B DKC-
MEPUMEHTE 110 ONMTUMU3ALNYA MUKPOOUOTHI JTUHUU
BioDefence3.

OnTUMHU3aLNI0 MUKPOOUOTHI MPOBOAMIIM TTOCIENO0-
BaTeIbHOI 00pabOTKOM TMHUH KIIEIIEN TeTPAlMKIMHOM
IUTSL YCTpaHEeHUsT IIaTOTeHHBIX OGaKTepuii U 3aTeM o0pa-
00TKOI1 MPOOUOTUYECKUMU OaKTepusiMu B. subtilis nist
BOCCTaHOBJICHUS XNU3HECTIOCOOHOCTH JIMHUM KIICIIEHA.
11 06paboTKN TeTPALIMKIIMHOM HCITONTE30BaNICS TeTpa-
LIMKJIMH TUAPOXJIOPUA, JUISI MUKPOOUOJIOTUU OT (PUpPMBI
“Helicon” (https://www.helicon.ru/catalog/reagenty/
kultivirovanie-kletok /antibiotiki/tetratsiklina-gidrokhlorid-
art-srl-38614/). KonuenrpupoBaHHsbIii pactBop 30 Mr/mit
nonydanu B 70% crimpte 1 pa3Bomyin Bomoii B 10 pa3 He-
MOCPEICTBEHHO Tepe] ONPhICKUBAHUEM JIMCThEB (haco-
JIU ¢ KYJIBTYpO TayTMHHBIX KJielieit. HermocpenacTBeHHast
o0pabotka N. californicus TeTpallUKJIMHOM HEBO3MOXHA,
TaK KaK OMNpPBICKUBaHNE PACTBOPOM aHTUOMOTHKA BBI-
3bIBaeT X rubesb. st o6padbotku N. californicus Tetpa-
IIMKJTMHOM MBI MICTIOBb30BAITN MTAyTHHHBIX KITCIIEi, pe3u-
CTEHTHBIX K OTPBICKUBAHUIO PACTBOPOM TETPALTMKINHA
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M BhIpaIlIEHHBIX Ha 00pabOTaHHBIX AHTUOMOTUKOM JIM -
cThsIX (hacom. KoHLIeHTpalyio TeTpaluuKIMHA IToa0orpa-
JIM 9KCTIIEPUMEHTAJILHO TSI KaXKIIOM MapTUy TeTpaluKIIv -
Ha B TIpeIBApUTEIbHBIX OMbITAX C MOCAEN0BATEIbHBIMU
JBYKpaTHBIMU pa3BedeHUSIMA OCHOBHOTO pacTBOpa aH-
TbnoTrKa. KoHlieHTpauus TeTpauukidHa B JBa pa3a
MEHbI1asl, YeM TOKCUYHAs 1034, BbI3bIBAIOIIIAs YaCTUY-
HyI0 TMOeJIb JJabopaTtopHoii ronyisiuuu N. californicus,
ObuTa BEIOpaHa Ijisd ombiTa. Yepe3 cyTKu Iociie oOpa-
OOTKM JIUCTbSI (PACOIM UCTIONBb30BAIN ISl 3aTPY3KHU I1J10-
TOB XMIIHBIMU KJIEIIAMU WJIW TS TIONKOPMKHU KJlelei
Ha rroTax. JIy1s mmonydeHnst 00paboTaHHOM TeTPaKIIK-
HOM JIMHWMU, KJIELIY TTPOXOIWIN BECh XKM3HEHHBI LMK
OT siiil1a 10 siiilia Ha 06pabOTaHHBIX TETPALMKIMHOM JIU-
cThsix. {151 aTOrO ponuTeneil ynaisay nocie OTKIaaKu
SIMLL, a KJILIEH, BBIIEAIIMX U3 UL, AOpAIUBAIM Ha JIv-
CTbsiX, 0OpabOTaHHbBIX TETPALIMKIMHOM, 0 B3POCION
cramun. Yepes 7 qHeii nmokoyienue Kieleit N. californicus,
BbIpOCIIiee Ha 00pabOTaHHbBIX TETPALMKIMHOM JIUCTBSIX,
cobupany M IepeHOCWIM Ha IUIOTHI, He 0OpaboTaH-
HBIE TETPAIIMKIIMHOM, HO OTPBICKAHHBIE 5% pacTBOpOM
crop B. subtilis njis1 BOCCTAaHOBJIEHUSI >K3HECIIOCOOHO-
CTHU JIUHUM KJieleit. B kauecTBe mpoOuoTnyeckux 0ak-
TepUii MbI UCIIOJb30BAJIM CYCIICH3UIO CIOP OaKTepui
pona Bacillus mpousBonctBa pupmsl “Chisal NV” (Bel-
gium), nocraBiuk B Poccun — ¢pupma “IIpodbuorrka”
(https://probiotica.ru/chrisal_products/stb_- nasishenie
prostranstva/215594/). VicxonHeiit pemnapar “CeHHast
najouka”, SIBJISIIONIMICS CYCIIEH3UEH CIIop OakTepuii
¢ KOHIIeHTpatweit 5 X 107 KUBbIX GAKTepHii B OIHOM MIJI-
JIUJIUTPE, Pa3BOAWINA CTEPUSIbHOI BOIOH TIEpe OTIbITOM
B 20 pa3 151 aKTUBALMU OaKTepUii ¥ ONPBICKUBAJIN I -
CTbsI C KJIelIaMU exxeqHeBHO. [Toce oTKIaaKy sSull poau-
Teeit ynaisiv, U MoKoJIeHUe KIIEIIeH, BbIpoclliee Ha JIn-
CThSIX C MPOOMOTUYECKUMM OAKTEPUSIMU, BEJIU 1ajiee Kak
npousBonHylo uHUIo BioDefence3. KynsrusupoBanme
ymHnu BioDefence3 Benu mpu exXXemHEBHOM OIIPHICKH-
BaHUM MTPOOUOTMYECKUMU OakTepusiMu. Becero mist BbI-
nenenust cymmapHoii JIHK 6buto monygero 30 mioToB
¢ kieinamu 1uHuu BioDefence2 u 30 110ToB ¢ KJteramMu
mmauu BioDefence3. Ilepen BeimeneHueM cyMMapHO
JHK kieliieit nepeHOCUIU B KYJIBTYypaibHbIN (hiakoH
0e3 KOPMOBBIX KJIelllel, IJie OHU ToJIofaJii B TeUEHUE
JBYX CyTOK. Jlajiee B3pOCIbIX Kielleid MHAUBUAYAJIbHO
cobUpaiv B JIM3UPYIOIIUI pacTBOP [UISI BbIACTEHUS] CyM-
mapnoii JIHK u onpeneneHust HyKJIeOTUIHOI ITOCIIENO-
BaTeJIbHOCTHU XOJIOT€eHOMA JIMHUM KJIEIIEH.

Boinenenue cymmapnoii JIHK nunun Knemei
U onpeJeieHre HYKJI€OTUIHOM MOC/Ie10BATEIbHOCTH
ee X0JI0reHOMa MeTOIOM HAHOMOPOBOTO
CeKBeHHpOBaHMsI JJIMHHBIX (pparMenToB [THK

Bricokomonekynsapuayo JJHK mis HanormopoBoro
CEKBEHUPOBAHUS BBIIEISUTN C TIOMOIIIBIO KITACCHYECKO-
ro ¢eHo-xsopodopmHoro Merona ¢ [Iporennasoit K,
MOIU(ULIMPOBAHHOTO ISl BbIAEIEHUSI BHICOKOMOJIE-
kyasipHoit [IHK. TTpumecs PHK ynansimn ob6padoTkoii
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pubonykieasoir T1. KauecTBO 1 YMCTOTY BBIACICH-
Hoii [IHK oneHMBamm ¢ moMoupo CrieKTpodoToMe-
tpa NanoDrop (Thermo Scientific). Konuenrpauuio
AHK onpenensinu ¢ moMotbsto (Gayopomerpa Qubit
(Invitrogen) u HabopoB peareHTOB (Qubit dSDNA HS
Assay Kit, Invitrogen). 3akIrOuUUTeNbHBIN 3TaM BblIee-
HUs BbicokoMoJiekyisipHoi JIHK mpoBoauiau Ha mar-
HUTHBIX IIapUKaX C MCIOJb30BaHUEM Oydepa mis
oonbux pparmeHToB (LFB) u3z Ha6opa SQK-LSK110
(Oxford Nanopore Technologies). /1151 TOATOTOBKY OU-
ommoteku KoHIbI MoneKyn JHK mocrpauBanuce, a 3a-
TeM JIMTUPOBAIMCH C aaliTepaMM C TIOMOIIBIO MOIYJIST
NEBNext Companion Module. bubnuorexu mist Ha-
HOITOPOBOTO CEKBEHMPOBAHMST TOTOBWJIM TIPH TTOMOTITI
Habopa SQK-LSK110 (Oxford Nanopore Technologies).
CekBeHUpOBaHNE TEHOMHOI OMOJIMOTEKU MPOBOAU-
Jloch Ha motokoBoii stueiike MinlON R9.4.1 Ha mpu6o-
pe MinlON nHaHormop cekBeHaTop 512 kaHanoB (Oxford
Nanopore Technologies) mox ynpasiaeHUeM IPOrpaMMBbl
MinKNOW v.5.1.0. CoxpaHsii puasl ¢ IJIMHOI 0oJiee
200 n.H. belicKoJTMHT TPOBOAMIIN Ha cepBepe ¢ rpadu-
YeCKMM IPOIIECCOPOM TIPH TTOMOIITH ITporpaMMbl Guppy
(v6.0.1+6521td179) (https://github.com/asadprodhan/
GPU-accelerated-guppy-basecalling). CO0pKy KOHTUTOB
M3 MEepBUYHbBIX UTEHUI BeJIM B MporpaMme canu v.2.3 as-
sembler (Koren et al., 2017). N50 ns1 mojydeHHBIX c60-
poK ObL10 paBHO 97122 n.H. mist coopku BioDefence?2
u 44867 n.H. nua coopku BioDefence3, uro rosopur
0 JOCTaTOYHO XOopolleM KadyecTBe cOopku. KauecTtBo
cbopku reHoma N. californicus 6bL10 TPOBEPEHO B IIPO-
rpamme BUSCO ver. 5.4.2. (Manni et al., 2021). I1pu
OLIEHKE KayecTBa MbI MOaydmin 77.1% KOpPpeKTHO co-
OpaHHBIX TEHOB JOMAIIIHETO x03s1ticTBa 1151 BioDefence?2
u 79.3% nns BioDefence3. s moucka reHOB UCITOJb-
3oBajack mporpamma AUGUSTUS (Stanke et al., 2006).
AHHOTaLINI0 COOpaHHBIX T€HOB MPOBOIUJIN B MpOrpaM-
Me OrthoFinder (Emms, Kelly, 2019), kotopast cooupaet
OPTOJIOTMYHEIE T€HBI B TPYITITHL. BEISIBIIEHHBIE TeHBI BBI-
paBHUBAJIM Ha 6a3y JaHHBIX NI ¢ TIOMONILIO MPOTpaM-
Mmbl BLAST. C6opku xojoreHOMa ABYX JUHUI N. cali-
Jfornicus BioDefence2 n BioDefence3 0bu1n pa3MelleHbl
B 0a3e gaHHbIX GenBank. Coopku mociaenoBaTeaIbHO-
cTeil, mpucoeaMHeHHbIe K mpoekTy BioDefence2, no-
crymmHb 1o HoMepy SRR23949036. Bece manHbIe TIpo-
eKTa 3aperucTpupoBaHbl ¢ HomepoM BioProject 1D
PRINA946627. CoopKU MOCIEA0BATEILHOCTEN, TTPUCO-
enrHeHHbIe K TTpoekTy BioDefence3, noctymHbl 1o HO-
Mepy SRR26395938. Bce gaHHBIE ITPOEKTA 3apETUCTPU-
poBaHbl ¢ HomepoM BioProject ID PRINA1028568.

s mpoBeaeHusl MeTareHOMHOTO aHaJlku3a MbI U3-
BJIEKJIM U3 TEHOMHOTO MPOEKTa BCE MOCIea0BaTe/b-
HOCTH IpoKapuoTuyeckoro reda 16S rRNA ¢ nmoMo-
mpio nporpammMbl Centrifuge n 6a3y manueix NCBI
B KavecTBe pedepenca (Kim et al., 2016). Bce mocie-
JIOBaTEIbHOCTH, TIpUHAaAJIeXale 6ojiee 4eM ONHOMY
BUIY OAKTEepHii, MBI KJIAaCCU(HUITUPOBAIN KaK XHUMeP-
Hble U yaaiauiau ux. B pesynbrate Mbl Halllid Haubosiee
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CXOIHBIE TTOCIIENOBATETLHOCTH N3BECTHRIX BUIOB OaK-
Tepuil U MPOBEIU UACHTUMUKAIINIO BCEX BUIOB MU-
KpoOuoThl N. californicus. Kaxablii 13 uacHTUGULIN -
POBaHHBIX BUIOB OAaKTEPUil XapaKTepU3yeTcsl YMCIOM
OTHOCSIIINXCS K HEMY TTOCIeI0BaTeIbHOCTEM B TEHOM-
HOM IIpoekTe miau rmapamerpoM NumReads, koTophblit
SIBJISIETCSI pAHTOBOI OLIEHKOM KOJIMUYecTBa OaKTepuil
JAHHOTO BUJa B MUKpoouote. CucremaTnueckoe Imo-
JIOXXeHUE UACHTU(PUILIMPOBAHHBIX BUIOB OaKTEpUil
MpeAcTaBleHO B BUJE JepeBa, TOCTPOEHHOTO B MPO-
rpamMme Krona (Ondov et al., 2011).

PE3VIJIBTATBI

Bunbl 6akTepuit, o6pasyooliiue MUKpOOUOTY JUHUHI
N. californicus, ObLIN OIIpeneieHbl B pe3yIbraTe MeTa-
GapKOIMPOBAHMSI MOJYYEHHBIX XOJIOTEHOMOB T10 TeHY
16S rRNA. B pesynbraTe opraHusM — UCTOYHUK MOJTY-
YEHHBIX HYKJICOTUAHBIX MOCIEA0BATeIbHOCTE — ObLI
orpezesieH 10 BUIa, U TOJyYeH CIMCOK BUIIOB OaKTe-
puii, oOpa3yorX MUKpOOMOTY Kielna. MbI orpaHu-
YWY CBOM aHaIM3 OaKTepUsIMU, TaK KaK UIEHTU(DU-
Kauums 6akrepuii mo reHam 16S rRNA MakcuMabHO
HajJexHa, a pedpepeHcHas 6a3a UMeeT MUHUMAJIbHOE
YKCJIO OIIMOOK, M0 CpaBHEHMIO ¢ Tpubamu. Kaxknprit
W3 UAeHTU(GUIIMPOBAHHBIX TAKMM 00pa3oM BHUIOB
OaxkTepuii XapaKTepHU3yeTcsl YUCIOM YTEHUM, KapTu-
pOBaHHBIX Ha reHoM, uian yncioM numReads. Yncio
numReads MOXeT ObITh UCIIOJIBL30BAHO JIJISI PAHTOBOM
OLIEHKHM KOJMYeCTBa OaKTepuil JTaHHOro BUAA B MU-
KpoOuoTe Kiellla 1, CieqoBaTe/IbHO, JaeT KaueCTBEH-
HYIO OIIEHKY 3HAYMMOCTH 3TOTO BHIa GaKTepUil I
uzyyaeMoii nmomnyiasauuu N. californicus. IloaydeHHas
OlIEHKAa He SIBJISIETCS KOJIMYECTBEHHOM, TaK Kak bakTe-
PUM C TIPOYHBIMU KJIETOYHBIMU CTEHKAMM HEU30EKHO
OydyT MpencTaBieHbl MEHBIIUM YKUCJIOM MPOUYTEHUI,
YeM BUOBI OaKTepHil ¢ TOHKUMU KJICTOUYHBIMUA CTEH-
KaMM 13-3a pa3HULbI B 3(PGHEKTUBHOCTU BhIAEICHUS
JHK. Tem He MeHee cpaBHEHME MUKPOOUOTHI IMHUM
BioDefence2 u BioDefence3 Bo3aMoXHO, Tak KaK BbI-
neneHne [HK w3 kiremeid aTux TMHUNA TIPOBOIUINA
OTHUM METOIOM, 1 COCTaB BUIOB MUKPOOMOTEI 00X
nuHUM cxomeH. CpaBHeHNE BUIOBOTO COCTaBa MUKPO-
ouotsl ImHUii BioDefence2 u BioDefence3 npexncra-
JIeHO Ha puc. 2 u B Ta0I. 1.

[Ipu mocTpoeHNN AUarpaMMBI UCITOTB30BaHEI TTep-
BbIe 50 BUIOB OaKTeprii MUKPOOMOTHI KAXKI0I N3 JIMHUIN
¢ MakCHUMaJbHbIM 3HaueHueM napamerpa NumReads.
OCHOBY MUKpPOOUOTHI o0eux nuHuit N. californicus
BioDefence2 u BioDefence3 cocraBisitoT canpodur-
Hble a’poOHbIe MOUBEHHbIe OakTepuu S. maltophilia,
Acinetobacter sp. u sHTepoOakTepuss FEnterobacter
hormaechei (Hormaeche and Edwards 1960).

S. maltophilia — nmouBeHHasi adpoOHAsi rpamMM-
HeraTUBHAsI, TTONBIKHAS OaKTepusl, OMOIIJIEHKOOOpa-
30BaTejib U OMMOPTYHUCTUYECKUI MTATOTEH YeJIOBEKa,
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BBICOKOYCTOMYMBBIN K OOJBIINHCTBY aHTUOUOTUKOB.
DTa GakTepusi TakKXKe SBISIETCSI KOMIOHEHTOM MUKPO-
GMOTHI POTOBOI MOJIOCTY PA3BOAUMBIX B TeppapuyMax
BunoB 3meii (Hejnar et al., 2007). Y 61u3KopoaCTBEH-
Horo Bunma urtoceitun N. cucumeris JAHHBIN BUM OT-
MeJaeTcsl, HO Kak MajouucieHHbli (Pekas et al., 2017).
Hanporus, S. kloosii, o6pasyoliuit OCHOBY MUKPOOMO-
Thl N. cucumeris, y N. californicus HaiineH B HEOOJIBILIOM
KoJIMUecTBe U TONbKO B imHMM BioDefence?2. Tak kaxk .
maltophilia n S. kloosii OTHOCATCSI K OMHOI 3KOJIOTHYe-
CKOI1 rpyrine 6akTepuii — MoYBeHHbIE canpoUTHI, TO,
BEPOSITHO, OHM MOTYT 3aMellaTh APYT Ipyra y pa3HbIX
BUIOB (PUTOCEHNIHBIX Kileleli. BrionHe 3akoHOMEpHO,
YTO BTOpAsI II0 MACCOBOCTH IPYIIa GaKTepuii MUKpOOHO-
Thl 00pa3oBaHa KMUIIEYHbIMU OakTepusiMu E. hormaechei
u E. coli. Dt Buapl OakTepuii, IPEeIIIOYNTAIOIINE CPEIy
C BBICOKOI1 KOHIIEHTpaILMeil aMUHOKMCIIOT, OTpaXKaloT
ocobeHHOCTU UTaHUA N. californicus XXUBOTHOM MUILIEH
C BBICOKOI1 TOJIei OEJIKOB.

HNurtepecHo Hanmmuue B tuHuu BioDefence2 Heo-
OBIYHOI JJIS1 YJIEHUCTOHOTMX BHYTPUKJIETOUHOM IMa-
TOreHHOI OakTepuu R. salmoninarum, criocoOHOI
MHOULUMPOBATh PHIO U paCHpOCTPaHAThCI B UX IO-
MyJISIUMSIX KaK “TOPU3OHTAIBHO” TTyTeM MH(EKIIMOH-
HOI Iepenayu Mexay 0co0sIMU, TaK U “BepTUKATIBHO”
yepes ukpy (Rozas-Serri et al., 2020). Taxxe B TMHUN
BioDefence2 o0HapyxXuBaeTcs BbICOKasl YMCIEHHOCTD
TOKCUH-00pa3sywulei 6akrepuun Clostridium botulinum
(van Ermengem 1896) Bergey et al. 1923. Ontumu3sa-
nust MUKpoonoTsl B inHuM BioDefence3 ycrpansiet
00a 5Ty Buaa OGaKTepuii.

CpaBHeHMe MUKpoOuoTh JuHuit BioDefence?2
u BioDefence3 mo3BoJisieT BbIAEIUTD TPYIITY OaKTepUii,
oOHapyXuBaeMbIX B 00eUX JUHUSIX KJellei, Kpome
TeX, YTO OBIIM TepednciieHbl paHee. K HUM oTHOCST-
¢S TOYBEHHBIE OaKTepUU W OMITOPTYHUCTHYECKHUE Ma-
TOTEHHI uesioBeka: Pseudomonas putida (Trevisan 1889),
Salmonella enterica (ex Kauffmann & Edwards 1952) Le
Minor & Popoff 1987), Pantoea dispersa (Gavini et al.
1989), Acinetobacter baumannii (Bouvet and Grimont
1986). YcroitamBoCTh X B MUKpOOUOTE N. californicus
BO3MOXHO CBSI3aHa C MPUPONHON YCTOMYMBOCTBIO HE-
KOTOPBIX IITAMMOB 3THUX OaKTepUii K GOJTBIITMHCTBY aH-
tnounoTtukos (Yang et al., 2023).

CyllleCTBEHHbIE U3MEHEHUSI MUKPOOUOTHI TUHUIA
BioDefence2 u BioDefence3 cTaBsT BoIpoc 0O BIusI-
HUM 3TUX U3MEHEHMI Ha KM3HECIIOCOOHOCTh U (-
($EeKTUBHOCTh pa3MHOXeHUs Kielieid. s Konude-
CTBEHHOTO CpaBHEHUST 3(DHEKTUBHOCTU pa3MHOXEHMUS
KJICIE M3MEPEHHOM YMCIOM IOJYYEHHBIX KIIellek
B CTaHAAPTHBIX OMBITAX, JUHUU Kieleit BioDefence?2
u BioDefence3 KynsruBrpoBanm mapauieIbHO B OTHOM
MOMEIIEHUY U B OAMHAKOBBIX YCIOBUSIX, 00ecreunBa-
IOIMX ONTUMAJIBHYIO CKOPOCTh pOCTa Ha IUIOTaX, KaK
OITcaHo B pasnene “Marepuannl 1 MeTonbl” . IToncueTnl
yycia Kieuiei mpoBoauav Ha 7-i 1eHb 9KCepUMeHTa.
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Pseudomonas

Puc. 2. CpaBHeHue Mukpo6uotsl cyonuuuit BioDefence. LlBeTom o603HaueHo yncio NumResds Kaxmoro n3 TakcoHOB,

YTO SIBJISIETCSI PAHTOBOM OLIEHKO! KOJIMYeCTBa JAaHHOTO BUAa B MUKpoOuoTte. Ha Bpe3ke B LieHTpe TpecTaBieHa JereHaa

IUTSI LIBETOB AMarpaMMBbl C COOTBETCTBHEM LiBeTa 1 uncia NumResds. Yucna B cekTopax tuarpaMMbl COOTBETCTBYIOT YHCITY
BUIOB OakTepuii: a — Mukpobuota muHum BioDefence2, 6 — mukpobuota muauu BioDefence3.
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Taomuna 1. CpaBHeHUe MUKPOOUOTHI N. californicus mannii BioDefence2 u BioDefence3

9

bakTtepuanbHas Mukpoouota BioDefence?2

bakrepuanbHas

Neo I'pynma GakTepuii mukpobuota BioDefence3
(MCcxonHast kM) (ob6paboTaHHAs TUHUSA)
1 Kilebsiella pneumoniae
2 Kilebsiella oxytoca
3 Enterobacter sp. LUI
4 Enterobacter sp. RHBSTW-00975
5 Enterobacter hormaechei Enterobacter hormaechei
6 Enterobacter cloacae
7 | Enterobacterales Citrobacter freundii
8 Escherichia coli Escherichia coli
9 Salmonella enterica Salmonella enterica
10 Mixta intestinalis
11 Serratia marcescens
12 Pantoea dispersa Pantoea dispersa
13 Proteus mirabilis
14 Stenotrophomonas sp. ASS1
15 Stenotrophomonas sp. WZN-1
16 Stenotrophomonas sp. PAMC25021
17 Xanthomonadales Stenotrophomonas maltophilia Stenotrophomonas maltophilia
18 Stenotrophomonas maltophilia R551-3
19 Lysobacter sp. HDW10
20 Pseudomonas fluorescens
21 Pseudomonas protegens
22 Pseudomonas aeruginosa
23 Pseudomonas chlororaphis
24 Pseudomonas putida Pseudomonas putida
25 | Pseudomonadales Pseudomonas stutzeri
26 Pseudomonas alkylphenolica
27 Pseudomonas sp. S1-A32—2
28 Acinetobacter johnsonii
29 Acinetobacter johnsonii XBB1
30 Acinetobacter baumannii Acinetobacter baumannii
31 Aeromonas hydrophila
32 | Aeromonadales Aeromonas veronii
33 Aeromonas caviae
34 | Vibrionales Vibrio parahaemolyticus
35 Burkholderia cenocepacia
36 Burkholderia cepacia
37 Burkholderia multivorans
38 Burkholderia ubonensis
39 Burkholderia gladioli
40 | Burkholderiales Burkholderia gladioli pv. gladioli
41 Burkholderia pseudomallei
42 Ralstonia solanacearum
43 Achromobacter denitrificans
44 Achromobacter xylosoxidans
45 Bordetella hinzii
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Ne I'pynna 6akrepuii

BbaxrepuanbHas Mukpoouota BioDefence?2
(vcxomHast TMHUA)

bakrepuanbHas
Mmukpoouora BioDefence3
(obpaboTaHHas JIUHUS)

46 | Nitrosomonadales

Methylophilus sp. TWE2

47
48 | Hyphomicrobiales
49

Agrobacterium tumefaciens
Rhizobium leguminosarum
Bradyrhizobium diazoefficiens

50 | Rhodospirillales

Azospirillum brasilense

51 | Sphingomonadales

Sphingobium yanoikuyae

52

Renibacterium salmoninarum

53 Renibacterium salmoninarum ATCC33209

54 Neomicrococcus aestuarii

55 Leucobacter denitrificans

56 Brevibacterium sp. W0024

57 Amycolatopsis methanolica 239

58 | Actinomycetia Streptomyces lydicus
59 Streptomyces albus

60 Streptomyces venezuelae
61 Streptomyces lincolnensis
62 Micrococcus luteus

63 Cutibacterium acnes
64 Rhodococcus ruber
65 Staphylococcus succinus

66 Staphylococcus kloosii

67 Peribacillus simplex NBRC15720 = DSM 1321

68 | Bacillales Oceanobacillus sp. 160

69 Kurthia sp. 11kri321

70 Bacillus cereus

71 Bacillus thuringiensis
72 Myxococcales Myxococcus xanthus
73 Sorangium cellulosum
74 | Eubacteriales Clostridium botulinum

75 Acholeplasma palmae

76 Acholeplasmatales Acholeplasma axanthum

77 | Chroococcidiopsidales

Chroococcidiopsis thermalis PCC7203

78 | Synechococcales

Synechococcus sp. JA-3—3Ab

79
80
81 | Flavobacteriales
82
83

Chryseobacterium glaciei
Chryseobacterium sp. G0201
Chryseobacterium indoltheticum
Chryseobacterium carnipullorum
Fluviicola taffensis DSM 16823

84 | Sphingobacteriales

Sphingobacterium sp. B29

85 Chlorobiaceae

Pelodictyon phaeoclathratiforme BU-1

86 Chlorobium phaeobacteroides DSM 266

87 Pseudothermotoga hypogea DSM 11164 =
Thermotogales = NBRC106472

88 Pseudothermotoga thermarum DSM 5069

I[Mpumeuanusa. B cpaBHeHMe BKITIOYeHBI iepBbie 50 BUIOB 6aKTEepUii ¢ MAaKCUMaIbHBIM 3HaUueHUeM mapameTpa NumReads. Ma-
TOr€HHBIE U 00pa3ylolle TOKCMH BUIbI OaKTepUii U3 cocTaBa MUKpOoOMOThI TnHUM BioDefence2 BouiaeaeHbI SKUPHBIM LIPUEMTOM.
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Y 0451
£ 0.40} = BioDefence2
S = BioDefence3
2 0.35F
m
= 0.30F
(5]
2 0.25F
? 0.20 -
)
E 0.15F
>
£0.10f
=
g 0.05-
= 0.40
. Camku Camku  Camubl Jlnumaku Hwumpsr

TUIOCKUE CTaHAapTHbBIE
BospacTHble rpyniibl Kieniei

Puc. 3. JIlemorpacduyeckasi CTpyKTypa KJiellei B TUHU-
ax BioDefence2 u BioDefence3 Ha 7-it neHb 3Kcmepu-
MmeHTa. CMHUM 1LIBeTOM noka3aHa JuHus BioDefence?2,
KpacHbIM 11BeToM — JiuHus BioDefence3. Otpeskamu
yKasaHbl 95% noBepuTeNibHbIE WHTEPBAIbl OLIMOKHU
nosu. ITo BepTuKalbHOI OCU — A0S TPYIIIbI KJIeIei
BO Bceit BBIOOpKe. [10 Topr30HTaIbHON OCH — TPYITITHI
kieneii. CyMMupoBaHbI faHHbIe 30 TTOBTOPHOCTEI 9KC-
MEepUMEHTa Ha JIMCTOBBIX BbIpE3KaxX ISl KaXA0M U3 JIn-
Huit. Beero nmomydeno 1576 kiremeit Bcex BO3pacToOB JIM-
uuu BioDefence2 u 1967 xkienieit tunun BioDefence3.

BhISBIIEHO JOCTOBEPHOE YBEIMUYECHUE YMCIIA TTOTydeH-
HbIX Kiemieit muaun BioDefence3 mo cpaBHeHMIO ¢ KOH-
TpoJibHOI uHUel BioDefence2 (puc. 3).

Jnsa xapakTepUCTUKM KU3HECITOCOOHOCTHU OTIBIT-
HOW W KOHTPOJBHOU MOMYyISIIUI MBI OLIEHUBAIN
BHEITHUI BUJI CAaMOK IO AByxOayutbHOI 1mikaje. Hop-
MaJIbHbIE aKTUBHO TTUTAIOIINECS CAMKHA MMEIOT B3Iy~
TO€ TeJIo, NMpUYeM CTeTleHb B3AYTUSI YBEJIUUMBAETCS
y caMoK, HecyluXx stita (puc. 16). [Tomumo HopManb-
HbIX CaMOK B TTOMYJISILIMU BCETIa €CTh HEKOTOPOE KO-
JIMYECTBO BSUIBIX CAMOK C TJIOCKUM TEJIOM, KOTOpPhIE
MpaKTUIECKN He MUTatoTcs. [IprauH 3TOTrO0 SIBICHUS
MOXET ObITh MHOTO, HO OIHOI M3 BEPOSITHBIX MPUUYUH
MOXKET OBITh HAJIMYME MAaTOTEHHBIX BUIOB OaKTEepHit,
BbI3bIBAIOIIUX OTpaBieHue Kieleii. Ha ocHoBaHuu
BU3YyaJIbHOT'O HaOJIIONEHUST Mbl pa3fejquiu Bcex ca-
MOK Ha TUIOCKWX M HopMaibHbIX. Habmomatores mo-
CTOBEpHOE CHUXXEHWE MOJH IIOCKUX caMoK ¢ 20%
B KOHTpOJIbHOI rpymie 10 6% B nuHuu BioDefence3
U yBEJMYEHHE YHrcCia TOJYYEHHBIX B 3KCIIEPUMEHTE
B3POCJIbIX KJIElIei, KaK caMIIOB, TaK U caMoK (puc. 3).
Pe3ynmsraThl KOMMYECTBEHHBIX MOACYETOB POCTA TOITY -
JISILIMM B KOHTPOJIMPYEMBIX YCIOBUSIX BKCIIEpUMEHTA
CBUACTEIBCTBYIOT 00 3(h(PpeKTUBHOCTU NBOMHOM I10-
cjenoBaTeIbHOI 00pabOTKU MOMY/ISLIMY KJIellla TeTpa-
LUKJIXHOM U TIPOOMOTUKOM B. subtilis njst crabunmusa-
LIMU pa3MHOXeHUs KyJAbTYphl N. californicus.

300JIOTMYECKUMN )KYPHAT Tom 103 Ne3

JaHHbIE TEHOMHOTO CEKBEHUPOBAHUS TTO3BOJISI-
IOT IPOBECTU TEHETUYECKYIO MACHTU(DUKALINIO JTIMHUIA
KJemeid. 17151 Toro Mbl U3BJIEKIIN U3 TIOJYYEHHBIX T'e-
HoMoB JnHuit BioDefence2 u BioDefence3 nmocieno-
BarenbHOCTU reHal8S rRNA u mpoBeau ux cpaBHU-
TeJbHBIN aHanu3. Kak u oxXuaaaoch, HyKJICOTUIHAS
nocienoBaTenbHOCTb reHa 18S rRNA mnunoii 1181 m.o.
uaeHTuuHa y nuHuii BioDefence2 u BioDefence3
U OTJIMYAETCS OT TeHETUUYECKU OXapaKTePU30BaHHBIX
IuHU N. californicus yHUKaabHBIMU HYKJICOTUIHBI-
MU 3aMeHaMu. Hanbonbiiee cXoacTBO MOJy4eHHBIX
HaMU TOCIeI0OBATEIbHOCTEM HAaOII0gaeTCs ¢ MOCIen0-
BaTeiabHOCTSIMU TeHa 18S TRNA N. californicus, ony-
O01rKoBaHHBIMU B pabote (Sonoda et al., 2012). Pa3z-
JINYUST OTPAaHUYEHBI TOYKOBBIMU MYTaLMSAMU. 3aMe-
Hbl G Ha A HaOmonalorcs B no3unusax 134, 302 u 1045
MPU CpaBHEHUM € TeHOTUIIaMU M30JSITOB 89NCcSPNI,
02NcaCI u 87NcFT1 cooTBeTCTBEHHO.

OBCYXIAEHUE

B manHOM COOOIIEHUN MBI IIPUBONNM PE3YJIBTaThI
MeTabapKogupoBaHUsS MUKPOOUOTHL N. californicus
o reHy 16S rRNA u cpaBHUTETLHOTO aHAIN3a U3MeE-
HEHWIT MUKPOOMOTHI IBYX TTOJYYEHHBIX HAMU JIMHUI
N. californicus BioDefence2 u BioDefence3 B pe3ynb-
Tare 0OpabOTKU TETPALIMKIUHOM U MPOOUOTUYECKU -
Mmu Oaktepusmu B. subtilis. Panee meTabapKoaupo-
BaHue MUKPOOUOTHI N. californicus ObLIIO TIpOBEaE-
HO B pabote MepiuHa ¢ coaBropamu (Merlin et al.,
2023). B Heit ObLI0 MOKa3aHO, YTO OCHOBY MUKpPO-
o6uothl N. californicus cocTaBISIIOT OAKTEPUU U3 PO-
noB Stenotrophomonas, Pseudomonas, Flavobacterium,
Enterococcus, Bacillus, Paenibacillus. CoBnanue-
HUE C HallMMU ODaHHBIMU HabJomaeTcs B ciaydae
Stenotrophomonas, Pseudomonas v Bacillus. 9t 6axk-
TepUU Haubosiee BEPOSITHO SIBJISTIOTCSI 00s13aTeIbHBIMU
KOMITOHEHTaM1 MUKpoOuoThl N. californicus, n cpe-
I1 HUX MOXHO OXHUAATh HAJIMYUS MPOOMOTUUECKUX
IITAMMOB, TTOBBIIIAIONINX KU3HECITOCOOHOCTD TOITY-
JISIIUA KJIellleil 1 3aluIIaX UX OT MaTOTeHHBIX
1 YCJOBHO MAaTOT€HHBIX MUKPOOTAaHU3MOB. AHaJIO-
TMYHBIN pe3ysIbTaT HeIaBHO ObLI MOJTYYeH MpU U3yde-
HUU MUKpoOMOTHI P. persimilis (Sumner-Kalkun et al.,
2023). B coctaBe Mukpoouotsl P. persimilis Gbliaa 00-
HapyxeHa 6akrtepus S. odorifera, a 3aTeM ObUIM MMOKa-
3aHBI MPOOUOTUYECKIE CBOCTBA HAMIEHHOTO IIITaAM-
Ma 1151 Kiewa P. persimilis.

Hanuuue B Mukpobuote N. californicus 6akTepuii,
U3BECTHBIX 0Opa3oBaTesieifi TOKCUHOB, MO3BOJISIET
MpearnojaraTb, YTO B HACTOsIIee BpeMsl COCTaB MU-
KpoOUOTHI KyJIBTYpHl N. californicus He sIBAsSeTCS OIl-
TUMAaJTbHBIM. JIJIsT ONTUMU3AIINY MIKPOOMOTHI KJIeTIei
HeoOXOIUMBI yaaJeHNe TTaTOTEHHBIX BUIOB OaKTepuit
1 3aMeHa MX Ha TTPOOMOTUIECKIE BUIBI OaKTepHIiA.
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B nanHoi1 paboTe MBI ITOKa3a11 BO3MOXKHOCTD YIIy4-
IIIEHMST TapaMeTPOB MaTepUHCKUX KYJIsTYp N. californicus,
BBIpAIIICHHBIX Ha ITAYyTUHHOM Kitelie 7. urticae. Yctpa-
HEeHME YYBCTBUTEIHLHOM K TETPALIMKINHY MUKPOMIOPHI
KJIeIe 1 MOMy/ISIus MUKpoOnoTel N. californicus 1ry-
TeM 00pabOTKY MOIMYJISIIMY NPOOMOTUYECKOI OaKTepueri
Bacillus subtilis TpUBOISAT K yBEJIMUYEHUIO CKOPOCTU pOCTa
nonyassuuu N. californicus i CHUXXEHUIO 10U HEaKTVB-
HBIX KJICILIEH.

SAKJIIIOYEHUE

AHalu3 MMEIIIeHcS TUTepaTypbl MOKA3bIBAECT,
YTO XHU3HECIIOCOOHOCTh U 3(p(PEKTUBHOCTh MpUME-
HEHUs NOoNyIsALMU HGUTOCEUUAHBIX KJelleil KakK areH-
TOB OMOKOHTPOJISI B 3HAYUTEIILHON CTETIEHU 3aBUCUT
OT cOCTaBa MUKPOOMOTHI TMHUU. be3 HeoOXxonuMoro
KOHTPOJIS TIOMYJISLUS KJlellei ObICTPO HaKaIlJIuBa-
€T MaTOTeHHbIE BUABLI OAKTEPUIl B COCTAaBE CBOEH MM-
KPOOMOTHI ¥ CTAHOBUTCS Hed(P(PEKTUBHOMN KaK areHT
61okoHTpOoJisI. CYyOKJIOHMPOBAaHME MOMYJISINU MyTeM
MOJIydeHUS JIMHUU OT OTHOM CaMKM SBJIeTcs 3P dek-
TUBHBIM METOAOM YCTPAHEHUS MATOreHHBIX MUKPO-
OpraHu3MoB. BTOpbIM MOAXOA0M K MOBBIIIEHUIO 3(-
(hbeXTUBHOCTU TTpUMEHEHNST (PUTOCENMIHBIX KITEIEeid
ABJISIETCSI MOJETUPOBAHNE MUKPOOUOTHI CUCTEMBI:
“(uTtoceiMaHbBIN Kielll — KOPMOBOM KJelll” Ha cTa-
JINU 1abopaTOpHOTO pa3BeneHus. B rpencraBieHHOM
paboTe MBI IPUMEHWIM 00a nmoaxona AJjisd ONTUMU3a-
LIMM MUKPOOUOTHI MOMYJISIIIMU KIEIIeH NCKYCCTBEH-
Horo pasBeAeHUs1 N. californicus. Kieuu rmoaydyeHHON
Hamu JuHuu BioDefence3 ouuilieHbl OT TaTOreHHBIX
6akrepuii R. salmoninarum n C. botulinum. YnaneHnue
OakTepuii, MPOIYLUUPYIOIINX TOKCUHBI, KOPPEIUPYET
C YMEHbIIIEHUEM 101 “Hea(HEKTUBHBIX” CaMOK, YTO
yKa3bIBaeT Ha MePCIEeKTUBHOCTD MPEIIOXKEHHOTO IO~
XoHa ISl MOAACPXKAHMS XKU3HECTIOCOOHOCTH TTOITYJISI -
it N. californicus.
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Experimental modelling of the microbiota of a biocontrol population of the predatory mite, Neoseiulus
californicus bred on the spider mite, Tetranychus urticae was carried out to both eliminate bacterial
pathogens and increase the viability of the mite line. We produced an isofemale line of N. californicus
BioDefence2 and a derived line with an optimised microbiota BioDefence3. The microbiota was optimised
by a sequential treatment of the mite line with tetracycline to eliminate pathogenic bacteria, followed by
a treatment with the probiotic bacterium, Bacillus subtilis to restore the viability of the mite line. The
microbiotas of the BioDefence2 and BioDefence3 mite lines were compared using metagenomic 16S
rRNA gene data. The metagenomic data were extracted from the hologenomes of the mite lines obtained
through Oxford Nanopore long read sequencing. The bacterial species comprising the microbiotas of
the original and optimised mite lines were identified. The saprophytic soil bacteria, Stenotrophomonas
maltophilia, Acinetobacter johnsonii and Enterobacter hormaechei, also known as opportunistic human
pathogens, form the basis of the N. californicus microbiota. The optimization of the microbiota eliminates
the intracellular bacterium, Renibacterium salmoninarum, a well-known fish pathogen. The effect of mite
microbiota optimisation on the viability of the biocontrol population of N. californicus is discussed. The
results obtained may provide a basis for improving the technology of N. californicus rearing.

Keywords: Phytoseiidae, microbiota, probiotic bacteria, 16S rRNA gene, metabarcoding
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FIRST RECORD OF ZOANTHARIA IN THE BLACK SEA:
ISOZOANTHUS CF. SULCATUS REARED FROM PLANULAE

© 2024 Ulyana V. Simakova®, Andrey A. Prudkovsky”®, Tatiana S. Lebedeva®,
Alexandra E. Smorygo®, Viktoria N. Moskalenko®, Tina N. Molodtsova™*

@ Shirshov Institute of Oceanology, Russian Academy of Sciences, 36 Nakhimovsky prospekt, Moscow, 117218 Russia

b Invertebrate Zoology Department, Lomonosov Moscow State University, Leninskie Gory 1—12, Moscow, 119234 Russia

¢ Embryology Department, Lomonosov Moscow State University, Leninskie Gory 1—12, Moscow, 119234 Russia

¢ Université libre de Bruxelles, Avenue Franklin Roosevelt 50, 1050, Bruxelles, Belgium

*e-mail: tina@ocean.ru

Received Novemder 24, 2023
Revised December 01, 2023
Accepted December 11, 2023

The first record of a species from the order Zoantharia in the Black Sea is given. Zoantharians were
successfully reared from planktonic larvae collected in a single planktonic net haul conducted in shallow
coastal waters of the Golubaya Bay, Gelendzhik area, Caucasus. The larvae were subsequently settled
in a small glass container and resulting colonies were maintained in an aquarium with a salinity level of
18 psu for approximately nine months, but in June 2018 all colonies died due to uncontrolled bloom of
filamentous algae. The presence of symbiotic algae of the family Symbiodiniacea in tissues of colonies
is shown. Phylogenetic analysis using mitochondrial (COI) markers revealed a high degree of similarity
between the Black Sea zoantharian and Isozoanthus sulcatus (Gosse 1860) from European seas.

Keywords: Parazoanthidae, shallow waters, Golubaya Bay, Caucasus
DOI: 10.31857/S0044513424030029, EDN: VNYUSA

Zoantharia is an order within hexacorallian An-
thozoa (Sinniger et al., 2008), comprising primarily
colonial species with polyps characterized by two rows
of tentacles, a single siphonoglyph, and presence of in-
crustations in their body walls (Low et al., 2016). The
incrustations pose challenges when applying traditional
morphological identification methods. Consequently, in
recent years, molecular barcoding has emerged as an
approach broadly used within Zoantharia for species
identification and phylogenetic reconstructions (Sinni-
ger et al., 2008; Fujii, Reimer, 2013; Low et al., 2016).

Despite zoantharians being found in many marine
ecosystems from Arctic to Antarctic (Low et al., 2016),
they have never been documented in the Black Sea.
In September 2017, hundreds of early cnidarian larvae
were collected in a planktonic net haul taken from the
pier of the Southern Branch of the Shirshov Institute
of Oceanology of Russian Academy of Sciences (SO IO
RAS), Golubaya (Blue) Bay, NW Black Sea. Initially
regarded as juvenile actiniarians, settled larvae were left
unattended in a glass container in a sea water aquari-
um. Within a few weeks, settled larvae unexpectedly
developed into small colonies exhibiting the character-
istic appearance of zoantharians (two rings of tentacles,
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colonial growth form). The primary objective of our
work was to document the first record of Zoantharia in
the Black Sea and to provide preliminary description
and identification.

MATERIAL AND METHODS

Zoanthid larvae (several hundred) were collected
from a haul of a simple Apstein plankton net (max di-
ameter 50 cm, mesh size 100 um) taken from the pier
of SO 10 RAS, 44°34.5°N, 37°58.7°E (15 km northwest
of Gelendzhik, NW Black Sea). Twenty larvae were
fixed in 2.5% glutaraldehyde/0.1 M cacodylate buff-
er (pH 7.2). Remaining larvae were transported alive
in a Falcon tube filled with filtered seawater to the In-
vertebrate Zoology Department at Lomonosov Mos-
cow State University. The larvae were kept in a glass
container with mesohaline salinity water at ambient
temperature (18 psu, 18 °C), where some of planulae
have settled. Settled larvae in the same glass contain-
er were transferred into a sea water aquarium where
they were maintained at the same conditions (18 psu,
18 °C) for several months. In April and June 2018, pol-
yps were sampled from three largest colonies and fixed
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Fig. 1. Isozoanthus cf. sulcatus from the Black Sea: 4 — Planula, SEM; B—D — Close-ups of colonies reared in aquarium.

in 96% ethanol for DNA analysis. In addition, we used
96% ethanol fixed fragment of Isozoanthus sulcatus
(Gosse 1860) from the Plymouth area (UK) ~55 km
from the type locality.

For SEM (scanning electron microscopy) observa-
tions, the larvae fixed in glutaraldehyde were dehydrat-
ed in an increasing ethanol series, critical point dried
with CO,, mounted on aluminum stubs, coated with an
Au-Pd mixture and examined using a CAM SCAN S-2
(Cambridge Instruments, Cambridgeshire, UK) of the
Shared Facilities center “Electron Microscopy for Life
Sciences” at Lomonosov Moscow State University.

Genomic DNA was extracted from 96% ethanol fixed
specimens. Fragments were exsiccated at 60 °C before ly-
sis and genomic DNA was extracted using LumiPure kit
from AnySample (Lumiprobe) according to the manu-
facturer’s recommendations. PCR amplification was ac-
complished for the mitochondrial COI sequenced with
universal primers jgHCO2198 and jgLCO1490 (Geller et
al., 2013) using HS-ScreenMix kit (Evrogen) according to
the manufacturer’s protocol. The resulting PCR product
was sequenced with same primers using ABI PRISM®
BigDye™ Terminator v. 3.1 on Applied Biosystems

300JIOTUYECKUN )KYPHAJTT  Towm 103

(Foster City, CA, USA) DNA Analyzer 3500 ABI.
Sequences of Isozoanthus sulcatus (OR785060) and
1. cf. sulcatus (OR785057, OR785058, OR785059) gen-
erated in the study were deposited in the NCBI database.
Additional sequences of species representing several fam-
ilies of Zoantharia were obtained from NCBI (GenBank)
database (Benson et al., 2012). Sequences were aligned
using the MAFFT v7.450 (Katoh, Standley, 2013) with
the manual check and correction.

For phylogenetic reconstructions we employed the
Maximum Likelihood (ML) method implemented in
the IQ-TREE 1.6.12 software (Nguyen et al., 2015).
To assess branch support we used ultrafast bootstrap
(Hoang et al., 2018) approximation (UFboot) and the
SH-like approximate likelihood ratio test (SH-aLLRT)
(Guindon et al., 2010) with 10000 bootstrap replicates.
The substitution model was chosen according to the
Bayesian information criterion (BIC) with the help of
the ModelFinder (Kalyaanamoorthy et al., 2017) imple-
mented in the IQ-TREE software. Obtained phyloge-
netic trees were visualized with the help of ITOL v.6.7.5
(Letunic, Bork, 2021).
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To test the presence of Symbiodiniacea in specimens
of Isozoanthus sulcatus from Plymouth (1) and 1. cf. sul-
catus from the Black Sea (3) we used specific primers
and protocols developed by Manning and Gates (2008)
for Symbiodiniacea (Symbiodinium on original paper).
The results of PCR were visualized with 2% agarose gel.

RESULTS AND DISCUSSION

The larvae were elongated ciliary planulae, 0.3 mm
in length, with a cluster of longer cilia forming an apical
tuft at the aboral pole (Fig. 14). The vast majority of lar-
vae settled in a small glass container and developed into
small anemone-like polyps. The polyps were left unat-
tended, and in few weeks settled polyps developed into
small colonies few millimeters across comprised of flat
horizontal stolons bearing diminutive cylindrical polyps.
Each polyp had a small number (18—21) of alternating
longer and shorter tentacles arranged in two rings dis-
tinguishable by their size and position. Siphonoglyph
was not detected. Measured stolons were 1.2—2.0 mm

Relicanthus daphneae MN055612.1
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in width, with 3—5 polyps per 1 cm. At thinner stolons
(up to 1.5 mm) polyps were arranged in one row, and in
two rows and more on thicker (1.5—2.0 mm) ones. In the
middle of colonies, most of stolons were interconnect-
ed and fused, and polyps were denser set. By April—May
2018, larger irregularly shaped colonies reached a size up
to 55—60 mm across.

The larger polyps were 3—4 mm high, with an oral
disk up to 1.5—2.5 mm in diameter. Tentacles of undis-
turbed, fully expanded polyps reached up to 2.5—4 mm,
with basal diameter 0.2—0.25 mm (Fig. 1B—1D). By
May 2018, in the grown colonies brownish-green globu-
lar bodies were clearly visible within the polyp walls, oral
disks, and tentacles, giving the tissues a brownish color
(Fig. 1B—1D). Small growing polyps (<1 mm in diame-
ter) in the distal part of stolons were almost transparent
(Fig. 1B). Same structures have been seen observed at
early developmental stages (planulae and settled larvae).
Based on PCR with Symbiodiniacea-specific primers
(Manning, Gates, 2008), we consider these structures
to be symbiotic algae of the family Symbiodiniacea.

—— Microzoanthus occultus MW278602.1

92/92

97/99

86/8

99/99

99/98

Tree scale: 0.1 !
SH-aLRT support >80% / ultrafast bootstrap support >95%

100/100

| Microzoanthus occultus MN873590.1
Isozoanthus cf. sulcatus OR785058

Isozoanthus cf. sulcatus OR785059

Isozoanthus cf. sulcatus OR785057

Isozoanthus sulcatus GQ848276.1

Isozoanthus sulcatus MG935185.1

Isozoanthus sulcatus MG935139.1

Isozoanthus sulcatus OR785060

9/95,Nanozoanthus harenaceus KF499606.1

Nanozoanthus harenaceus KF499607 .1

92/96 Nanozoanthus aff. harenaceus OP698257 .1

anozoanthus harenaceus KF499609.1

(Nanozoanthus harenaceus MN873591.1

anozoanthus harenaceus KF499608.1

Nanozoanthus harenaceus KF499610.1
—— Epizoanthus sp. OP698254.1
Epizoanthus illoricatus AB247349.1
%Epizoanthus paguricola AB247347.1
99/100 Epizoanthus scotinus 0Q740727.1

Parazoanthus axinellae LN606761.1
Mesozoanthus fossii EF672653.1
Parazoanthus swiftii KT 454361.1
Parazoanthus darwini MH029314.1
Palythoa heliodiscus KF840070.1

99 Zoanthus sociatus MZ147096.1
/100) Terrazoanthus patagonichus KY694966.1
Terrazoanthus sp. MH029316.1
95/99| Hydrozoanthus gracilis OP698242.1
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Fig 2. The ML Phylogenetic tree COI gene (658 bp). Only reliable supports values (SH-aLRT/UFboot greater than or equal
to 80/95%) are shown. Data generated in our study are marked in bold.
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A specific PCR product was obtained for two of three zo-
antharian specimens from the Black Sea and Isozoanthus
sulcatus from the Plymouth area. The latter is reported to
harbor “zooxanthellae” (Williams, 2000). Genetic iden-
tification of symbionts from Isozoanthus cf. sulcatus from
the Black Sea is currently under way.

The colonies survived in the aquarium for approxi-
mately nine months, but in June 2018 they all died due
to algal bloom.

The resulting ML reconstruction using COI se-
quences (Fig. 2) supported the monophyly of specimens
from the Black Sea with Isozoanthus sulcatus (Gosse
1860) from the North Atlantic Ocean (Mediterranean
Sea, Sweden and Plymouth area). Three COI sequenc-
es of the Black Sea specimens were identical to each
other. Sequences of I. sulcatus from the Plymouth area
were identical to those of GenBank 1. sulcatus from the
Medditerranean Sea and Skagerrak (Sweden). The sim-
ilarity between the two Isozoanthus groups of specimens
was 98.8%. Variability of COI in Zoantharia is rather
low, thus, specimens from the Black Sea may represent
a new species closely related to 1. sulcatus.

In absence of material for morphological analysis,
we were not able to formally describe a new species.
In resulting phylogenetic tree, the clade comprised of
1. sulcatus and . cf. sulcatus was closely related to Nano-
zoanthus Fujii & Reimer 2013 and less to Microzoanthus
Fujii & Reimer 2013. The lack of COI sequences for
type species of the genus, Isozoanthus giganteus Carl-
gren in Chun 1903, does not allow us to discuss fur-
ther phylogenetic relationships of the genus Isozoanthus
Carlgren in Chun 1903. More genetic data is required
to address this question.

Information on reproductive strategies in Zoantha-
ria is limited (Ryland, 1997; Previati et al., 2010). Nev-
ertheless, the majority of Macrocnemina (Previati et al.,
2010) and particularly /. sulcatus (Carlgren, 1913; Wil-
liams, 2000) are reported to have separate sexes. Thus,
the discovery of hundreds of competent planulae sug-
gests the presence of a reproductive population.

The question of whether this species is invasive or
native remains unresolved. Isozoanthus cf. sulcatus,
from the Golubaya Bay demonstrates remarkable toler-
ance for low (17.5—18 psu) salinity. The invasiveness of
the new species could explain this, but there is no direct
indication of where it might have come from. The genus
Isozoanthus has never been reported from the Black Sea
neither it been listed from the Sea of Marmara (Cinar
et al., 2014). However, the small size of polyps (1.0—2.5
mm in diameter in studied colonies), and the lack of
focused research may contribute to diminutive zoanth-
arians remaining undetected (e.g. Reimer et al., 2017).
Further targeted investigations of cryptic habitats, such
as shallow sedimented benches, cracks and crevices,
hold the potential to enhance our understanding of the
Black Sea biodiversity.
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ITIEPBAS HAXOJIKA 30AHTAPUN B YEPHOM MOPE:
ISOZOANTHUS CF. SULCATUS, BBIPAIIIEHHBIE N3 I1JIAHYIJI
Vibsina B. Cumakosa', Auapeii A. IIpynkoscknii’, Tatbsina C. Jlebenesa’, Anexcanapa E. Cmopsiro?,
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[IpuBeneHsI JaHHBIE O TIEPBOI HAXOMKE MPEACTaBUTENST oTpsina Zoantharia B YepHoM Mope. 3oaHTapuu
OBLIU YCIICIHO BhIPAIIEHbI U3 TUIAHKTOHHBIX TUYMHOK, COOpaHHBIX B TPUOpEXXHOM MesikKoBoabe [omy0oii
OyxThl (paitoH I'enenmxkuka). JIMUMHKY ObLIM OTCaXKeHBI B HEOOIBIION CTEKISIHHBIN KOHTetHep, U 00-
pa3oBaBIIIMeCcs KOJIOHUU COAEPXKAINChH B aKBAPUYME C COJIEHOCThIO 18 psu B TedeHue IpruMepHo 9 Mecs-
1IeB, MIOKA He TIOTUOJIN M3-3a HEKOHTPOJIMPYEMOTO pOCTa HUTYATHIX BOTOPOCIIEH B akBapuyMe. [lokazaHo
MIPHCYTCTBHE B TKAHSIX KOJIOHMIT CHMOMOTHYECKIX BOOOpOCeii ceMeiicTBa Symbiodiniacea. @uioreHe-
TUYECKUI aHAIU3 C UCITOIb30BaHeM MUTOXOHIpUaIbHBIX (COI) MapKepoB BBISIBUII BEICOKYIO CTEIICHB
CXOICTBA YEPHOMOPCKOM 30aHTapuu ¢ Isozoanthus sulcatus (Gosse 1860) u3 Mmopeit EBporibl.

Karoueswie cnosa: Parazoanthidae, menkoBoabe, [onybas 6yxta, KaBkas
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I0Oro-BOCTOYHOIO CAXAJIMHA
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[IpuBeneHbI pe3yJbTaThl MaPa3UTOJIOIMYECKUX UCCICNOBAHUI MOPCKUX U ITPOXOIHBIX PHIO, BHUIOBJICH-
HbIX Ha aKBaTOPUM IOr0-BOCTOUYHOIO Mobepexnbss CaxanuHa B nepuon ¢ 2019 mo 2021 r. B pesynsrate
OPHMTUHAJILHBIX UCCIICIOBAaHMI 0TMe4eHO 10 BUIOB KOJTIOYETOIOBEIX YepBeil OT 29 BUIOB PHIO.

Karoueswie cnosa: napasurodayna, ckpeonu, JanbHuii Boctok Poccun
DOI: 10.31857/S0044513424030036, EDN: VNUVGI

ITapaszutogayne pri6 o-Ba CaxajarH MOCBSIIEHO
3HauYuTeJlbHOE KonuvyecTBo padbotT (Fujita, 1924; Ma-
MaeB u 1p., 1959; bormanosa, 1963; Tuxonosa, 1981;
Banosa, 2003; Coxkonos, ®ponos, 2012; Cokoynos
u np., 2012; Bunorpanos, 2011, 2012; Konxybaka, 2014;
Coxkonos, @ponosa, 2015 1 MH. ap.). [1pu 3TOM cBene-
HUS 0 CKPeOHSIX KacaloTcsl B OCHOBHOM TOJIBKO Mpec-
HOBOIHBIX PBIO ¥ YACTUYHO TUXOOKEAHCKUX JIOCOCEIA.
[To nuTepaTypHBIM OaHHBIM, U nXTHOodayHbl Caxa-
JINHA, B T.4. IJI1 CEBEPHOI 4aCTH OCTPOBA, OTMEUEHO
11 BumoB ckpebHeii (ITetpouenko, 1956; CkpsiobuHa,
1978; Arpamkesuy, 2001; ®ponos, 2001; Banosa, Bu-
Horpanos, 2003; Bsyosa u ap., 2004; Bsamosa, ®@po-
JoB, 2005; CokosoB u ap., 2014).

Llenbio pabOTHI SBISIETCS JOKYMEHTAUsI (hayHU-
CTUYECKOTIO crucKa cKpeOHeit, 0OHapYyKEHHBIX Y MOpP-
CKMX M TIPOXOIHBIX PBIO F0ro-BocTOUHOTO CaxaanHa
B nepuox ¢ 2019 no 2021 1.

MATEPUAII U METOAMWKA

B paboTte ncnoab3oBaHBl MaTepuaibl, COOpaHHbBIE
COTPYIHUKAMU Ja00OpaTOpUu MUKPOOUOJOTUHU T1apa3-
WUTOJIOTUM U TEHETUKH, J1Ta00paTOPUU T'MAPOOHOJIOTUH,
JJabopaTOpUU MOPCKMX U MPECHOBOAHBIX PHIO (CEKTOP
NpUOpPEXKHBIX ¥ MPECHOBOMHBIX PbI0). B mpubpexHoit
aKBaTOpUU 1oro-BocroyHoro CaxajnHa paboThl IIPOBO-
aunuch B Mae — urose 2019—2021 rr., B paiioHe yCcTheB
pek Jdonuuka, Jlynunka, Manyii (puc. 1). O610BbI pbIO
OCYIIECTBIISIIU C UCMOJIb30BAaHUEM MOTOPHOM JIOOKHU
“@asoput 420”7, 3akugHOro HeBoma (MIMHOM 50 M,
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C BBICOTOM CTeHKHU 3 M, sueeil B Kpbuie 20 x 20 MM,
B KyTie 10 x 10 MM) u MaJibKOBOTO OpenHsl (IJIUHOMI
12 M, BBICOTOI CTEHKHU 5 M, siueeit 5 x 5 Mm). JlonoaHu-
TeJIbHO B OKTsIOpe 2021 1. B MOpe Ha pacCTOSIHUM OKOJIO
18 KM oT Oepera IIpu IIOMOIIM JOHHOI XKaOepHOI1 ceT
OBLTY BBIJIOBJIEHBI KAPETPOKTHI U IIUTTOIIEK.

[TpuMeHsUIMCh CTaHaApTHBIE METOABI cOopa U 00pa-
00TKM mapazuTojiornyeckoro Marepuana (berxoBckasi-
ITaBnoBckas, 1985). OnpeneneHre pold MPOBOAUIN
C IIOMOIIBIO OoIpeAenuTesiell u amiacoB (JImHmbepr,
KpactokoBa, 1975; Jluanoepr, 1987; JIunnoepr, ®eno-
poB, 1993; Tynmonoros, Konoios, 2014; Amaoka et al.,
1995). BunoBble HazBaHUs PbIO TIPUBEIEHBI B COOTBET-
CTBUH C TTOCTSTHUMHI TaKCOHOMIIECKUMU PEBU3USIMU
10 3JIeKTPOHHOIT 0a3e maHHBIX Eschmeyer’s catalog of
fishes https://www.calacademy.org/scientists/projects/
catalog-of-fishes (mata o6pamenus: 20.09.2023). Bce-
TO TTapa3nUTOJIOTMYECKOMY aHAJIM3y OBLIO TTOIBEPTHY-
T0o 392 5K3. 29 BugoB pbid (Taba. 1). g BUIOBOM
UaeHTU(PUKALUK CKpeOHeil NCIOIb30BaHbI CIEAYIO-
mue onpenenurenu: [letpoueHko, 1956, 1958; Laurs,
McCauley, 1964; Golvan, 1969; Amin et al., 2021;
Amin, Heckmann, 2022. M3y4eHbl XapakKTepUCTUKHU
3apaXkeHHOCTU: SKCTEHCUBHOCTh UHBA3UM (KoJnde-
CTBO 3apaXXeHHBIX PbIO, %), UHIAEKC 00UIUs (CpeaHee
KOJIMUECTBO T1apa3uTOB B pblOe T oIMOKa cpeaHero
3HAYEHUSI) 1 UHTEHCUBHOCTh MHBA3UM (MUHUMAb-
HOE M MaKCUMAaJIbHOE KOJWYECTBO Mapa3suTOB B OII-
HOW pbI0e). B cirydyae Hepenpe3eHTaTUBHBIX BEIOOPOK
BCKPBITBIX PbIO (MeHee 15 3K3.) XxapaKTepUCTUKM 3apa-
KEHHOCTU He TIPUBOISITCS, UCHIONB3YeTCSI CUMBOM (—),
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B CTPOKE MHTEHCUBHOCTh MHBA3UU JIJISI TAKUX PHIO yKa-
3aHO a0COJIIOTHOE KOJIMYECTBO HAMJEHHBIX MTapa3uTOB
(3k3.). HagcTpouHble CUMBOJIBI Hall KOJIMYECTBOM 2K-
3eMILISIPOB 00C/IeNOBaHHBIX PhIO 0003HAYAIOT paiio-
HbI BbUTOBA: JlomnHKa, “lyanHka, "Manyii, “oTkpbIToe
mope (puc. 1).

HasBaHus reIbMMHTOB JJaHbI B COOTBETCTBUU C TIPEI-
craBieHusiMu WORMS https://www.marinespecies.org.

PE3VJIBTATbBI

B pesynbraTe OpUrMHaIbHBIX UCCIIETOBAHUIA OTME-
yeHo 10 BUOOB KOJIIOUETOJIOBLIX YepBeit oT 29 BUaIOB
MOPCKHX ¥ TIPOXOIHBIX PhIO F0oro-BoctouHoro CaxaHa
(B 2019—2021 rr.). /Ianee B cucTeMaTUYECKOM TOPSIAKE
TIPUBOIUTCS TIepeYeHb BUIOB TeTbMUHTOB U MX XO3SIEB.

Tun Acanthocephala
Knacc Palaeacanthocephala Meyer 1931
Ortpsan Echinorhynchida Southwell et Macfie 1925
CemeiictBo Echinorhynchidae Cobbold 1876
Pon Echinorhynchus Zoega in Miiller 1776

Echinorhynchus gadi Zoega in Miiller 1776

Xo3sgeBa, 9K3.: Hexagrammos octogrammus
(1427, 107, Salvelinus leucomaenis (9'), Platichthys
stellatus (5", 3%), Eleginus gracilis (5', 5°, 5°), Pleuronectes
quadrituberculatus (1°), Megalocottus taeniopterus (5°,
7%), Myoxocephalus stelleri (5, 25%), Myoxocephalus
brandtii (1%), Enophrys diceraus (1°), Myoxocephalus
polyacanthocephalus (1°), Myzopsetta punctatissima (1°),
Careproctus rastrinus 5%.

DKCTeHCUBHOCTh, MHBa3uu, %: Hexagrammos
octogrammus (1.3), Salvelinus leucomaenis (11.1),
Platichthys stellatus (25), Eleginus gracilis (20),
Pleuronectes quadrituberculatus (—), Megalocottus
taeniopterus (25), Myoxocephalus stelleri (8),
Mpyoxocephalus brandtii (—), Enophrys diceraus (—),
Mpyoxocephalus polyacanthocephalus (—), Myzopsetta
punctatissima (—), Careproctus rastrinus (40).

Unnexc obunusi: Hexagrammos octogrammus
(0.05 + 0.04), Salvelinus leucomaenis (0.1 = 0.1),
Platichthys stellatus (0.62 + 0.37), Eleginus gracilis
(0.3 £ 0.3), Pleuronectes quadrituberculatus (—),
Megalocottus taeniopterus (3.5 = 2.2), Myoxocephalus
stelleri (1.12 £ 1.10), Myoxocephalus brandtii
(=), Enophrys diceraus (—), Myoxocephalus
polyacanthocephalus (—), Myzopsetta punctatissima (—),
Careproctus rastrinus (1.0 = 0.8).

NHTeHCUBHOCTh WHBAa3uU, 3K3.: Hexagrammos
octogrammus (3—5), Salvelinus leucomaenis (1),
Platichthys stellatus (1-3), Eleginus gracilis (5),
Pleuronectes quadrituberculatus (3), Megalocottus
taeniopterus (5—24), Myoxocephalus stelleri (1-27),
Myoxocephalus brandtii (19), Enophrys diceraus (2),
Myoxocephalus polyacanthocephalus (1), Myzopsetta
punctatissima (2), Careproctus rastrinus (1—4).
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OXOTCKOE MOPE
48°N|
@/
47°NL
1 1 J
142°E 143°E 144°E

Pucynok 1. Cxema paiioHa pabot: / — paiioH yCTbA P.
HonuHka, 2019 r.; 2 — paiioH ycTbs p. dynunka, 2020 r.;
3 — paiioH ycThs p. Manyii, 2021 1.; 4 — OTKpBITOE MOpE,
46°30'1" N, 143°47'6" E, 2021 r.

Jlokanu3zaumsi: muiopudyeckue MpuaaTKu, KUIIey-
HUK.

ITo nutepaTypHBIM JaHHBIM, BUJ OTMEUEH IJIsI
FEleginus gracilis (Bsanoa, Bunorpanos, 2003) u ko-
proiuex Osmerus dentex, Hypomesus japonicus (BsinoBa,
®poos, 2005).

Echinorhynchus cotti Yamaguti 1935

XossieBa, 3K3.: Blepsias cirrhosis (3!, 27),
Hexagrammos stelleri (5', 11°), Hexagrammos
octogrammus (1427, 10%), Megalocottus taeniopterus
(52, 73), Myoxocephalus stelleri (51 s 253), Myoxocephalus
brandtii (1°), Sebastolobus macrochir (3%), Careproctus
rastrinus (5%).

DKCTeHCUBHOCTh MHBa3uu,%: Blepsias cirrhosis
(20), Hexagrammos stelleri (12.5), Hexagrammos
octogrammus (—), Megalocottus taeniopterus (25),
Myoxocephalus stelleri (48), Myoxocephalus brandtii (—),
Sebastolobus macrochir (—), Careproctus rastrinus (20).

WNunexc odbunus: Blepsias cirrhosis (0.02 = 0.02),
Hexagrammos stelleri (0.12 = 0.10), Hexagrammos
octogrammus (—), Megalocottus taeniopterus
(0.42 £ 0.25), Myoxocephalus stelleri (14.96 + 7.40),
Myoxocephalus brandtii (—), Sebastolobus macrochir (—),
Careproctus rastrinus (6.4 * 6.4).
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WMHTeHCcUBHOCTD MHBA3MU, 3K3.: Blepsias cirrhosis (1),
Hexagrammos stelleri (1), Hexagrammos octogrammus (1),
Megalocottus taeniopterus (1—3), Myoxocephalus stelleri
(1—-172), Myoxocephalus brandtii (73), Sebastolobus
macrochir (1), Careproctus rastrinus (32).

Jloxanuzanus: ITWJIOPUYECCKUEC ITpUIaTKN, KUIICY -
HHUK.

Echinorhynchus salmonis Miiller 1784

XossieBa: Brachyopsis segaliensis (67, 22, 57,
Myoxocephalus stelleri (57, 259, Megalocottus
taeniopterus (5%, 7).

DKCTeHCUBHOCTh WHBa3uu, %: Brachyopsis
segaliensis (18.2), Myoxocephalus stelleri (24),
Megalocottus taeniopterus (7.7).

Nuaexkc ob6unusi: Brachyopsis segaliensis
(0.18 = 0.12), Myoxocephalus stelleri (4.6 £ 2.5),
Megalocottus taeniopterus (0.53 £ 0.53).

MHTEeHCUBHOCTb WHBAa3UU, 3K3.: Brachyopsis
segaliensis (1), Myoxocejphalus stelleri (1-50),
Megalocottus taeniopterus (87).

Jlokanu3anust: KUIIeYHUK.
Echinorhynchus truttae Schrank 1788

Xo3ssgeBa: Brachyopsis segaliensis (67, 22, 5%,
Megalocottus taeniopterus (52, 7°).

DKCTEeHCUBHOCTh WHBa3uu, %: Brachyopsis
segaliensis (7.7), Megalocottus taeniopterus (7.7).

WNHunexe odunust: Brachyopsis segaliensis (0.54 + 0.54),
Megalocottus taeniopterus (0.38 + 0.38).

MHTEHCUBHOCTb WHBa3WU, 3K3.. Brachyopsis
segaliensis (1), Megalocottus taeniopterus (1).

Jlokanuzauus: KUIIeYHUK.
Echinorhynchus yamagutii Golvan 1969
Xossiun: Careproctus roseofuscus (2%).

DKCcTeHCUBHOCTh MHBasuu, %: Careproctus
roseofuscus (—).

Wunexc oounusi: Careproctus roseofuscus (—).

WNHaTeHCUBHOCT, WHBa3uM, 3K3.. Careproctus
roseofuscus (2).

HOKaJ'II/I?)a]_[I/IH: KWINICYHUK.

CewmeiictBo llliosentidae Golvan 1960
Pon Pseudorhadinorhynchus Achmerov et
Dombrovskaja-Achmerova 1941

Pseudorhadinorhynchus leuciscus (Krotov et
Petrochenko 1956) Golvan 1969

Xossiun: Pseudaspius hakonensis (15, 117).

ODKCTEHCUBHOCTh, MHBa3uu, %: Pseudaspius
hakonensis (26.9).

WHnexc oounusi: Pseudaspius hakonensis (0.93 = 0.34).

WHTeHCMBHOCTL MHBA3UU, 9K3.. Pseudaspius hakonensis
1-7).
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Jlokanmzanusi: XKEIyJoK, KMIIICYHUK.

Ilo muTepaTypHBIM JaHHBIM, OTMEUYEH Yy KpacHO-
niepku Pseudaspius hakonensis 3anuBa Anusa (®poos,
2001, 2007) u p. Jlrorora (Komy6aka, 2014).

Otpsna Polymorphida Petrochenko 1956
CewmeiictBo Polymorphidae Meyer 1931
Pon Andracantha Schmidt 1975

Andracantha phalacrocoracis (Yamaguti 1939)
Schmidt 1975

Xozstun: Myoxocephalus stelleri (57, 25%).

DKCTeHCUBHOCTh WHBa3uu,%: Myoxocephalus
stelleri (3.3).

Munexc odbunus: Myoxocephalus stelleri (0.12 +
0.12).

AMIUIMTYIa MHTEHCUBHOCTU, 9K3.. Myoxocephalus
stelleri (3).

Jlokanmu3anms: KAIIeYHNK.
Pon Corynosoma Liihe 1904

Corynosoma semerme (Forssell 1904) Liihe 1905
(juvenile).

Xo3zseBa: Zoarces elongates (5", Pholidapus
dybowskii (23", 6°); Hypomesus japonicus (5', 52, 5°),
Myoxocephalus stelleri (5, 25%).

DKCTEeHCUBHOCTh WHBa3uu,%: Zoarces elongates
(20), Pholidapus dybowskii (3.5), Hypomesus japonicus
(53.3), Myoxocephalus stelleri (3.3).

HMunekc obunus: Zoarces elongates (0.02 £ 0.02),
Pholidapus dybowskii (0.03 = 0.03), Hypomesus japonicus
(1.7 £ 0.7), Myoxocephalus stelleri (0.03 = 0.03).

MHTEeHCUBHOCTL MHBA3UU, 9K3.: Zoarces elongates
(1), Pholidapus dybowskii (1), Hypomesus japonicus
(1-9), Myoxocephalus stelleri (1).

Jlokanmmzanms: KNIIIeYHWK.

Corynosoma strumosum (Rudolphi 1802) Liihe 1904
(juvenile).

XossieBa: Osmerus dentex (5!, 5°%), Pholidapus
dybowskii (237, 6%), Sebastes taczanowskii (107),
Hexagrammos octogrammus (1427, 10%), Myoxocephalus
stelleri (57, 25°), Megalocottus taeniopterus (5%, 7).

DKCTeHCUBHOCTh UHBA3UM,%: Osmerus dentex (70),
Pholidapus dybowskii (6.8), Sebastes taczanowskii (10),
Hexagrammos octogrammus (10.5). Myoxocephalus
stelleri (24), Megalocottus taeniopterus (20)

Nupexkc oounus: Osmerus dentex (1.3 £ 0.6),
Pholidapus dybowskii (0.2 + 0.1), Sebastes taczanowskii
(0.1 £ 0.1), Hexagrammos octogrammus (0.17 = 0.05).
Myoxocephalus stelleri (2.0 £ 1.2), Megalocottus
taeniopterus (0.30 £ 0.13)

WNHTeHCMBHOCTh MHBA3MM, 3K3.. Osmerus dentex
(1-06), Pholidapus dybowskii (3), Sebastes taczanowskii (1),
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Hexagrammos octogrammus (1—5). Myoxocephalus stelleri
(2—30), Megalocottus taeniopterus (1-3)

Jlokanu3anms: KUIIeYHNK.

Corynosoma villosum Van Cleave 1953 (juvenile)
Xossiun: Myoxocephalus stelleri (5, 25%).
ODKCTEHCUBHOCTh UHBa3uu, %: (—).

Wnpekc oownus: (—).

M HTEeHCMBHOCTh MHBA3UU, 9K3.: (2).
Jlokanuzauusi: KAllleyHUK.

SAKITIOYEHUE

B pesysbrare mapasuToioru4ecKux uccaenoBaHui
MOPCKUX W TIPOXOTHBIX BUIOB PHIO B paifoHe I0r0-BOC-
TouHoro CaxanmHa orMedeHO 10 BUOoB CKpeOHEN.
Bnepsoie a1 pri6 0-Ba CaxajluH OTMEUYEHO S5 BU-
IoB ckpeOHeli: E. salmonis, E. truttae, E. yamagutii,
A. phalacrocoracis, C. villosum juvenile. JInst Tpex Bu-
JIOB KOJIIOUETOJIOBBIX YEPBE OTMEUEHBl HOBBIE XO-
3sgeBa: E. gadi (Hexagrammos octogrammus, Salvelinus
leucomaenis, Platichthys stellatus, Megalocottus
taeniopterus, Myoxocephalus stelleri, Myoxocephalus
brandtii, Enophrys diceraus, Myoxocephalus
polyacanthocephalus, Myzopsetta punctatissima,
Pleuronectes quadrituberculatus, Careproctus rastrinus),
C. semerme juvenile (Zoarces elongates, Pholidapus
dybowskii, Myoxocephalus stelleri), C. strumosum
juvenile (Pholidapus dybowskii, Sebastes taczanowskii,
Hexagrammos octogrammus, Myoxocephalus stelleri,
Megalocottus taeniopterus.

BIIATOOAPHOCTH

ABTOpPHI BBIpaXaloT IITyOOKYI0 IMPHM3HATEIbHOCTh
3.1. Moropa 3a roMolils B onpeaeaeHu CKpeOHeld, a Tak-
K€ COTPYIHMKAaM, MPUHUMABIIMM YJacTre B COOpe MXTU-
onormyeckoro marepuana: JI.C. 3aBap3uny, A.B. Cokososy,
B.A. Cadponenko, A.B. MemieHKoBy, A.A. YIIIakoBy.

OMHAHCHUPOBAHUME PAGOThI

JanHas pabota (prHAaHCUPOBAJIACh 3a CUET CPEACTB
oromxera CaxanumHckoro ¢duiuana Bcepoccuiickoro
Hay4YHO-HMCCJIeI0BaTEIbCKOIO MHCTUTYTA PIOHOTO X03sTii-
ctBa 1 okeaHorpadum (CaxHUPO). Hukakux gomoiHu-
TEJIbHBIX IPAHTOB Ha MPOBeACHNE TaHHOIO KOHKPETHOTO
KCCJIeIOBaHUsI WU PYKOBOACTBO JAHHBIM MCCJIEIOBA-
HHUEM II0JIyY4EHO He ObLIO.

COBJIOAEHHME OTUYECKHUX CTAHIAPTOB

B naHHOI1 paboTe OTCYTCTBYIOT MCCISAOBAHUS Ye-
JIOBEKa M KMBOTHBIX, COOTBETCTBYIOIINX KPUTECPUIM
Hupextusbl 2010/63/EU. Bce npuMeHUMbIE MEXIyHa-
pomHBIC, HAIIMOHAJIbHBIC M/WJIM WHCTUTYIIMOHAIbHBIC
IPUHIINIIBEL YXOIa 1 UCIIOJIb30BAHMUS KXKUBOTHBIX OBLIN
COOJIIONNEHEI.
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KOH®JIMKT UHTEPECOB

ABTOpBI JaHHOM pabOTHI 3asIBJISIIOT, YTO Y HUX HET
KOH(JIMKTa UHTEPECOB.
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SCRAPERS OF MARINE AND PASSING FISH OF SOUTHEASTERN
SAKHALIN, BASED ON RESEARCH RESULTS IN 20192021
E.V. Frolov', S.V. Novokreschennykh', N.K. Zavarzina', E.S. Korneev'

!Sakhalin Branch, Russian Federal Research Institute of Fisheries and Oceanography, Yuzhno-Sakhalinsk, 693023 Russia
*e-mail: novokreshennihsv@sakhniro.vniro.ru

The results of parasitological studies on marine and freshwater fish captured in the waters of the
southeastern coast of Sakhalin Island in 2019 to 2021 are presented. As a result of original research, 10
species of spiny-headed worms from 29 species of fish are recorded.

Keywords: parasitofauna, scrapers, Russian Far East
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Ho cepenmHBI POILIOTO CTOJETHUS TajleapKTUIEeCKO-CHOMpCcKas (ayHa racTpoIron Haceisuia 0yx-
ThI KPYIIHBIX 3aJIMBOB U COPbI 03. baiikaj, cxoaHbIe 110 YCIOBUSIM CPEIbl C CUOMPCKUMU BOAOEMAMU.
DHIEMUYHbBIE BUIAbl 3aHUMAIN OTKPBIThIE YYaCTKHU 03epa C XOJIOAHOM BOOOM, CUIbHBIMU IITOPMaMU
W IPYTUMU CIlenndrUIecKMMHU yCaoBUsIME cpenbl. Ha ocHoBaHMU aHaIn3a MOp(dO-aHATOMUIECKUX
MPU3HAKOB M reHeTnuYecKux auctaHuuii mo ¢pparmeHty reHa COI mT/IHK B oTkphiTOM Baiikane koH-
CTaTUPOBAHBI TITh YyXKepoAHbIX BUA0B. KpoMme HailineHHoro paHee Radix auricularia (Linnaeus 1758),
uneHtuguuupoBanbl Radix cf. zazurniensis (Mozley 1934) (Lymnaeidae), Cincinna sorensis (Dybowski
1886) u C. cf. korotnevi Lindholm 1909 (Valvatidae), a takxe Gyraulus cf. acronicus (Férussac 1807)
(Planorbidae). ITo maTepuanam akcreauiuit 1993—2023 rr. npeacraBieHa KapTa-cxeMa O HaXOKAEHUU
Jy>KepPOTHBIX BUAOB B OTKPBITOM TUTOpAIN 03. baiikan, npuBeneHs! poTorpadu paKOBUH BCEICHIICB
¥ OPTaHOB ITOJIOBOI CCTEMBI JUISI HEKOTOPBIX M3 HUX, a TAKKe MH(POPMALIMS O COCYIIECTBYIOIINX SH-
JEeMUYHBIX BUAax ractponon. OGHapyKeHbl albOMHOCHL cpenau R. auricularia i HECKOJIBKO YIUTOK C PY-
IUMEHTAapHBIM KOMYJISITUBHBIM opraHoM cpenu R. cf. zazurniensis. O0CyXIal0Tcs BO3MOXHBIC TPUIUHBI
MPOHUKHOBEHMS YYXXEPOIHBIX BUIOB B OTKPbITHI baiika.

Kawueesoie croea: BceleHIBI, albOMHOCH, adannus, s3HaAeMuKH, cocymectBoBanue, COI mtIHK,

pacrpocTpaHeHue
DOI: 10.31857/S0044513424030049, EDN: VCIANG

PaccelrleHre opraHM3MOB, B TOM YHCJIe GPIOXOHO-
TMUX MOJUTIOCKOB, 3a TIPEIeNbl MX €CTECTBEHHOTO O0M-
TaHUSI M YCIELIHAss MHTPOAYKIIMSI B HOBbIX OMOTOIAx
BJIEKYT 3a CO00I N3MeHeHMEe HATUBHBIX TAKCOLIEHO30B
(Kolar, Lodge, 2000). uBa3suBHBIC BUIBI MOTYT YTPO-
KaThb HOPMaJIbHOMY (DYHKIIMOHUPOBAHUIO 9KOCHUCTE-
MmbI (Alonso et al., 2023), a Takke CIIOCOOHBI U3MEHSITh
9BOJIIOLIMOHHBIA MyTh aOOPUTEHHBIX BUIOB MyTeM
KOHKYPEHTHOTO UCKITIOUEHUS, CMEIIeHUS 9KOJIOTHIe-
CKMX HuUlI U rTuopuauzanmu (Mooney, Cleland, 2001)
U B UTOT€ MPUBOIUTH K BBITECHEHUIO MECTHBIX BUIOB
u ux Beimupanuio (Pysek et al., 2017).

M3 BOOHBIX OPIOXOHOTUX MOJUIIOCKOB OIHUM WU3
HauboJiee YCIEIIHBIX BCEJICHIIEB SIBJISIETCS HOBO3e-
nanackuii Bun Potamopyrgus antipodarum (Gray 1843)
(Tateidae), xoTopslii pacripocTpaHuicsa B 39 crpaHax
Ha 5 KOHTMHEHTaX U KOTOPOMY ITOCBSILIEeHO CBhILIe 240
ny6nukamuii (Geist et al., 2022). [l onHoit HEGOIb-
moit ctpaHsl M3pamns ymoMuHaIOTCS 19 MHBa3HBHBIX
BUIOB IpecHOBOOHKIX TacTpomnon (Roll et al., 2009),
OIIHUM U3 KOTOPKIX siBiisieTcs: Planorbella (= Helisoma)
duryi (Wetherby 1879) (Planorbidae). CxonHbie ¢ HUM

ceBepoaMepuKaHCKue TpeacTaBuTeau poaa Planorbel-
la (= Helisoma) paccenuanuch 1o eBponeickoMy KOH-
tuHeHTy (Gloer, 2019) u oOHapykeHbI B 3alanHoi 1
BocTounoit Cubupu (Sitnikova et al., 2010; Babushkin
et al., 2023). IIpakTuyecku mo BCeMy MUPY pacIipo-
cTpaHunuch YIuTku Physella acuta (Draparnaud 1805)
(Physidae) ceBepoaMepMKaHCKOTO IIPOUCXOXACHUS
(Dillon et al., 2002; Vinarski, Kantor, 2016). B Bomo-
emax CeBepHOIl AMEpPUKHN KOHCTaTUPOBAHBI €BPO-
neicKre Mo NpoucXoxXaeHWIo BUIbl Radix auricularia
(Linnaeus 1758) (manpumep, Mills et al., 1993) u Am-
pullaceana (= Radix) balthica (Linnaeus 1758) (Lym-
naeidae) (Vinarski et al., 2022). BeisscHeHO, 4TO pac-
MIpocTpaHeHNe BUAOB pona Radix orpaHMYEHO KIIMMa-
TOM, B YaCTHOCTU TeMmIiepatypoii (Saito et al., 2021).
3HAYNUTEIbHOE MOBBIIICHUE TEMIIEPaTyPhl TTOBEPX-
HOCTHBIX BOJI TTOBJIEKJIO 32 COOOM IMMPOKUIT CIIEKTP
MOCJIEeACTBUI, CBI3aHHBIX C 3BTpodUKalLIUeit, U Mo-
CITY>KUJI0O OCHOBHOM ITPHYMHON BHEAPEHUS TyKepOmI-
HBIX BUIOB ractporion B JlpeBHue o3epa mupa (Hamp-
ton et al., 2018). B HacTos111€€ BpeMs1 pa3HbIe BUIIbI
“BcesieH1IeB” KOHCTaTUPOBaHbI B o3epax Majasu,
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Tanranbpuka, Oxpun, Tutukaka n Kuneper (Genner
et al., 2008; Albrecht et al., 2009, 2014; Heller et al.,
2014; Van Bocxlaer et al., 2015), a Takxke B 03. baii-
kan (Stift et al., 2004; Schniebs et al., 2022). [llupokoe
pacripoctpaHeHue R. auricularia B OTKPBITBIX paiiloHax
baiikana o0bsicHeHO 3BTpoduKanmeit (Schniebs et al.,
2022), cBsA3aHHOI C MOBBIIIEHNEM ITOBEPXHOCTHOM
TeMIeparypbl Boabl o3epa Ha ~2 °C (Kravtsova et al.,
2021) 1 MaccoBbIM pa3BUTHMEM HUTYATON BOIOPOCIHU
pona Spirogyra (Timoshkin et al., 2016, 2018).

YcraHoBieHo, 4To ocodu R. auricularia n3 pa3nuy-
HbIX paiioHOB balikana UMeroT IUPOKUI CIIEKTP MOP-
(onornyeckoit USMEHYUBOCTU, MEXIY TEM BCE OHU
TeHeTUYeCKU IpuHaIiexar ogHoMy Buay (Schniebs
et al., 2022), HO XxapaKTepu3ylTCcsl BbICOKOI CTelle-
HBIO MMOJUMOPGU3Ma IBYX MUKPOCATEINTUTHBIX JIOKY-
coB (De Boer et al., 2004). BoisicHeHO, 4TO BCeleHUE
R. auricularia B oTKpbITYI0 TUTOpaib baiikana mpou3so-
IIIJTO0 M3 Pa3HBIX YYACTKOB MPUOPEKHO-COPOBOI 30HBI
03epa, KOTOPYIo ObLIO MPEAJIOXEeHO Ha3BaTh “30HOI
oxunganusa” (“waiting zone”) miis majaeapKTUYECKUX U

@ R. auricularia
{R. auricularia
G. cf. acronicus ry6a Crionanckas
@ R. cf. zazurniensis ryba Boryuasnckas
O C. sorensis

® C. cf korotnevi

MonoxkaiickHii
| (My:xunaiickuii) cop

zanuB Manoe Mopg
1pOJINB /’/

OJ1bXOHCKHE,
Bopora

yCThe

r 3aiauB [Iposan
p. 'onoyg

raBaHb

B bapanunkax 3aJIMB

IMoconbckuii cop

Kynryk

) Bapry3uHckuii
3aJIUB

0. be3biMsiHHas
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CUOMPCKUX BUIOB, CIOCOOHBIX K 3aCEJICHUIO0 OTKPHI-
Toii tutopanu (Schniebs et al., 2022).

[TpubpexHo-copoBasi 30Ha baiikana BkilouaeT B
cebs1 MeJTKOBOIHbBIE OyXThl U 3a1uBbl Manoro Mops,
boryuanckoro, YusBsipkyiickoro nu bapryzmHckoro
3a11uBOB, o3epa-copsl IIposan, IToconbckuit u AH-
rapckuii, oTaeJeHHbIe OT OTKpbITOro bafikana y3ku-
MU OCTPOBaMM WJIM TIOJyOCTPOBaMU, a TakxXe MpU-
OpeXXHbIe JIaTYHHbIE U JeJIbTOBbIE 03epa, CXOMHBIE 10
TUIPO-PU3UKO-XUMUIECKUM XapaKTePUCTHKAM C
OOBIYHBIMHU MEJIKOBOOTHBIMU Bomoemamu Cubupu (Ko-
0B, 1962).

o cepenvHbl IPOIIJIOTO CTOJETHSI 3HAHUSI O pac-
MpeaeIeHNN TMajeapKTUIeCKO-CUOMPCKUX BUIOB B
baiikane 6azupoBanuchk Ha coopax skcneauumnii Ko-
potHeBa (1901—1902) u baiikaibCcKux 3KCTIEAULINIA
Axkanemnu Hayk CCCP (BDAH, 1916 u 1925), oxBa-
THIBAIOIIMX TI0 MEPUMETPY Bce 03epo. bproxoHorue
MOJUTIOCKUY 13 3Kkcneauiinit KopoTHeBa omnpeneaeHbl
JIunaronbmom (Lindholm, 1909), BOAH — Koxo-
BbIM (1936), TOMOJTHUBIINM CBEAEHNUS COOCTBEHHBIMU

A

AHrapckuii cop

35
ry6a dponuxa 31-34¢ .
ryba Asis 29-30 : 3376

YuBbIpKYiiCKHIi
3aJIMB

18—1
14-17

Puc. 1. KapTbi-cxeMbl HaXomoK npencraBureneil ponos Radix (Lymnaeidae), Gyraulus (Planorbidae) u Cincinna (Valvatidae):
A — ipubpexkHo-copoBast 30Ha 10 1962 1., B — oTKpbITast tutopaib B 1993—2023 rr. (mHDOpMAaIns o MecTax cOOpOB IpH-

BeneHa B Tab. 1).
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28 CUTHUKOBA nu np.

cb6opamu B mociaenyromue rogsl (Koxos, 1962). Kpo-
M€ TOTO0, CYLIECTBYEeT IoApoOHas nH¢popMalus O B1-
JIOBOM COCTaBe U pacIipelejieHUU TacTPOIIon, B TOM
quciie CUMOMPCKUX W TMajleapKTUYECKUX BUIOB, IJIsI
YUBBIPKYICKOTO 3aJIMBa, INTOPAIN YIIKAHHUX O-BOB
u 3anuBa Manoe Mope (Starostin, 1926), a Takxke I1o-
conbckoro copa (Dybowski, 1912).

HMmMeHHo 3TH cBeneHust (puc. 1A4) MoCcayKuim oc-
HOBOI1 JJ11 BBISIBJICHUSI U3MEHEHUI, TTPOU3O0IIEAIINX
B COBPEMEHHBIX TAKCOLIEHO3aX 0allKalbCKUX racTpo-
MoJ, MPUYPOUYEHHBIX K OTKpbITOMY baiikay.

B cBs131 ¢ 3TUM OCHOBHBbIE 3aJa4 JaHHOI paboOThI
ObLIM caeaytoliye: 1) mpeacTaBUTh CBEAEHUS O HaXo/I -
Kax MajaeapKTUYeCKO-CUOUPCKUX BUIOB B OTKPBITHIX
ydacTKax o3epa ¢ COCTaBJI€HUEM KapThI-CXeMbl, B TOM
yucie AONOJHUTH uHpopmamuo (Schniebs et al.,
2022) o pacnpoctpanenuu R. auricularia; 2) mpuBecTn
(oTorpacdun pakoBUHBI UyKEepOIHBIX BUIOB, BKIIOYAs
npencraBuresieil pona Radix 1 X MOJOBBIX OPraHOB;
3) paccumTaTh reHeTUYEeCKUE AUCTAaHLIMU 10 (hparMeH-
Ty reHa COI MtIHK mexnay poacTBEHHBIMU BUIAMHU
npenctasureneit ponoB Radix (Lymnaeidae) u Cincinna
(Valvatidae); 4) BeIcKa3aTh IPEAIIOIOXEHUS O IIPUYIL-
Hax BCeJIeHUSI B OTKPHIThIM balikan BUIOB, HACEIsIO-
IIHX eTo MPUOPEKHO-COPOBYIO 30HY.

MATEPHWAJI U METObI

Tactponionsl cobpanbl B niepuon ¢ 1993 o 2023 1.
aBTOpaMU CTaThU, COTPYIHUKAMU JadbopaTopuii 61o-
JIOTUY BOAHBIX 0€CMIO3BOHOUHBIX, UXTUOJOTUU U TEHO-
cucrematuku JIMH CO PAH. Mcnonb3oBaHbI 3ariucu
MoJeBbIX THEBHUKOB U coopbl M.IO. bekxman (1972
u 1975 rr.), XpaHsiuyecs: B KOJJIEKIUU JabopaTopuu
OMOJIOTMY BOOHBIX Oecro3BOHOYHBIX. HazBaHus reo-
rpad®uyecKruX MeCT, KOOPAUHATHI, TIIyOMHbI, TUII TPYH-
Ta U roAbl COOPOB NMpUBeAeHHBI B Ta0a. 1. MaTepuain ¢
my6uH 0.1—0.7 M oToGpaH Bpy4HYIO U TUAPOOUOIOTH -
YeCKMMU cayKaMU, ¢ 30HbI ITyouH 1—40 M — Bomosa-
3aMU, ¢ MOMOIILIO Ipar, AHouyepmaTens [leTepceHa u
TeJIeYIPaBISIeMOro HeOOUTaeMOrO MOJABOIHOTO aIla-
para (THITA) “Posoungep” PB-300.

B HexoTOpBIX paifoHax MPOBeaeH moacueT 10U (%)
0co0eit Uy>KepONHbIX U SHAEMUUYHBIX BUAOB racTpOoIon
B KOJIM4IEeCTBEHHBIX (1—3 mpoObI Ha CTAHIINIO) M Kaye-
cTBeHHbIX coopax. B 2019—2022 rr. ocobu o6padboTaHbl
kursitkoM 1o merony Niku-nuki (Fukuda et al., 2008)
1 3a(UKCUPOBaHbl (DOPMUAPOHOM (IJISI aHATOMUPOBA-
HUSI) U 3TUJIOBBIM CITUPTOM (IS MOJIEKYJISIPHO-T€He-
TUYEeCKUX uccienoBaHuii). HykiieotuaHble mocieno-
BateabHOCTH (pparmMenTa reHa COI mtAHK moxydyeHb!
y 6 ocoGeit Cincinna spp. u3 Iloconbckoro copa, 6yxT
Ycrb-Anra u CocHoBka, p. TonoycTHasi, a Takxke y
5 ocobeii Radix spp. u3 paiioHa noc. I'oigoyctHoe. s
aMIIn(pUKalIUU U CeKBEHUPOBAHUS MCMOJb30Ba-
HbI yHUBepcajbHble npaiimepsl (Folmer et al., 1994).
Bmxaitimme poacTBeHHBIE TTOCIEAOBATEIBHOCTH M3
GenBank nmomo06pansl ¢ ncnonb3oBanueM BLAST,
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CTaHIAPTHBIC TEHETUYECKHE PACCTOSTHUS (p-IUCTaH-
LIMU) MEXITy HYKJIEOTUAHBIMU MOCJIE€N0BATEIbHOCTIMU
paccuuTaHbl ¢ MoMollbio mporpamMmmbl Mega 11 (Tamu-
ra et al., 2021).

PE3VYJIBTATHI 1 OBCYXKAEHUE

B otkphiTOii uTOpanu 03. baiikan oOHapyKeHbI
npeacrtaBuTean Tpex ponos: Radix (Lymnaeidae), Gy-
raulus (Planorbidae) u Cincinna (Valvatidae) (puc. 1B).

Radix (Lymnaeidae)

B nHacrosiee Bpemst ocodbu R. auricularia oOHa-
PYXeHbI IPaKTUYECKU 110 Bceit tuTopasiv 03. baiikan
(puc. 1B), B 11 u3 55 uccnenoBaHHbIX paiiOHOB paIK-
Chbl HalilcHBl HEOJHOKPATHO B pa3Hble roabl (Tadi. 1,
cmanyuu 4, 6, 7, 10, 12, 26, 34, 35, 37, 39, 40). O6u-
TalOT OHU B LIMPOKOM JIuanaszoHe riyouH ot 0.1 go
40 M Ha KaMEHMUCTBIX, MECYAHO-UTNUCTHIX U CMEIIaH-
HBIX TUIIaX TPYHTOB C BOAHOI pacTUTEIbLHOCTBIO U Ae-
TpuToM (Tabi. 1). B ype3oBoii 30He oTKpbiTOoro baii-
Kaja, B OTIMYME OT MPUOPEKHO-COPOBBIX YIACTKOB,
B JIETHEe BpeMsl MOJI0BO3PEIble PANMKCHI U UX sSilie-
BbI€ KJIaJKU He OOHapyXeHbl. AnanTaluus K yCI0BUSIM
oTKphITOTO Baitkana mpuBesa K TOMY, YTO PaguKChI
He ObUTM 3aMeUYeHbl Ha MTOBEPXHOCTHOM IJIEHKE BOJbI,
Uy UCCIeAOBAaHHBIX 0co0eil THEBMOCTOM ObLI COM-
KHYT, M1 OH HE OTKPbLUICS MOCJIe 00pabOTKN KUIISITKOM
(puc. 2B). [Ipousouuio Ju cpacTaHue KpaeB IMHEB-
MOCTOMaA, elle MPEACTOUT BbISCHUTbH Ha TMCTOJOTU-
YECKUX Ccpe3ax.

B npubpexHo-copoBoil 30He balikana 3aperu-
CTpUpOBaHa Cjeaylolas YMCICHHOCTh R. auricula-
ria: B I1locoabCKOM COpe Ha IMecYaHbIX U IecuyaHO-
WINCTBIX TPYHTAXx B Hiode—asrycre 1938 r. — 2 9K3. M2

Puc. 2. [THeBMocToM R. auricularia u3 o3. baiikan: A —
MaHTUIHBINA Kpail 0cOOU C OTKPBITBIM MTHEBMOCTOM C
ype3a 3anuBa 3arinu B Maiom Mope, B — MaHTUIHBII
Kpait 0co0M C COMKHYThIMU KpasiMi THEBMOCTOMA U3
autopanu y noc. JiuctesHka (rmyouna ~10 M, puc. 1B,
cmanyus 4); pm — THEBMOCTOM.
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Tabmuna 1. PaitoHbl HaXOMOK BCEIEHIIEB B OTKPHITOM Jutopanu baiikana B 1972, 1975 (komnekius M.FO. bekmaH)
n 1993—-2023 rT. (HOMepa CTaHIIUI COOTBETCTBYIOT pHUC. 1B)
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cmg;uu Paiion KoopauHatsl m%%ia IyGuHa, rpyHT
IOxup1ii Baiikai, 3anagHoe modepexbe
1 Mmbic [IlamaHckuii 51°41731” c.u., 103°42°07” B.1. | 2013 3—9 M, necox
2 noc. Kynryk 51°4337” c.ui1., 103°43°19” B.1. | 2000 10—15 M, mecok
3 Mbic XabapTyii 51°4356” c.u1., 103°5256” B.1. | 2016 3—10 M, KaMHM, TTECOK, MaKpOhUTHI
4 |JlucTBeHHMYHBIH 3anuB | 51°51°50” c.u1., 104°5041” .. | 2011, 2014, | 1—17 M, KaMHHM, TIECOK, W1, Spiro-
2016, 2019 | gyra sp.
5 | mbic Bepe3oBblii 51°5048” c.ur., 104°54723” 8.1.|2003, 2020 | 3.3 M, 21 M, BaJyHBbI, rajipka
6 oyxra bonpuire Kotbl | 51°53757” c.ur., 105°03751” B.1. | 2017, 2019, | 2.5—25 M, KaMHH, TIECOK, MaKkpo-
51°5408” c.ur., 105°04°10” B.14. | 2021 (bUTHI, IETPUT
51°54°08” c.1ir., 105°0420” B.x1.
51°5348” c.ur., 105°07°48” B.11.
7 3a;uB ['ooyCTHEINM 52°0135” ¢.u1., 105°24’18” B.1. | 2020, 2022 | 2.5—3.9 M, KaMHHU, TIECOK
8 oyxra [ecuanas 52°1542” ¢.u1., 105°42726” B.1. | 2020 5.5—6.5 M, TIecok
9 Oyxta baGymika 52°15755” ¢.u1., 105°42°47” 8.1. | 2017 5 M, rpaBuii
Cpennuii Baiikaj, 3anagHoe nodepexne
10 | ceBepHee 52°32730” c.ur., 106°0555” B.10. | 1996, 2019 | 2—3 M, necok
noc. byrynpaeiika
11 oyxta Ycrh-AHTa 52°46"32” c.u1., 106°3523” B.11. | 2000 1.5 M, KaMHU, 1J1, MAKPO(UTHI
12 oyxta As 52°47°10” c.u1., 106°36728” B.11. | 1993, 2020 | 0.1—1 M, KamHMI; 21—22 M, TIECOK, WII
13 |MBIC YXaH 55°0507” c.u1., 107°25°15” B.11. | 2019 10—12 M, mecok
3aaus Manoe Mope
14 | mbic Kpecr 52°59728” c.ur., 106°5525” B.1. | 2000 5 M, KaMHU
15 | mbic KoObutbs rosoBa | 53°0404” c.u1., 106°54734” 8.1. | 1995 8 M, TIecok
16 |mbIc Yian 53°03723” ¢c.m1., 106°51737” B.11. | 2002 1—3 M, KaMHI
17 | 0-B XyObIH 53°0540” c.1., 106°5626” B.1. | 2000 3.5 M, KaMHU
18 | o0-B Oroii (YryHroii) 53°0734” c.ur., 106°5945” B.1. |2000 10 M, mrecok
19 | oyxra [lIubeTeiickasa 53°08726” c.u1., 107°0649” B.1. | 2016 24—25 M, MeCoK, W, MaKPO(PUTHI
Cesepnblii Baiikaj, 3anaaHoe nodepexne
20 | mbic Apan (Apyn) 53°28’11” c.m1., 107°32°59” B.11. | 2016 1520 M, niecok, Spirogyra sp.
21 | mbic OHrypeH 53°37735” ¢.m1., 107°37°15” B.1. | 2019 1.5 M, kamuu, Chlorophyta
22 | mbic CaraH-MopsiH 54°04’51” c.ur., 108°1725” B.11. | 2022 8—11 M, KaMHHU, Spirogyra sp.
23 | 6yxta CoyloHIIOBasT 54°07720” c.u., 108°1723” B.1. | 1999 14 M, mmecok
24 | mbic Enoxun 54°3306” c.mr., 108°39’55” B.1. | 2019, 2020 | 3—10 M, KaMHU, TTECOK
25 |oyxra Bounpmag Koca | 54°46°05” c.u1., 108°5055” B.1. | 2016 30 M, KaMHU, TaJibKa, [IeECOK
26 | mbIc My:XUHaM 54°50758” ¢.u1., 108°54°11” B.1. |2003, 2006,| 8—16.4 M, KAMHU, TIECOK
2023
27 | mbic KoBpuxka 54°53726” c.u1., 108°53730” B.1. | 2007 9—13 M, Iecok, ui
28 | mbic bonconeii 54°5506” c.u1., 108°56756” B.1. | 2003 2—4 M, TECOK
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29 |yycresa p. ['ymnra 55°1220” ¢.ur., 109°10°07” B.0. | 2023 8—24 m, kamHH, U
30 |Oyxrta boryyaHckas 55°25’58” c.ur., 109°12°18” B.0. |2016 11—-12.5 M, Tiecok, ryoku, 1eTpuT
31 | 6yxra CmogsgHcKas 55°28736” ¢.u1., 109°10°04” B.1. | 2019 2.8—3.2 M, KAMHH, [ECOK
32 |6yxra OHokouaHckasg | 55°32727” c.ur., 109°1130” 8.1, | 2013 10—15 M, miecok, Wi, IeTPUT
33 |oyxra CeHorma 55°3408” c.ur., 109°1226” B.1. |2019 1.5 M, KaMHU1
34 rmoc. 3apedyHoe 55°35’14” ¢.u1., 109°1649” B.1. | 2014, 2019, | 0.5—6 M, kamHu, nniecok, Chloro-
2023 phyta
Cesepnblii Baiikan, BocTounoe nodepexne
35 |oyxra Jarapckas 55°4042” c.m1., 109°5626” B.1. | 1997, 2022 | 4—10 M, mrecok, ui, Chlorophyta
36 | 6yxra dponnxa 55°31’10” c.r., 109°5209” B.1. |2019 7—12 M, TIecoK
37 | OyxTta Assa 55°2812” ¢.u1., 109°50735” B.o. {2003, 2016, | 0.5—27 M, KaMHMU, TIECOK, WJI, Ma-
2019, 2021, | Kpo®UTHI, AETPUT
2023
38 |Oyxta AMyHIaKaH 55°0141” c.mr., 109°45751” 8.1 | 2023 8—10 M, KaMHHU, TTECOK
39 | mpIic bupakan 54°4343” c.11., 109°3744” B.1. |2003, 2023 | 9—15 M, KaMHH, TIECOK
40 oyxra Jdasma (JaBue) |54°20733” c.ur., 109°2948” B.4. | 2017, 2023 | 6—8.5 M, KAMHHU, I1ECOK
4]  |mbic Banykan 54°1807” c.u1., 109°27°03” B.1. |2016 0.1-0.15 m, kamun, Ulothrix sp.
42 | psamom c yctbeM p. Co- |54°1049” c.ur., 109°31715” B.1. 2021 10—15 M, KaMHU, TIECOK, WJI
CHOBKa
43 YuBbIpKyiickuii 3anuB, | 53°48753” c.ur., 109°0512” 8.1, | 1997, 2000 | 1—2 M, KaMHU
y 0-Ba bounbioit Kbii-
ThITEH
44  |YuBbIpKyiickuil 3anus, |53°46753” c.ur., 109°0529” B.1. | 2000 1—2 M, KaMHU
y o-Ba Manblit Kbui-
THITEN
45 |y o-Ba Bombmioit Y-  |53°5047” c.., 108°3930” 8.1, | 1972, 2020 | 3 M, KaMHM, TIECOK
kaHuit, oyxta Ileiepka
Cpennnii BaiikaJi, BocTouHO€ nMoGepexbe
46 |u-B Cssroit Hoc, meic | 53°29759” c.mr., 108°31°17” 8.0. 2001 2.5—2.6 M, KaMHU
Huxnoe M3ronosbe
47 | baprysuHckuit 3amuB, | 53°16755” c.u1., 108°4346” B.1. |2002 8.5—10 M, mecok
Oyxta Makcumuxa
48 |6yxTa bespiMaHHasA 53°0244” c.ur., 108°1907” B.1. | 1999 2.6—4 M, KaMHH, TIECOK
49  |06anka TypkuHcKas 52°5543” c.ur., 108°1126” B.1. | 2015 3—8 M, BBIXOAbI MATEPUHCKHUX I1O-
pon
50 | mbIc baknaHuit 52°4244” ¢.m., 107°3240” B.1. | 2001 1—2.2 M, KaMHH, TI€COK, MaKpopu-
ThI
CeJleHTHHCKO€E MEJIKOBOIbE
51 | paiioH BbIxoma rasa 52°10758” c.u1., 106°07°04” B.1m. |2022 40 M, KOpSITH, TIECOK, WII
“Uctox”
IOxmnp1ii Baiikaja, BocTOYHOE MO0EpeKbe
52 |moc. IToconbckoe 52°01°04” c.ur., 106°10226” B.1. | 1996 2—5 M, MECOK, WJI, MAaKPOMUTHI
53 |moc. Mummxa 51°39°00” c.ur., 105°3325” B.0. |2001 4.2 M, TIECOK, WJI
54 | mbic ToHkuit 51°3900” c.mr., 105°3325”B.0. 2011 3.5 M, KaMHU, ITECOK
55 |r. Baiikanabck 51°3004” c.ur., 104°14731” B.1. | 1975, 1995 10.2—0.5 M, 25—30 M, KaMHH, TIECOK
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Taommna 2. TakcoHoMUYecKuit coctaB 1 107151 (%) 0cobeit Uy KepoaHbIX M SHIEMUYHBIX BUIOB Ha CTAHIIUSIX B OTKPHI-

TOit TuTOpanu o3. baiikan

Ne ecmanyuu
Bun
4a 46 5 6 37 51
UyxeponHble BUABI
Radix auricularia 1.9 29.7 - 49.5 25.6 4.0
Gyraulus cf. acronicus — — 0.3 1.2 - —
C. cf. korotnevi — — — — 45.3 —
OHAEMUKHA
Benedictia baicalensis (Gerstfeldt 1859) - - - 8.6 - —
B. michnoi (Lindholm 1929) - — — — — 4.0
Maackia herderiana (Lindholm 1909) 12.4 — 28.4 1.2 - —
M. herderiana parvula (Kozhov 1936) — — — — — 22.7
M. bythiniopsis (Lindholm 1909) 0.9 — 1.0 - - -
Teratobaikalia ciliata (W. Dybowski 1875) — — — 1.2 — 45.3
Godlewskia godlewskii (W. Dybowski 1875) — — — — 2.2 -
Korotnewia semenkewitschi (Lindholm 1909) - - - 3.7 — -
Baicalia carinata (W. Dybowski 1875) — - - — 0.7 2.7
Parabaikalia milaschevitschi (Lindholm 1909) — - - - 13.8 -
P. elata (W. Dybowski 1875) - — — — 3.2 —
P. dubiosa (Kozhov 1936) — — — — 1.4 —
Pseudobaikalia pulla tenuicosta (Lindholm 1909) - - - — 5.4 -
Ps. zachwatkini (Kozhov 1936) — — — — 1.1 —
Megalovalvata baicalensis (Gerstfeldt 1859) - - 1.0 — - -
M. demersa (Lindholm 1909) — — 0.3 1.2 0.4 —
M. piligera (Lindholm 1909) - - — — — -
Choanomphalus sp. (He oTnpeneeHbl) 84.8 70.3 — — - 21.3
Choanomphalus maacki Gesrtfeldt 1859 - — 66.5 - — —
Ch. amauronius Bourguignat 1862 - — 1.9 334 - -
Ch. gerstfeldtianus Lindholm 1909 - - 0.3 - - -
Ch. microtrochus Lindholm 1909 — — — — 2.2 —
Ch. cf. westerlundianus Lindholm 1909 - - — — 0.7 —
Gerstfeldtiancylus benedictiae Starobogatov 1989 - - 0.3 - - —
Bcero sk3emILIsIpoB B 1pobe 768 209 376 81 276 75

IIpumeyanus. HoMepa ctaHuMii yKa3aHbl B COOTBETCTBUU ¢ puc. 1B u Tadi. 1: 4a — JIucTBeHHUYHbIH 3anuB, 2—5 M, 2014; 46 —
JIucTBeHHMYHBIN 3amuB, 2—5 M, 2016; 5 — MbIc bepesossrit, 3.3 M, 2003; 6 — 6yxta Bonbmme Koter, 11 M, 2017; 37 — O6yxTa Asd,
22-27 m, 2021; 51 — paiioH Beixoma ra3a “Mcrtox”, 40 m, 2022. [Ipouepk — IpencTaBUTEIb JAHHOTO TAKCOHA HE BCTPEUCH.
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(Koxos, 1962), B ry6e KynrymnHas IlToconabckoro
copa Ha pacTUTEILHOCTUA IIPUYPE30BOM 30HBI B UIOJIC
2021 r. OHa He3HAYMTEIbHO MpeBbIIIAIa 25 9K3. M~
(cobcTBeHnbIe maHHbIe). Koxos (1936) mmoka3ai Ba-
pbUpOBaHNE YUCICHHOCTH 3TUX YIWTOK B pa3HBIX
paitonax UuBbIpKyiickoro 3aiusa: 20 9k3. M > (8.3%
OT o01Ieit YUCIEHHOCTH IISITU BUIOB racTpomnon) Ha
KOPUYHEBBIX MJaX B 30He INIyOMH 1.5—3 M B OyxTax
KpoxanuHast u Kpyrory6ekast; 140 k3. M~ (14% ot
o0Ieit yucaeHHOCTH 16 BUIOB) Ha MEJIKO3EepHU-
CTBIX 3aMJICHHBIX TIeCKaX B 30He IITyOuH oT 1 1o 14 M
y o-Ba baxianwmii. /ot pamnKcoB B COOOIIIECTBAxX Ta-
cTpomnon B 3anuBe Myxop (Manoe Mope) coctaBuia
59.4% (KoxoB, 1936) u okono 20% B 2001 r. (co6-
CTBEHHBIE TaHHBIE).

B otkpbiTom baiikane uncieHHOCTb U Aoas R. au-
ricularia B coo0lliecTBax racTpoIioj BapbupoBajia B 00-
Jiee IMPOKOM aurarazoHe. Hampumep, B 10XXHOI KOT-
JIoBuHe o3epa B 0yxTe bosabiune Kotel (puc. 1B, cman-
yus 6) B 2003 T. yIUTKKU 3TOTO BUIA He ObLIM HalACHBI
(CutHukoBa u ap., 2010), a B 2017 I. UX KOIUYECTBO
B 3TOM paiioHe Ha riyouHe 11 M coctaBuiio 40 3K3.
M2 (~1/2 ot oblieil YUCIEHHOCT! 8 BUIOB TacTpo-
non) (ta6xa. 2). B 3anuBe JIucTBeHHUYHBIN (puc. 1B,
cmanyusn 4) B ntone 2016 r. Ha iyouHax 2—5 M 3a-
perucTpupoBaHa MaKCHMMajbHas YMCIEHHOCTDb pa-
nukcoB (Gosee 1100 3k3. M~2) Ha KaMHSX ¢ MPeo6-
JlajaHueM HUTYAThIX Bojgopocieit pona Spirogyra,
X 10Jis1 B Mpo0ax racTponon yBeanyuiach B 15 pas
no cpaBHeHwuto ¢ 2014 r. (Tabj. 2), B TO BpeMs KakK B
2003 r. onum 3aech orcyrcTBoBanu. B CeBepHom baii-
Kaie B oyxtax JlaBma (2017 r., puc. 1B, cmanyus 40),
AmHuyHpaakaH (2023 r., puc. 1B, cmanyus 38), Bo3-
Je noc. 3apeuHoe (2023 r., puc. 1B, cmanyus 34) n
y yctbd p. I'yunra (2023 1., puc. 1B, cmanyus 29) Ha
myouHax 4—24 M paauKChl TOYTHU CIUIOLIHBIM “KOB-
poM” TTOKPBIBAJIM TIECYAHOE JTHO C ONMHOYHBIMU KaM-
HSIMU, TOCTUTAsS TUIOTHOCTH ToceteHust ~850 9K3. M2
(puc. 3).

Ha msirkux rpyHTax B 0yxte Asist (2021 r., puc. 1B,
cmanyus 37) ponst R. auricularia Ha rnyouHax 22—
27 m npesbilana 25 % (tab6a. 2). O6HapyXeHbl OHU
¥ Ha riiyouHe 40 M psIIOM C 3MULEHTPOM CTPYIHO-
ro uznusgHus raza “Ucrok” (puc. 1B, cmanyus 51,
TabI. 2).

B npaxHoii nmpobe, coopaHHoit B uioHe 2022 T.
¢ TecYaHoro rpyHra Ha rryouHe 4 M B Oyxte [darap-
ckag (puc. 1B, cmanyus 35), n3 6ojiee 4eM HECKOJIb-
KHMX COTEH 3K3eMIUISIpOB R. auricularia o6HapyKeHbI
yeThIpe aibonHoca (puc. 4), KyIbTUBUPOBaHME KOTO-
pPbIX B aKBapuyMax ¢ 0aiikaJibCKOI BOMIO# ycriexa He
nMeso. OTMETUM, YTO OIWH pagnuKc-aTb0MHOC HalimeH
Hamu (uioHb 2022 I.) B py4be TEPMaAIbLHOTO MCTOYHU-
Ka XaKychl (ceBepo-BOCTOUHOE Nobepexbe balikana).
B Menkux pyuybsix MCTOUYHMKA OOUTAIOT MajieHbKHUeE
0Cco0OU panuKCOB (MUTMeU), OMMCaHHbIE B KAYECTBE
JIByX CaMOCTOSITeJIbHBIX BUIOB R. hakusyensis (Kruglov
et Starobogatov 1989) u R. thermobaicalica (Kruglov et
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Puc. 3. Ilocenenus R. auricularia Ha TiecC4aHOM ITHE
¥ OIMHOYHBIX KAMHSIX B OTKPBITOM JTUTOPAJIM Ha TITyOu-
Hax 4—6 m: A — Gyxta JlaBiua (okts16psb 2017 1., puc. 1B,
cmanyus 40, doro U.B. Xanaesa), B—C — y noc. 3a-
peuHoe (ceHTs6pb 2023 1., puc. 1B, cmanyus 34, doto
A.Il. ®denoroBa).

Puc. 4. lpencraBurenu R. auricularia n3 6yxtel larap-
ckas (puc. 1B, cmanyus 35): A — TUNIMYHBIA SK3eMILISP,
B — anpbuHoC.

Starobogatov 1989). Ilo3aHee 3Tu ABa BUIA CBEACHBI
B CUHOHUM R. auricularia Ha OCHOBaHUY WICHTUYHO-
CTU HYKJIEOTUIHBIX IIOC/IENOBATEIbHOCTEM (pparmeHTa
reHa COI mTIHK (Aksenova et al., 2017).

[IpuuuHbE TTOSIBIICHUS aJlb,OMHOCOB CPEAr MOJI-
JIFIOCKOB HEU3BECTHBI, XOTS MX HAXOIKM 3apErucTpu-
poOBaHbI KaK Cpelay Ha3eMHBIX, TAK M BOTHBIX TaCTPO-
noxa. Jloast afbOMHOCOB B MOMYJISIIUSIX pa3jiMuHa.
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Hanpumep, yacToTa BcTpe4aeMOCTH aJILbOMHOCOB Cpe-
Iu HazeMHbIX yIuToK Helicopsis striata (O.F. Miiller
1774), Hacenstomux or CpeaHepyCCKOi BO3BBILLIEHHO-
ctu, BapsupoBaia B 2011—2012 rr. ot 0 mo 0.78 (78% u3
54 oco6eit) (Crrues, 2017). HanGonrbliiee KOIU4IeCcTBO
anbObuHoCcoB cpenu H. striata oOHapyXeHO Ha y4yacT-
Kax ¢ ooHaxeHusMmu mena (CerueB, CHerun, 2016).
W3yyeHue xe pacnpeneieHus albOMHOCOB IIPECHOBO-
IHBIX TacTponon Biomphalaria pfeifferi (Krauss 1848)
u3 14 ctaHuuii paitona Jlodap (roro-zamagHsiit OMaH)
He BBIIBUJIO UX TIPUYPOYSHHOCTH K CIIEIMPUICCKUM
ycaoBusiM cpenbl (Mouahid et al., 2010). Otu aBTOpHI
MTOKa3aJjI, YTO aTbOMHOCH OOWTAIN Ha IBYX CTaHII-
SIX, PACITOJIOXKEHHBIX HA 3HAYUTEJIbHOM PACCTOSTHUM
OIVH OT APYroro, MpuyeM 4yacToTa UX BCTPEUAEMOCTHU
Ha OJHOM U3 y4yacTKoB Bo3pacTtaja ot 0.079 no 0.494
B niepuon ¢ 2000 no 2007 1. 1 OblJIa HEOAUHAKOBOM
BECHOIT u oceHbo. Hao60opoT, yacTora BcTpedyaeMo-
ctH aasbuHocoB Pomacea canaliculata (Lamark 1819)
obu1a moctostHHOM (0.014) Ha poOTSKEHUH 6 JIET Ha-
OJIIONEHUI BOJOEMOB C JIOTOCAMU M TIPUJIETAIONINX
KaHajoB B npedektype Kymamoro (Amonust) (Yusa,
2004). AnbOMHOCHI cpear “AUKUX” MOMYISUUi Mpec-
HOBOIHEBIX TaCTPOIION — JOCTATOYHO YacToe SIBJIICHUE,
HO TOYHBIE CBEICHUS O YaCTOTE MX BCTPEIAEMOCTH
kpaiine penku (Mouahid et al., 2010). Tak, nBa anpou1-
Hoca Physa heterostropha (Say 1817) oOHapyKeHEbI cpe-
Iu “ThIcsY ocobeit”, coopaHHbix B KOxHoii KaponuHe
(CHIA) (Dillon, Wethington, 1992). A1b0MHOCHI CITO-
COOHBI K pa3MHOXEHUIO. BEIABICHO, UTO B 3KCITEpH-
MEHTaJbHBIX YCJIOBUSX albOUHOCKI Planorbella trivolvis
(Say 1817) mpennmoyuTany IUIMEHTAPOBAHHBIX Map-
THEPOB B Ka4eCTBE JOHOPOB CIIEPMBI, TIPX 3TOM Cpenu
MOTOMCTBA abOMHOCHI oTcyTcTBOBaiu (Norton et al.,
2018; Norton, Wright, 2019).

AJBOMHOCHI BCTPEUAIOTCI U CPEIr MOPCKUX IBY-
CTBOPOK, HaIlpuMep, TOJIbLKO OAWH “IIOJHBII” aabpOu-
Hoc 3apeructpupoBaH cpeau 10 miH ocobeit Callista
chione (Linnaeus 1758) y 6eperoB Uranuu Cpenuzem-
Horo Mmops# (Kellner, 2006).

Cpenn TUTOpaTbHBIX 0aiiKadTbCKUX SHICMHIHBIX
racTponosn “mojiHble” aJIbOMHOCHI HE OTMEYECHHI.

A.1. Crapo6oraros u 1.B. Illu6aHoBa (CUTHUKO-
Ba u 1p., 2004) B 3anuBax Mayioro Mopst uneHTudu-
LIMPOBAJIM HECKOJIbKO BUJIOB JIMMHEU, B TOM YUCJIe
Lymnaea (Peregriana) ovata Draparnaud 1805, L. (P.)
balthica (Linnaeus 1758), L. (P.) ampullacea (Ross-
madssler 1835) u L. (P) fontinalis Studer 1820. Ocobu,
CXOJIHbIE C 3TUMM BUJAMMU MO (POpME YCTbsI PAKOBUHBI,
BBICOTE 3aBUTKA U (popMe 000pPOTOB, HE ObUIM HAMU
oOHapyxeHbl HU B Majiom Mope, HU B OOJIbIIMHCTBE
paiionoB baiikana. JIumb y noc. I'onoyctHoe (puc. 1B,
cmaHnyus 7) HailleHbl paIuKChl IBYX BUJOB KaK B UC-
KYCCTBEHHOM 3aJiuBe (KOBILE IJISI CTOSHKHU CYIOB)
(coopnl 2022 1.), COGAMHEHHOM C OTKPBITOM JUTOpa-
JIbIO 03epa, TaK U B OTKPBITOI auTopanu (tadma. 1).
Ocobu o1HOro BUIa 1o MOP(OJIOrMKY paKOBUHBI U T10-
JIOBBIX OpraHoB (puc. 54, 5B), a Takke HYKJI€OTUIHBIM
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nociieqoBaTeabHOCTAM ¢parmenTa reHa COI mtIHK
cooTBeTCTBOBaIM R. auricularia.

HykJieoTuaHble MOCIea0BaTEIbHOCTA TPEX 0CO-
Geit BToporo Buna okasaauch Ha 100% roMoIoruvHbI
rnocjaeaoBaTeIbHOCTH ogHOro 3Kk3eMIuisipa (GenBank
JN794510) u3 03. Teneukoe Ha Antae, UIEHTU(PULIN-
poBaHHOTO KakK R. zazurniensis (Mozley 1934) (Oheimb
et al., 2011, Tab. S1) unu kak R. lagotis (Schrank 1803)
(Aksenova et al., 2016). CTpoeHuUe MOJIOBLIX OPTaHOB
MSATU 0CcO0ei M3 UCKYCCTBEHHOTO 3aJIMBa U IBYX OCO-
Oeit u3 oTkpbITOM JIUTOpanu baiikana y noc. Ionoycr-
HO€ BIIOJIHE COOTBETCTBOBAaNIM R. zazurniensis sensu
Kruglov 2005 (puc. 5Db—5Dd, 5Ea, 5Eb).

Tornotunsl R. zazurniensis U3 TUTIOBOTO MECTOHa-
xoxaeHus: 03. CHexHoe (= TeIkniuHcKoe? ), Haxo-
ISIIIErocs psiaoM ¢ Ioc. BelmpuHO (1I0ro-BoCTOK), He
ncciaenoBanbl. [loaToMy maHHBIE 00 WACHTUIHOCTH
(poncTBe) ocobeit U3 pa3IMYHbIX palioHoB Cubupu
u JdanpHero BocToka, naeHTUPUIMPOBAHHBIX KakK
R. zazurniensis unu Lymnaea (Peregriana) zazurniensis
(Kpyrnos, 2005), a Tak:ke 0 HEOTHO3HAYHOCTH OIpe-
neneHus ocoobu u3 o3. Tenenkoe He MO3BOJSIIOT YTBEP-
KIaTh, YTO YIUTKHU, HaliieHHbIe y TIoc. [ojloycTHOTO,
puHamIexar R. zazurniensis, TTO3TOMY TIpU 00CYXIe-
HUM MBI ucnoyib3yeM Ha3BaHue R. cf. zazurniensis.

OtMeTuM (hakT 0OHAPYKEHUST B OTKPBITOM JIUTOpA-
nu baiikana y noc. l'onoyctHoe B 2022 r. ocobeii, KOTo-
pble [0 PaKOBUHE HE OTIMYIUCh OT R. cf. zazurniensis
M3 UCKYCCTBEHHOTO 3aJIMBAa, HO UMENIM PyAMMEHTap-
HBII KOMYJISITUBHEIN armapar IMpy ITOJTHOM pa3BUTUU
JIPYrux MoJoBbIX opraHoB (puc. SF—5H). [Ipotok Oyp-
ChI Y 9TUX 0C00eit ObUI YIJMHEH U CXOIEH C TAKOBBIM
y R. auricularia (puc. SHa, 5Hb). Y n1ByX yINTOK KOIy-
JISTUBHBII OpraH BOBCe HE ObLT OOHApYXEH.

Hannuue pynuMeHTapHOTO KOITYJIITUBHOTO OpraHa
oTMedeHo y Aplexa (unmm Amuraplexa) aphallica (Star-
obogatov et Zatrawkin 1989) (Physidae), onrcanHoro
CHayajia B KauyecTBe noasuaa A. moskvichevae, a 3a-
TeM CBEIEHHOro B CUHOHUM A. amurensis Starobo-
gatov et Prozorova 1989 (Taylor, 2003). ITpu onuca-
HUM 3TOTO TaKCOHA aBTOPHI YIIOMUHAIOT O HAIMIUU
500 3k3. u3 IIpumMopckoro Kpas, IIpuHaAJIeXKalInX
JBYM TIOMYJISILIUSIM, OJHAKO HE YKA3bIBAIOT JOJIIO OCO-
Oeil ¢ pyauMeHTapHBIM KOMYJIITUBHBIM opraHoM (Cra-
pobGoratoB u ap., 1989). O moBTOPHBIX HaXOAKaX OCO-
Oeli ¢ apaIMuecKuM KOIYIITUBHBIM OpraHOM HUYETo
He U3BECTHO.

HenopasBuTue mosaoBbIX opraHoB (adauiaus, UM-
npeccekc U cuHApoM JlaMIIToHa) ONMKUCaHO Y MOPCKUX
ractponon (Hanpumep, El Ayari et al., 2017). Ummpec-
cekc (imposex, pa3BUTHE MYXKCKUX MOJIOBBIX OPraHOB
y caMOK) — HauboJjiee 4acToe SIBICHUE CPEear MOPCKUX
racTpPOIOI — BBI3BAHO BO3IEMCTBMEM OJIOBOCOIEP-
KallMX OPTaHUYEeCKUX COSAMHEHUI, UCITOJIb30BaB-
IUXCs (HbIHE 3aMpeleHHbIX) 1151 TOKPBITUST THUIIA
cynoB oT obOpacranuii (Hampumep, Garaventa et al.,
2006). B baiikanbcKOM permoHe OJIOBOCOmepXKaIle
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Puc. 5. PakoBuHa, okpacka Tejia 1 IoJIoBble opraHbl ABYX BuaoB Radix y noc. I'onoyctHoe. A, B — R. auricularia B 3anvBe;
C—E — R. cf. zazurniensis B 3anuBe; F—H — R. cf. zazurniensis u3 oTKpbITOM uTopanu. Ba, Da — oKpacka Teja U MaHTUU;
Bb, Db, Ha — nmannamanbHBIe TTOJOBBIE OPTaHbl JopcalibHO; Be, De, Fa, Hb — KonylIsTUBHBIE OpraHbl; Dd — peHaIbHBINA 1
MaJTMaIbHBINA OTAEJ b TTOJIOBOI CUCTEMBbI C BEHTpaJbHOM CTOpOHBI; £b — Oypca, ag — OeskoBas Xejesa, b — Oypca, pr —
mnpocrara, pvd — ripoBaruHa, ¥ — MaTka. JIJTMHHbIC TUHUM 151 PAKOBMH U TeJIa COOTBETCTBYIOT 5 MM, KOPOTKUE JIMHUU JIJISI
ITOJIOBBIX OPTaHOB — 1 MM.
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opraHm4yeckue CoeAUHEeHNsT He OBLJIM B UCITOJIb30Ba-
HUHU, TaK K€ KaK U IPyrue BELIEeCTBA, KOTOPbIE MO
OBl BEI3BIBATH HEIOPA3BUTHE TTOJOBBIX OPTaHOB Y Ta-
CTPOIIO.

TTonbITKK MOJYyYeHUS HYKJIEOTUAHBIX MOCIEN0-
BaTeJbHOCTE! IByX FreHETUYECKUX MapKePOB OT aHO-
MaJbHbIX ocobeil R. cf. zazurniensis okazanuch 6e3y-
cnelmHbIMU. TeM He MeHee MbI MpearoiaraeM, 4To
MosIBJIeHUEe 0co0eil, y KOTOPbIX paKOBMHA CXOIHA C
pakoBuHOU R. cf. zazurniensis, XeHCKUE IIOJIOBBIC
opraHbl 1Mo MOp(OJ0Trur COOTBETCTBYIOT TAaKOBBIM
R. auricularia, a XonyJsITUBHBINM anmnapar — pyau-
MEHTapHBI WU BOBCE OTCYTCTBYET, CBSI3aHO CO CIy-
yaifHOM rubpuamn3alnureii ocodeil 3TuxX ABYX BUIOB.
Bo3MoxHO, rubpuausaiusi Npou3oliia 6aaromnaps
MyTalMsIM B POIUTENBCKUX TeHOMAaX, BbI3BAaHHbBIX MPO-
TOHHBIM TYHHEJMPOBAHUEM B pe3yJjibTaTe BHIOPOCOB
ra3oB BO BpeMsI 3eMJieTpsiceHuid. AKBaTtopust y moc. 'o-
JIOYCTHOE XapaKTepU3yeTCsl BICOKOI CEiCMUYHOCTHIO,
37€Ch COENMHSIOTCS ABa KPYIHbIX TEKTOHUYECKUX
paznoma O6pydeBckuii u baiikano-byryabaeiickuii,
U MpocTUpaeTcsl 6JIM3KO K 6epery KOpoTKuil pa3iom
(JIyauna u np., 2010). Hanpumep, B nekadpe 2021 1.
B akBaTopuu [0JIOyCTHOTO 3aperucTpupoOBaHbl TPU
3emJyieTpsiCeHusI, a B TeueHue 2022 1. — OoJiee gecaTu
(B® ®UII ET'C PAH, 2024). BrisicHeHO, 4TO 3eMIie-
TPSICEHUSI BBI3BIBAIOT MOBBIIIEHNE 3JIEKTPUUYECKOTO
HampsikeHUs U BBIOPOC BOAOPOACOAEPXKAIIUX Fa30B
B o3epe (Bezrukov et al., 2019). DTu ra3sl MOIIu BbI-
3BaTh NMPOTOHHOE TyHHenupoBaHue B JIHK, npusBonsi-
mee kK ee HectabuiabHocTu (Fisher, Stix, 2022) u cnioH-
TaHHBIM MyTalusaM (Slocombe et al., 2022).

Ecau npenmnojioXuThb, YTO MyTalluu IPUBEIU K
c0010 B pacrio3HaBaHUM TapTHepa y ocobeil o6oux
BUJOB B TIEPUOJ, PAa3MHOXEHHUS, TO TIPU OTCYTCTBUU
pa3InMuuii B KONyJISITUBHBIX opraHax (puc. 5Bc, 5Ea)
3TO MOTJIO CITOCOOCTBOBATh MEXBUIOBOMY CKPEIIM-
BaHuio. B psme pabor (Kpyrnos, 2005; Vinarski, 2011;
Aksenova et al., 2018; Vinarski et al., 2020) moka3zaHo
3HAYUTEIbHOE MepeKpblBaHE UHAEKCA KOMYISITHB-
HBIX aMmapaTroB (COOTHOILICHUS JIUH TTeHUCA U Melll-
Ka MpemnyluyMa) y pa3IdnyHbIX IIpeacraBuTeneit Radix,
Peregriana, Kamtschaticana v Ampullaceana.

OTtmaneHHas TMOPUAN3AIS MEXIY IPEICTaBUTE -
JITMU pa3JIMIHBIX TAKCOHOB (OTPSIIOB, CEMENCTB U PO-
JIOB) — HEpEeIKoe SIBJIEHME CPEIU KUBOTHBIX (HAINpu-
Mep, 0030p Zhang et al., 2014). IToka3ano (Adavoudi,
Pilot, 2022), 4yTo MeXBUIOBasI THOPUAN3AIINS OTHUM
BUJAM yTpoOXaeT BHIMUPAHUEM H3-32 TEHETUYECKOTO
“zaTomeHus” (uau “3abonauyvMBaHMs”) U ayTOpU-
IUHTOBOM IETIPECCHU, a y NPYTUX BUIOB BO3HUKAIOT
HOBbIC aJallTUBHbIE BapUallMX U MOBBIIIAETCS MPU-
COCOOJIEHHOCTb.

B nutopanu y noc. lonoyctHoe yautku R. auri-
cularia nToOMUHUpPOBaIU, UX AOJS B ApaxkKHOM Ipode
(mionb 2020 1.) cocraBuiia 0kosio 80% ot o611ero Ko-
ndaecTBa (36) B3pocabix ocobeit. CocyInecTBys Ha OfI-
HoM omotornie, R. auricularia n R. cf. zazurniensis umenn
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CXOIOHYIO IMUTrMeHTanuIo teaa (puc. 5Ba, 5Da). 11atb
M3 CEMM BCKPBITBIX 0cobeit R. cf. zazurniensis 6b111
aHOMaJIbHbIMU. Tak Kak U3BECTHO, UTO HENOpa3BUTHE
MOJIOBBIX OPTaHOB MIPUBOIUT K PEMPONAYKTUBHOI He-
JOCTAaTOYHOCTHU U COKpAIlleHUIO YMCIEHHOCTHU TIOMy-
asumu (Axiak et al., 2003), MbI ipeamnonaraeM, 4To Mo
UCTeYeHUU BpeMeHU R. cf. zazurniensis icue3HeT U3
OTKPBITOM TUTOpasn y moc. ['omoyctHoe.

B Hacrosmiee Bpems1, U3-3a OTCYTCTBHS CIICIIAATb-
HBIX UCCIEIOBAHWM, TPYIHO CKa3aTh, TPOU3OIILIO JIU
3ameleHue R. auricularia npyrux npencrasuteneil Ra-
dix (Peregriana) n/wnn Ampullaceana sensu Vinarski et
al. 2020, monbITaBIIUXCS adalTUPOBAThHCS K YCIOBU-
M oTkphIToro baiikama. Mexmy TeM TIpuBeneM IpHu-
Mep CMeHBI MOp(hOJIOTUH PaKOBUHEI B MoJioKaiicKoM
(= MyxuHaiickoM) cope (puc. 14), oopazoBaHHOM
o3epaMu Ha Mbice MyXWHail U COENMHEHHOM IPOTO-
koit ¢ baiikanom. JIlunaroasm (1909) onucan u3 aToro
copa Limnaea ovata petricola (= R. balthica (Linnaeus
1758) sensu Vinarski et Kantor 2016), dhororpadus -
MOBOTO 3K3eMIUIsIpa onyoimkoBaHa paHee (Sitnikova,
2019). PakosuHa, cobpanHas B cope B 2019 1., uMena
OTHaJIeHHOE CXOACTBO C pakKOBMHOI L. ovata petricola
(puc. 6C), ocobu 2021 r. c6opa COOTBETCTBOBAIIH IO
pakoBuHe R. balthica (puc. 6D), a X TToNIOBas CUCTe-
Ma ObLIa CXOOHA ¢ OmHOIT u3 Bapuauuii R. auricularia
(puc. 6Da—6Dc). PakoBuHa 1 TI0JI0Basi CUCTEMa OCO-
Oeil U3 OTKPHITOM JIuTOopanu balikajga He OTIMYaJnCh
oT R. auricularia (puc. 64, 6B, 6Ba).

B 2018 r. Hauayloch MOMHSATHE YPOBHS BOIbl baii-
kKana (I'apmaeB, Hsiapimos, 2019; CuniokoBu4, 2022),
B pe3yJIbTaTe KOTOPOIo COp MPEeBPATUIICS B 3aJIUB 03€-
pa. I[Ipu oTCyTCTBUM B HallleM PacCIOPSKEHUH OCO-
Oeii, obuTaBIIMX B MosioKaliCKOM cope 10 MOAHSTUS
YPOBHS BOIBI, TPYIHO IENIaTh MPEAITOIOKEHUS O TOM,
Kakue N3MeHeHUs MOp()Oo-aHaTOMUIECKUX TTPU3HAKOB
MOTJIY TIPOV30UTH Y YIIUTOK.

Planorbidae

Bce uccnenmoBannbie ocodbu pona Gyraulus (puc. 74)
C BBIITYKJIBIMU 000pOTaMU C YMOMJIMKAPHOI CTOPOHBI
M TJIaJKOM paKOBUHOM, T.e. 6e3 mepudepuyeckoro
KWJISI M CETYATOM MUKPOCKYJIBITYPbI, Mbl OTHECIH K
rpynne G. acronicus (1 ob6o3HayaeM kKak G. cf. acro-
nicus). IlpyuurHa HETOUHON MAEHTU(DUKAIIUU KPOETCS
B IIPUCYTCTBUU B IIP00OAaxX IIIABHBIM 00pa30M MOJOIBIX
pakoBuH (MeHee 4.0 060pOTOB).

Ocobu G. cf. acronicus (1—3 3K3. B 11po6e) oOHa-
pPYKeHBbI Ha KAMEHUCTBIX TPYHTAX B OTKPBITOM JTUTO-
panu o3epa y Mbica bepesoBbiit (puc. 1B, cmanyus 5),
B 0yxte Bonpmue Kotel (puc. 1B, cmanyus 6),
y I. baiikanbck (puc. 1B, cmanyusa 55), y Mbica YiaaH
(puc. 1B, cmanyus 16), y o-Ba bonbioit KbuaThirei
(puc. 1B, cmanyus 43) n y mpica BanykaHn (puc. 1B,
cmanyus 41). Iloutn Bo Beex paiioHax G. cf. acronicus
BCTpeuyeH coBMecTHO ¢ R. auricularia (puc. 1B) n co-
BMECTHO C TPeMsI — BOCEMbIO BUIaMM 0aifKaaTbCKUX
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Puc. 6. PakoBuHBI 1 11010BBIE OpraHbl Radix spp. U3 tutopanu oTKpeitoro baiikana y Mosokaiickoro (MyXuHaiickoro)
copa (A4, B) u nenocpeactsenHo u3 copa (C, D). A — R. auricularia (vionpb 2006 r.), B — R. auricularia (uoab 2003 1.), C —
R. ovata petricola? (= R. balthica?) (uronb 2019 1.), D — R. cf. auricularia (mions 2021 1.). Ba — 6ypca, Da — najuivajibHble
TIOJIOBBIE OpTaHbI fopcanbHO, Db — TO Xe camoe 6e3 mpocTtaTsl, Dc — KOMyISITUBHEI opraH; b — Gypca, pr — TpocTara.

BHJAEMUKOB, I0JIsl 3TOTO BUJa B Mpobdax cocTaBisijia
He 6omee 1.2% (tabm. 2). B pasmmaHbeIx 6yxtax YuBbI-
pKyiickoro 3anuBa noJjist Buna Planorbis (Gyraulus) gre-
dleri borealis (Lovén 1875) = G. cf. acronicus B 4ynciieH-
HOCTH TacTpoIiof BapbupoBaia ot 2 1o 16% (Koxos,
1936). JIunaronsm (Lindholm, 1909) mo c6opam 3Kc-
neauuuu KopotHesa (1901—1902) yka3biBan Haxoxe-
aue G. borealis (= G. cf. acronicus), kxpome OyxT YuBbI-
pKyiickoro 3anuBa 1 Majoro Mopsi, Ha IpUOpPEKHBIX
KaMmHsix OyxT Asst u besbimsinHast (puc. 14). Ho B Ha-
KX cOopax B 3TUX paiioHaX 0COOU 3TOTO BUAA OTCYT-
ctBoBasu. G. cf. acronicus MUPoOKoO pacnpocTpaHEeH
B ITpUOpPEKHO-COPOBOI 30He 03epa u BogoeMax [1pu-
baiikanps. I1o onpenenenmsam f.M. CrapoboraToBa
(KopsikoB u np., 1977), G. acronicus BCTpe4eH BO BCeX
16 viccenoBaHHBIX TPUOPEXHBIX BogoeMax baiikaia.

Ennnoxasr (uioab 2006 1.) B OTKPBITOM JIMTOPATA
Yussipkylickoro 3aiuBa y p. boisbioit YuBbIpKyit Ha
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KPYITHOM MecKe cOOpaHbl MyCTble PAKOBUHbBI MOJIO-
IBIX ocoOeit pona Helicorbis sp. OHM IPUCYTCTBOBAINA
B Ipo0Oe BMECTE C LIEeCThIO SHACMUYHBIMU Bugamu. Be-
posSITHO, pakoBUHBI Helicorbis sp. ObLIIA CHECEHBI peu-
HBIM CTOKOM M3 3a00JI04EHHBIX CTapUI] peKu, MaJja-
KodayHa KOTOpBIX He ucciaeaoBaHa. IlpencraBurenu
3TOro poja, a Takxke poaa Polypylis oOHapyXeHbI B 3a-
OOJIOUEHHBIX YUAaCTKAX Y YCThS p. AHTA, FOXKHOI OKO-
HeuHocTH balikana (paiton r. Cimonsinka), v ITocoib-
CKOTO copa, a Takxe y ['ycuHoro o3epa, SIBASIOLIAMCS
TUTIOBBLIM MecToHaxoxneuueMm Helicorbis kozhovi Sta-
robogatov et Streletzkaja 1967. Ocobu Polypylis Haii-
IeHbl B 3aymBe 3ariu (Manoe Mope) B 30He TITyOuH
2—4 M (monb 2020 1.) Ha 310m€ee COBMECTHO ¢ R. auri-
cularia, G. cf. acronicus n 6aiiKaJTbCKUM DHIEMUKOM
M. variesculpta.

I[MoTeHUManbHBIM TIPETEHAEHTOM Ha BCEJIEHUE
B OTKpPBHITHIN bBalikan w3 miaHopOun SBISIETCS

Ne3 2024
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G. cf. stroemi Westerlund 1881. Ocobu 3Toro Buma BCcTpe-
YeHbI B OyxTax YMBBIpKyiicKoro 3aiuBa 1 Mayoro Mopst
(Koxos, 1936), 8 Monokaiickom (Lindholm, 1909) u I1o-
cosibekoM (Dybowski, 1912) copax, B TpUyCTbEBbIX y4acT-
Kax p. Cenenra (Hanpumep, Bunapckuii u np., 2015),
a Takke pek I'ojoyctHast 1 AHra (COOCTBeHHbIE JaHHBIE).
W3 Moiokaiickoro copa Jlunaromsm (Lindholm, 1909)
oIucaj B Ka4yecTBe CaMOCTOSITeIbHOTO Buna Planorbis
rugulosus (poTo TUIIOBOrO 3K3eMILIsApa cM. Sitnikova,
2019, Fig. 5K), 3aech Mbl ipuBoauM (oTorpacuio To-
nortuna (puc. 7B), CBUIETETbCTBYIOILYIO O MOP(OJIOTH-
YecKoM cxoncTBe ¢ G. stroemi, B CHAHOHUM KOTOPOTO U
obu1 cBeneH Planorbis rugulosus (Vinarski, Kantor, 2016).
B BaiikansckoM pernone G. cf. stroemi xapakTepu3yeTcs
BBICOKOM CTEeTIEHBIO M3MEHIMBOCTH PaKOBUHEI (BrHap-
ckuit u ap., 2015) U reHeTUYECKO HEOMHOPOAHOCTHIO
(MatadoHoB u ap., 2019); 1o MI0A0BUTOCTU U JJTUTETb-
HocTU 3MbpuoreHesa G. cf. stroemi cxoneH ¢ G. acronicus
(INvmmmapeBa, Matacdonos, 2012). Ocobu G. cf. stroemi
HaCeJISIIOT Pa3IMuHble OMOTOMbI KAMEHMCTBIX U CMEIIaH-
HBIX TUTIOB TPYHTOB, 0€3 CYIIeCTBEHHOTO 00pacTaHUsI
WY C 3apOC/ISIMU BOIHOM PACTUTEIbHOCTH, B TOM UKCJIe
aJI0Me, a TaKKe GMOTOITHI IPUOPEKHBIX KAMHEH ¢ MM -
KpoOHaTbHBIMU MaTaMHU B 30HE BJIUSIHUS TETUIOTO UCTOY-
HUKa B OyxTe 3MenHas B YuBbipkyiickom 3ammBe ([mi-
mapeBa, MartacdoHoB, 2012, coOGCTBEHHbIE JaHHbIC).
OTCyTCTBHE CTPOTOi MPUYPOICHHOCTH K crendmde-
CKUM YCJIOBUSIM Cpellbl BIIOJIHE MOXKET CITOCOOCTBOBATD

Puc. 7. Tpencrasutenu poma Gyraulus: A — G. cf.
acronicus ¢ KAMEHNCTOTO I'PyHTa Ha ypese y Mbica Baiy-
KaH (puc. 1B, cmanyus 41), B — G. cf. stroemi u3 Moo-
Kaiickoro (MyXunHaiicKoro) copa.
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MPOHUKHOBEHUIO G. cf. stroemi B OTKPHITYIO JTUTOPATh
Baiikana npy OBBIIIIEHUM TEMITEPATYPHI BOIBI.

C MeHbllIelt BEpOSITHOCTbIO, TI0 HallleMy MHEHUIO,
MOXET TPOU3OUTU BCeleHWE B OTKPBLITHIM baiikan
G. albus (Mueller 1774) u/unu 61U3KOTO K HEMY 10
mopdonoruu Buna G. stelmachoetius (Bourguignat
1860). Ocobu 060MX BUIOB OOHAPYKEHBI B EIMHUYHBIX
KOJIMYeCTBaX Ha BOOAHOM PacTUTEIbHOCTU B HEKOTO-
pbIx OyxTax YuBBIpKyIicKoTO 3a1rBa U Maioro Mops.
Jluaaronsm (Lindholm, 1909) oTMeuan HaxoxXaeHWe
G. stelmachoetius var. notatus (Westerlund 1885) B AH-
rapckom cope (ceBepHasi OKOHEUYHOCTh balikana).

K cnucky mpeTeHaeHTOB Ha BHEAPEHNE B OTKPBI-
Tylo Jutopaib baiikana qo6aBuM elle nBa BUga. DTo
Bathyomphalus sp., ocod KOTOpOoTro 0OHapyXeHBI B
YussipkyiickoMm 3aiauBe (Koxos, 1936), 03. boib-
moe KypmuHckoe (Crapo6oratoB 1ut. no: Kopskon
u ap., 1977), B o3epax y noc. 3aMa U OHTypeHbI Ha
3amagHoOM mobOepexbe ceBepHee Manoro Mops u B
3ajiuBe-cTapulie p. bapry3uH (co6CTBEHHbBIE COOPHI).
A Takxe — Armiger crista (Linnaeus 1758), cobpaHHbIit
B TaroTckux o3epax y 3aauBa Myxop B Manom Mope
(Crapo6oraroB uut. no: KopsikoB u ap., 1977) u npu-
YCTheBBIX yyacTkax p. [Toxabuxa B 1. CironsiHKa, 10X-
Hast OKOHeUYHOCTb baiikana (COOCTBEeHHbIE JaHHBIE).

Valvatidae

B Bomoemax Ipubaiikanbsi, B TOM 4McCe 03epax Ha
nobepexbe baiikama, Koxos (1936), IIpo3oposa u 1p.
(2009), CutHukoBa u np. (Sitnikova et al., 2015) yno-
MHWHAIOT O HaXOXIEHNU YeThIpeX BUIOB BaibBat Cin-
cinna (Sibirovalvata) aliena (Westerlund 1877), C. con-
fusa (Westerlund 1897), C. korotnevi (Lindholm 1909)
u C. sorensis (Westerlund 1912) ¢ oBaJabHO-OKpYIJIOi
pakoBUHOM, a Takke omHoro Buna C. sibirica (Midden-
dorft 1851) (wmu Tropidina sibirica sensu Clewing et al.,
2014) ¢ nuckoBUIHOM pakKOBUHOK. OTMETHM, UYTO BBICO-
Kas cTereHb U3BMEHUMBOCTH PAKOBMHBI HOMMHATBHBIX
BunoB C. korotnevi, C. aliena u C. sorensis, a TAKXe OT-
CYTCTBHE YETKMX BHIOBBIX IIPU3HAKOB YacTO TTPUBOIST
K ommbovyHoi naeHTudukamuu (Sitnikova et al., 2015).

IIpoBeneHHBIT HAMM aHAJIU3 TEHETUYECKUX JTVC-
taHumii pparmenta reHa COI mrtIHK cBuneTenbcTBY-
eT, yTo B baiikaje mpuCyTCTBYIOT MO MEHbIIEil Mepe
IBa BUJa cuOMpcKux BaibBar. OcoOu M3 OTKPHITOM
ymrtopann y p. CocHoBKa (puc. 84; 1B, cmanyus 42)
Wy IPUYCTHbEBOIO YYacTKa p. AHra B Oyxte YcTb-AHra
(puc. 8B; 1B, cmanyusa 11) UMEIOT UIEHTUYHBIE TaILI0-
TUITBI. DTU OCOOU TeHEeTUUYEeCKU OJIM3KU (p-AUCTaH-
g = 0.32 %) sk3eMisapy, coopaHHoMy B ITocosb-
ckoMm cope (puc. 8C; 14). TouHo Takoe Xe reHeThude-
CcKoe paccrosiHnue oTnenset rpyniy CocHoBKa/AHra
OT MOHroJbCcKUX (03. XyOCyryi) IpencTaBuTeseil
C. ‘confusa’ (GenBank LC377795 u LC3777796
(Saito et al., 2018). IaruroTun nociaeagHUX MaJio OTJIM -
gyaeTcd OT rarmioTtumna ocobeid m3 Ilocoabcko-
ro copa (p-muctannus = 0.38%). Takum o6Gpasowm,
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Puc. 8. PakoBuHBI BanbBaT U3 pa3nuyHbIX paitoHoB baitkana: A — C. sorensis u3 6yxtel CocHoOBKa (puc. 1B, cmanyus 42),
B — C. sorensis 13 mpuycTbeBOro yyactka p. Aura (puc. 1B, cmanyus 11); C — C. sorensis u3 [Toconabckoro copa (puc. 14);
D — Cincinna sp. u3 npuyctbeBoro ydyactka p. [onoyctHas (puc. 1B, cmanyus 7); E — C. cf. korotnevi u3 6. Ass (puc. 1B,
cmanyus 37).

3K3eMILISIPbI, coopaHHbIe U3 [Toconbckoro copa, B u-
Topanu y pek AHra u CocHOBKa, a Takxe u3 03. Xy0-
CyTyJ, cieayeT NMpu3HaTh 3a onuH Bun C. sorensis
(W. Dybowski 1912), mockonbKy IToconbckuii cop SIB-
JISIETCSI €T0 TUTIOBBIM MECTOHAXOXIEHUEM.

OrmetuM, B JIutopanu 0yxtel CocHoBka C. soren-
Sis oOHapykeH TobKO B uioje 2021 r. Ha cMelIaHHOM
rpyHTe (KpYITHBIN ITECOK, KAMHHU, W) B 30HE ITTyOUH
10—15 M. B utonbckux npo6ax 2002 r. B 30He T1yOUH
OT 5—6 M HalieHbI TOJBKO SHAEMUYHbBIE BUIBI TACTPO-
nox. Koxos (1936) oTMeuast, 4To 3TOT BUJ B 3aJIUBE
Myxop (Mainoe Mope) ¢ goneit okoso 22% ot oouavs
B ApaxXHO# mpo6e IecTH BUAOB racTpornon 1 B Yu-
PBIKYIiCKOM 3anuBe ¢ mojieit 14% oOT 4MCIeHHOCTH
391 9k3. M2 16 BHIOB GPIOXOHOTHX MOJLTIOCKOB.

[ToguepkHeM, 4TO TaIJIOTAIBEI 0COOEil, MOEHTH-
¢uumupoBanHsie Kak Valvata (= Cincinna) confusa u3
FOranckoro 3anoBenHuka (Clewing et al., 2014), re-
HeTudyecku aajeku oT ramjaotumnoB C. cf. confusa n3
03. Xyocyryn (p-muctaHius = 10 9%), mo3ToMy OHU
BpSI JTM MOTYT TIpUHAJIEXaTh OMHOMY Buny. laro-
THAI 0COOM M3 TIPUYCTHEBOTO yJacTKa p. [ooycTHas
(puc. 8D; 1B, cmanyus 7) cylmieCTBEHHO OTJIMYAETCS
(p-nuctanums ot 4.3 10 4.9%) OT rarioTUIOB, YIIO-
MSTHYTBIX BBIIIIEe 0aifKaIbCKMX M MOHTOJIbCKHX BaJIbBaT
(Anra/IToconbckuit cop/CocHoBka/XyoCyryn).
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3HaYNUTENIbHbIe TeHETUYECKHE Pa3INIUS BBISIBICHBI
mexay ramjgorunamu “lonoyctHoe” u C. japonica
Martens 1877, a rakxe C. cf. confusa uz FOranckoro 3a-
roBegHUKa (p-auctanivi = 4.5 1 9.0% cooTBETCTBEH-
Ho). Ha manHOM 3Tame MbI MOXET TOJIbKO KOHCTATH -
pOBaTh, YTO B TIPUYCThEBOM yJacTKe p. ['omoycTHast
obuTaeT Apyroil BUA BajdbBaT, ONIMIHEIA oT C. soren-
sis u C. cf. confusa uz Monronuu u KOraHckoro 3arno-
BEIHUKA.

HyxiieoTunHble mociaeaoBaTeIbHOCTU 0CcO0eit, co-
OpaHHBIX B OTKPBITOI YyacTu OyxThl Ass (puc. 8E; 1B,
cmanyus 37), ellie IPeICcTOUT IIPoaHaIM3upPOBaTh. MBI
npuBoauM dotorpaduio pakoBUHbI Haubosaee KpyI-
HOTO 3K3eMILISIpa U MPEANnoJ0XUTEIbHO OTHOCUM €ro
K C. cf. korotnevi Ha OCHOBaHUH CXOJCTBA C JIEKTOTU-
TIOM 3TOTO BHUIa, OITMCAaHHOTO 13 AHTapCKOTO copa ce-
BepHOI1 okoHeuHocTu balikana (cM. poTo Tunos Sit-
nikova et al., 2015).

Oco06u C. cf. korotnevi BiepBble 0OHApYKEHEI B OyX-
Te Asist B ceHTsi0pe 2021 1. (puc. 1B, cmanyus 37), ux
107151 B oouauu ractponon (12 BuaoB B mpobe) cocra-
Bwta 6onee 45% (ta6mn. 2). Jlo 3TOr0 BpeMeHW OHU He
ObmM HalimeHsl 3aech HU JIuaaronsMom (Lindholm,
1909), nu KoxoBbeiM (1936), Hu Hamu B 1993, 1997,
2003 1 2006 rr., TIe cpenu 12 BUTOB S9HAEMUKOB IIPUCYT-
CTBOBAJIM IJIaBHBIM 00pa3oM 3aTBOpKu Megalovalvata
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demersa (Lindholm 1909). B 2021 r. 3TOT BuA ObL1 Mpe-
CTaBJICH BCErO OMHMM 3K3EeMILISIPOM.

IMosinenue C. cf. korotnevi B 0yxte Asisi, BO3MOXHO,
CBSI3aHO C UX MUTpalueil U3 AHrapcKkoro copa uiud u3
03. @ponuxa. ITo 03epo Haxomoutcs B 8—10 KM K BoC-
TOKY OT KYTOBBIX OyXT @Pponuxa u Asds, UMEIOLIMX
ctok B Baitkan. B 03. ®ponuxa o6HapyXeHH 2 BUIA
BaJbBaT, NACHTU(PUIIMPOBAHHBIX MO PAKOBHWHE KaK
C. sibirica v C. aliena (MartBeeB u 1p., 2019).

B Oyxtax YuBblpKyiickoro 3ajuBa (Hampumep,
DepTuk 1 3MenHas), a TaKKe B IuTopanu y p. Yepem-
maHa (ceBepHee oT YMBBIPKYHCKOro 3a11Ba) Ha Ie-
cKe B 30He TiyouH 7—11 M (ceHTS6ph 1985 1 1986 TT.)
OBLIM HalaeHbl ocobu, orHeceHHBIE K C. cf. korotne-
vi (Sitnikova et al., 2015). B coopax M.IO. bekman
(1972 r.) u3 nutopanu O6yxthl Ilemepka y bosbiioro
Vikanbero o-Ba (puc. 1B, cmanyusa 45) npucyTcTBO-
Baiu pakoBuHbI C. cf. korotnevi, HO B HallIMX cOopax n3
3TOro paiioHa (Harpumep, oKTIopb 1993 I. u ceHTAO0pb
2002 r.) atoT Bua oOHapyxXeH He OblT. OTMETHM, B I10-
CJIeTHUE TOIbI TOAPOOHBIE UCCIEIOBAHMS TaCTPOIION B
JIUTOpAJIM YIIIKAaHBUX O-B ITPOBEIEHBI HE ObLIN.

JIpyrue noTeHuuabHbIe BCeJEHIbI
B OTKPBITYIO JuTOpaib baiikana

BupnoBoii coctaB ManakodayHbl IpUOpeXKHO-COPO-
BOM 30HHI 03. baiikan 3a nocnennue 50 geT mogpoOHO
He ObLI U3YyYeH, MEXIY TEM CJIeAyeT YIIOMSHYTb 1Ba
BUga-1uMHoduia Bithynia contortrix Lindholm 1909
(Bithyniidae) u Physa sp. u3 rpymmnsl fontinalis (Linnae-
us 1758) (Physidae), oburariiue B 3aauBax Majioro
Mops, 6yxTtax YuBBIPKYICKOTO 3aj1Ba 1 HEKOTOPHIX
npuOpexXHBIX BomoeMax. Bunbl, Hacesoine 3a00J10-
YEHHbIEC YYACTKHU U MPEANOYUTAIONINE HAXOOUTHCI Ha
ype3e BO/Ibl MEJIKMX BOJOEMOB, Mbl HE pacCMaTpUBaeM.

SAKJIIOYEHUE

Takxum 06pa3oM, B OTKPBITOI TUTOpanu o3. baii-
KaJl 3aperucTprMpoOBaHbl MSITh BUIOB-BCEICHIIEB U3
NpUOPEKHO-COPOBOM 30HBI 03epa: cocKkpebareau
R. auricularia, R. cf. zazurniensis (Lymnaeidae), nacy-
IIMecs Ha CMEIIaHHBIX MITKUX W TBEPIBIX TPYHTAX,
u cockpebarenu G. cf. acronicus (Planorbidae), obu-
Talolye MIaBHBIM 00pa30oM Ha KaMEHUWCTBIX TPYH-
Tax, a Takxke (UIbTPATOPhbl (COOCTBEHHEIEC JaHHBIC)
C. sorensis u C. cf. korotnevi (Valvatitae), Hacensito-
II¥e TIecYaHble U MeCYaHO-WINCThIe TPYHTHI. TOJb-
KO OIWH U3 HUX — R. auricularia — oOuUTaeT BIOJb
BCEll TUTOpaIM 03epa, M ero MPUCYTCTBUE TTOATBEPK-
JeHO MHOTOKpAaTHBEIMU cOOpaMM Ha MPOTSKEHUU
TTOCJICTHUX JIET.

MpbI npeamnonaraeM, 4YTo MOMBITKY BCEJIEHUsI B OT-
KPBITYIO JIUTOpPaJb 03epa JUMHOMDUILHBIMU BUIAMU
MIPOMCXONVIIN 32 TTOCISTHHE CTO JIET HEOMHOKPATHO.

OnuH U3 3TanoB BCEICHUSI, BEPOSTHO, MPOU3OIIIEI
B KoHIle 60-Xx—70-¢ IT. TIPOIILIOTO CTOJIETUS TIOCIIE
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HOOHSATHUS YPOBHS Boabl B o3epe Ha 0.8—2 M BhilIe
OCEHHET0 MaKCHMyMa, BCJIENCTBUE 3aperyIMPOBAHMS
Upkyrckoit I'DC (Kopsikos u ap., 1977) u pacceneHust
Bonopocieit Elodea canadensis Michx 1803 (Hydro-
charitaceae) (KpaBoosa u ap., 2010). Dimones saBiseT-
Cs1 U3TIO0JIEHHBIM MECTOM OOMTaHUSI MHOTHX Tajieap-
KTUIECKHMX U CUOMPCKUX BUIOB TacTPOTION, B TOM UMC-
Je R. auricularia, 0co61 KOTOPBIX IIMTAIOTCS Ha 3TOM
BOTHOM PacTeHWHU M OTKJIAIBIBAIOT HAa HETO SIMIIEBBIC
MaccChl.

Crenylomuii (COBpeMeHHBII) 3Tall BEI3BAaH, BO3-
MOXHO, TpeMsl (hbaKTopaMu: 3BTpoduKalueil 3a cuet
MAacCOBOTO Pa3BUTHUSI HUTYATHIX BOOOPOCIIEN poma
Spirogyra (Kravtsova et al., 2014; Timoshkin et al.,
2018), moBBIIIEHEM TEMIIEpaTYpPhl IIOBEPXHOCTHO-
ro ciost Bonsl (Illumapaes, Tpouukas, 2018; Tpo-
nukas u ap., 2019; Kravtsova et al., 2021) u momHsI-
TUEM YPOBHS BOIbI 03epa IOCJie MAJIOBOIHBIX JIET
(T'apmaes, Lpigpimos, 2019; Cuniokosud, 2022). Ot
¢daKTOpBl MOTJIM TTPUBOAUTH K “pa3sMBITUIO T'paHULL”
B JIETHEE BpeMsI MeXIy NPpUOPEKHO-COPOBOil 30HOM
U OTKPBITOM JIMTOpANbio 03epa, paCIIMPEHUIO TIPO-
MEXYTOYHOM (CMEIIaHHO1) 30HbI U MOSIBJIEHUIO 30HBI
“oxXumaHug”.

ITpoHUKHOBEHME racTporoj B OTKpbIThIi baiikai,
BEPOSITHO, TIPOMCXOIUIIO U TMIPOMCXOIUT TaKXKe 3a CUET
MacCUBHOTO TIepeHoca MaBOAKOBBIMU BOAAMHU U cefie-
BBIMU COpOcaMu peK U3 CTapMIl U 3aBOACH, a TaKxke
pa3MbITUSl U MOATOIJIEHUS TaJleYHO-TIeCYaHbIX KOC
Mexay npubpexHbsiMu o3epamu U baiikanom. B atom
cilyyae BcesieHLIaM HeoOXOIMMO aIanTHPOBAaThCS K yC-
JIOBUSIM OTKphITOro baiikana u HaliTu CBOOOIHYIO KO-
Jjornueckyto Huly. [ToaTomy He Bce BeeleHUsT ObLIU
YCTIEIITHBIMU.

Heobxonumbl nanbHelile KOMIJIEKCHbIE MOHM-
TOPMHTOBBIE MCCETOBAHUS (BKJII0Yash MOJEKYJSIp-
HO-(WIOreHeTUYECKHKE) TI0 OTCAEKMBAHUIO TAKCOHO-
MHYECKOTO COCTaBa M KOJMYECTBEHHBIX MTOKa3aTesei
Yy>XEPOIHBIX BUAOB B OTKPBITHIX yuyacTKax 03. baiikan,
W3YYEeHUIO UX TTUTaHUs, Pa3MHOXEHUsS M OMOJIOTUU
pa3BUTHSI.
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OUHAHCUPOBAHUE PABOTbI

Pabora BhIITOJIHEHA B paMKaX TeEM TOCyIapCTBEH-
moro 3aganust JIMH CO PAH NeNe 0279-2021-0007
(121032300180-7), 0279-2021-0005 (121032300224-8),
0279-2021-0010 (121032300196-8). Hukakux gomos-
HUTEJIBbHBIX TPAHTOB HAa MPOBEIEHNE MM PYKOBO/I -
CTBO JAHHBIM KOHKPETHBIM UCCIIENOBAHIEM ITOJTYYEHO
He OBLTO.

COBJIIOAEHUE OTNYECKHUX CTAHIAPTOB

CobJoneHrue 3TUYECKUX CTaHAApTOB OBLIO Olle-
HeHo Kowmuccueit mo 6uostuke JIMH CO PAH
(ITpotoxkoa Ne 1 ot 04.04.2024): ucciaenoBaHue Bbl-
MOJHEHO Ha OproxoHorux Moiunockax (Gastropoda),
Ha KOTOPBIX HE pacIpoCTpaHsIoTcs TpeboBanus Jdu-
pextuBbl EBporneiickoro napiamenTta u Coera EBpo-
neiickoro Coroza 2010/63/EC ot 22.09.2010 o 3auTe
>KMBOTHBIX, UCTIOJIb3YIOLIUXCS IS HAYYHBIX LEIEH.

KOH®JIMKT MHTEPECOB

ABTOPBI JAaHHOI pabOTHI 3asIBIISTIOT, YTO Y HUX HET
KOH(JIMKTAa MHTEPECOB.
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ALIEN GASTROPODS AMONG ENDEMICS
IN THE OPEN WATERS OF LAKE BAIKAL

T. Y. Sitnikova, I. V. Khanaev', M. V. Kovalenkova', T. E. Peretolchina', N. V. Maximova" *

!Limnological Institute, Siberian Branch, Russian Academy of Sciences, Irkutsk, 664033 Russia

*e-mail: max@lin.irk.ru

Until the middle of the last century, the Palearctic-Siberian gastropod fauna that inhabited the ‘sors’
and small coves of the larger bays of Lake Baikal was similar in environmental factors to Siberian wa-
ter-bodies. Endemic species occupied open areas of the lake, with cold water, strong storms, and other
specific environmental conditions. Based on morpho-anatomical characters and genetic distances of
the COI mtDNA gene fragment between related species, five alien species were identified from open
Baikal waters. In addition to the previously found Radix auricularia (Linnaeus, 1758), there were Radix
cf. zazurniensis (Mozley 1934) (Lymnaeidae), Cincinna sorensis (Dybowski 1886) and C. cf. korotnevi
Lindholm 1909 (Valvatidae), as well as Gyraulus cf. acronicus (Férussac 1807) (Planorbidae). A schematic
map of the records of the alien species in the open littoral of the lake is presented, based on material
taken by expeditions carried out in 1993—2023, as well as photographs of the shells and reproductive
organs for some of the alien species, and information on coexisting endemic species of gastropods are
given. We found albino individuals among R. auricularia and a few snails of R. cf. zazurniensis with afallic
copulatory organs. Possible reasons for the invasion of the alien species and possible invaders into the
open waters of Baikal are discussed.

Keywords: invaders, albinos, aphallia, endemics, coexistence, COI mtDNA, distribution
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Reptalus salicinus sp. n., previously misinterpreted as R. quinquecostatus, is described and illustrated.
Oscillograms of male calling signals with data on host plants and distribution of the new species that
is closely related to R. artemisiae (Becker 1865) are provided. A neotype of R. artemisiae is designated.
R. salicinus sp. n. and R. arfemisiae are similar both in external morphology and male genitalic structure,
but differ distinctly by male calling signal patterns and host plants, thus being two different biological spe-
cies. The distribution of R. salicinus sp. n. covers southern European Russia, Kazakhstan and, apparently,
the southern part of Western Europe. R. artemisiae is known so far only from the Lower Volga region and

western Kazakhstan.
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The genus Replatus with the type species Reptalus
quinquecostatus (Dufour 1833) was erected by Emel-
janov (1971) in the planthopper family Cixiidae to ac-
commodate species of the tribe Pentastirini (Homop-
tera, Auchenorrhyncha, Fulgoroidea, Cixiidae) having
styles with inner recurrent process.

For a long time many authors under the name
R. quinquecostatus meant a widespread planthopper
species which is in fact still undecribed. The drawings
of the genitalia of this taxon were published by Log-
vinenko (1975), Holzinger et al. (2003), Emeljanov
(2015), etc. However, recent examination of putative
type specimens from Dufour’s collection by Webb et al.
(2013) showed that this species was misinterpreted at
least since Fieber’s work on European Auchenorrhyn-
cha (Fieber, 1872) and it is a senior synonym of R. me-
lanochaetus (Fieber 1872) sensu Logvinenko (1975)
and subsequent authors. As a result, R. quinquecostatus
auct. nec Dufour (1833) became nameless. Emeljanov
(2020), after studying Fieber’s drawings published by
Webb et al. (2013), came to the conclusion that Fieber
meant R. artemisiae (Becker 1865) under the name
R. quinquecostatus. The first species was very briefly de-
scribed from the Lower Volga region of Russia (Becker,
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1865). However, since the original description with
some data on its morphology, R. artemisiae becomes
the valid name for R. quinquecostatus auct. nec Dufour
(1833) and the type species of the genus Replatus.

According to the original description by Becker
(1865), R. artemisiae was collected from Artemisia fra-
grans Willd. (presently, A. lercheana Weber ex Stechm.)
and A. nutans Willd. (Asteraceae) from the subge-
nus Seriphidium. Our study of male vibrational signals
of Cixiidae in the Crimea, in the southern Europe-
an Russia, Kazakhstan, and Kyrgyzstan revealed that
R. artemisiae lives only on Artemisia from the subge-
nus Seriphidium and occurs only in the Lower Volga
and Trans-Volga regions. This species was not found
in southeastern Kazakhstan and Kyrgyzstan despite the
fact that Artemisia subg. Seriphidium is abundant in the
plains and low mountains in these parts.

In the course of these studies, we also found a cryp-
tic species similar to R. artemisiae in external morpho-
logy and genitalia structure, but producing signals with
a different temporal pattern and feeding on willows
(Salix spp.). Apparently, the records of R. quinque-
costatus auct. nec Dufour (1833) from many localities
outside the Lower Volga region, especially from the
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territories where Artemisia subg. Seriphidium does not
occur (e.g., Nast, 1987), actually refer to this species.
Since presently the name R. quinquecostatus is applied
to another taxon, this widespread and well-known spe-
cies does not have a valid name. For this reason, here
we provide its description with data on its biology and
distribution.

MATERIAL AND METHODS

Small Auchenorrhyncha used for intraspecific com-
munication not air-borne sounds, but vibrational sig-
nals transmitted via a solid substrate, i. e. plant stems
or leaves on which the insects occur. As shown by etho-
logical experiments, it is the differences in the structure
of the calling signals emitted by males to attract conspe-
cific females that constitute the principal precopulato-
ry reproductive barrier in many taxa. Therefore, when
differentiating close forms by their signals, one can ac-
tually discriminate between biological species based on
the very criterion of their reproductive isolation. Thus,
acoustic analysis in taxonomy is a useful tool for eluci-
dating the taxonomic status of morphologically similar
forms, since the distinct differences in the signal pat-
terns clearly indicate that the taxa under consideration
are good species (see the review by Tishechkin (2013)).

Planthopper vibrational signals were recorded by
means of portable recording equipment consisting of a
piezocrystal gramophone cartridge GZP-311 connected
to the microphone input of a cassette recorder Elek-
tronika-302 (before 2005), minidisk recorder Sony
Walkman MZ-NH900 (2005—2016), or Roland R-05
wave/mp3 recorder (since 2017) via a custom-made
matching amplifier. For recording, a stem of the host
plant about 10—15 cm in length was attached to the car-
tridge by a rubber ring with the cartridge needle slightly
touching the stem. Then a nylon cage containing a male
leafhopper was put on the twig. After some time, the
male usually sat on the twig and started singing.

Oscillograms of signals were produced with Cool
Edit Pro 2.1 software.

For elements of signal temporal pattern, the follow-
ing terms are used. Pulse is a brief fragment of signal
(or succession of sine waves) with rapid increase and
subsequent decrease of amplitude, i.e. separated from
similar fragments by amplitude minimums. Fragments
with more or less constant temporal pattern consisting
of pulses are referred to as syllables. Signal consisting of
several syllables is referred to as a phrase.

Digital photographs of male genitalia were obtained
with a Micromed 3 LED M microscope equipped with
a MIchrome 5 Pro camera (Tucsen). The drawings of
male genitalia were made by tracing the outlines of pho-
tographs on a glass table lighted from underneath. The
map of signal recording localities was produced using
free software from www.simplemappr.net.

Morphological terminology follows Emeljanov
(2015).
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Materials studied are deposited in the collections of
the Zoological Museum of M.V. Lomonosov Moscow
State University (ZMMU) and the Zoological Institute
of Russian Academy of Sciences, St. Petersburg (ZIN).

Reptalus salicinus Tishechkin et Emeljanov sp. n.
(Figs 1; 3; 4, 1-9)

Type material. Holotype, : Crimea, envi-
rons of Perevalnoe Village, halfway from Simferopol to
Alushta, from Salix sp., 16.V1.1997, D. Tishechkin, male
calling signals recorded at 28—30°C (ZIN). Paratypes:
1 «, same data, male calling signals recorded at 28—
30°C (ZMMU); 1 <, southern European Russia, Vol-
gograd Oblast, the Ilovlya River about 5 km from the
mouth, from Salix sp., 8.V1.1996, D. Tishechkin, male
calling signals recorded at 25°C (ZIN); 1 &, southeast-
ern Kazakhstan, Urzharsky Region, 27 km south of
Taskesken, from Salix sp., 23.V1.2022, D. Tishechkin,
male calling signals recorded at 37°C (ZMMU).

Description. Coloration. Body black, carinae
on head and pronotum yellowish, mesonotum entire-
ly black. Forewings transparent with dark veins (fig. 1,
1-2).

Male genitalia. Left paramere of phallotheca rath-
er short, with three processes of different shape (fig. 1,
3—6). Right paramere straight, more or less uniformly
tapering distally, with apex usually somewhat bifurca-
ted. Anal tube with truncated posterior process bent
to right (fig. 1, 7—&). Ventro-median process of pygo-
fer elongated, incisions on back margin of pygofer on
each side of it of approximately same width as process
(fig. 1, 9). Styles of almost same shape, apical lobe of
right style somewhat shorter and wider than of left one
(fig. 1, 10—11).

Comparison. In the shape of the genitalia the new
species does not differ from R. artemisiae (fig. 2, 1—10).
Since the shape of parameres and of the aedeagal pro-
cesses is quite variable, small differences between in-
dividual specimens are the result of intraspecific va-
riability and cannot be used to distinguish between
R. salicinus sp. n. and R. artemisiae.

Male calling signals. Male calling signals
of R. salicinus sp. n. from all three localities where the
type material was collected were investigated (fig. 3).
Calling signal consists of syllables lasting from about
0.7 up to 1.0 s (fig. 4, 1—9). Male produces single syl-
lables following each other with irregular intervals or
short sequences of syllables separated by gaps lasting for
ca 0.7—1.5 s. Pulse repetition rate in syllable increases
with temperature and averages 70 pulses per second
at 25°C, 85—90 pulses per second at 28—30°C, and
100 pulses per second at 37°C in our recordings.

Male calling signals of R. artemisiae from the follow-
ing localities were investigated:

1. Russia, the Lower Volga region, Saratov Oblast,
Dyakovka Village ca 35 km SSW of Krasny Kut Town,
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6 11

Fig. 1. Reptalus salicinus sp. n.: 1—2 — habitus dorsally, 3—6 — aedeagus (3, 5 — dorsal view; 4, 6 — ventral view), 7 — anal
tube, ventral view; & — same, caudal view; 9 — ventro-median process of male genital segment, ventral view; /0 — styles,
dorsal view; 11 — right style, ventral and lateral view. 1, 3—4, 10— 11 — male from Crimea; 2, 5—&§ — male from southeastern
Kazakhstan; 9 — male from Volgograd Oblast.

300JIOTUYECKUM KYPHATT Tom 103  Ne3 2024



DESCRIPTION OF A WELL-KNOWN WESTERN PALEARCTIC SPECIES 47

Fig. 2. Reptalus artemisiae: 1—6 — aedeagus (1, 3, 5 — dorsal view; 2, 4, 6 — ventral view); 7 — anal tube, ventral view; & —
same, caudal view; 9 — ventro-median process of male genital segment, ventral view; 10 — styles, dorsal view. I—4, &, 10 —
male from Saratov Oblast; 5—7, 9 — male from Astrakhan Oblast.
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Fig. 3. Map of planthopper signal recording localities.

from Artemisia subg. Seriphidium on saline soil in the
steppe, 9.VI1.2004, signals of four males recorded
at 22°C.

2. Russia, the Lower Volga region, Astrakhan
Oblast, western shore of the Baskunchak Lake, near
Bolshoy Bogdo Mtn., from Artemisia subg. Seriphidium
in the semi-desert, 30.V1.2005, signals of one male re-
corded at 30—31°C.

In R. artemisiae, male calling signal is a phrase las-
ting for about 12—20 s and normally consisting of two
shorter syllables followed by one longer syllable (fig. 4,
10—15). The duration of shorter syllables averages 1—
2 s, the duration of the longer syllable is 9—12 s. Pulse
repetition rate in syllables is almost the same as in
R. salicinus sp. n. and averages 60—70 pulses per sec-
ond at 22°C and 70—90 pulses per second at 30—31°C.
Occasionally, the male produces single shorter syllables
lasting for 2—5 s.

Thus, the male calling signals of R. salicinus sp. n.
and R. arfemisiae are distinctly different, which proves
that they are different biological species.

Biology. All studied specimens of R. salici-
nus sp. n. were collected from willows (Salix spp.),
whereas R. artemisiae was found only on Artemisia subg.
Seriphidium.

Willows, with rare exceptions, grow in humid ha-
bitats, while Artemisia subg. Seriphidium occur in the
steppe and desert zones and often grow on saline soils.
Therefore, it can be safely assumed that R. salicinus
sp. n. and R. artemisiae are almost always spatially and,
as a consequence, reproductively isolated not only due
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to differences in the signal patterns, but also due to dif-
ferent host specializations.

Distribution. Judging by the findings, con-
firmed by the calling signal analysis, the range of R. sali-
cinus sp. n. includes southern European Russia and Ka-
zakhstan (fig. 3). The record of R. quinquecostatus from
willows in Germany by Biedermann and Niedringhaus
(2009) also, apparently, belongs to R. salicinus sp. n. The
records of R. quinquecostatus from other plants (e. g.,
Logvinenko (1975)) may refer to another species. In
particular, Holzinger et al. (2003) previously suggested
that R. quinquecostatus auct. nec Dufour (1833) may
actually include several closely related species.

Reptalus artemisiae is known only from the steppes
and semi-deserts of the Lower Volga and Trans-Volga
regions; evidently, records of R. quinquecostatus from
the saline lands of western Kazakhstan by Mityaev
(2002) also refer to this species. It should be noted, that
so far R. artemisiae was not found on Artemisia subg.
Seriphidium in similar biotopes in southern and south-
eastern Kazakhstan and Kyrgyzstan.

Ethymology. The name of the species derives
from the name of its host plant, Salix.

Remarks. We failed to find morphological
traits for distinguishing between R. salicinus sp. n. and
R. artemisiae. However, since these species are associat-
ed with different plants that differ distinctly in biotopic
preferences, it is sufficient to have data on the biotope
and sometimes only on the locality, to identify a species.

Due to the fact that the specimens, based on which
Becker (1865) described the species Flata artemisiae
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1
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Fig. 4. Reptalus spp., male calling signal oscillograms: 1—9 — R. salicinus sp. n.; 10—15 — R. artemisiae. Faster oscillograms of
the parts of signals indicated as “4”, “6—77, and “13—15” are given under the same numbers, signal recording localities and
temperature during recording are given under the oscillograms.
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Becker 1865 = R. artemisiae (Becker 1865), were not
found, and this name was applied to the cryptic species
indistinguishable in morphological traits, we consider
it necessary, in accordance with Article 75 of ICZN, to
designate the male which calling signals were recorded
and which was collected from the same host plant in the
locality nearest to the original collection site (Sarepta =
Krasnoarmeysk, now part of the city of Volgograd) as
the neotype of F. artemisiae Becker 1865.

Neotype: o, Russia, Astrakhan Oblast, western shore
of the Baskunchak Lake, near Bolshoy Bogdo Mtn.,
from Artemisia subg. Seriphidium in the semi-desert,
30.VI.2005, deposited in ZIN (fig. 2, 5—7, 9; 4, 12, 15).
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OIINCAHME HINPOKO U3BECTHOI'O 3AITATHOITAJTIEAPKTUYECKOI'O
BUJIA POOA REPTALUS EMELJANOY 1971
(HOMOPTERA, AUCHENORRHYNCHA, FULGOROIDEA,
CIXIIDAE), HE UMEIOHIEI'O BAIINAHOI'O HA3BAHUA

1. 10. Tumeukun" *, A. ®. EMeabsnos” **

! Buonoeuneckuii paxynsmem Mockoeckoeo 2ocydapcmeentozo yrusepcumema umeru M.B. JTomonocosa,
Mockea, 119234 Poccus

2 300n0euueckuii uncmumym PAH, Yuueepcumemckas nabepexcnas, 1, Cankm-Ilemep6ype, 199034 Poccus
*e-mail: macropsis@yandex.ru

**e-mail: alexandr.emeljanov@zin.ru

IIpuBeneHO MITIOCTPUPOBAHHOE onucanue Reptalus salicinus sp. n., paHee OIIMOOYHO HHTEPIIPETH-
POBAHHOTO Kak R. quinquecostatus. [IpruBeneHB! OCIMIIIIOTPAMMBI IIPU3BIBHBIX CUTHAJIOB CaMIIOB, a
TaKXXe TaHHbIE 0 KOPMOBBIX PACTCHUSIX U PACIIPOCTPAHEHNH HOBOTO BUAA M OJIM3KOPOICTBEHHOIO
R. artemisiae. O003HaueH HeoTUn R. artemisiae. R. salicinus sp. n. u R. artemisiae cX0XU MO BHELIHE
MODP(MOJOrUY M CTPOCHUIO TeHUTAIMI caMIla, HO OTUYETIMBO Pa3JnvaroTCs 10 BpeMEeHHOU CTPpYyK-
Type IIPU3BIBHBIX CUTHAJIOB 1 KOPMOBOI1 CITellMaIn3aliid U, TAKUM 00pa30oM, MMPeACTaBISIOT COOOM
pa3Hble OmoJornYecKue BUIBL. Apeall R. salicinus sp. n. oXBaTBEIBaeT 10T eBpoIeiickoif yactu Poccnn,
KazaxcraH 1, mo-BHANMOMY, I0XXHYIO YacThb 3ammagHoii EBponbl. R. arfemisiae 10 CUX TIOp OBLI HaliacH
toipKo B HuxkHeM [ToBomxbe m 3anmamHom Ka3zaxcraHe.

Karoueswvie cnosa: IMKaaoOBLIC, NMPU3bIBHBIC CUTHAJTbLI CaMLOB, KPUNTUYECCKUEC BHIbI, HOBBII BUI,
BI/I6paI_[I/IOHHBI€ CHUT'HaJIbl, KOPMOBBLIC paCTCHMUA, 0003HauUeHUE HEOTUTIA
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HEPEXOAUT JIN BABOYKA-KPAIIUBHUIIA (AGLAIS URTICAE,
LEPIDOPTERA, NYMPHALIDAE) K CUHAHTPOIINN
HA CEBEPO-BOCTOKE A3UN

© 2024 r. 1. . bepman®

Hnemumym 6uonoeuneckux npobaem Cesepa JIBO PAH, Mazadan, 685000 Poccus
*e-mail: dberman@mail.ru

IMoctynuna B pegakuuio 11.01.2024 T.
IMocne nopadotku 02.02.2024 1.
Ipunsra Kk ny6ankanuu 06.02.2024 1.

IIpoBepeHo mpearoaokeHne o epexone 0ad00UKM-KpanmuBHULE (Aglais urticae) K CMHAHTPOIIUH B DKC-
TPEMAJILHO XOJIONHBIX (C MUHUMAJIBHBIMU TeMIiepaTtypaMu, 0au3kumu K —60°C) pernonax. Y kpanus-
HUIIBI 3UMYET UMaro; XoJoI0CTOMKOCTh 6a00YeK MPUHIMITMATBLHO HEAOCTATOYHA JJIs1 TTePEeXUBAHMS
XOJIONOB Ha OOJIBbIIIEH YacTH apeasia B IPUPOIHBIX YOEKUIIAX, PACIIONIOKEHHBIX BBIIIE YPOBHS CHETa,
U B JIeTKUX cTpoeHusx. CpenHue TeMrepaTyphl IepeoxiakaeHusl Buja oT AHIJIMU K CEBEPO-BOCTO-
Ky Poccnn yBenmmuuBatorcs ot —22 qo —29°C, Torma Kak cpefHrue MUHUMAaJIbHBIE TEMIIEPATYPhI BO3-
Iyxa B gHBape Iagaior ¢ 3.3 1o —55.7°C. BeIsICHSI0CH, 00eCIIeYnBAIOT JIM Ha CEBEPO-BOCTOKE A3HMU
(rmoc. CeiiMyaH) 1OOPOTHBIE 3UMHHUE, HO HEOTAIJIMBaeMble 1OMA TEMIIEPATYPy B MOMEIIEHUSIX BbIILIE
—30°C, moporoByo it KpalmMBHULBL. B IBYX pa3HbIX MO YCTPOMCTBY IOMAaxX 3UMOIA JIOrrepaMu U3Me-
PSUTHCH TEMITepaTyphl M CPAaBHUBAIMCH C TaHHBIMU METEOCTaHIIMU. B xkecTokue xojiona B JoMax ObLIO
Ha 11—19°C Termee, yeM BHE WX, OMHAKO MUHUMYMBI TeMiiepaTyp Huxke —30°C perucTpupoBaiuch B
TeYeHUE TTOIOBUHEBI 3UMEI, a Hike —35°C — B TeueHUe MouTH ee TpeTh. TaKuM o6pa3oM, HEOTATII-
BaeMbIe 3MMHNE TOMa U MIPUPOMHbIE yOexkuIa (TUra meaeii Iom KOpoid, yIel U IPYTUX MOJIOCTei),
HaXOISIIIMXCS BBIIIE YPOBHSI CHEXXHOTO MOKPOBA, HE 00ECIIeUYBalOT HEOOXONMMBIX TeMIepatyp. Joma,
NOA00HbBIE U3YYEHHBIM, TapaHTUPYIOT KPaTMBHUIIE YCIIEITHYIO TMOepHALIMIO B KJIMMaTUYeCKu Oojee
MSTKUX yCIoBUSIX 3anmagHoit Cubupu U ceBepo-BOCTOKA eBpoIeiickoii yactu Poccun. 3uMoBKa xe
BBIIIIE YPOBHSI CHeTa B MPUMUTHBHBIX YOEXKMUIIAX BO3MOXHA TOJBKO B TIpeesiax v 3amnajaHee 001acTu
temrrepatyp —31...—20°C. [IpoBemeHHas paboTa feaer emle MeHee 060CHOBAHHBIMY TIPEICTAaBICHUS
0 CMHAHTPOITMY KPAIMBHUIILI ¥ BO3BPAIIaeT HAC K MPEIITOJOXKECHUIO O IMIPeOBIBAHUY €€ IO CHEXHBIM
MOKPOBOM B YOeXMUIlax TUIIA MOJOCTEi B onajie, Mo YIaBLIMMU AePeBbsIMU U T.0. [1omoOHBIH THUTI
3MMOBKU rapaHTUPYET ycIeX, He Oyay4yu 3aBUCUM OT KiuMatoB CeBepHoli EBpaszuu.

Knrouesvie crosa: Aglais urticae, 6abodKka-KpanvBHUIIA, 3MMOBKA, YOEXKHUIIA, CHHAHTPOIIHS, HU3KHE TEM-
nepaTyphl, XOJIOHOCTOMKOCTh, 3MMOBKA MO CHETOM, CEBEPO-BOCTOK A3UK

DOI: 10.31857/S0044513424030062, EDN: VCEZFQ

OnuH 13 OOJIBIINX U IJIOXO pa3pabOTaHHBIX pa3e-
JIOB 3KOJIOTUU — reorpaduueckas U3MEeHYUBOCTb XO-
JIOMOCTOMKOCTH IIIMPOKO PACIIPOCTPaHEHHBIX BUIOB,
obuTaromux B pa3Hbix kKiaumarax (Ring, Tesar, 1981;
Bird, Hodkinson, 1999; Kalushkov, Nedvéd, 2000;
Rasmussen, Holmstrup, 2002; Bale, Hayward, 2010;
Meshcheryakova, Bulakhova, 2014; Meshcheryakova,
Berman, 2014). Bo3MOXHBIii ITyTh COXpaHEHUS] YPOBHSI
XOJIOMOCTOMKOCTHY MPU PacCIIMPEHNU apeajia — mepe-
X0 K CHHAHTPOITHOCTU. B uncie mmupoKo U3BECTHBIX
SIBJICHUI 3TOTO poJa — BCeJIEHWE OCEHbIO TPHI3YHOB B
MTOMITOJILHOE TIPOCTPAHCTBO XUJIbS, JICTYIUX MBITICH
Ha yepaaku, Xab B rmorpeda u T.1.; TaK XK€ BeOyT ce0s
MHOTHUe 0eCIO3BOHOYHBIE XKUBOTHBIC. OIHAKO U3y4de-
HYEe OOJBIIMHCTBA MOAOOHBIX CIy9aeB OTpaHUYECHO
HATypaIUCTUICCKUMU HAGIIONEHUSIMMU.

52

B mouckax 3MMHUX IIPpUPOIHBIX YOexuI (Ienu,
QyTuIa v T.1.) WK TIPU pacceeHUU 6eClIO3BOHOYHbBIE
Hepenko MorajaamT B pa3HOro pojia CTpOeHus, obJia-
JarIne COOCTBEHHBIM TeMITepaTypHBIM PEeKUMOM.
Apkuii npumep — 6adbouka-kpanuBHuua (Aglais urti-
cae (Linnaeus 1758)), 3uMymoolast Ha CTaiuy UMaro u
pa3BUBalOIIAsACS Ha KpalmuBax, xMejie 1 KoHorure. OHa
3aHMMaeT MajieapKTUUECKUii apea, Oyaydyd OObIYHBIM
obuTaTeneM pa3HooOpa3HbIX JaHaIadToB B EBporie
¥ A3um BIUIOTH 00 nobOepexkbs Tuxoro okeaHa. Onu-
CaHUS €CTECTBEHHBIX MECT 3UMOBKHU CKYIHBI, Orpa-
HUYMBAIOTCA SIMHUYHBIMU YITIOMHUHAHUSIMHA HAaXOIOK
B Ilelepax 1 Aymiax nepeBbeB EBporieiickoit yactu
apeana (Strouhal, Vornatscher, 1975; Dvorac et al.,
2009; IManwkoB, Craposa, 2013; Lewington, 2016).
Harmpotus, 3uMyOIx KpalmMBHUIL 9aCTO HAXOMST B
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Pa3IMYHBIX CTPOEHUSX: capasiX, XOJIOAHBIX CKIanax,
O6oMO0yOeXKUIIaX, TYHHENSIX, MoABajax, B 1€MUCE30H -
HBIX ToMax (TTpeaHa3HauYeHHbBIX JJ1s1 UICTIOJIb30BaHUS B
Teruioe BpeMmsi rojia), B 3a0pOIIEHHOM 3UMHEM XUJIbe
u 1.11. (Poulton, 1936; Wiklund et al., 2008; Dvorac et
al., 2009; Lewington, 2016). BecHoif oHM paHO HAYM-
HAIOT JIETaTh W IT03TOMY 3aMeTHBI. B SIkytun u Mara-
JJAaHCKOH 00J1. TIPUBSI3aHHOCTb 0a00UKM K KpaIuBaMm,
a HEKOTOPbIX BUJIOB KpaluB (Kak HUTPOGUIOB) — K
HaceJIeHHBIM ITyHKTaM, JaXe Ce30HHBIM (OXOTHUYLU
3aUMKHU, CEHOKOCHBIE CTaHbI U T.I.), CIIOCOOCTBYET
MOBBILIEHHOU YMCIEHHOCTH 6a0604YeK B UX OKPECTHO-
CTSIX. 3a mpeaeiaMy IOCeJIEHUIA OHU PeIKHU, a UX IPo-
WCXOXIEHUE — MECTHbIC UJIM 3aHECEHHbIE BETPOM —
YCTaHOBUTb TPYAHO.

HenasHo MBI MOKa3ayM, 4TO KpalTMBHUIIA 00J1aaeT
MPUHUUITUATBLHO HEAOCTAaTOUHOM XOJ0I0CTONKOCThIO
JUTST 3MMOBKM B Ha3BaHHBIX BBIIIIE YOSXKMIIAX Ha OOJb-
meit yactu ee apeana. CpegHre MUHUMATbHBIE TEMITEe-
paTyphbl Bo3nyxa B SIHBape IMajaloT OT 10XXHOU AHITIUMN
K ceBepo-BocTOKy Ilaneapktuku Ha 59°C (¢ 3.3 mo
—55.7°C), Torga KaK pe3ucTeHTHOCTb 6a604YeK MEHSI-
etcs mumb Ha 7°C (¢ —22 go —29°C). Temmepatypsl B
MIPUPOIHBIX YOSKUINAX M TEeMUCE30HHBIX CTPOCHUSIX,

Puc. 1. PacnonoxeHnue mereoctranuuu KoyibiMckas u
nocenka CeiiMyaH, B KOTOPBIX PETUCTPUPOBATUCH TEM-
IepaTypHbIE PEXUMBI B CTPOEHMSIX.
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a TaKXe BHE MX, KaK BBISICHIJIOCH, BeChbMa OJTM3KM U
JIeTaJIbHBI JJIS1 KpallMBHUIIbI; HECKOJIBKO pa3inyacT-
s JTUIIb UX TMHAMMKA, UMelolast 6oJiee CriaXkeHHbIi
(rutaBHEI) xon (Meshcheryakova et al., 2023).

Bo3MoxkHO, 6a0609KH MCHOIB3YIOT APYTHe MecTa
3UMOBKU. ONIWH 13 BEPOSITHBIX BaApUAHTOB — 3UM-
HUE IoMa, TTyCTYIONINe M0 KaKUM-JI100 IMpUINHaM B
XOJIOMHOE BpeMsl, WU A0Ma, UCMOJIb3yeMble Telepb
TOJIBKO JIETOM.

IIpennaraemasi 3aMeTKa NpeacTaBiaseT co0oii 1mo-
MBITKY MPOBEPUTH 000CHOBAHHOCTD MPEANOJIOXKEHUS
0 Mepexofie KpanuBHUIIBI K 00JIUTaTHON CMHAHTPOIIUU
Ha TIp¥Mepe OTHOTO U3 CAMBIX CYPOBBIX IO KJIIMMaTH -
YeCKUM YCJIOBUSIM 3UMBI pernoHOoB Poccuu — Gacceii-
Ha BepxoBuii Konbimbl (puc. 1).

KoHkpeTHoI1 3agaueii paboThl ObLIO ITOJTYyYEeHUE OT-
BeTa Ha BOIIPOC: 00ECIIEYNBAIOT JIM TOOPOTHBIC 3UM-
HUE, HO HeoTaruiMBaeMble JoMa B SKCTPEMaJIbHO XO-
JIOMHBIX PETUOHAX TEMIIEPATYPhl B IOMEIIEHUSIX BhIIIIE
—30 °C (1.e. BBIIIIE TTOPOTOBOM IIJIT KPATTMBHUIIBI JIe-
TaJIbHOI1 TeMIiepaTyphl).

MATEPUAII 1 METOJANUKA

PaGoter mpoBeneHs! B moc. CeiiMuan MaragaHcKoi
0671. (62°52751” c.u1., 152°2306” B.1.), HAXOASIEMCS
B CaMOM XOJIOMHOM M3 MECTHOCTEH, IIe Obljla paHee
n3MepeHa XOJIOMOCTOUKOCTh KpanmuBHUILILI (Mesh-
cheryakova et al., 2023). JIy1s1 uamMepeHust 3MMHUX TeM-
rnepaTyp BHYTPU TTOMEIIEHUIA ObLIIO BEIOPAHO ABa 3UM-
HUX J0Ma, IIOCTPOEHHBIX TpuMepHO B 1960—1965 rT.
(1.e. 60—65 et Hazax). ONMH U3 HUX IBYXKBApPTUP-
HBII (BXOABI C TOPLIOB), BTOPOi — Ha OOHY CEMbIO.
CpyOBI 000MX TOMOB CIeTaHbl U3 JINCTBEHHUIIBI U TI0-
KPBIThl UBHYTPU U CHAPYXU IITYKATYpKOM; BXOAHbIE
IBEepHU ¢ TaMOypaMu. B 11e;10M KOHCTPYKIINS M MaTe-
puajbl JOMOB TpaaulIMOHHBI Wisi CUOUPU U paccuu-
TaHbl Ha ToJAepXKaHue KOMGMOPTHBIX YCIOBUI NpU
MpeaeTbHO HU3KKUX TeMIiepatypax (61u3kux K —60°C).
BbiOpaHHbIe 1OMa B XOPOIIIEM COCTOSIHUU, TPUTOAHOM
IIJI1 MCIT0JIb30BaHUs 3uMoit. Ha npuycaneOHbIX yyacT-
Kax 37ech HepeIKHW 3apOCiIy KpaIlMBBI, Ha KOTOPOU
€XeroHO B N300UJIMU Pa3BUBAIOTCS TYCEHUIIbI.

B xauyecTBe TepMOMETPOB ObLIU MCHOJb30BAHBI
sorrepsl (iButton DS1922L, dupma Dn1MH, Mocksa,
Poccus, https://elin.ru), peructpupylolye Temrie-
patypsl 10 —40°C ¢ TouHocTbhio +0.3°C (MHOUBUAY-
anbHag KanmuopoBka B 0°C). Mx ykiagsIlBaiu Ha CTO-
Jlax, CTOSIIIIMX Ha PACCTOSIHUU 2 M OT CTeHHbI. Jlorrepbl
paboTanu ¢ KoHla Hos16ps 2022 1. 1o Havajio MapTa
2023 r.; nepuoANYHOCTb U3MEPEHUI — 8 pa3 B CYTKH.
7151 XapaKTepUCTUKU €CTECTBEHHOTO TeMITepaTypHOTo
¢oHa Bo3myxa (manee — «TeMmIieparypa BO3ayxa») MC-
MOJIb30BaHbl JaHHbIE MeTeocTaHMU CeliMyaH.

KnuMmaTnyeckre XxapaKTepUCTUKU pailoHa TIoc.

CeiimuaH npuBeneHbl paHee (Meshcheryakova et al.,
2023). JInsg KOppeKTHOCTHU MOCJEAYIOIero aHajiu3a
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Taomuna 1. OcHOBHBIE KIMMaTUYeCKHE XapaKTepUCTUKU 3UMbI 2022—2023 TT. B CpaBHEHUHU C KIIMMAaTUYECKOU HOP-

Moii mis Meteoctannu CeiiMuaH

Jexabpb AnBapb DeBpanb
IToxazarenn
HopmMma 2022 Hopwma 2023 Hopma 2023
Temmepatypa Bo3myxa, °C
CpemHSS MeCsTIHas -37.4 —44.2 -39.1 —38.6 —-35.2 —34.2
CpemHsS U3 aOCONOTHEIX MUHIMYMOB -52 —53.5 -55 —53.4 —53 —514
CyMMa 0caiKoB, MM 28 31 25 28 18 12

Ipumeuanus. Hopma — kimMatudeckast Hopma 1mo: ClipaBoYHUK ..., 1966, 1968.. 2022, 2023 — nanHble MeTeocTaHuu CeiitMyaH

2022—2023 rr. mo: RP5 http://rp5/ (amekTpoHHBII pecypc).

MBI cpaBHUIN 3uMy 2022—2023 IT. ¢ KIIMMaTUYECKOMI
HopMoii (Tabh. 1). K coxaneHuto, 1o MeTeocTaHLIMU
CeliMyaH M3-3a OTHOCUTEILHOTO KOPOTKOTO psifa Ha-
OJIt0ZIEHUIA B CIIPABOYHOM JIUTEPATYPE HET CTATUCTU-
YECKUX OLIEHOK CPEIHUX MHOTOJIETHUX TTOKa3aTeJei.
OHu npuBonsATCcs st MeTeocTaHluM CpeaHeKaH,
pacmnoyioxkeHHoit B 50 kM oT noc. CeitmuaH. Ha atoit
CTaHUMU CTAaHAAPTHbIE OTKJIOHEHUS CpeIHEMECSIUHbIX
TeMIlepaTyp BapbUpyIOT B mpeaenax 3—5°C, a Mecsu-
HBIX cyMM ocankoB — 10—20 mm (HayuyHo-npukiam-
HOW CIpaBOYHUK..., 1990). Ucxons u3 ckazaHHOTO U
JAHHBIX TaOJHUIIBI, MOXHO cunTaTh 3uMy 2022—2023 rT.
OJIM3KOM K KJIIMMAaTUYECKOI HOpMeE.

B paboTte rcnonab30BaHbl CTaHIAPTHBIE CTATUCTHU-
yecKue MmokasaTtesiv: KoadUuleHT JUHEHHOI Koppe-
JISIUMY Y IMHeliHas1 perpeccus. PacueTsl mpoBeneHbI B
nakeTe aHanu3a mTaHHBIX Excel.

PE3VJIBTATBI U OBCYXIEHUE

BriOpaHHBIe B KaueCTBE MOIEIbHBIX IS TEMIIE-
paTypHBIX U3MEPECHUI TOMa HECKOJIBKO pPa3anyaroTcs
110 BpeMEHU MOCTPOMKM M KOHCTpYKIueit. OmHaKo nux
TeMIlepaTypHbIe PEXUMbI Ha TIPOTSISKEHUM TPEX 3UM-
HUX MECSLIEB, CyIs Mo AUHAMMKE “Kopumopa”, ouep-
YUBAEMOr0 MUHMMAJIbHBIMA U MAaKCUMAaJIbHBIMU 34
KaXIble CYTKM TeMIlepaTypaMu, BeCbMa OJIM3KHA MEX-
oy coboit (puc. 2).

WX HanOoJbIve pa3Indust B 00JIaCTH BBIIIE TEM-
neparypHoro nopora kpanuBHuibl (—30°C) cBune-
TEJILCTBYIOT 00 yIauHOCTH BHIOOpA JOMOB-MOMAENEH 1
TTO3BOJISIIOT MCITOb30BaTh Il TATbHEUIITNX CpaBHE-
HUIT TaHHBIE TT0 OMHOMY JIOMY — C 60Jiee IJTUHHBIM PsI-
oM HaOmoneHui (puc. 3).

AHaJIM3 JAaHHBIX IIPUBOIUT K CIAEAYIOLIMM 3aKJII0-
yeHUsIM. PazHulia MeXay CyTOYHBIMU MUHUMYMaMU
1 MaKCMMYMaMHU TeMIIEpaTyp BO3AyXa, perucTpupye-
Masl Ha MeTeOIUIONagKe paauKallbHO IIUpPe TaKOBOM
B n1oMe. BHe moMeleHus CyTOYHBII X0 TeMIIeEpaTyp
nocruraet 24°C; 3TOT nokKasarejb 0COOEHHO BEJINK
BO BpeMs Pe3KMX U3MEHEHUI TTOTOAbI: TIPU OTTEIe-
JISIX WM, HA000pOT, CKAYKOOOpa3HBIX MOXOJIOJaHM-
gax. YcroitumBasg xosogHaa moroga (—53...—45°C),
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HampoTUB, IOPOXAAET HEOOJIbIIINE CYTOUHbIE KOJIeha-
HMA — B Tipenenax Beero 3—8°C. B moMax ke U3MeHU -
BOCTb TEMIIEpaTyp Mpu J000I Toroae He MpeBbIlIaeT
7.3°C, HO 3HaYeHUST MOTYT ObITh ¥ MeHblIe 1°C. Takum
obpa3oM, 3UuMHUI 1OM 00JiagaeT BEICOKOM CTENEHbIO
TeMIlepaTypHOl MHEPLIMOHHOCTH.

PazHu11a CyTOUHBIX MUHUMYMOB TeMIIepaTyp BO3-
JlyXa B IoMax 1 BHE UX B ieKabpe—deBpajie BapbupyeT

T.°C
-20

=30

1 !

20222023 Y —

Puc. 2. TemnepatypHble “KOpUIOPHI”, OMUCHIBaeMbIE
CyTOYHBIMM MUHHMMYMaMU U MakKCUMYMaMHu B IBYX
JOMax.

T.°C

20 +

=30

1 !
Mecspt

20222023

Puc. 3. TemmieparypHbie “KOpPUIOPHI”, ONMUCHIBAEMbIE
CYTOUHBIMU MUHUMYMaMU U MaKCUMyMaMU TeMIIEepaTyp
BO3MlyXa Ha METEOCTAaHIIUM (CUHSIS 3aJIMBKA) U B JIOMe
(KpacHas 3aJIMBKa).
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B nuamasoHe oT +3 go —20.1°C. IIpu yCTONYMBBIX
xononax (—53...—45°C) B moMax perucTpupyercs: Ha
11—19°C 6osee BeICOKas TeMIIEpaTypa; IIPU MTOTETIIE-
HuU 10 —37...—27°C cpenHss pasHHILA YMEHbIIAETCS
(5—6°C). B 1eMUCE30HHBIX CTPOEHUIX MAKCUMAJIBHOE
pasnuurie MeXIy TeMIlepaTypoil Bo3IyXa Ha METeo-
IUIOIIAAKE U B IOMEIIEHUSIX MeTeoCTaHIUNU KomabiM-
cKasl B XOJI0AHYIO noroay He npesbimaer 6°C (Mesh-
cheryakova et al., 2023).

B niepronbl cMeHBI TTOroAbl Pa3HULIA CYTOUHBIX MU-
HUMYMOB 3aBHICUT HE TOJIbKO OT aKTyaJbHBIX TeMIIe-
paTyp Hapy>XXHOTO BO3[yXa, HO U OT UX IMHAMUKU B
npeabiaymue nHu. CouyeraHue Ha3BaHHBIX (haKTOPOB
co3aaeT NPUIYLIMBBINA X0 TeMIepaTyp B MOIEIbHbBIX
JIOMax; TP Pe3KUX MOTEIJICHUSIX 3HAUeHNST TeMIIepa-
Typhl oKasbiBaloTcsa Ha 1—3°C Huxe, 4eM BHE MX, Je-
MOHCTPHPYS CBOETO poaa “MHBEpCUIo”.

OTrMedeHHbIE OCOOEHHOCTH KOJIeOaHUSI TeMIlepa-
Typ — CJeACTBUE 3ana3lblBaHUs U3MEHEHUS TEMIIe-
paTypel BHYTPH IOMa OTHOCUTENBHO ¢e KOJIeOaHMA
cHapyxXu. Takoe 3ama3gblBaHWE BO3HUKAET M3-3a
WHEPILIMOHHOCTH XOlla TeMIlepaTyp, CBSI3aHHOM C Te-
IJTIOEMKOCTBIO CTPOCHMIA. 3ama3apiBaHue OTpakaeTcst
Ha BeJIMYMHE KOo3(PPUIIMeHTa KOppeasiiui CyTOUHBIX
MWHUMYMOB B IoOMax M BHe UX, cocTapistonieit 0.71
(puc. 4a) npu 3HAYUTENBbHON CTAaHIAPTHOI OLIUOKeE
perpeccunt (SE = 4.1°C). Casur TeMIiepaTypHOro psaia
“B moMe” Ha CYTKHU BII€pel 10 OTHOLIEHMIO K psay
TeMmIiepaTyp “BHe JoMa” oOyCIOBIMBaeT yBeJUuUyeHUe
koa(dunmeHTa koppensuuu pssaoB 10 0.88 (puc. 46),
Ha IBOE CYTOK BIIepel — HEKOTOPOE YMEHBIIIEHHUE KO-
s punmenTa (0.86), Ha Tpoe CYTOK BIIepen — pe3Koe
cHIXeHune ko dunuenra mo 0.77.

_15 - a
=201
< —25F
=5 =30
g  —35F
¥ 40t
2 ﬂ? _45 1 1 1 1 1 1 1 ]
s —60 -55 —-50 —45 —40 -35 -30 -25 -20
S 2 6
S E-I57
5 5-20F
= z 25+
= =30
—35k
= —40
_45 1 1 1 1 1 1 1 ]
=60 —-55 —-50 —45 —-40 -35 -30 -25 =20
MuHuMalbHas TemIrepaTypa CHapyxu aoma, °C
Puc 4. CooTHolleHNe MUHUMAJIbHBIX TeMIIepaTyp
BO3Iyxa BHYTPM JOMa M CHaApyXHU: CUHXpOHHOE (a)
M CO CIBUTOM TeMIIepaTyp BO3AyXa BHYTPHU Ha CYTKU
Hazan (6). CIuIoIIHbIC IMHUU — YpaBHEHUE perpeccuu
Buga: a — T min B nome = 0.48 T min cHapyxu — 11.27
(R*=0.51, SE=4.1°C, N=93); 6 — T min B iome = 0.59
T min cuapyxu — 7.02 (R*=0.77, SE = 2.8 °C, N = 93).
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Kak BUIHO 13 IPUBOIMMBIX MaTEPUAIOB, TEMIIE-
paTypa B uccienyeMblX HaMU HEOTaIlJIMBaeMbIX J10-
Max, KpoMe Cjly4aeB “MHBEpCUHU”’, BhIIIIE, YEM BHE UX.
B o6cykmaeMoM pernoHe eIMHCTBEHHBIM MCTOIHM-
KoM Teria (“oborpeBaTesieM”) 3a TpeneiaMu MOM
PEK MOXeT OBITh BeUHasi MEP3JI0Ta, PACTIONIOKEHHAS B
nepuo MakKCMMaJbHOTO OTTauBaHUSI CE30HHO-TAJIOTO
cJios (Havajio CeHTSIOps1) B pa3HbIX OMOTOIIaX Ha ITy-
oune npuMepHo 0.5—1.8 M oT moBepxHocTu. Ha 3T0i1
r1yOuHe B caMblii XOJOMAHBIM Mecsill 3UMbl CpeqHue
MHOTOJIETHHE TeMIlepaTyphbl Ha OJMXKaiIlneil MeTeo-
cra"Huuu Dnbred (80 km ot moc. CeiiMyaH), Tae UC-
MOJIB3YIOT IJTyOMHHBIE TEPMOMETPHI, HE OIMYCKAIOTCS
Hke —9°C, a B repBbIx 20 CM OT IMOBEPXHOCTHU TIO-
yBbl — HIKe —18°C (CrnipaBoYHUK..., 1966). Ha3BaH-
Hele —18°C — pesyabraT B3aMMOIEHCTBAS YMEPEHHBIX
TeMIepaTyp IpyHTOB U 3KCTpeMaJbHO HU3KUX TeM-
nepaTyp Bo3ayxa, CIJIaXXeHHBIN TeTIOU30IMPYIOIITUM
NeHCTBUEM eCTeCTBEHHOTO CHEXKHOTO MOKPOBa (Ha Me-
TEOCTAHLMSAX OH COXpAaHSIETCS HETPOHYTBIM) WU Ca-
Moro goMma (B HaieM ciiydae). Ha GeccHexXXHBIX ydacT-
KaxX MOBEPXHOCTHBIE TOPU3OHTHI MOYBbI CUJIBHO OX-
JnaxpaaloTcs. B pernoHax 6e€3 Mep30Thl TPYHTHI B €l1Ie
OoJibllIell CTeNeHU “yTeTIsIIOT” CTPOEHUSI, CBUIETEb-
CTBa YeMy — Iorpeoa AJisi XpaHEeHUsI OBOILEi U MPOYUX
MPOAYKTOB, MOPTSIIMXCS TIPU 3aMEP3aHNH.

VYoenutenbHolt MJUIIOCTpalMell 3HAYUTEJIbHO-
ro CMSITYEHUsI TeMIepaTypHOro pexnuma B 3UMHUX
HEOTarIMBaeMBbIX TOMaxX OTHOCUTEIbHO TUHAMUKU
MUHUMaJIbHBIX TeMIlepaTyp BO3dyXa paccMaTpHUBa-
eMoro paiioHa BepXxoBU1 KoJBIMBI CIyKUT Tabd. 2.
JIvie 13% BpeMeHM 3UMBI TIPUIIIIOCH Ha TeMITIepaTy-
pol Beile —30°C, Torga Kak B JOMax OHU OTMEUYATUCh

Tab6muua 2. JJoss ynciia CyToK ¢ MUHUMAJIbHBIMU TeMITe-
paTypaMu B pa3JIMYHbBIX AMaIla3oHax 3a mepuon ¢ 29 Ho-
sa6pst 2022 no 2 mapta 2023 1. (94 cyT) Ha MeTeoIIoIIaaKe
(M/TuT) 1 B TOMeE

Cytku, %
Temmneparypa, °C

M/mn Hom

Berie —30 12.8 511
B T.4. —25...—30 9.6 35.1
-20...-25 0.03 16
Humxe —30 87.2 48.9
B T.4. —35...—30 11.7 20.2
—40...—35 22.3 20.2
—45...—40 12.8 8.5

—50...—45 17 -

Huxe -50 23.4 —
Bcero cytok, % 100 100
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6omee yem B 50% cirydaeB. MUHUMAaIbHBIE TEMIIEPATY-
pbl Huke —45°C oTrMedanuch B atMocepe 6osiee yeM
B 40% citydaeB, TOTIa KaK B TOMaX TaKue 3HAYSHUS BO-
BCE HE 3apeTUCTPUPOBAHBDI.

AHaJIM3 TTOJYYEHHBIX XapaKTEPUCTUK TeMIepa-
TYPHBIX YCJIOBUI B HEOTAIJIUBAEMbIX 3UMHUX JOMaX
MIPUMEHUTENIBHO K XOJIOI0BOM PE3UCTEHTHOCTU Kpa-
MUBHULBI [TO3BOJISIET OTMETUTH CJAEAYIOIINE OCHOB-
HBle MOMEHTBI. B yclioBHsIX KpaiiHe 3XeCTKOTO 3UM-
Hero KJiuMaTa MUHUMaJbHbIE TEMIIEPATYyPhbl B TOMAaX
OCTalOTCS 3HAYMTENBHO HIKe Toporosuix (—30°C) s
BbIXKMBAHUS KPAalTUBHUILILI B TeUeHUE 1.5 3MMHUX Me-
cseB, a Hke —35°C — Mmecsi. TakuMm oOpa3om, oba
o0cyienoBaHHBIX 3UMHUX JoMa B noc. CeliMuaH He
MPUTOAHBI JJI 3MMOBKM KPAITMBHULBI.

Crojb Xe yTeIUIeHHbIe 3MMHIeE JoMa B 3allajgHoi
Cubupu 1 Ha CEBEpPO-BOCTOKE €BPOICHCKONM YacTu
Poccum (peruoHsl ¢ 6ojiee MATKUMM KJIMMaToM) 00e-
cIIeyar yCIelHYI0 3MMOBKY KPallMBHUIIBI IIPU CPEa-
HUX 3HAYEHMSIX a0COJIIOTHOIO MUHUMYMa TeMIiepaTy-
pHI Bosmyxa B uHTepBane —39...—32°C (puc. 5).

OaHako 3MMOBKA B MPUMUTHUBHBIX yOEXKUIIAX,
PACITOJIOXKEHHBIX BBIIIE YPOBHSI CHEXKHOTO TTOKPOBA, a
TaKXe B JIETKUX CTPOEHMSIX, BO3MOXHA TOJIBKO B TIpe-
Jejlax U 3amagHee oonactu temneparypsl —31...—20°C
(Meshcheryakova et al., 2023). UMeHHO 31€Ch, B OT-
HOCHUTEJILHO TEIUIBIX PETMOHAX, TTPOOYIUBIINXCS Kpa-
MUBHUIL YaCTO BCTPEUAIOT BECHOI B HEYTCIUICHHBIX

CTPOEHMUSIX, IPOrPEBAIOIIMXCS PaHee CXOda CHera.
HeocropoxHast 3KCTpaIossuus 3TUX HaOJI0AecHUIMA
Ha KJIMMAaTHYECKU CypOBbIE TEPPUTOPUM U ITOPOAMIA
MpencTaBjieHust 00 YCTOMYMBOCTY KPAIIMBHULL K HU3-
KUM TeMIIEpATypaM.

3AKJIIIOYEHUE

TemmepaTypbl B HEUCIIOJIB3YEMEIX B XOJIOMHOE Bpe-
Ms Toga JOOPOTHBIX 3UMHUX OMaX B YJIBTPAKOHTH-
HEHTaJIbHOM KJIMMaTe ceBepo-BocToKa Poccuu okasza-
JIUCh HEPpUEMJIEMO HU3KM JIJIsI 3MMOBKU KparuBHU -
1bl. TakuM 00pa3oM, HU U3yYeHHbIE B TEMIIEPATYPHOM
OTHOIIIEHUM 3UMHUE U JEMUCE30HHbIE JOMa, HU MPHU-
ponHbIe yOexuIla TUMa Iejaeil moa Kopoi, ayria
W IpYTue IMOJOCTU, PACIIOTIOXEHHBIE BBIIIE YPOBHS
CHEXXHOTIO ITIOKpPOBa, HE 00eCeYnBaIOT IepeXXKMBaHNIE
0a004YKOI1 XOJIOMHOTO CE30HA.

KoHeuHo, Hejlb3s UCKIIOYUTh BO3MOXHYIO 3UMOB-
KY KpaluBHMII Ha Yepaakax OTaIUIMBaeMbIX 3UMOI1 10-
MOB, B XJIeBax, Ha 000TPeBaeMbIX CTOSTHKAX aBTOTPaH-
CIIOPTA ¥ T.II. COOPYKEHUSIX WA B XapaKTePHBIX IS
CEBEPHBIX MOCENKOB YTeIUIEHHBIX “Kopobax” ¢ TpyoOa-
MM TeTIOLeHTpalleil M BOMOCHAOXeHHS (TIPOKIaIbIBa-
€MBIMM HaJl 3eMJICii) ¥ B IPYTUX OTHOCHUTEIBHO TETUIBIX
MecTax.

I[IpoBenmenHass pabGoTa MO3BOJSET CY3UTh KPYT
HanboJjiee BEpOSITHBIX MECT 3UMOBKHU B ITOCEJICHUSX,

60°

100°

| Hwxe -56° -55...-48°

180°
140°

-31..-20°

Puc. 5. CpenHue u3 abconOTHBIX MUHUMYMOB TeMITEpaTyphl Bo3ayxa (1Mo: ArpokauMaTUuyeckuii amac..., 1972) u npenro-
JlaraeMble TeMIIepaTypHbIe Mpefesibl (KpacHble JIMHUK), B KOTOPBIX MECTa YCTEIHON 3MMOBKY KPaNTMBHULIBI PA3IUYHBI.
3UMOBKa K BOCTOKY OT IyHKTUPHOM JIMHUU — TOJIBKO O]l CHETOM; K 3arajy OT Hee J0 CIUIOLIHOM KpacHO# TMHUN — TIOJ
CHETOM WJIY B 3MMHUX He0OOTrpeBaeMbIX TOMaXx; K 3arany OT CIUIONTHON KpacHOU JTMHUM — 06a TPeIbIIyIIUX BapuaHTa 1

HaJl CHE2KHBIM ITOKPOBOM.
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JeJaeT elle MeHee 000CHOBAHHBIMU MPEACTABICHUS
O CUHAHTPOIHOM 0YarOBOCTU PacIIpOCTpaHEHUsI Kpa-
NUBHULILI Y1 BO3BpalllaeT HAC K Hee O €€ 3UMOBKE
MOJI CHEXKHBIM ITOKPOBOM. YTEIUIEHHE CHETOM Ha3eM-
HBIX IIPUMUTUBHBIX YOEXKMII (THUIIA MOJOCTEH B Oma-
JIe, MEXIy KPYITHBIMM KOPHSIMU WIM II0J, YITaBIIUMM
JIEepPEeBbSIMU U T.I1.) TApaHTUPYET YCMEIIHYIO 3UMOBKY
KpanuBHUIIBI B JIFOOOI YacTU ee TpOMaJHOro apeaa,
HEe3aBUCUMO OT KJIIMMAaTUYECKUX OCOOEHHOCTEI pe-
rnoHoB CeBepHoit EBpasum.

ABTOp OyIeT cuuMTaTh CBOIO MMCCHMIO BBITIOJHEH-
HOM, €CJIM CTaThd MOJABUTHET MCCJIEIOBATENIEN K DKC-
MNepUMEHTAILHOI MpoBepKe (HalpuMmep, B BOJIbEpax)
MIpenoKEeHHO! TUMOTE3hl O 3UMOBKE IO CHEIOM, a
MaTepHajbl CTaTbU OYAYT MCIOJIb30BaHBI IJISI OLEHKH
YCJIOBUIA TUOEPHALIMY TIPEICTAaBUTENICI IPYTUX TAKCO-
HOB B HEOTAIUIMBAEMBbIX CTPOCHUSIX.
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DOES THE TORTOISESHELL BUTTERFLY, AGLAIS URTICAE
(LEPIDOPTERA, NYMPHALIDAE) SHITFT TO
SYNANTHROPY IN NORTHEAST ASIA?

D. 1. Berman*

Institute for Biological Problems of the North, Far East Branch, Russian Academy of Sciences, Magadan, 685000 Russia

*e-mail: dberman@mail.ru

An assumed shift of the tortoiseshell butterfly, Aglais urticae to synanthropy in extremely cold regions
(with temperatures close to —60°C) is tested. The tortoiseshell butterfly overwinters at the stage of imago;
their cold resistance being fundamentally insufficient for surviving the cold across most of their distribution
range in natural shelters located above the snow level and in unheated buildings. The species' resistance
to cold from England to northeast Russia is increased from —22 to —29°C, while the average minimum air
temperature in January drops from 3.3 to —55.7°C. The objective of the present work was to find out whether
well-built, but unheated houses (the village of Seimchan) provide winter indoor temperatures above —30°C,
a threshold for the tortoiseshell butterfly. Winter temperatures were measured with loggers in two different
houses and compared with the outside temperature obtained from weather station data. During a severe
cold weather, it was 11—19°C warmer inside the houses than outside, but the minimum temperatures below
—30°C were recorded over half of the winter, and below —35°C over almost its third. Thus, winter (unhea-
ted) houses, as well as demi-seasonal ones, and natural shelters such as cracks under the bark, hollows and
other cavities located above the snow cover fail to provide the required temperatures. Unheated well-built
houses guarantee successful hibernation for the tortoiseshell butterfly only in the milder climatic conditions
of western Siberia and in the northeast of the European part of Russia. Wintering above the snow level in
primitive shelters can only be possible within the temperature range of —31...—20°C and west of it. The results
of the work prove the idea of tortoiseshell butterfly synanthropy to be unsubstantiated and return to the idea
of its wintering under the snow cover in shelters such as cavities in litter, under fallen trees, etc. This type
of wintering guarantees success, being independent from the climate of northern Eurasia.

Keywords: Aglais urticae, tortoiseshell butterfly, wintering, shelters, low temperatures, cold resistance,
wintering under snow, northeastern Asia
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KOTJIOBUHHAS ABUPAYHA CEBEPHOI'O KABKA3A 1 OCOBEHHOCTHU
EE ®OPMUPOBAHUSA HA NPUMEPE BOTJIMXCKON KOTJIOBUHEI,
BHYTPEHHUM JATECTAH
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AHanu3 aBudayHbl apuaHoii boTinxckoii KOTJIOBUHBI B ropax JlarecraHa, rae 3aperucTpupoBa-
HO 112 rHe3msIMXcs BUOOB MTHII, ITOKa3ajl 3aMEeTHBIe TpaHC(HOPMAIIUM B €€ COCTaBe B TEUCHUE
XIX—XXI BekoB. B apuaHoii KOTiI0BUHE HabII0IaI0TCSl YBEIMYEHUE YUCIEHHOCTU U PACCEIEHUE HEMO-
DPaJIbHBIX, JIECOCTEIHBIX U CyOCPEAN3EeMHOMOPCKUX NEHIPOMUIOB, a TaAKXKe MOSIBICHUE HAa THE3NOBAaHUU
CUOUPCKUX TOPHO-TAECKHBIX BUAOB. OMHOBPEMEHHO MPOUCXOAST COKpallleHNe YUCTEHHOCTU U UCUE3HO-
BeHUeE KCepOUIbHBIX CKJIEPO(PUIIOB, KOTOPHIE BXOAST B COCTaB IMyCTBIHHO-TOPHOTO (DayHUCTUYECKOTO
KoMInTekca HoMamuiickoro tura ¢ayHbl. DTO MOXET OBITh 00YCIIOBIIEHO KaK M3MEHEHUSIMU KJIMMATa,
KOTOPBIN BIMSIET Ha IITUI] OITOCPEIOBAHHO (B pe3yJIbTaTe M3MEHEHUSI BUIOBOIO COCTaBa M CTPYKTYPHI
PacTUTENIPHOCTH, a TAaKXKe COKPAIICHUS CIIEHM(PUIHON KOPMOBOIt 0a3bl IITUIT), TAK U MOCAEACTBUSIMU
AHTPOMOTEHHOTO BO3/IEMCTBUSI HA IPUPOAHYIO cpeny (BOCCTAaHOBIEHUE JIECOB, AETpafalvsl 3eMIIEAETHS
M CKOTOBOJICTBA), a TAKXKe, BO3MOXHO, KOHKYPEHTHBIMU OTHOIIEHUSIMU MEXAY OTACAbHBIMU BUIAMU
JKMBOTHBIX. AHAJIOTMYHbIE MIEPEMEHBI OTMEUYEHBI He TOJbKO B JlarectaHe, Ho M Ha 3ananHoM KaBkase,
a TaKKe B CTEITHOIt 30He Ha 1ore Poccum, 94To CBUIOETEIBCTBYET O KPYITHOMACIITAOHOM YPOBHE TIPOTE-
KaoIIMX 37eCh 300reorpadmuecKmx MpoIeccoB. BeisiBeHHBIE TpaHC(hOpMALIK peTHOHATBHBIX (DayH
TPeOYIOT HaJIbHEHIIIC aKTUBU3ALIMHY (hayHHUCTUYESCKOTO MOHUTOPHUHTA, KOTOPBI ITO3BOJIUT YTOUYHUTH
CKOPOCTb MAYIIMX IPOIIECCOB U cAeIaTh 300reorpacduieckue IMporHo3sl Ha OJKaiiiiee oymyiiee.

Karouesoie crosa: aBudayHa, apuaHas KOTJIOBHHA, 3KOJOrm4YecKas CTpYKTypa, (payHOreHeTHUIecKast

crpyktypa, Kaskas, Poccust

DOI: 10.31857/50044513424030071, EDN: VNRMRB

ApuaHble KoTioBMHBI KaBKaza HacejieHbl CBO-
eo0pa3Hoil “KOTJIIOBUHHON” aBudayHO#, KoTopas
Obla BIepBbIE BhIIEJIEHA U oMucaHa elle Poccuko-
BoIM (1888). B ee cocraB BXxomsiT HanboJjiee xapakTep-
HbIe CKJIepO(DMIIbHBIC BUIBI, CBI3aHHBIC C CYXUMM,
CKAJIMCTBIMM ropaMu: KeKiauk (Alectoris chukar), xny-
wuna (Pyrrhocorax pyrrhocorax), KaMeHHbBII BOPO-
oeii (Petronia petronia), KaMeHHbIe npo3abl (Monticola
saxatilis, M. solitarius), xkamenku (Oenanthe pleschanka,
Oe. melanoleuca, Oe. finschii) u op. Slnpo 3Toit ayHbI
npuypoueHo K Cymepuiickoit (MpaHcKoii) MpOBUH-
nuu Caxapo-Tobuiickoit momo6mactu IlameapkTu-
ku, a Ha CeBepHoM KaBkaze oHa Hambojee MOJTHO
npenctaBieHa B apuaHoii CeBepo-HOpckoii nenpec-
cUM, IpoTaHyBILIeicsa Mexny CkanucTbiM U BoKoBbIM
xpebTamu mouty Ha 400 kM (benuk, 2006, 2013; be-
nuk, Hacpynaes, 2023; u np.).

59

Apunnbsie koTaoBuHbI CeBepo-HOpckoit genpec-
CHUU SIBIISIIOTCSI OYE€Hb BaXKHBIMU YOEXKUILIAMHU, APEB-
HUMU (DayHUCTUIECCKUMU pedYTrUsIMU IJIsI MHOTHUX
KCepOUIBHBIX, TePMOGUIBHBIX U CKICPODUIBbHBIX
pacTeHu# U XUBOTHBIX. OHU CyXaT TaKXKe KaHaja-
MU pacceyieHUsI, MyTIMU TPOHUKHOBEHUS MTOTOOHBIX
BUJOB C I0TO-BOCTOKA B 0oJiee BIaXKHbIE 1 XOJIOAHbIE
pationsl CeBepo-3anagHoro Kaska3za (benuk, Hacpy-
naes, 2019, 2023).

Psn ocobenHocTeit “KOTIOBUHHOM” (hayHBbI I10-
3BOJIMJI BBIACIUTD apuaHble Topbl BocTounoro u Ce-
BepHoro KaBka3a B KauecTBe OoTaeabHOro BocTouHo-
KaBka3ckoro okpyra CymMepHMiicKoif IIpOBUHIIUU,
Kotophiii Ha CeBepHoM KaBkase nenurtcs Ha TpU 30-
oreorpaduyeckux paitona: Jlarecranckuit, baikap-
ckuit u Yepkecckuii. OHU pa3andaloTcs MexXay co0oit,
npexae Bcero, pa3HooOpa3ueM MyCTBIHHO-TOPHOTO
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(hayHHCTUUECKOTrO KOMILIEKCA, IIOCTEIIEHHO OeIHEe0-
1LLIEeTo MPU MPOABUXKEHUU Ha 3allajl B CBSI3U C yaaJleHU-
€M OT IIeHTpa ero (hopMUpoBaHUs B MipaHe U B pe3yiib-
TaTe U3MEHEHUs IPUPOAHBIX YCIIOBUI B OoJiee BIaXK-
HBIX paitoHax (Bomyaneuxwuii, 1973; benuk, 2013).

JdnautenpHoe BpeMs mocie nyoaukauuu Poccu-
koBa (1888) xotnmoBuHHas aBugayHa Ha CeBepHOM
KaBka3e ocraBajiach IpakTU4eCKu 0e3 BHUMaHUS.
Jvines B Hawane XX B. 'entHep (1926) 1 béme ¢ co-
aBTopamu (1930) kopoTko obcyXaany MPUIUHBI MO-
SIBJICHUSI CIelIM(UYHOI CMelllaHHOM (hayHbl, COCTOSI-
e U3 paBHUHHBIX U TOPHBIX BUAOB, B TOPHOCTEITHBIX
JMaHamadTax cpead OOIIMPHBIX apPUIHBIX KOTJIOBUH
Ha bakcane u Tepeke. B mocienHue roabl IMOsSIBUINCH
TakXe OTHeIbHBIE pabOTHl, KOHKPETHO Kacarolluecs
COBPEMEHHOTO COCTaBa aBU(ayHbl HEKOTOPBIX 000CO-
OJIEHHBIX apUIHBIX KOTJI0BUH Jlarecrana u CeBepHOiA
Ocerun (benuk, Hacpynaes, 2019, 2021, 2023, 2023a,
202306; IlleBuos, 2019).

YyuTpiBasg OBICTPO IIPOTEKAIOIINE HETaTUBHBIC
U MO3UTHUBHBIE U3MEHEHUS B (hayHe apUIHBIX KOT-
JIOBWH, KOTOpBIe HAOI0MAIOTCSI B HACTOSIIEE BpeMs
(benuk, Hacpynaes, 2019, 2019a, 2021, 2023, 2023a,
20236; u Ap.), OYeHb BaKHO BBISICHUTb NMPUUYUHBI
U (aKTOphl 3TUX TpaHChoOpMaLIMii, a TAKKe U3YIUTh
3aKOHOMEPHOCTU (POPMUPOBAHUS KOTJIOBUHHOM (pa-
YHBI, IEPCTIEKTUBbI €€ NabHEIIeT0 pa3BUTUS U BO3-
MoxHocTu oxpaHbl Ha CeBepHoMm KaBkase. B aTom
IUTaHe 0co00e 3HaUYeHUE TTPUOOPETAIOT CIIeIINaTbHBIC
ucciaenoBaHus aBudayHbl BOTIMXCKOI KOTIOBUHBI
Bo BayrpennewM Jlarectane. biaarogapst 0obimmMm pas3-
MepaM, SpPKO BbIpaxkeHHOM cIieluduKe TOPHOTO pe-
Jbeda, apuaHOro KimMara U paCTUTEIbHOCTHU, a TaK-
Xe ITATETFHOI UCTOPUN UCClienoBaHmiA, boTmmxckas
KOTJIOBMHA U ee aBU(dayHa MOTYT CTaTb CBO€OOpPa3HbIM
3TAJIOHOM, U3YYEHUE KOTOPOTO JaCT KJIIOU K JeTallb-
HOI XapakKTepUCTUKEe U IIOHUMaHUIO 0COOEHHOCTeMn
(bopmupoBaHus ayHbl apUIHBIX KOTJIOBUH B ropax
Cesepnoro KaBkaza Ha 1ore Poccumn.

MATEPHUAIJIBI U METOZbI

Bomnuxckast KOTIIOBMHA U3aBHA MMPUBJIeKajia BHU-
MaHue MHOTHUX HCcliemoBaTesieii, Kotopbie ¢ 1878 r.,
HauuHas ¢ JJoKy4aeBa, peryiasipHO MpUe3kalu cloaa,
YTOOBI MO3HAKOMUTHCSI CO CBOEOOPa3HOI MPUPOIOI,
¢ MOYBAMU, PACTUTENILHOCTHIO U (DAyHOI 3TOTO YHU-
KajbHoro paiiona Bocrounoro Kaskasa (TymamkaHOB,
1966; JIbBoB, 1976; ATaes u np., 2008; u ap.). U3 300-
JIOTOB MEPBLIM B BOTIMXCKOM KOTJIOBHUHE B CEHTSIOpE
1882 r. moosiBas Poccukos (1884, 1893), npuesxkan-
muii Ha p. Anguiickoe Koiicy Takke B Mae — MIOHE
1883 1. U ellle HECKOJIBKO Pa3 B MOCJIEAYIOIINE TOIbI
(Poccuxkos, 1884a, 1885, 1888, 1893).

3arem B koH1le utoasa 1904 r. B boriux u3 Cras-
poroJis cienuanbHo npuedxan IuHHuk (1905). YyTb
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mo3xe, B MoHe — mioje 1906 r., moxropa JETHUX Me-
cs11a MPOBEJT 3IeCh MOJOIOM HEMEIKUA OPHUTOJIOT
Pozenbepr (Rosenberg, 1907, 2019). HakoHeli, B ce-
penviHe uoHs 1927 1. yepe3 boTinx nmpoien MapupyT
3o0o0Jiornueckoit akcneauu béme (1933), a B utoHe
1963 u 1965 rr. B BoTimxckoii KOTJIIOBUHE paboTaIn
TakKe YKpamHCKWe OPHUTOJIOTH BO IiaBe ¢ Bomua-
HeukuM (1973), ueneHanpaBieHHO U3y4YaBIIUM (payHy
ntull Jarectana. K coxaneHulio, ero ucciiefoBaHusI
B JlarecTaHCKMX TOpax 3aBepIIMINCH JIMIITb KPATKOi,
Te3UCHOI myOauKamueit. OmHaKO IO3Xe ObLIM 00-
HapOJ0OBaHbI CBeIEHUSI 000 BCEX OPHUTOJIOTUYECKUX
cbopax, mpousBeneHHbIx UM Ha KaBka3ze (/leBsaTko,
Ixxamupsoes, 2012), yTo MO3BOJISIET ceifuac yTOYHUTD
B JlarectaHe MeCTOHaXOXIEHUSI MHOTUX BUJOB ITHII.

Hamu na6moneHuss B BOTIMXCKOM KOTJIOBUHE
OBLIY TTPOBENIECHBI B XOJe KPATKOBPEMEHHBIX PEKOTHOC-
LPOBOYHBIX noe3nokK 17—18.08.2018 u 19—20.07.2019,
a TakxXe IpU CrelMaabHbIX 3KCHEIUIIMOHHBIX MC-
cnenoBaHugx 28.06. —02.07.2021 u 21—-26.05.2023.
MapuipyT nocjienHeii SKCIeAUIIY IToKa3aH Ha puc. 1.

[Tovicky M ydeThl NTUL] IPOBOAUINUCH B OCHOBHOM
10 yTpaM U1 BedyepaM B ITepHoIbl HauOOJIbIlIeil aKTUB-
HOCTHU OGOJBIIMHCTBA BUA0B. OHU BelMCh Ha Tellle-
XOJHBIX DKCKYPCUSIX C UCHOJIb30BAaHUEM OMHOKIIEN
X10—12 1 uudpposuiXx poToannaparon. nsg onpene-
JICHUS PACCTOSTHUI U BHICOT B TOPax OOBIMHO UCIOJIb-
3oBanuch pecypcbl Google-Earth u GPS-naBurartop
Garmin 76CSx. O6111as IPOTSKEHHOCTh HAIIINX YY€ET-
HBIX MapIIPYTOB B apUIHOI KOTIOBUHE COCTaBUIIA
6osee 100 kM. B mHeBHYIO XXKapy, 0COOEHHO B MIOJIE —
aBrycTe, B IIEPUOJ JIUMHBKU MTULl, AKTUBHOCTb 0OJIb-
IIMHCTBA BUAOB PE3KO CHMKANIACh, U UX MOUCKU
CTaHOBMJIMCHh MaT03(h(HEKTUBHBIMU, YTO CTABUT IO
000CHOBAaHHOE COMHEHUE pe3yJIbTaThl TMTO3THEIETHUX
JHEBHBIX YYETOB ITULI B ropax JlarectaHa, IojiydeH-
HBIe 1o MeToauke Bunkosa (2018, 2018a u MH. Ap.).

[Tpu ompeneneHUM XapakTepa MpeObIBaHUS MTUILL
THE3I0BaHUE CUYMTAJIOCHh JOKA3aHHBIM B ClIyyae €ro
moaTBepxKAeHUS (paKTUYECKUMU MaTepuaiaMu (Ha-
XOIKaMM THe3[, SULl, BBIBOAKOB, HAOIIOACHUEM MTHUI]
C KOPMOM J1JIs1 IITEHLIOB), BEPOSITHBIM — IPHU 10CTaTOY-
HO BBICOKOI UMCIIEHHOCTH TITULI, TEMOHCTPUPOBAB-
LIMX 3JIEMEHTHI THE3IOBOTO MOBeAeHUsI (TOKOBaHUE,
cnapuBaHUe, O€CIIOKOMCTBO HA THE3MOBBIX y4acTKax),
BO3MOXHBIM — TIpH JIETHEM IpeObIBAHUM TITUILL HA TI0-
CTOSIHHBIX yYacTKaXx B MOAXOASIINX IJIsl THe3A0BaHMUS
ycnoBusix (benuk, 2000).

MdayHOreHeTUYECKUE CBSI3U OTAEIbHBIX BUIOB, UX
opaMHAaLKs 10 TUIaM (ayH U ¢hayHHUCTUIECKUM KOM-
TJIeKcaM, pacCMaTpUBAIOTCS B COOTBETCTBUHU C MJIE-
gamu IlItermana (1938 u ap.), Hukonbckoro (1947),
Kyuepyka (1959), Kumnnckoro (1974, 1988), bpyHo-
Ba (1978, 1980), KoTOpble OTpaxkKeHbl B HAILIUX CIELIU-
aJibHBIX 300reorpaduyeckux padorax (benuk, 1992a,
19926, 2000, 2006, 2013 u ap.). DKonxorudyeckas
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Puc. 1. Paiionnl uccinenoBanuii B bornnxckoit kornoBuHe B 2018—2023 rr. KpacHbIM 1IBETOM ITOKa3aH MapLIPYT dKCHEIM-
1LIMU U MecTa CTOSTHOK B 2023 T.; yepHbIe MyaHCOHbI — MecTa CTOSIHOK B 2018—2021 rr.

CTPYKTypa aBUdayHbl aHATM3UPYETCSI HA OCHOBE OpU-
TMHaIBbHON KilaccuUuKaluu, pa3paboTaHHON U arpo-
oupoBaHHoI1 Hamu paHee (benuk, 1992, 2000 u ap.).
CucreMaTvka ¥ TaKCOHOMMUS TITUIL], UCIOJb3yeMasi
B HacTosAIeit paboTe, 32 HEKOTOPBIMH UCKITIOUEHUS -
MU ocHOBaHa Ha npexacTtaBiaeHusax CrenansHa (2003).

OpuruHalbHble MaTepHuaJbl, COOpaHHBbIC
B 2018—2023 rr., a TakXe aHaJIWU3 JUTEPATYPHBIX
JaHHbIX 3a XIX—XX BB. MO3BOJIMJIN BBISIBUTH B BOT-
JIMXCKOI KOTJIOBMHE U Ha OKPYXaloIIUX ee XpeOTax
139 BumoB ntull, B T.4. 112 BUOOB, TOCTOBEPHO MJIA
MNPEaNnoIOXKUTEIbHO THe3asgmuxcesd. Hamu B KoTiio-
BMHE BIepBble HaiileHbl Ha THe3M10BaHUM 10 18 BU-
noB (Accipiter gentilis, Buteo buteo, Aquila chrysaetos,
Aegypius monachus, Falco peregrinus, Charadrius dubius,
Scolopax rusticola, Streptopelia decaocto, Aegolius
funereus, Caprimulgus europaeus, Merops apiaster,
Dendrocopos major, Lullula arborea, Cettia cetti, Sylvia
nisoria, Luscinia megarhynchos, Emberiza calandra, Em-
beriza melanocephala), 9TO CBUAECTENLCTBYET, OYEBU/I -
HO, 00 MX HemaBHel sKcraHcuu B ropax KaBkaza wim,
10 KpaiiHell Mepe, 0 3aMETHOM POCTE UX YUCJIEHHOCTU
(benuk, Hacpynaes, 2021, 2023a, 20230).

300JIOTMYECKUMN )KYPHAT Tom 103 Ne3

AHHOTHUPOBAHHBIE CIMCKHU MTHUIl, OTMEYEHHBIX
B apuaHOi BoTinxcKoii KOTIOBUHE, IPUBEIEHBI B Psiie
Halux npenbiayyx myomukaunii (benmuk, Hacpynaes,
2021, 2023, 2023a, 20236). OcHOBHOI1 ke 1IeJbl0 TaH-
HOTO MCCJIENOBaHUSI SIBJISIETCS BCECTOPOHHUI aHAIN3
THE3I0BOI (hayHbI 3TOTO PerMOHA U BBISICHEHUE €€ 0CO-
OeHHOCTei 1 3aKOHOMEepHOCTel (hOpMUPOBAHUSI.

IMPUPOJHBIE YCIIOBUA

Borimmxckass KOTIOBMHA — OmHA M3 KpPYyIHEi-
XX apuIHBIX KOTJOBUH [larecTaHa, qocTUraiouas
10—15 xm B nuameTpe. OHaA pacIiojioKeHa B CpeaHEM
TeuyeHUU p. AHauiickoe Koiicy, HaunHaeTcss B KaHbOHE
Mmexnay xpeoramu ZKanoo u Hurynei-MelinaH u mipo-
JTOJDKAeTCs BHU3 TI0 peKe IO OTPOroB XpebTa ApXKyTa,
unu Tanakono (puc. 1, 2). JIHUIIE KOTJIOBUHBI CHUXA-
eTcs 1o xony TedeHust peku ¢ 810 mo 710 M Hax yp. M.,
a OKpyXarolre XpeOThl Ha ceBepe U ore MogHuMa-
1oTcs BBepX 10 2500—2600 M Haxg yp. M. Cpeau 1mia-
TOOOpa3HBIX BepIIMH AHIUMCKOro XxpedTa K ceBepy
oT 1oc. boTiux B 3aBaJIbHOI KOTJIOBUHE Ha BHICOTE
1854 M Han yp. M. B OKpY>X€HUHU CyOabIMUICKUX JIyTOB
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Puc. 2. PacnionoxkeHune KOTIOBUHHBIX JTaHMIIAdTOB B Mpenenax BHyTpuropHoro Jarecrana (mo: Ataes u ap., 2008).

U HEOOJBIIUX COCHOBBIX U 6Epe30BbIX POIIl PacIoso-
JKeHO o0lIMpHOe 3anpyaHoe 03. KeseHoli-aM (D3eH-
Awm, unu Petio, unu bonbimoe @openbHOE 03epo).

JlanmmadTel BoTnxckoit KOTIIOBUHEI (hOPMUPOBaA-
JIUCh, BEPOSITHO, MOCJI€ TPaHAMO3HOTO TOPHOTO OIOJ3-
HsI, KOTOPBI TTPOU30IIIEN, TO-BUIUMOMY, OKOJIO ThI-
CSIUM JIET Ha3al OMHOBPEMEHHO C OTOJI3HEM, B pe3yiib-
TaTe KOTOPOro BO3HMKIIA KOTJIOBUHA 03. Ke3eHoli-am
(Unopucos, 2014). Cnensl 3TOro omoJj3Hs ceiiyac Xo-
po1ro BUAHBI Ha KocMocHUMKax Google-Earth B Bune
MOIIIHOTO KJIMHA OOPYILIeHMST INMPUHOM 10 4 KM Y C.
KBaHxumaTiu Ha JIeBOM OOpTY ylIebs p. AHAUNCKOE
Koiicy Huke ycThs p. AxBax. Torna Ha Koiicy nomkHa
ObL1a 00pa30BaThCs 3ampya, BhIIIe KOTOPOM B yIle-
JIbe BO3HUKIIO OOJIBIIIOE 03€pO, a CO BpeMEeHEM Ha ero
Oeperax pa3BWIKChH 0oyioTa U TpsicuHbI, U B XIX B.
37eCh paclpocTpaHuach Majsipus. JIuib mo3aHee
3anpynaa Ha Koiicy O0bl1a mpopBaHa, 6010TO 00COX-
JIO, eT0 3alloJIHWJIM TaJeYHUKM, HaHeCEeHHbIe peKa-
MU C rop, u 0oJie3nu npekpatuinch (Poccukos, 1884;
HuuHuk, 1905). Ceiiuac cpeau raJledHUKOB Ha peKe
BBIIIIE CKAJIbHOTO Mopora, pacnojioxeHHoro y [Tpeo6-
paxkeHCKOl KpernoCTH, MOSIBUIMCh MHOTOYUCICHHbIE
OCTpPOBa, MEJIKME MPOTOKH U 3aTOHBI, U TOJIbKO MeCTa-
MM T10 UX GeperaM OCTaJINCh OCOKOBBIE 1 KAMBIIIIOBBIC
3apoC/iu, a TaKXXe BJIaXKHbIE Jyra, MoHMeHHbIE Jieca,
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KYCTapHUKMU U cafbl (puc. 3). Ha cocenHux xe muHMU-
CTBIX 03EPHBIX Teppacax Hayajao pa3BUBAThCS 3eMJle-
nenue (benuk, Hacpynaes, 2021, 2023).

[TonoGHBIe 3anpyaHbIe Tajeoo3epa T0BOJbHO IIN-
POKO pacnpocTpaHeHbl B ropax JlarectaHa, HO U3-3a UX
OBICTPOrO 3aMIMBAaHUS WY IIPOPBIBA OMOJI3HEBBIX JaMO
OHM CYLIECTBYIOT JIUILb ASCITKU-COTHU, PEIKO — ThICSI-
ynu net (MUapucos, Mcakos, 2010). OnHako mpearonara-
eMoe 1ajeo03epo B bommMxcKoil KOTIIOBMHE Ha p. AH-
nuiickoe Koiicy reorpagamu 1o CUx IIOp HE UCCIea0Ba-
HO, XOT$ B IIPOIILIOM OHO MOIJIO OBITh OAHUM U3 CAMBbIX
KPYITHBIX TOPHBIX 03ep Ha bonbiom Kaskasze.

JleTHue TeMIiepaTyphl Bo3nyxa B oc. bomiux, Ha BbI-
cote okojio 1000 M Hag yp. M., IOTHUMAIOTCS B CPEIHEM
1o +20—21 °C; 3umoii ke TemMIieparypa, B CpeIHeM 3a STH-
Bapb, He omycKaeTcs Hike MuHyc 2 °C, a u3penKa IoBbI-
maercs 10 +18—22 °C. 3acyxu B KOTJIOBUHE OBIBAIOT 10 67
JTHE B TOIy, a MHOILa IponorkatotTes no 106 gaeit. Cym-
Ma Xe aTMOC(EPHBIX OCAIKOB COCTABIISIET JIMIID 389 MM
B I'OfI, COOTBETCTBYSl YCJIOBHUSIM IMOJYITyCThIHb (AKaeB
u 1p., 1996; AtaeB u ap., 2008). ApHIHBIN KITMMAT, a TaK-
JKe 3aCOJICHHBIE TUTICOHOCHBIE TIOYBHI CIIOCOOCTBYIOT pas-
BUTHIO B KOTVIOBUHE CBO€OOPA3HBIX MYCTHIHHBIX TUTIOB
PACTUTETLHOCTH, B T.4. TIOSBJICHUIO MHOTOYMCIICHHBIX
sHaeMukoB (TymamkaHoB, 1966; JIbBoB, 1976).
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Puc. 3. Pexa Anguiickoe Koiicy B bornuxckoit KotnoBuHe Bhiiie [IpeoGpaxkenckoit kpermoctu. ®oto 18.08.2018.

ITpuponHbie ycnoBusl boTinxckoii KOTIOBUHBI 60-
Jiee MoApoOHO OMUCAHBI B HAIIMX MPENbIAYIINX pa-
ootax (benuk, Hacpynaes, 2021, 2023, 2023a, 20230).
31ech XOTeJIoCh Obl TOJIBKO €llle pa3 OTMETUTDb HabJI10-
namonieecs ceifyac MpakTUYeCKy MOJHOE UCUEe3HOBE-
HUE TeppacHOIo 3eMJIeNe/us, OYeHb XapaKTepHOTO
st ropHoro JlarectaHa B mpouuioM (AMUPXaHOB,
1983; Arnapos, 2008, 2016; u np.), ¥ XOpOIIIO BhIpa-
>KEHHBIE TIPOIIECCH 3apacTaHus JIECOM KaK CyOaTb-
MUCKUX TTACTOUII Ha BepXHEll TpaHUIE COCHSIKOB,
TaK U TaBHO 3a0POIIEHHBIX 3eMJIEIEIBbYECKUX Teppac
0113 CeJIeHUI Ha HUXKHE TpaHUIle COCHOBBIX JIECOB.
Oo0eceHre TOPHBIX CKJIOHOB O0YCJIOBJIEHO COKpaIIe-
HUEM BBIPYOKHU JIECOB Ha TOIJIMBO BCJIEACTBUE MAcCO-
BOI Ta3u(uKalMM OOJIbIIMHCTBA JareCTaHCKUX cesle-
HUH, a TaKXKe CHUXXEHUEM aHTPOMNOIeHHOTO Mpecca
Ha nacTOUIlax U3-3a COKpaIeHUs TOTOJIOBbS JOMAall-
HEro CKoTa B KOHIIe XX Beka.

TopHbie cocHsiku ¢ cocHolt Koxa (Pinus kochiana =
P. sosnowskyi = P. hamata = P. sylvestris hamata), pac-
MoJIoXKeHHbIe Ha xpebTax u riato JarectaHa, npen-
CTaBJICHBI B OCHOBHOM 3HAUMTEIbHBIMU I10 TUIOIIAIN
MaccHBaMHM, 3aHUMAIOIIIMMHU OOBIYHO BBICOTHI OT 1100

300JIOTUYECKUM KYPHATT Tom 103 Ne3

1o 2200 M Haxm yp. M. — MeXay TOPHOCTEITHBIMM MaCT-
oumaMu u cybanbnuiickuMu Jyramu (Admypaxma-
HoBa u 1p., 2018). OgHako B yiuejabe p. AHIUICKOE
Koiicy Bo3ne ¢. Huxnee Muxeno B KoHue XIX B.,
no cBuaeresbcTBY PoccukoBa (1884a, c. 281), ckio-
HBbl XpeOTOB ObLIN Oe3XKU3HEHHbIMU. JIuilb U3pen-
Ka 37ech BCTpedasach Mmopocib oepesnl (Betula sp.)
u ocuHbl (Populus tremula), MecTaMu POCIN MOXKE-
BeJbHUKU (Juniperus sp.) U “npu3eMUCThIE TOLIUE
COCEHKM”, UTO OBLJIO CBSI3aHO C MHTEHCUBHOM pyO-
KO JIeCOB TSI KyCTapHOTO cojieBapeHus B ¢. KBaH-
xupatiu. B camom Havane XX B., mo ciaoBaMm JIuH-
Huka (1905, c. 71), niomanb OTAEIbHBIX COCHOBBIX
JIeCKOB 37iech He TpeBbinaia 0.5 KM?, ¥ OHU B 3Ha-
YUTEJIbHOM cTereHu Beipybanuck. [Tosxe, B 1927 1.,
ceBepHbIe CKIOHBI xpedTa ApxyTa (Tanakosyo) oka-
3aJIUCh TTIOUYTU TOBEPXY MOKPHITH cocHsiKaMu (béme,
1933, c. 139), a ceiiuac ToAbKO Ha AJTAaKCKOM I1J1aTO
K IOTY OT nfoc. BoT/ux mjio1aab COCHSIKOB COCTaBsIET
0Ko0J10 20 KM’. 3HAYMTENbHbIE MACCUBBI CTAPBIX CO-
CHOBBIX JIECOB PACITOJIOXKEHBI TAKXKE B OKPECTHOCTSIX
cén Aucanta, 'ono6epu, Kapara u np.
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PE3VIJIBTATBI U OBCYXIEHUNE

Bcero B boTanxckoii KOTJIOBWHE 3a MOCIETHUE
140 net 300J0raMu ObUTIO OTMEUYeHO 139 BUIOB MTHUII,
B T.4. 112 BUAOB, JOCTOBEPHO WU MPEANONOKUTETLHO
rHe3asuxcs (tada. 1). K coxaneHuo, OpHUTOIOTH -
yeckue ucciienopaHusi B Jlarectane B KoHue XIX — Ha-
yajie XX BEKOB MMEIU MPEUMYIIECTBEHHO MOIYTHBIN
XapakTep, U MOJIHOTA BBISIBJICHUSI aBU(ayHbl OTAC/Ib-
HBIMHU 300JI0TaMU BapbUpoBaia oT 25 10 61 mpenmo-
JIOXUTEJIbHO THE3ISIIUXCS BUIOB 3a 9KCIESAUIINIO,
YTO HE JAeT BO3MOXHOCTU KOPPEKTHO CPAaBHUBATh UX
JaHHbIe MeXIy co0O0i, a TaKxKe ¢ MaTepuallaMM, CO-
OpaHHBIMU B TIOCJEAHUE TOABI TIO CIIELMATBHON MPO-
rpamme. K ToMy ke He Bcerma MOXHO OTHO3HAYHO
TPaKTOBaTh XapaKTep NMpeObIBaHNS OTAEIbHBIX BU-
JIOB, OTMEUaBIIMXCI B ceHTSI0pe 1882 1., Korma B ropax
yXe HabJoaajcs poJeT ceBepHbIX tull (Poccrkos,
1884). Tem He MeHee 0000ILIEHHBIE JaHHBIE 3a 3HAYN-
TeJabHbIe oTpe3ku BpemeHu (XIX, XX, XXI Beka) no-
3BOJISIIOT BBISIBUTH OMpPEACIeHHYIO IUHAMUKY (hayHbI
B BOTIMXCKOI KOT/IOBUHE.

[Tpu HalIMX PEKOTHOCLIMPOBOYHBIX UCCIENOBAHU -
six B utojie — aBrycte 2018 u 2019 rr. B apuaHoii KOT-
JIOBHMHE ObLIM OTMeueHbl 23 u 41 BUa, a B pe3yJsibrare
creuranbHbIX paboT B Mae — uioHe 2021 u 2023 rr.
3aech HaineHsl yxe 77 u 81 Bun (ta6a. 1). [1pu aTom
15 BUI0OB, OTMEUABILIUXCS B MPOLILJIOM, Mbl HE CMOT-
JI OOHAPYXUTh, BOBMOXHO, B pe3yJibTaTe ClIydyailHbIX
MPOIYCKOB WJIM HEAOCTAaTOUHO MOJHOTO 00Cen0Ba-
HUSI HEKOTOPBIX CTAllMi, B YACTHOCTU aJbIMICKUX
BBICOKOTOpMIA M HEOOIBIINUX TOPHBIX peK. Ho psia Bu-
JIOB TITUILL ceivac, Mo-BUIUMOMY, IeCTBUTEIBHO UC-
Yye3 M3 THE3IOBOM (payHBl apUIHOM KOTJIOBUHEI.

B T0 e Bpemst HaMu B BoTIMXCKOi1 KOTJI0BUHE 00-
HapyXeHo 16—18 rHe3AsImXcsT BUIOB, KOTOPhIE PaHb-
11I€ 3[eCh OTCYTCTBOBAJIM, IIOCKOJILKY BPSII JIM MOIJIN
OBITH TIPONYIIECHELI BCEMU TIPEIBIAYIIUMU 300JI0TaMMU.
DTO CBUACTEIBCTBYET, BEPOSITHO, O POCTE YUCICHHO-
CTU U paccejieHUU 3Tux Itull B JlarecraHe B mmocien-
Hue gecsatuietusi. Eme 5—10 BugoB ceituac 3aMeTHO
YBEJIMYMUJIN CBOIO YMCJIEHHOCTb U CTaJIl PETYJISIPHO
BCTpeydaThbCsl B BOT/IMXCKOit KOTJIOBMHE U Ha OKpyXKa-
IOIINX €€ XpeoTax.

Cpenn HbIHE MCYE3HYBIINX BUIOB — CTEPBATHUK
(Neophron percnopterus), Bsaxupb (Columba palumbus),
oObIKHOBeHHas ropauua (Streptopelia turtur), xei-
Ha (Dryocopus martius), 6eperoBas nactouka (Riparia
riparia), 6010THas KamblllieBKa (Acrocephalus palustris),
MecTpblii KaMeHHbIN 1po3n (Monticola saxatilis), cHeX-
Hblit Belopok (Montifringilla nivalis), BO3MOXHO — me-
penensiTHUK (Accipiter nisus), ucriaHckas KaMeHKa
(Oenanthe melanoleuca), ynx (Spinus spinus) u ap.
DTUX NTUI MBI CTIEIINAJIBHO, HO O6€3yCIeNTHO UCKa-
JIU B pa3HbIX pailoHax BoTauXckoii KOTJIOBUHBI, 00-
cienyst cneuu@uuHble JaHAmadThl, U UX MPOMYCK
MaJjloBepOsITEH. 3aMEeTHOE CHUXXKEHUE YUCIIEHHOCTHU

300JIOTUYECKUN )KYPHAJTT  Towm 103

OTMEUYEeHO TakKXe y Keknuka (Alectoris chukar), cu3o-
ro ronyos (Columba livia), xacatku (Hirundo rustica),
BopoHka (Delichon urbicum), copoku (Pica pica), Kiry-
bl (Pyrrhocorax pyrrhocorax), KaMeHKU -TJICIIAHKH
(Oenanthe pleschanka), nomoBoro Bopo6bst (Passer
domesticus), KaMeHHOTO BOpoObst (Petronia petronia).

MHorue U3 3TUX BUIOB IEMOHCTPUPYIOT SIPKO BbI-
paXXeHHBbIE HeTaTUBHBIC TPEHIHI TT0 BceMy [larecrta-
Hy wiu Kaska3sy B nenom (beauk u np., 2003; benuk,
2008a, 20156, 2017, 2018a, 2023; MuiieHko, benuxk,
2021; u nop.). IlpuunHbI geTIpecCu X KaBKa3CKMX
MOMNYyJSIIUA HEOAHOKPATHO OOCYXaaluCh B MevaTu,
OITHAKO JUISI OMHO3HAYHOT'O BBISICHEHUS POJIU Pa3HbBIX
HETaTUBHBIX (PaKTOPOB B IMHAMUKE WX YMCICHHOCTHU
HEOoOXOIUMBI CIielMaTbHbIe TOMOJHUTEIbHBIE UCCIe-
JIOBaHUsI.

OIHOBPEMEHHO C MUCYE3HOBEHHEM HEKOTOPBIX
VSI3BUMBIX IITHUL HAOJIOAeTCs MOCTEIIEHHOE BCelle-
HUe B BOTIMXCKYI0 KOTJIOBMHY 1I€JIOTO psiia Mporpec-
cupyomux BuaoB. Cpeny HUX — KoJibuaTasl TopJiuiia
(Streptopelia decaocto), MmoxHOHOTUI cbiu (Aegolius
funereus), 3on0tuctas mypka (Merops apiaster), 1ie-
ctphuiii agaren (Dendrocopos major), 1€CHOM XXaBOPO-
HOK (Lullula arborea), mimpoxoxBoctka (Cettia cetti),
I0KHBIN conoBeit (Luscinia megarhynchos), TpocsiHKa
(Emberiza calandra), yepHorojioBasi oBcsiHKa (Ember-
iza melanocephala). YacTh 13 3TUX BUIOB NOTHSJIACH
Mo yuenbo AHnuiickoro Koiicy Ha mpeaenbHble 1151
Cesepnoro Kaska3za BeicoThl 1 nocturia 700—800 m
HaI yp. M. 110 THUIIY KOTJIOBMHKI 1 1600—1800 M Han
yp. M. Ha CKJIOHaX, MPUYEM B apUIHOI KOTJIOBUHE OHU
HEepenKo UMEIOT JOBOJbHO BBICOKYIO YMCICHHOCTD
(benuxk, Hacpynaes, 2019a, 2021, 2023, 2023a, 20230).

K sTM ke paccensiommuMcsT BUIaAM OTHOCSTCS,
BO3MOXHO, KaHIOK (Buteo buteo), 6epkyT (Aquila chry-
saetos) u caricaH (Falco peregrinus), HoO X HegaBHUE
peructpann B bommxckoif KOTJI0BMHE MOTYT OBIThH
CBSI3aHBI M C 3aMETHBIM POCTOM UX UMCJIEHHOCTU. 3Ha-
YUTEJbHBIA POCT MOIYJSLIUNA IIPOCIEXKEH €IIe Y psiaa
XUIIHbBIX MITULL; TeTepeBATHUKA (Accipiter gentilis), yep-
Horo rpuda (Aegypius monachus), 6eJ10T0JOBOTO CHUIla
(Gyps fulvus), 6oponava (Gypaetus barbatus), a Takxe
y uBonru (Oriolus oriolus) 1 HEKOTOPHIX IPYTUX BOPO-
OBMHBIX TITHII.

Kak u B ciyyae ¢ nenpeccCMBHBIMU BUAAMU, ITUM
paccesIoIIMcs MTUIIAM TOXe TTOCBSIIEHO HEMAJIO
Mmy0avMKauuii, B KOTOPbIX AeIal0TCs TTOMBITKU 00bsIC-
HeHUs NMpUYMH ux akcnaHcuu (biarockiioHos, 1978;
Nowak, 1989; benuk, 2003, 2008, 2012, 2012a, 2014,
20158, 2021, 2023; Tunsb6a, Muauekanos, 2011, 2020;
benuk, Akkues, 2018; u ap.). [Tomumo Kaumaruye-
CKUX (paKTOpOB U aHTPOIIOT€HHOI TpaHCchOopMalU
JlaHamadToB, BaXKHOE 3HAUEHUE B pacceleHUU MTUlL
ceiiuac MpuaaeTcsl TakKxKe BHYTPUMOMYJISILIMOHHBIM
MeXxaHu3MaM, 00YCJIOBIMBAIOIINM, 110 MalbueBCKO-
My (1968), Trepexon OTHETBHBIX BUIOB U MOTTYJISIIHI
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Tabmuna 2. Dxojoruyeckast CTpyKTypa (41cyio BUIoB) aBudayHbl BOTIMXCKON KOTIIOBUHBI B pa3HbIe MIEPUOIbI

o
5| % 5| o &
DKojornyeckast ) A A 5 -y Bunpbl, Bcenupiuvecs (++) u ucue3HyBume (——)
[o—
TPYNIUpPOBKa o gé gé R| 3 B IMOCJIEMTHUE NECATUIICTUS
< =
Henapoduibl 31 |45 |49 |57 |50.9|10++ kaHIOK, BaJbAIIHEI, KOJbYaTasl TOpJulia, MOXHOHOTUIA ChIY,
KO30JI0M1, TIeCTPEIi ASATEIN, JIECHOI XXaBOPOHOK, SICTpeOMHAs cIaBKa,
IOKHBIN COJIOBEiT, YepHOTOJIOBAsT OBCSIHKA;
5—— MepemnesTHUK, BIXUPb, OOBIKHOBEHHAsI TOPJIMIIA, JKeJTHA, UMK
Cxiepoduisl 29 129 |28 |35 |31.3|3++ GepkyrT, carcaH, 30J0TUCTasI IIIyPKa;
7—— CTepBITHUK, (DWINH, Oeperonas JacTouka, alblIMiAcKas 3aBU-
pylIKa, MCITaHCKasl KaMeHKa, TeCTPhIil KAMEHHBIM APO3IT, CHEXXHBII
BBIOPOK
JIumHObDWMITBI 4 6 10 |8.9 |2++ maiblii 3yek, IMPOKOXBOCTKA; 2—— OJIANKA, OOJIOTHAsI KaMBIILIEBKA
Kamrmoduiter 4 8 9 10 |8.9 |1++ mpocanka; 1—— kopocTeib
Bcero 68 |89 |92 |112 |100

OT KOHCEPBAaTUBHOTO K OTUCIIEPCHOMY THUITY 3BOJIO-
I ¥ HAaYaJIO UX CITOHTAHHOM 3KCITAHCUU B Pa3HbBIX
HanpasieHusix (benuk, 2000, 20030).

K coxanenunio, BceCTOpoHHEe N3yIeHNE TMHAMU-
ku apeaynos rtuil CeBepHoro KaBka3za B 11eJ10M IToKa
He TipoBoamiiock. K Tomy ke eHOMEHOIOTUIECKUA
TTOIXON B TAKUX MCCIICIOBAHMSX, T.€. aHAIN3 TOJIBKO
VHUKIBHBIX, THIWBUIYATbHBIX UCTOPUIA OTIETBHBIX
BUIOB, BPSI I MOXET IPUOIU3UTH HAC K TIOHUMAIO
0O0IIIMX MEXaHU3MOB U HampaBjeHUil payHoTreHes3a.
boiee a(pheKTUBHBIM IIPENCTABISIETC U3YYEHUE M-
HaMMKHU OTHOCUTEIHLHO TOMOT€HHBIX 3KOJIOTUYECKUX
U hayHOTeHETUYECKUX IPYTIIITUPOBOK, TECHO CBSI3aH-
HBIX C TIPUPOIHBIMU YCIOBUSMU U C UCTOPUEH peru-
OHOB. B 2TOM ry1aHe MbI U TTOTBITAIMCH MPOAHATU3U-
poBath aBUGayHy bOoTIMXCKOI KOTJIOBUHBI, T.€. BBISIC-
HUTb CTATUCTUYECKUE 3aKOHOMEPHOCTU B JTMHAMUKE
YUCJAEHHOCTU Pa3HbIX I'PYMI, CPABHUTb, KaK BEIyT
cebs mpencTaBlieHHbIe B (hayHe boTinxa skonornye-
cKkue U payHoreHeTU4YeCKHe (hpaKivu.

501 o B /lenapodusl
45r ] @ JIuMHOD B
g'(s) B I & KamMnopusl
L | =

ok | Cxuiepoduibt
25 I |
20t ‘
15+
10+ |

8 [ ! | o

XIX Bek XX Bek XXI Bek

PaccMaTpuBasi 3KoJoru4eckue TpyNMnUpPOBKU
(Tabj. 2, puc. 4), Mbl BUAMM, 4TO B BOT/IMXCKOI KOT-
noBuHe B TeueHHe XIX—XXI BB. mmpoucxonua 3Ha-
YUTEJILHBIN POCT yMciia aeHapoduiaoB — ¢ 31 go 49
BunoB. Ilpuyem 10 geHapoPUIBLHBIX BUIOB IOSIBU-
JINCh 3[IeCh TOJBKO B TOCHeaHue AccaTuiietus (Buteo
buteo, Scolopax rusticola, Streptopelia decaocto, Aegolius
Sfunereus, Caprimulgus europaeus, Dendrocopos major,
Lullula arborea, Sylvia nisoria, Luscinia megarhynchos,
Emberiza melanocephala). Vicue3nu xxe 3a 3T0 Bpems
BCEro 5 BUJIOB, Ja U TO B OTHOILEHUM TeperneIsITHUKA
M YMKa HaMU MOT OBITh JOIIYILIEH CAy4alHBII IIpo-
nyck. OTMEYeHHOE MacCOBOE pacceleHue NeHApodu-
JIOB CBSI3aHO, HECOMHEHHO, ¢ OBICTPBIM OOJIeCEHUEM
CKJIOHOB TOp, 0COOEHHO BBIpaXkeHHBIM B KOHIIe XX —
Havajie XXI Beka, 0 4eM CKa3aHO BHIIIIE.

Ckiiepoduiabl 3aHUMAKOT BTOPOE MECTO IO YMC-
JIy BUAOB B (hayHe BoTanxckoil KOTIIOBUHBI, IPUYEM
MX pa3HOOOpa3re B pa3Hble MCTOPUYECKUE TTEPUO-
JIBI OCTaBaJIOCh 3IECh OTHOCUTEIBHO MOCTOSHHBIM —
28—29 BuioB, a BCEro B KOIOBUHE 3aperuCTPpUPOBATIA

e ® XIX Bek
! m XX Bex
$ m XXI Bek

Hennpoduibl JIumHoduiasl Kamnobunsl Ckiepoduiibl

—_— =N N W W N
S LN LN Lo L O
1 T 1 1 1T 1T 11

Puc. 4. Dxonorudeckasi cTpykTypa aBucayHbl BOTIMXCKOIT KOTIIOBUHBI B pa3HbIe BeKa (CieBa) U JMHAMHUKa COCTaBa KO-
JIOTMYECKUX TPYIIIMPOBOK B TeUCHHE TTepUOaa MCCIeI0BaHMit (CrpaBa) (YMCIIO BUIOB OTAEIBHBIX SKOJOIMYECKUX IPYyII-

MUPOBOK).
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Ta6mua 3. Tparcdopmanmsa aBudayHbl BOTIUXCKOM KOTIOBUHEI (3KOJIOTMTYSCKUI acIIeKT)

DKOJOTHIECKNE TPYIIITUPOBKHI
I[MonynsuuoHHbBIe TPEHABI Hennpoduibl Cxirepowtsl JIumHo publ Kammnopunsr | Bcero
(BuIBI) Yucao Yucio Yucio Yucio BUNOB
BUIIOB % BUIOB % BHUJIOB % BUIOB %
Paccenstroinmecst 10 17.5 3 8.6 2 20.0 1 10.0 16
VYBenuuunBawIye Y1ucaIeHHOCTh 5 8.8 2 5.7 - - - - 7
Cokpaialrolye YucIeHHOCTb 1 1.8 10 28.6 - - - — 11
Hcuesnysiiue 5 8.8 7 20.0 2 20.0 1 10.0 15
Bcero B1I0B B KOTJIOBUMHE 57 100 35 100 10 100 10 100 112

35 cxiepodunbHBIX BUIOB (31.3% THe3mOBOI (hayHBI).
Ponb cknepodunos B payHe boTinxa mpuMepHo co-
OTBETCTBYET MX JIOJie B HAIIMOHAJIBHOM TTapke “Aa-
Hus” B CeBepHoit Ocernu (30.1%) u B Kabapauno-
bankapckom 3amoBemauke (31.7%), Ha TeppuTOpUN
kotopbeix B CeBepo-HOpckoil nenpeccuu mpeacraB-
JIeHBI cXomHbIe apunHble JaHamadTe (bexuk, 2016,
2018). Homs xe ckaepodmioB B aBudayHe [TuiyHmab
Ha JlecucToM 3anagHoM KaBka3se He npessbiinaeT 10.2—
15.2% (benuk, 2015).

OnHako B mocjieqHee BpeMs ckiepodubHast rpyr-
MNMPOBKA TOIOJHWIACE B BoTnxe Ui 3a cueT 30710-
TUCTOM IIIypKU, a TAKKe OSPKYTa U caricaHa, He OTMeYaB-
IIMXCI B MPOIIJIOM, BOBMOXHO, U3-3a CBOEH PEIKOCTH
WM CKpBITHOCTU. OTHOBPEMEHHO CKJIEPOMUIIbI UM -
much 5—7 BunoB (Neophron percnopterus, Riparia riparia,
Oenanthe melanoleuca, Monticola saxatilis, Montifringilla
nivalis 1 1p.), KOTOpBIE MCYE3ITN 3[eCh M0 pa3HbIM, HE CO-
BCeM IOHSITHBIM TIpuunHaM. Kpome Toro, B boTimxckoit
KOTJI0BUHE elle He MeHee 10 cKepoduIoB ceituac co-
KpallaloT CBOIO YHUCJICHHOCTD, T.€. AEMPECCUIO TTOITYJIsI-
LU B LIEJIOM UCIIBITBIBAIOT ITOUTH 50% cKIIEpOMIILHBIX
BUJIOB (TaOII. 3).

I'pynnupoBku TUMHOGUIOB U KaMIO(PUIIOB, KaK
OOBIYHO B TOpax, Te C1abo TPeICTaBIeHBI COOTBETCTBY-
[o1111Me MecToo0uTaHus, B boTivxe HEMHOTOUMCAEHHBI
Y HACUMTHIBAIOT Jiviib 1o 10 BumoB. [Tpu a3Tom aumMHO-
(busibHas rpynnupoBKa 10CTaTOYHO JJabubHA; OHA MOTe-
psiia v TpruoOpesia B MOCAeAHUE ASCITUIISTHS 110 2 BUA,
XOTSI B cIy4dasix ¢ ManbiM 3yiikoM (Charadrius dubius)
u ogisirikoi (Cinclus cinclus) MOXXHO TOIYCKATh UX CITyJaii-
HBIE TTPOITYCKMU.

[TosiBIeHHEe IMPOKOXBOCTKU B ropax CBSI3aHO, HECO-
MHEHHO, C e HelaBHell ObICTPOIi SKCIIAaHCHEe!, BEI3BAH-
HOIt MOJIOXUTEIbHBIMU U3MEHEHUSIMU TeMIIepaTypPHbIX
napamMeTpoB Ha BceM CeBepHoM KaBkase B 3uMHUe T1e-
puonbl (cM.: AtaeB, bpaTtkos, 2014), yto crocoOcTBOBa-
JIO TTOBBIIIEHUIO BBKMBAEMOCTH 3UMYIOIIMX NTUIl. B ro-
pax e OHM HaIUIA HOAXOMSIINE MECTOOOUTAHMS Cpeau
3a00JIOYEHHBIX KYCTApHUKOB, KOTOPbIE Pa3BUBAIOTCS
ceifyac B apMIHBIX KOTJIOBUHAX MO OeperaM KpyImHBIX peK
(benmuk, 2012a, 2023; beauk, Hacpynaes, 2019). @akTtu-
YecKM rcyesna B ropax JlarecraHa 0010THasI KAMbIIIIEBKa,

300JIOTUYECKUN )KYPHAJTT  Towm 103

KOTopasi OblIa 00bIYHA 3[ECh BIUIOTH 10 cepearHbl XX B.
(béme, 1933; Bonmuaneukwuii, 1973; JeBarko, JIxkamMmup3o-
eB, 2012), Ho ceituac ieToM HUTIE He BcTpevaeTcs. Mox-
HO TIPEIOIaraTh, YTo 3TO OOYCIIOBIEHO UCUYE3HOBEHUEM
OpOILIAEMOT0 TEPPACHOTO 3eMJIeNENNSI, CBI3aHHOTO C aphbl-
KaMU Me30(PMIIBHOTO pa3HOTPABbsI, a TAKXKE KYCTAaPHUKOB
Ha CyX1X CKJIOHaX rop.

Kamnoguisl B TeueHre XIX—XXI BeKOB ITOCTENIEHHO
YBEJIMUMBAJIM CBOE pazHooOpasue (puc. 4), ONMOJIHUB-
II1ChH XOXJIATBIM XaBOpOHKOM (Gualerida cristata), ione-
BbIM KOHBKOM (Anthus campestris), JIyrOBbIM U 3aTlaIHbIM
YepHOTOJIOBEIM YeKaHaMu (Saxicola rubetra u S. rubicola).
B nocienHee BpeMs B KOTJIOBMHE HaliieHa TaKKe MPOCSTH-
Ka, YTO MOIJIO OBITH CBSI3aHO C MICYe3HOBEHHEM 3eMJTCIIe-
JIsI B TOpax U TTOSIBJIEHUEM Ha MeCTe OBIBILIMX Opolliae-
MBIX ToJIeli 0oJiee CyXHX pa3HOTPaBHBIX JIYTOB U 3aJIEXKEN.
OtcyrcrBue xxe kopocrensa (Crex crex) B XX u XXI BB.
OOBSICHSIETCSI, BO3BMOXHO, CIy4YaliHBIMU MPOITyCKaMU,
HO He MCKJII0YeHO, 4TO B ceHTsA0pe 1882 1. PoccukoB
(1884) otmeuan B BoTMxcKoi KOTIIOBMHE YKe TTPOJICTHBIX
nrun, (bemuk, Hacpynaes, 2023a).

[Tepexonst K (payHOreHeTUYECKOMY aHaMU3y (Tab. 4),
OTMETHM BeChMa MOJTHOE MPEICTaBUTENILCTBO B boTmmx-
CKOM KOTII0BUHE (PayHUCTUUYECKMX KOMILJIeKCOoB EBpo-
neiickoro, EBpo-Kuraiickoro n Homamguiickoro turosn
¢ayH. OgHako ITumanaiickuii Tun dayHsl Ha KaBkase,
B T.4. ¥ B JlarectaHe, BOajii OT LIEHTPa CBOETO Pa3BUTHSI,
BOOOIIIE TIPEACTaBIeH OYeHb OSMHO, HACUMTHIBAsI BCe-
ro 4 BuIa ajbIUCKOrO U 2 BUIA CyOATBITMIICKOTO KOM-
wrekcoB (bemuk, 2013), a 13 MHOTOYMCIEHHBIX U Pa3HO-
o6pasHbix Cudbupckoro, Kuraiickoro u ApKTu4eckKoro
TUNOB B JlarectaH MPOHUKAIOT JIMIITb HEMHOTUE BUIbI
OTHEJIbHBIX (PayHUCTUYECKNX KOMIUIEKCOB. TeM He Me-
Hee CUOUPCKUI TOPHO-TACXKHbBINM KOMIUIEKC HACUUThIBAET
B boTmixckoii KoTsioBUHE 7 BUAOB — MPaKTUYECKU BCEX
CBOUX TpeacTaBuTeseit, oourtaroiux Ha KaBkaze. 3aech
THE3IUTCS TaKXKe 7 BUIOB, UMEIOIINX, BEPOSITHO, TPOITH-
YecKoe MpoUcXoxkaeHue 3(UOIICKOTO WU MHIO-Malaki-
ckoro reHesuca (Neophron percnopterus, Falco tinnunculus,
Coturnix coturnix, Charadrius dubius, Streptopelia decaocto,
Apus melba, Upupa epops).

MaxkcuManbHble U3BMEHEHUST B apUIHON KOTJIOBU-
He B TeueHue XIX—XXI BekoB mpeTeprien eBporeickuii
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Taomuna 4. @ayHoreHeTnyecKast CTpyKTypa (4MciIo BUIOB) aBUpayHbl BoTIMXCKOI KOTIIOBUHBI

3 3 = =
DayHUCTUIECKUI = = = S
Tun dayHbl, ynuca0 BUAOB KOMILJIEKC, % g ? g XIX | XX | XXI
YUCJIO BUIOB o 5 z s BEK | BEK | BEK
= O = N
EBponeiickmit, 38 HM, 12 12 - - - 7 12 12
JC, 16 16 - - - 11 13 12
CP, 4 4 - - - 2 2 4
AD, 6 - - 4 2 1 5 2
EBpo-Kwuraiickmii, 15 OH, 10 10 - - - 6 8 8
L, 5 3 2 - - 4 3 5
Homanuiickuii, 31 IIT, 26 1 25 — — 21 22 21
I1C, 3 - - - 3 1 2 3
I1I1, 1 - - - - 1 1
JM, 1 - - 1 - - - 1
I'mmanaiickuii, 6 All, 4 - 3 - 1 3 3 2
CA,2 2 - - - - 2 2
Kwraiicknii, 3 P®D, 2 - - 2 - 2 2 1
TP, 1 1 - - - - 1 1
Cubupckuii, 7 I'T,7 7 - - - 2 5 5
ApkTunueckuii, 1 AA, 1 — — — 1 1 1 1
Tponuueckue BUABI, 7 1 4 1 1 5 5 7
Bunpl HescHoro reHesuca, 4 — 1 2 1 2 2 4
Bcero 112 57 35 10 10 68 89 92

Ipumevanns. PayHuctrnueckuii komrieke: HM — Hemopanbshbiit, JIC — necocrenHoit, CP — cy6epennzeMmHoMopckuii, AD —
anmmoBuoGwibHBIM, JIH — npeBHe-HeMopanbHbIi, [IJI — npesHe-necocrennoii, [1I' — mycteiHHO-TOpHBIM, [1C — mMycTBIHHO-

crenHoit, 111 — necyaHo-nycThIHHBIN, JIM — nuMmaHHbIi, AJl —

anpriiicknii, CA — cybansnuiickuii, P® — peodunbHbiil, TP —

cyorponnueckuii, I'T — ropHo-TaexXHbI, AA — apKTOATBITUACKUIA.

HeMOpaJIbHbI KOMITJIEKC, YBeTMUMBILIMiics ¢ 7 1o 12 BU-
JIOB, a TaKXKe CUOUPCKUI TOPHO-TAEKHbBIN KOMILIEKC,
MOTIOJHUBIIMICS 3 BUIAMU, YTO OOBSICHSIETCS, Ove-
BUIIHO, BOCCTAHOBJICHUEM U pa3pacTaHUEM T'OPHBIX CO-
CHSIKOB M JIUCTBEHHBIX JiecoB B noime Koiicy. B To xe
BpeMs IpeBHE-HEMOPAJbHbIN, a TAKXE €BPOIEHCKUIA
U €BpO-KUTANCKUIA JIECOCTEMHbIE KOMITJIEKCHI, TTpeacTa-
BUTEIM KOTOPBIX OTJIMYAIOTCS TTOBBIIEHHOM BarvJIbHO-
CTBIO U 9KOJIOTUYECKOM IIACTUYHOCTHIO (cM.: benuk,
2000), B OOJIBILIMHCTBE, MO-BUAMMOMY, YK€ JaBHO OCBO-
1 BomIMXCKy10 KOTJIOBUHY U ceifyac He TEMOHCTPUPY-
0T CTOJIb BBIP@KEHHBIX TTOJIOKUTEBHBIX TPEHIOB. A Me-
30(WIBHBIN alTIOBMOGUIBHEIN KoMITIeKe EBporeiicko-
ro Tuna ayHsl B TIOCJIEIHUE NECITWIETUSI 3aMETHO — C 5
J0 2 BUIOB — COKpaTmiIcs (TabJ. 4), YTo MOXKET OBbITh CBSI-
3aHO C YIMaJIKOM OpOIIaeMOro 3eMJIeNieNIvs B ropax v, BO3-
MOXHO, C ONPENEIEHHBIMU U3MEHEHVSIMU KJTMMAaTa apyj-
HbIX KOTJI0BUH (ATaeB, bpatkos, 2011, 2014; BuHorpanosa
u 1p., 2015).

Homanuiickuii xe Tin ¢ayHbl B LI€JIOM HE3HAUM-
TEJIbHO TTOTOJIHWIICS JIUIIb 32 CUET MYCThIHHO-CTETTHBIX,
MeCcYaHO-TYyCTbIHHBIX Y JIUMAHHbIX BUIOB, TOTIa KakK
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pa3Ho0Opasue ero LEeHTPaAIbHOIO, MyCTBIHHO-TOPHOTO
(hayHHCTMYECKOTO KOMILJIEKCA B apUIHON KOTIOBHHE
B OOIIIeM CHU3WJIOCH, XOTSI B TEUCHHME OTIETbHBIX NCTOPH -
YEeCKUX MePUOI0B OHO ObLIO OTHOCUTETBHO MOCTOSTHHBIM
M COCTaBJISLIO 110 21—22 Bupaa (Tadm. 4, puc. 5).

Takmm 06pazom, HanboIIee BEIPasKEHHYIO TIO3UTHBHYIO
TpaHchOpPMALIMIO B apUIHOM KOTIOBUHE ITPETEPIIETH CBSI-
3aHHBIE C IPEBECHO-KYCTApHUKOBOI PacTUTETLHOCTHIO
HeMOpPAIBHBIE 1 JIECOCTEITHbIE KOMITIIEKCHI EBporteiickoro
u EBpo-Kuraiickoro turos gayH (Tabi. 5). B mocnenHue
JEeCATIIIETHSI OHM TIOTIOJTHVIIHCH ITIeCThIO BUIaMHu (Buteo
buteo, Aquila chrysaetos, Scolopax rusticola, Dendrocopos
major, Caprimulgus europaeus, Lullula arborea), u eme 5
BUIIOB YBEIMYWIN 3[0eCh CBOIO YMCICHHOCTD (Accipiter
gentilis, Aegypius monachus, Lyrurus mlokosiewiczi, Oriolus
oriolus, Aegithalos caudatus). 3ametHo, Ha 50%, yBeMUMII-
sl TAKKe CyOCpeIM3eMHOMOPCKIIT KOMITIIEKC, TTOTTOJTHIB-
LIMICS ceiiyac IByMs1 KyCTapHUKOBBIMU Bunamu (Sylvia
nisoria, Luscinia megarhynchos).

B To Xe BpeMs B TyCTBIHHO-TOPHOM KOMILIEKCE

Homanuiickoro tTuna cdayHbl B IOCAEAHUE AECITUIIE-
THUSI, KAK OTMEUYEHO BbIllIe, HAOII0JAI0TCS 3aMETHbIE
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® XXI Bek
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Puc. 5. Junamuka dhayHoreHeTUYECKOl CTPYKTYpbl aBU(dayHbl BOTIUXCKO KOTJIOBUHBI (YUUCIO BUIOB OTIACIbHBIX TUIIOB

dayHbl 1 (GayHUCTUICCKUX TPYIIIT; T.¢b. — TUI (hayHBI).

Ta6mna 5. Tpaacdopmanmsa aBudayHbl (IMCIO BUAOB) BOTIMXCKOM KOTIOBUHEI ((payHOTCHETUIECKHUI aCTICKT)

dayHOreHETUYECKHE IPYIIIILI
1
o © o § § © — m
= — jent 1 1 =N ) &
A 3 ! = < X T S =
Xapaxrep t | £ |35/g88|85|835| £ % 2| % . BB
TpaHchopMau 5 S EX| BI| EE| LE = = S = o A4 5 °
2 | 5§88 2| & AE| & S = e | 25| & =
(BUIBI) & 2 S5 E2| 58 §¢ S E 4 i = 5 = 5
s | 8 8% 2% 27 2% £ & g £|8 2 | &
O
>
T = 5 3 © = =
Paccensionecs 2 4 2 - 2 1 1 - - 1 2 1 16
YBenuuuBaromne 3 ) _ _ ) _ _ _ _ _ _ _ 7
YUCJIEHHOCTD
Cokpamatoniye _ | _ _ 9 _ _ _ _ _ 1 _ 1
YUCJIEHHOCTh
WcuesnyBuiue 1 2 - 2 5 - - 1 - 2 1 1 15
Beero unos 12+10 | 16+5| 4 6 | 26 | 3 1 4 2 7 7 9 | 112
B KOTJIOBUHE:

HeraTUBHbIC TeHASHUMM: 5 BUmOB mcuesnu (Bubo
bubo, Riparia riparia, Oenanthe melanoleuca, Monticola
saxatilis, Montifringilla nivalis) u eme 9 BUIOB COKpa-
TUJIM CBOIO YUCIeHHOCTh (Alectoris chukar, Columba
livia, Hirundo rustica, Delichon urbicum, Pyrrhocorax
pyrrhocorax, Oenanthe pleschanka, Passer domesticus,
Petronia petronia, Emberiza cia). llpyunHamMu Takoit
JUHAMWKW MOTYT OBbITh pa3Hbie (haKTOPhI, B YACTHO-
CTH M3MEHEHMS KIIMMaTa M COKpaIlleHHE TTOTOJIOBBS
JOMAaIIHEero CKoTa, YTO BbI3BAJIO 3apacTaHUe MacT-
OUIII, a TaK:Ke JeTpamalidsl 3eMJIeIeTus, TIOBIHSBIIAST
Ha KOPMOBYIO 0a3y 3¢ pHOSITHBIX BUIOB IITHII, HAKOHEII,
XUIIHUYECKUI Tpecc pacceauBIIuXcs B boTiuxckoit
KOTJIOBMHE TEeTEPEBITHNKA U OIpyTuX XUITHUKOB (be-
Juk, 2003, 2003a; Sposenko, 2022; benuk, Hacpyna-
eB, 2023a, 20230).
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SAKJIIOYEHUE

IIpoBeneHHbIN aHanM3 aBUayHbl BOTIMXCKOI KOT/IO-
BHMHBI IEMOHCTPUPYET 3aMETHBIE pelleHTHBIE TpaHChOp-
Malllu B €€ COCTaBe, CBSI3aHHbIE, MTPEX/IE BCETO, C YBe-
JIMYeHHEeM YMCIICHHOCTU U paccelieHeM HEMOPAJIbHBIX,
JIECOCTEIHBIX 1 CyOCPEAN3eMHOMOPCKIUX AeHAPO(UIOB,
a TaKXe C TTOSIBJICHNEM CHOMPCKUX TOPHO-TAEKHBIX B~
noB (Aegolius funereus, Regulus regulus, Parus ater, Loxia
curvirostra, Pyrrhula pyrrhula). 310 MOXeT ObITb 00YCI0B-
JIEHO KaK KJIMMaTHYeCKUMU U3MEHEHUSIMU TIOCIIeTHe -
ro BpemeHu (AraeB, bBparkos, 2011, 2014; BunorpamoBa
u 11p., 2015), Tak 1 NOCAeACTBUSIMU aHTPOMOTEHHOTO BO3-
JeCTBUS Ha MPUPOIHYIO Cpefy, MPeXe BCEro npekpa-
IIIEHUEM MacCOBOM BBIPYOKM JIECOB 1 MX €CTECTBEHHBIM
BOCCTAHOBIICHUEM.
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OnHOBpeMEHHO HalOJtoaaeTCsl BbIpaxkeHHast TEHACH-
LYS K COKpAIleHUIO YUCIEHHOCTU U MCUYE3HOBEHUIO
Kcepo(UIbHbBIX CKJIEpO(UIOB, BXOASAIINX B ITyCTHIHHO-
TOpPHBIN (hayHUCTHYECKUIT KoMITJIeKc HoManuiickoro
Tuma (payHbl, 4YTO TOXKE OOBSIICHSIETCS KaK TpaHCchopMa-
LIMSIMU KJIMMATa, BIUSIIOLIETO HA MTULI, TO-BUIUMOMY,
OIOCPENOBaHHO (Yepe3 U3MEHEHUs BUIOBOTO COCTaBa
U CTPYKTYPBI PACTUTEIILHOCTU W Yepe3 COKpallleHUe KOp-
MOBOI1 0a3bl OTIAETbHBIX BUIOB MTUIL), TAK U AHTPOTOTeH-
HbIMU (paKTOpaMu, B YACTHOCTH Jierpafalyeid opoiiae-
MOTO 3eMJIENIEeNIUSI Y CKOTOBOJICTBA, a TAKXKe, BOBMOXHO,
KOHKYPEHTHBIMU OTHOILIEHUSIMU MEXAY OTAEbHBIMU
BUIAMU XKUBOTHBIX.

AHaJlloTuYHbIe IIepeMeHbl B aBU(ayHe IIPOUCXO-
IST He ToabKo B JlarecraHe, Ho 1 Ha 3amanHoM KaBs-
kaze (bemuk, 2013a, 2015), a Takcke Ha ore Poccumn, roe
JeHIpoGUIIbl B MOCIEIHUE AECATUICTUSI UHTEHCUBHO
paccessIoTCcsI Ha 10T U BOCTOK B CTEITHYIO 30HY, a ape-
aJIbl MHOTUX ITyCTBIHHO-CTEITHBIX KcepodunoB (Circus
macrourus, Aquila nipalensis, Anthropoides virgo, Tetrax
tetrax, Burhinus oedicnemus, Charadrius asiaticus, Chettusia
gregaria, Calandrella cinerea, C. rufescens, Melanocorypha
calandra, M. leucoptera, M. yeltoniensis, Oenanthe isabellina
1 1Ip.) OBICTPO OTCTYITAIOT HAa BOCTOK B O0OJIee KOHTMHEH-
TajbHbIe paitonsl Kazaxcrana (bemuk, 2000, 20036, 2009,
2015a, 2023a; u ap.).

OTMeueHHbIE YepThl CXOACTBA B U3MEHEHMUSIX (ay-
HBI pa3HbIX PETMOHOB CBUIETEILCTBYIOT O KPYITHOMAC-
IITAOHOM YpPOBHE MPOTEKAIOIIMX 31eCh 300reorpadu-
YeCKMX MPOILIECCOB, UTO B OJvKaiiiieM Oyayiiem, npu
COXpPAaHEHUU HBIHEITHNX KIMMATUYECKUX 1 COLIMATbHO-
SKOHOMUYECKNX TPEHIOB MOXKET IMPUBECTU K Kapau-
HaJIbHBIM TIepeCcTpOiikaM B CHCTeMe JIaHAIAa(GTHOIO
¥ (PayHUCTUYECKOTO pailOHUMPOBaHUsI, K MEPECMOTPY
MIPUHSTHIX CXeM, IO KpaifHell Mepe — Ha I0ro-3amajie
[TaneapkTuku. Kpome Toro, BbIsiBJIeHHbBIE TpaHChopMa-
LMY PETUOHANBHBIX (DayH BLIIBUTAIOT HACYIIIHBIC 3a1a49K
JaJbHeuIIell akTUBU3allii MOHUTOPUHIOBBIX (hayHU-
CTUYECKUX UCCIIENOBAaHMI, pellieHe KOTOPhIX ITO3BOJIUT
YTOYHUTb 3[I€Ch CKOPOCTh UAYIIUX Ceifuac MpOoLIeCCOB
(hayHOreHesa u nanyt 3ooreorpaduueckre mporHo3bl
Ha OJvKaiiiiiee Oymyiiee.

B cBeTe mpoucxoasiuyx usMeHeHUid B aBudayHe
boT1nixckoit KOTJIOBMHBI aKTyalbHOE 3HAYEeHHE TTPUO00-
peTaloT TakKe BOMPOCHI OXPaHbl YSI3BUMbBIX BUIOB TITHLI.
B 271011 KOTI0BMHE 3aperucTpUpOBaHO 9 BUIOB, BKIIIO-
yeHHBIX B KpacHyto kaury Poccuiickoit @eneparnum
(2021) u Kpacnyto kaury Pecrryoauku larectan (2020),
npuyeM 5 BUIOB (OepKyT, YepHblIit Tprc, OEIOTOIOBbBIM
cur, 6oponady, carcaH) MMEIOT 31eCh CPAaBHUTEILHO BhI-
COKY10 THe3IoBYyI0 uyncieHHOCTh (benuk, Hacpynaes,
2023a, 20236). dnst oXpaHbI 3TUX YSI3BUMBIX IITUILI M BCEX
YHUKAJIBHBIX MPUPOIHBIX JIaHAIIAdTOB boTimxa Ob110 ObI
BaXXHO U 11€16cC000pa3HO OpraHu30BaTh B apUAHOMN KOT-
JIOBUHE HAIIMOHATBHBINA WJIX TPUPOIHBINA MapK C COOT-
BETCTBYIOILIe cucteMoii oxpaHbl. Ha HeoOxonuMocT
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co3naHusl B boTIMXCcKOIi KOTIIOBHMHE 0CO00 OXpaHsIeMOoit
npuponHoii Teppuropun (OOIIT) camoro BEICOKOTO paH-
ra HacTavBaJId ¥ O0TaHUKM, OOHAPYKUBIIIHE 311eCh OoJIee
40 sHIEMWYHBIX BUIOB PACTEHUI, CPEIU KOTOPBIX OKOJIO
TIOJIOBUHBI COCTABJISIIOT BUJIBI TaT€CTAHCKOTO TTPOVICXOXK-
IEHUS, B T.4Y. PN PEOKHX, PEIMKTOBBIX TAJICOHICMOB
(JIsBoB, 1979).

OUHAHCHUPOBAHUE PABOTbI

JaHHast paboTa yacTUYHO (PMHAHCHUPOBAJaCh 3a CYET
cpenctB OromxkeTa [TprUKacnuiickoro MHCTUTYTa OUOJIOTU-
Yyeckux pecypcoB JlarectaHcKoro ¢enepaibHOro UCclienoBa-
Tesibekoro 1ieHTpa Poccuiickoit akanemun Hayk. Hukakux
JIOTIOJTHUTETbHBIX TPAHTOB Ha MPOBEICHNE WU PYKOBOICTBO
JAHHBIM KOHKPETHBIM UCCJIETOBAHUEM TOIYYEHO HE OBLIO.

COBJIIOAEHUE STUYECKHWX CTAHOIAPTOB

B nanHoOi1 paboTe OTCYTCTBYIOT UCCIICIOBAHNS YeIOBEKA
WIU XKUBOTHBIX.

KOH®JIMKT UHTEPECOB

ABTOpPBI JaHHO pabOTHI 3asIBJISTIOT, YTO Y HUX HET KOH-
(brmKTa MHTEPECOB.
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TROUGH BIRD FAUNA OF THE NORTH CAUCASUS
AND FEATURES OF ITS FORMATION, THE BOTLIKH
TROUGH-LIKE DEPRESSION OF INNER
DAGESTAN TAKEN AS AN EXAMPLE

V.P. Belik" *, N.I. Nasrulaev> **
! Southern Federal University, Rostov-on-Don, 344065 Russia
2 Dagestan Scientific Center, Russian Academy of Sciences, Makhachkala, 367000 Russia
* e-mail: vpbelik @mail.ru

** e-mail: nasrulaev@mail.ru

An analysis of the avifauna of the arid Botlikh depression in the mountains of Dagestan, where 112 breeding
bird species have been recorded, shows noticeable transformations in its composition noted during the 19" to
21 centuries. Within the arid depression, an increase in the number and expansion of nemoral, forest-steppe
and sub-Mediterranean dendrophiles is observed, as well as the appearance of Siberian mountain-taiga species
at nesting sites. At the same time, there is a decrease in the number and the disappearance of xerophilic sclero-
phylls, which are part of the desert-mountain faunal complex of the Nomadian type of fauna. This may be due
to both climate change, which affects birds indirectly through vegetation and a reduction in the specific food
supply, and the consequences of anthropogenic impacts on the natural environment (forest restoration, degrada-
tion of agriculture and livestock breeding), possibly also through competitive relationships between some animal
species. Similar changes are noted not only in the avifauna of Dagestan, but also in the Western Caucasus, as
well as in the steppe zone in southern Russia, this indicating large-scale zoogeographic processes occurring there.
The identified transformations of regional faunas require further, intensified faunal monitoring, which will make
it possible to clarify the speed of ongoing processes and provide zoogeographic forecasts for the near future.

Keywords: avifauna, arid trough, ecological structure, faunogenetic structure, Caucasus, Russia
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MopdomeTprudeckuit aHaau3 dyepenoB 0yporo mensenst (Ursus arctos L.) TTokasai cyliecTBOBaHME
B XIX Beke nByx monmyssiuii aToro Buaa B Tubere. Apean ceBepHOI Nomynsiuun-1 oxBaTeIBall Xpebd-
Tel Hanbmansa n KyHbiyHs, okalimisiiolnue ¢ ceBepa TubdeTckoe MmiaTo, ¥ 3aX0Auj B CEBEPHYIO YacTh
mnato (ceBepo-3anan npoBuHuuM Lnnxait, KHP). Apean roxHoit nonynssunu-11 Bkiatouan BepXoBbst
pek XyaHx3, SAHI36I 1 MeKOHT (I0ro-BoCTOK MpoBUHIIMK [{nHxait), a Takke, BeposiTHee BCEro, U BeCh
IOxnb1ii Tubet u I'imanan Henana. JluarHocTMYeCKUMU MpU3HAKaMU ABYX TOMYJISILIAM CykaT rmapa-
METpBI X0aH, IINPUHA X0aH Y caMIIOB U DIyOrMHaA — y caMOK. OTMedeHHBIe 0COOCHHOCTH X0aH MOTYT
OBITH 00YCJIIOBJICHBI aHATOMUYECKIM CTPOCHHEM HOCOIIIOTKM — OpraHa JbIXaTeIbHOM CHCTEMBI, KO-
TOPBII 00ECIIEUMBACT IIPOTPEB BO3AyXa A0 ONTUMAIBHOM TEMIIEpaTypPHI, IIPEKAC 9eM BO3AYX ITOTAICT
K OpOHXOJIETOYHBIM TKaHsIM. JluBepreHius nomyisiiuuit 6yporo mensens Tubera, BeposiTHO, CBsI3aHa
C 3aceJIcHMEeM BBICOKOTOPHOTO TUIaTO KaK U3 IXKHBIX, TaK U CEBEPHBIX pedyruymMoB JienHuKkoBuii. [1pen-
JlaraeTcsl OCTaBUTh 3a I0XXKHOI mornyssuueli-11 mpuHsaToe B HacTosIee BpeMs MOABUA0BOE Ha3BaHUE
U. a. pruinosus Blyth 1854 1 BocCTaHOBUTD ero Muiaaunii cuHoHuM, U. lagomyiarius Przewalski 1883, mist
0003HavYeHUs ceBepHOU nmomyassunu-1. YTouHeHne TAKCOHOMUYECKOTO cTaTyca MOMY/IsIUiA MenBenei
B mpoBuHIMHU [{unxait (KHP) — Hanbosee ocBoeHHOI yenoBekoM yactu Tubeta — cmocOOHO MOBIU-
SITh Ha OIICHKY X OXPaHHOTO CTaTyca, KOTOPHIi B HacTosee Bpems onpeneneH MCOII oTHOCUTETBHO
Bcex MenBeneit Tubera kak LC (“BbI3bIBarOIINIT HAMMEHBIIINE OITAaCeHUS”).

Knrueesvie crosa: o0ypoiit MenBenb, Ursus arctos, Tubet, reorpaduyeckass U3BMEHUYMBOCTb, YepeTl,

TaKCOHOMMUA

DOI: 10.31857/5S0044513424030095, EDN: VBXKZW

Ha camom obmmpHoM B Mupe TubGeTckoMm miaro,
cO cpenHeii BbicoToit 4877 M Haf yp. M., COXpaHUIach
ocobas (ayHa IMMO3BOHOYHBIX C BHICOKMM YPOBHEM
sHAeMu3Ma. OT1a ¢dayHa ¢GopMUpPOBaAIACh C paHHErO
TUIMOLIEHA B TIpolieccaxX BCEJEHUSI BUIOB U3 COCETHUX
obJacTeii, UX MOCIEAYIOIIUX U3MEHEHUN T10] BIUSI-
HUEM reorpacduyeckoid 30JS1UN, TOPHBIX MOAHS -
TUI U KIUMATUYECKUX UBMEHEHUN B MICHCTOLIEHO-
BBIX JIEMHUKOBBIX IMKJax (Zhang, Zheng, 1981; Yang
et al., 2009).

UccnemoBanme aynsl Tubera HaydHBIMU DKCIIE-
IULIUSIMY Hadanoch B XIX Beke, 1 OMHMMU U3 IIEPBBIX
obL1M akcneauuuu Mmmnepatopckoro Pycckoro I'eo-
rpauyeckoro O6mecrsa (MPI'O) (ITpxkeBaabcKuii,
1875, 1883, 1888; PobopoBckuii, Kosnos, 1896; Po-
6oposckmit, 1900—1901; Kosnos, 1906; I'pym-Ipxu-
maiino, 1907). YuactHuku MPI'O goctaBuiau B My-
3en C.-IleTepOypra Oorareiilnye KOJUICKIIMOHHBIE
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MaTepuajbl, a B OTYETaX PYKOBOAUTENEH SKCTIEAULINIA
COXpaHWINCh YHUKAJIbHbIE CBEAEHUS MO reorpaduu,
¢ope u dayHe, Te0I0rnu, KJIMMATOJIOTUN U 3THO-
rpadun Tubera. Cpeau 300JIOTMUECKUX KOJJIEKIIUI,
npuBe3eHHBIX yuacTHUKamMu UPT'O, BeiaensieTcst Ko-
JIEKIIMS YepeTioB pPa3HOTO Bo3pacTa (49 5K3.) U IKYp
(31 2k3.) 6yporo measens (Ursus arctos L.) B 300510~
ruyeckom uHcturyte PAH (3UH PAH). Brta konnek-
LM CIYXWJIa BaXXHBIM MaTepuaJioM s ONUMCaHUS
U3MEHYMBOCTU U cuctematuku pona Ursus (OrHes,
1931; ®dnepos, 1935; Chestin, 1996; BapbIIIHUKOB,
2007), Tak ke KaK 1 OTAeJIbHbIC Yeperia U IIKYPhl M-
Beneit u3 Tubera, KOTOpbIE MOCTYIUIN B pPa3IUUHbIE
My3eu MUpa.

Ha TubGeTtckom miato u xpe0dTax, pacroJoXeHHbIX
cesepHee (KyHbinyHnb, AnteiHTar 1 HaHbimans), oou-
TaeT ToJbKO Oypsiit MeaBenb (McLellan et al., 2017)
(puc. 1).
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2017). 1 — Me-

CTOHAXOXIEHUsI TUITOBBIX 9K3eMIUIIpoB rmonBunoB (I — U. a. isabellinus Horsfield 1826, II — U. a. pruinosus Blyth 1854,
Il — U. a. lagomyiarius Przewalski 1883, IV — U. a. leuconyx Severtzov 1873, V — U. a. gobiensis Sokolov et Orlov 1992);
2 — MEeCTOHaXOXIEHUST KOJUIEKIIMOHHBIX 3K3eMITISIPOB MOMYJISIIIUK-1; 3 — MeCTOHaXOXIeHHS KOJIJIEKITMOHHBIX 9K3eM-
msipoB nonysiuuu-11; 4 — KpaiiHue 3ananHble U I0XHbBIE MeCTa BCTpe4 OypbIX MeaBeeil, OTMEYeHHbIE B paboTax pyc-
ckux uccinenopareseit Tubera (ITpxkeBanbekuii, 1883, 1888; Kosnos, 1906); 5 — Mecta c6opa McClIeNOBaHHBIX MOJIEKY-

JISpHBIX 00pa3noB Oypbix Menpeneit (Lan et al., 2017).

W3 Tuberckoro aBroHoMHoro okpyra KHP Gyprie
MeIBEIN 3aXOISsIT B BEHICOKOTOPHYIO YacTh [MMaaeB B
IByx paiionax Henana (Bepxuuit Mycranr u Manaca-
ay) 1 go 1950 r. 3axomunu B byran (Aryal et al., 2010).
Apeasl TUMaJlaiicKOro, Win OeJI0Tpyaoro, MeaBeas
(U. thibetanus G. Cuv.) orubaet Tuberckoe 1maaTo 1o
3aIagHbIM U I0XHBIM MakKpockKioHaM [mmainaeB Ha
BeicoTax ot 1200 mo 3300 M (Abbas et al., 2015) u rop-
HBIM XpebTaM, pacIiojOXXEeHHbIM BOCTOYHEE IIATO.

YTouHeHUe TAKCOHOMUYECKOTO CTaTyca pasjind-
HBIX MMONYJISIUM MenBeneil TudeTa rpeacTaBasieT MH-
Tepec He TOJILKO KaK UCClIefoBaHue OMOpa3HOOOpa3us
BTOrO PEeruoHa, HO CIIOCOOHO TMOBIUSITh U Ha OLIEHKY
OXpaHHOTIO CTaTyca MOIyIauuii. U3MeHYnBOCTH Ye-
pernoB Oyporo Measenst Tubera, KpoMe BO3pacTHOM U
MOJIOBOI, B paboTax ¢ UCHOJIb30BAHUEM KOJUIEKIINK
3UH PAH wuccnenoBarenu He ormedanu (Diepos,
1935; Chestin, 1996). llenpro TaHHOTO MCCIETOBAHUS
cTajl aHaJu3 NONYJSIIMOHHONW M TaKCOHOMUYECKOM

300JIOTUYECKUN )KYPHAT Tom 103  Ne3

nuddepeHanu 6yporo Mmeaseas Tudera ¢ UCTIONb-
30BaHMEM MOP(OMETPUYECKUX JaHHbIX.

MATEPUAJIBI 1 METObI

B ananu3e ncnonb3oBaHbl 11 4epermoB B3pOCIBIX
caMIIOB 1 9 B3pOCIBIX CAMOK M3 KOJUIEKIIUM 300J10-
ruueckoro nHcrutyta PAH (3WMH). Bospacr 3Bepeit
OLIEHMBAJIM MO 3apacTaHUIO 0a3MOKIIUIUTAIBHO-AJIIC-
¢deHOMAHOTrO 1IBa (OTMEYAIOIIEr0 OKOHYAHNE aKTUB-
HoOro pocra yepemna). JIJist OlleHKU MEXMOIMYJISILIOH -
HBIX pa3Inyuii Ha KapTy Tubera ObLIM HaHECEHbI Me-
CTa IMPOUCXOXKISHUS KOJIEKIIMOHHBIX 3K3eMILISIPOB.
TonoHnuMus reorpaduyeckux HazBaHuit B Tuberte
XIX Beka U coBpeMeHHasi TOMOHUMMS 3HAUYUTEIbHO
pa3auyaloTcs, U HAaHEeCTU Ha KapTy TOYKU J0OBIYMU
MeIBEIE COTJIaCHO MY3€MHOM 3TUKETKE CTAJIO BO3-
MOXHBIM TOJIBKO ITOCJIe aHaJIM3a MapIIPpyTOB PYCCKUX
nytemectBeHHUKOB (IIpxeBanbckmii, 1875, 1883,
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1888; PoGoposckuit, Kosnos, 1896; PobopoBckuii,
1900—1901; Kosnog, 1906; I'pym-I'pxkumaiino, 1907).

Cxema U3MepeHMii yepera noka3aHa Ha puc. 2.

B pabore ucnonb3oBaHbl 21 MpoMep U OOUH UH-
nexc: 1) Cbl — xkonguio0a3uisapHas IIMHa, OT 3aIHe-
ro Kpasi CpeIHUX pe3loB Yy ajibBeo (Touka henselion)
JIO 3aJHETO Kpasl 3aTbUIOYHBIX MBIIIEJIKOB (condylion),
2) Lpal — mnmmHa KocTHOro HEOaA, OT 3aMHEro Kpas
CpPEeIHUX PE3LOB 10 3aJJHETO BBICTYIIa KOCTHOIO HEDA,
3) Lfac — nnuHa n1u1ieBOTo OTAesa uyepera, oT Iepe-
HEro Kpas ajibBeOoJI CPEIHMX PE3I0B IO MEPETHETO
Kpag ri1a3Hulibl, 4) Lncra — aimMHa MO3roBOro otTae-
Jla yeperia (neurocranium), oT IepeaHero Kpas rjaia3-
HUIIBI 10 3aJJHETO Kpasi CaruTTaJIbHOTO TpeOHs (cris-
ta sagittalis), 5) Hncra — BbIcOTa MO3roBOTO OTAENA
yeperna (neurocranium) u3MepeHa OT BbICIIEiT TOUKHU

Bera

-

&

Lncra

Cbl

CP3-MZ

Lpal

Lfac

AL

BfacM2

Lman

Puc. 2. Cxema mpomepoB depemna 6yporo Mensenst. Omm-
CcaHUS MPOMEPOB NaHHI B TeKcTe. OTCYTCTBYIOIINE HA
PUCYHKE MTPOMEPHI JJIMHBI U ITMPUHBI 3y00B 18—21 B3s-
ThI ¢ OyKKaJIbHOM CTOPOHBI (IUIMHA) U B CAMOM IIUPOKOM
yacTu 3y6a (mmmpuHa). Cxema mpoMepoB IIEYHBIX 3y00B
MeaBeneil mpuBeaeHa B MoHorpaduu bapblliHuKOBa
(2007, puc. 3).
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CaruTTaJIbHOTO TPEOHS M0 MapOKIIUITUTATEHOTO OT-
poctka (proc. paroccipitalis), 6) Bros — mmpuHa ue-
pemna B KJIbIKax, 7) Bior — MexmiazHUYHas IIMpUHA
yepena, 8) Bfac — mmpurHa yepena Ha ypoBHe mepel-
Hero Kpasi BepxHero MoJjisipa M2, 9) Zyg — ckynoBas
mupuHa dyepemna, 10) Bcra — macTonagHas mmpuHa
yepera, 11) Hhoany — rmyouna xoan (foramen na-
sale posterior) B3siTa B caMOMi IIIMPOKOI YacTU XOaH
JI0 BepXHeil MOBEPXHOCTY MTEPUTOMIHBIX OTPOCTKOB,
12) Bhoany — mupuHa xoaH, MaKCUMajJbHOE pac-
CTOSIHME MEXAY NTEePUrouIHbBIMU OTPOCTKaMU (proc.
pterygoideum), orpaHUYMBAIOIIMMU X0aHbl (puc. 4),
13) Lman — gjJimHa HUXHEYEITIOCTHOM KOCTHU, OT
aJIbBEOJT PE3IIOB O KOHIIA COWICHEHHOTO OTPOCTKA,
14) Hman — BbIcOTa HUKHEYEIIOCTHOM KOCTU B Be-
HeyHoM oTpocTke, 15) LC-M2 — ajauHa BepXHEro
3yOHOTO psifia, OT MEPEeIHEro Kpasi KJIBIKOB 10 3aJHET0
Kpast M2 (y aimbBeodn), 16) LP4-M2 — niuHa BepXHETo
psilia evyHbIX 3y00B oT npemouisipa P4 no mossipa M2,
17) Lm1-m3 — gnuHa HUXXKHUX MOJISIpoB, 18) LM2 —
JIJIMHA BTOPOI'0 BepXHero MoJjisipa, 19) BM2 — mupu-
Ha BTOpOro BepxHero Moiisipa, 20) Lm2 — niuHa BTO-
poro HUXHero MoJjsipa, 21) Bm2 — mupuHa Broporo
HUXHero mojsipa, 22) Hhoany x Bhoany — unaekc
IUTOLIAN MOTIEPEYHOTO CeYEeHUSI X0aH (MM?).

TakcoHOMUYECKMIA aHAJIM3, BO MHOTUX CJIydasx
HeoOXOOMMBIH JIJIT OLIEHKM KakK Ouopa3HooOpa3us,
TaK U CBSA3aHHBIX C HEU 3a/1au OXpaHbl 3Bepeil pa3HbIX
BHYTPUBUIOBBIX TAKCOHOB, BO MHOTOM OTJIMYaEeTCs MO
CBOMM LIEISIM U METOAAM OT OOIIENPUHSITON OTHO-
MEPHOI1 1 MHOTOMEPHOM CTaTUCTUYECKON 00pabOTKM
MOP(HOMETPUIECKUX TAHHbIX.

[Ipy BbIAETEHUU BHYTPUBMAOBBIX TAKCOHOB Ha
CIUIOIIHOM apeaJjie BUJa CTaBUTCS KOHKpETHas 3aaa-
Ya — OIIEHUTH, ITO KaKoil Jojie 0coOei pa3mmIaroTcs
IBe KOHTAKTHUpYIOIIKe MoIryassunu. Hampumep, mis
BbIACICHUS noaBUAa DpHCT Maiip npemioxui “mpa-
BWIO 75%” (75% omHOI MOIYISAIIUM OTIIMYACTCS OT
100% npyroii), mpu 3TOM TOYKA MEpecedeHUs ABYX
KPUBBIX pacipeneieHus: IMarHOCTUYECKHX TPU3HAKOB
otaensger He MeHee 90% ocobeit omHOI TTOIYISAIINT OT
90% ocobeit npyroii. 1151 pacyeToB JOJIU Pa3Invaio-
LIMXCS 0co0eil KOHTaKTUPYIOIIUX IOy pa3-
paboTaHbl METOIBI CTaTUCTUYECKOTO aHau3a (Mayr,
1969). Ho st MaJIeIx BEIOOPOK (HaIpuMep, B paboTax
C penIKMMU BUIAMM) UCTIOJIb30BaHNE TaKUX METOJOB
HEBO3MOXHO U JOCTOBEPHOCTH BBHIIEJICHHS TAKCOHOB
MOBBIIIAIOT PUBJIEYEHUEM APYTUX JAHHBIX: 3TOJIOTU-
YECKUX, SKOJOTUUECKUX MIIM MOJIEKYISIPHBIX OCOOCH-
HOCTEM.

B paboTe ucnonb3oBaH JMCKPUMUHAHTHBIN aHa-
JIU3 C MOIIArOBbIM BKJIIOYEHUEM TepeMeHHbIX. s
TaKCOHOMMYECKOTO aHaJIM3a BHYTPUBUIOBOI U3MEH-
YUBOCTU TUCKPUMUHAHTHBIM aHAlM3 OKa3bIBaeTCs
yIOOHBIM MHCTPYMEHTOM, MO3BOJISIIOIIMM BBISICHUTD,
B MIEPBOM MPUOIVMKEHUH, TTOAPA3AeICHHOCTDb UCCIe-
nyemoit BeIoopKu. Kpome Toro, BelfeneHe mepeMeH -
HBIX, BHOCSILIIUX HanOOJbILIUI BKJIaJ B UBMEHUMBOCTh
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noapa3aeaeHHON BEIOOPKY, 00JierdaeT IIOMCK TUarHo-
CTUYECKHX MTPU3HAKOB BBIIEICHHBIX Tpym. Ho B 11e-
JIOM BblJeJIeHue reorpaduyecKux Momyasuuii 6yporo
MeBENs B 9TOM UCCJIEIOBAaHUM HE OCHOBAHO Ha METO-
Jlax CTaTUCTUYECKOro aHaIu3a.

CratucTuyeckym oopaboTKy JaHHBIX 110 KPaHUO-
METPUYECKO U3MEHYMBOCTHU Yeperia POBOIUIM C UC-
MoJIb30BaHWEM MPOrpaMMHBIX TlakeToB Statistica 13.0
M 3JIeKTpOHHBIX Tabaui Excel.

PE3VIJIBTATDBI

JAnCcKpUMUHAHTHBINA aHAJINU3 C MOIIATOBBIM BKIIIO-
YeHHEM NePEMEHHBIX II03BOJIMJI COKPATUTh YUCIIO MC-
MOJIb30BaHHBIX MepeMeHHBIX. Koppensauuu Mexay 1e-
pEMEHHBIMHU U TTOJYYEHHBIMU (haKTOpaMy IPUBeIeHbI
B Tadu. 1.

W3 Hee BumHO, 4TO (pakTop 1 MMeeT BBICOKUE
(hakTOpHBIE Harpy3KM Mo nepeMeHHbIM: Lncra, Bior,
Bhoany, Lm1-m3, Lm2; ¢akTop 2 — 1o nepeMeH-
HbIM: Cbl, LC-M2, Bros u ¢gakTop 3 — 1o nepemMeH-
HbIM Lpal, Hncra, Hhoany. Ctonb BeicOKMe (haKTOp-
Hble Harpy3Ku MO MHOTUM TMEePEMEHHBIM OOBSICHSI-
JOTCSI 3HAUUTEIBbHBIMU PA3TUUUSIMU MEXIY CaMlaMU
U caMkamu. ITonyyeHHbIe CTaHIAPTU3UPOBAHHbIE
KO3(OUIUEHTH AUCKPUMUHAHTHBIX (DYHKIIUN ObLIN
WCITOJIb30BaHbI, MPeXe BCero, sl BbBIOOpa quarHo-
CTUYECKUX MPU3HAKOB MOMYISLIMOHHBIX U TOJIOBBIX
pa3aInduii.

B pesynbrare [ucKprMMMHALIMU 00111asl BBLIOOPKaA Ye-
penoB B3pocibix Oypbix MenBencii Tubeta pasaenuaach
Ha YeThIPE TPYMIIbI, IBE TPYIIILI CAMIIOB 1 IBE IPYIIIHI
camok (puc. 3).

Bnoab nepBoii kaHoHn4yeckoit ocu (LD1) o6oco-
Oousach rpymnmna camiioB, KOTOPYIO Mbl 0003HAYMIU
Kak I-o. Bmosib BTOpoit KaHoHUUYecKoit ocu (LD?2)
000coOMICh TpU TpyIIIbl: Tpynma camiuoB (1I-o) u
nBe rpymnbl caMok (I-¢ u 11-2), npu aToM 3 dekTuB-
HOCTb IUCKpUMUHaLMK coctaBuia 100%.

Huxe npuBeneHbl MecTa 10ObIYM KOJUIEKIIMOHHBIX
BK3eMIUIIpoB MeaBeneit. Homepa MecToHaxoxmeHUit
COOTBETCTBYIOT HOMEpaM Ha puc. 1.

CepepHas nomyasus-1

111. Xp. dymOype (mpumbiKaromuii K xp. Kyky-
Iunu (Koko-Shili),gyepen 3WUH 1458, ad o, nekToTun
U. lagomyiarius Przewalski; xp. Kyky-Illuu, 1538 ¢,
kosu1. H.M. IpxeBanbckuii, X—XI, 1879.

1. Hanpmians (Qilian Shan), ucroku p. Cyneiixe,
6210 o, 6214 &, 6212 ¢, 6213 %, komi. B.1. PoGopos-
ckuii, 1894; BepxoBbs p. XbIii-x0 (DLU3MH-TON) 6225 7,
kot I.E. I'pym-TI'pxxkumaiino, VIII.1890.

2. Xp. IOxHo-KykyHopckuii B cucteme KyHbiyHs,
7812 «, xomn. I1.K. Ko3znos, 1V.1900.

3. Komnosuna Haitnam, 3211 o, 3212 ¢, 3213 &, 3214 &,
6211 2, xomn. H.M. IpxeBanbckuii, V.1884.
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Taomuna 1. Koppensimyu MeTpuiecKux Mpu3HaKoB U T0-
JYYeHHBIX (haKTOPOB (CTaHIAPTU30BaHHBIE KOG HULIN-

€HTBI TUCKPUMUHAHTHBIX (DYHKIIHIA)

IMepemennas | @akrtop 1 | Pakrop 2 | Dakrop 3
Cbl —0.399 —0.598 0.003
Lpal —0.055 0.383 —0.562
LC-M2 0.058 0.524 —0.418
Lfac 0.340 —0.249 —0.411
Lncra 0.625 0.088 —0.287
Hncra 0.047 0.402 0.550
Bros —0.235 —0.505 0.261
Bior —0.520 —0.088 —0.391
BrosM* —0.444 —0.240 —0.316
Zyg 0.318 0.325 0.358
Hhoany —0.059 0.157 0.783
Bhoany —0.491 0.175 0.335
Lp4-m2 0.454 —0.445 0.101
Lml-m3 0.541 —0.027 —0.432
Lm?2 —0.583 —0.039 —0.377

Tpumeuyanve. 2KupHBIM IpU(HTOM BBIIETCHBI TMCKPUMUHAHT-
Hble PYHKIIMY, UMelole Haubosee BICOKKe (haKTOpHbIe Ha-
TPY3KHU 1O TIEPEMEHHBIM.

LD2

N

-é1 &3

2
0
2
4 .
—4 -2 0 2 4
LDI

Puc. 3. PacnipeneneHue yeperoB Oypbix Menseneit Tu-
0eTa B MPOCTPAHCTBE MIEPBOIl M BTOPOU KAaHOHWIECKOI
oceii: 1, 2 — camupl rpynnsl [-o u camku rpynmnsl [-2;
3, 4 — camupbl rpynrbl I1-00 1 camku rpynmsr 11-2.

4. Xp. bypxan-bynna (Buerhan Buda) B cucreme
Kynbayns, 7804 «, kosn. I1.K. Koznos, 1V.1900.
IOxnas nomyasius-11

5. BepxoBbs p. XyaHxa, 03. [IxapuH-Hyp, 7816 <,
kosui. I1.K. Ko3znos, VI.1900.
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6. BepxoBbs p. XyaHxa, 03. OpuH-HYp, 7684 ¢, 7801
?, xkomut. I1.K. Kosznos, VI.1900.

7. BepxoBbs p. XyaHxa, p. Jxareia-roua, 7808 o,
koir. I1.K. Kosmos, VII.1900.

&. BepxoBbs p. XyaHxa, p. Capr-uio, 7830 «, 7832 ¢,
kos1. I1.K. Koaznos, V.1901.

9. BepxoBbs p. XyaHxa, p. Tonu-4io, 7818 o, KoJwI.
I1.K. Ko3znos, V.1901.

10. BepxoBbs p. AAHu3wl (Chag Jiang), niep. Jlam-
nyHr-ya, 7814 ¢, ko I1.K. Kosznos, V.1901.

11. BepxoBbs p. Mexkonr, p. [I3a-uio, 7813 ¢, Koj.
I1.K. Ko3zios, I1X.1900.

CamMusl rpynisl [-o (n = 7) 1oObITH ceBepHee Tu-
O0eTckoro 1iato, B ropax Hanbimansa (Qilian Shan) u
B cucteme KyHnbiyHs (Kunlun Mountains), Bkitouas
xpeoThl FOxHo-Kykynopckmii u bypxan-bymna (Buer-
han Buda), 3a KoTopbIM HAaYMHAETCS MOIABEM Ha IIATO
Tubeta (puc. 1, MecTroHaxoxaeHus /—4), 1 Ha caMOM
muiato — xpeoTrl Kyky-Illunu (Koko-Shili) u ym0ype
(puc. 1, mecronaxoxaenue I11). B Tpex U3 atux me-
croHaxoxneHuit (I, 3, I1]) ormedeHbl CAMKM TPYIIIIbI
1-2 (n=4).

Camusl rpymnbl [I-o (n = 4) mpoucxXoasiT U3 YeThI-
pex OJM3KO pacho0XEHHBIX MECTOHAXOXACHUM (5,
7—9) B BepXoBbsIX p. XyaHXd. B aT0i1 Xe rpymnne me-
CTOHAXOXAEeHUH (6 1 §) OTMEUEHBI TPU CAMKU TPYIIIIhI
1I-? u nBe caMKu U3 3TOM I'PYIIIbI DOOBITHI I0KHEE, B
MecTtoHaxoxaeHusx 10u 11 (puc. 1).

CoBrazieHue pacnpoCTpaHEHUSI CaMIIOB I'PYIIIIbI
I-o m camok TpymIrsl [-2 ¢ BBICOKOM BEpOSITHOCTHIO
YKa3bIBalOT HA MX MPUHAIJIEXXHOCTh K ONHOI reorpa-
(bryeckoii MomysluK, KOTOPYIO Mbl 0003HAUWIN KaK
“ceBepHas monynsiusi-1”. Takke ¢ BEICOKOI BeposIT-
HOCTBIO MOXXHO TIPEANOJ0XHUTh, YTO CaMIIbl TPYIIIThI
I1-o u camku rpynmsl [1-2 06pa3yloT BTopyio NomyJsi-
L1100, KOTOPYIO MBI Ha3BaIM “roXKHOM momyJstueii-117.
PesynbraTel mpoMepoB YeperoB OyphIX MeABEASH 3TUX
JIBYX TIOTYJISILIUMIA TPUBENEHBI B Ta0JI. 2.

OCHOBHBIM THArHOCTUYECKUM MPU3HAKOM IBYX
TPYIIII CaM1IOB BEIOpaHa muprHa xoaH (rmpomep Bhoa-
ny), y3kas B nomyisiuuu-I (puc. 45) u 6ojee mmpokas
B nonyiasauuu-I1 (puc. 4B), npudyeM KpaiiHue 3Haye-
HUSI IIUPUHBI X0aH HE MePeKpPbIBAIOTCS Ha HEOOJIbIIIOM
HCCeNOBaHHOM MaTtepuaje (Tadir. 2, puc. 5).

I'myOuHa xoaH caMIIOB B cpemHeM OOJIbIle B ITOMy-
Ja1mn- 1 o cpaBHEHMIO ¢ aHAJIOTUYHBIM TTOKa3aTeaeM
B nonyyasiuuu-11, HO MHAEKCHI TIOIIAAX TTONEPEeYHO-
ro cedeHus xoaH (MmpousBeaeHue mpoMepoB Bhoany x
Hhoany) y cam110B 006eux Momyasiliuii He pa3anJyaroT-
s TI0 KpalfHUM 3HAYeHUSIM, a TI0 CPEeTHIM 3HAYEHMSIM
Oosble B riomyassuuu-11.

OCHOBHBIM TMarHOCTUYECKUM MPU3HAKOM JBYX
BbIAEJIEHHBIX TUCKPUMMHAHTHBIM aHAJIM30M TPYIIT
caMmoK Oblja BeiOpaHa rryouHa xoaH (Hhoany). B no-
MyJISIIun-1 XoaHbI caMOK MeNKue, IIpudeM KpaifHue
3HAYEHUS TJIYOMHBI XO0aH HE MEPEeKPbIBAIOTCS MPHU
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OIMHAKOBOI IIMpUHE X0aH (Tabmu. 2, puc. 6). MHmekc
MJIO1IAIM MONEPEYHOTO CEYEHUST XOaH OOJIbliIE B MOMY-
Jgsaumu-I1 no KpalilHUM U CpeTHUM 3HAYEHUSIM.

CrenoBaTesibHO, Ha HallleM MaTepualjie JUarHo-
CTUUYECKMMU MpPU3HAKAMU CEBEPHOI Momnyasauuu-I
MOXHO CUMTATh y3KUEe X0aHbl caMloB (27.0—32.5 MM,
M = 30.2 MM), MeJIKMe X0aHbl caMoK (11.5—14.0 MM,
M = 13.1 MM) U HU3KUI UHAEKC IUIOIIAAN TTorepey-
Horo ceueHus: xoaH (345—422 mm?, M = 387 mm?).
B kauecTBe 1MarHOCTUYECKMX MTPU3HAKOB I0XKHOM MO~
nyiasuun-I1 MoxHO paccMaTpuBaTh HIMPOKKUE XOAHBI
camioB (35.0—40.8 MM, M = 36.5 mM), iIyOOKHE XO-
aHbl camok (14.5—17.0 mm, M = 15.8 MM) U OOJBILINIA
WHJEKC TUIOIIAAN MOIepeyHoro ceuyeHus xoaH (434—
484 MM, M = 462 mM?) (Tabu. 2). JluarHocTuuecKue
MPU3HAKU MOMYJISIIUN HE MepeKpbIBAIOTC.

C dopMoit 3agHUX X0aH y CaMIIOB KOppeJIupy-
eT IIMPUHA HEOA Ha YPOBHE MepeIHETO Kpas 3aTHUX
xoaH. Y camuoB nonyasouu-I HEOO Oosee y3Koe
(43.5—53.7 mm, M= 47.9 MM, n = 7) U y caM1IOB TIOITy-
ssiimu-11 mpe (51.9—55.6 mm, M = 53.6 MM, n = 4).
Bri6opka camiioB nonynsinuu-1I1 u3 Bepxosuii XyaHx?
oTIMyaeTcsl OOJbIIMMU pa3MepaMu yepera, B 4acT-
HOCTH, TI0 CPETHUM 3HAUCHUSIM KOHIMIOOA3UIISIP-
HOU nnuHbl yepena (Cbl), IIMHBI HUXHEN YeI0CTU
(Lman) u piuHbl BepxHero 3yoHoro psaa (LC—M2),
HO M3-3a MaJIbIX BEHIOOPOK HEBO3MOXHO OLICHUTH J10-
CTOBEPHOCTb Pa3Inyusl CPeAHUX 3HAYeHM (Tab. 2).

OBCYXIAEHHUE

MecTOHAXOXIEHUST TUTIOBBIX 3K3EMILISIPOB TSTU
OINMMCaHHBIX NOABUAOB B LleHTpanbHOIT A3uu mokasa-
Hbl Ha puc. 1. st 6yporo mensens Tubera B HaCcTOS-
1ee BpeMs puMeHstoT HazBaHue U. a. pruinosus Blyth
1854, Tun u3 JIxacel, KHP (Bxitouas U. a. lagomyia-
rius Przewalski 1883, tum u3 xp. Jlym0Oype, ceBepHBbIit
Tuber), a nis nonysuuit 6yporo measenst I'mmana-
eB 1 TsHb-1llaHs UCTIONB3YIOT CTapIIM CUHOHUM
U. a. isabellinus Horsf. 1827, Tnmt n3 Hemana, Ho mo-
cliemHUEe MOJIEKYISIDHBIE MCCIACIOBAHUS MOKa3aau
UICHTUYHOCTh OypbIx MenBeneii Hemana u rora Tu-
oerckoro miarto. IToatomy njist Ha3BaHUS ITOABUAA U3
T'imanaes u Tanub-1laHs moikeH OBITh BEIOpaH Ipy-
roii cTapuiuii CMHOHUM (CM. HUXe). BoimensitoT Tak-
Ke nonBua u3 nycteiHu I'odbu, U. a. gobiensis Sok.
et Orl. 1992, Tun u3 3aantaiickoit oo, MoHronus, n
nonsun U. a. collaris Geof. et F. Cuv. 1824 u3 FOxHoit
Cubupu, tTun u3 Bocrounsix CasgH.

KpaTko oxapakrepusyeMm IUarHOCTUYECKUE TTPU-
3HaKu OypbIx MenBeneit Tubera mo JaHHBIM, IIPUBEICH-
HbIM B MoHOoTpaduu baprimnukona (2007). Yepemna
oyporo mensenst Tuodera (U. a. pruinosus) o CpeaHuM
3HAYCHUSIM OCHOBHOI AiuHBbI (mpomep 3) (318 MM,
n = 21) He oTJIMYalOTCs OT YyepenoB Menseneit us Fox-
Hoit Cubupm (U. a. collaris) (316 mm, n = 41). B o6enx
BBIOOpKAX yepemna (110 OCHOBHOI IJIMHE) KpyIIHee, 4YeM
BoIOOpKU U3 [MmanaeB u Taub-1ans (U. a. isabellinus)
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Ta6mua 2. M3menunBocTh mpoMepos depena (lim, M=*m, Mm) Oypbix MenBeneit Tubera

CeBepHas mommystusi-1

IOxxnasg monynsamus-11

Ne [Mpusnax CaMm1ibl Camku CaMm1ibl CaMKu
(n="7) (n = 4) (n=4) (n=5)

. 337-356 290-310 351-356 302-317
342.142.6 2083443 353.3+1.3 307.442.8

> o 170—189 149—167 179—189 159—167
P 178.312.3 156.5+3.9 182.842.3 162.8+1.4

s e 134—144 120—130 139—152 127—130
139.4+1.4 124.542.2 144.5+2.8 128.4+0.7

4+ | inera 227244 199—211 228239 201-212
237.142.3 203.342.8 2343423 206.6+1.7

s e 122—141 102—114 120—130 107—112
129.342.5 109.3+2.6 126.342.3 109.0+0.8

¢ |Bros 73-85 68—72 79-85 68—2
79.5+1.8 69.3+0.9 81.5+1.3 70.4+0.8

7 | gior 77-85 64—73 75-86 70—74
81.3+15 68.5+1.9 80.342.3 72.040.8

¢ |Bic 90—106 85-89 95101 82-92
97.9+2.1 87.5+1.0 98.9+1.3 87.8+1.7

o |z 203-236 167—186 203-230 174—195
ye 218.7+3.9 178.3+4.2 218.0+6.8 186.0+3.5

0 |Bera 159—179 134—144 159—178 135145
168.9+2.6 138.842.1 168.5+4.1 1410417

0 | Hhoan 17.0-24.9 11.5—-14.0 14.8-18.8 14.5-17.0
Y 20.5+1.0 13.140.6 16.7+0.8 15.840.5

1 | Bhoan 27.0-32.5 28.0— 32.0 35.0—40.8 28.1-31.6
y 30.240.9 29.6+0.9 36.540.4 29.5+0.7

5 | Lman 244-260 217-227 251-269 219-227
249.042.4 221.242.9 258.0+2.5 222.4+1.9

4 tman 96—107 82-91 96—100 83—88
100.6+2.1 86.0+1.0 98.7+1.3 85.8+1.7

149—158 137—147 154—163 137—149

5 |LC-M2 154.0+1.3 140.5+2.3 160.3+2.1 142.6+1.9
78.5-84.0 72.0—75.5 76.5—83.0 70.3-79.5

16 |LP4—M2 81.240.8 74.040.7 80.1+1.5 75.6+1.6
N 72.0-79.0 57.0-70.5 74.5-78.5 66.0—72.0
76.4+0.9 671434 76.140.9 69.4+1.2

5 v 38.5-42.0 35.6-37.0 39.0—45.0 33.8-39.2
40.0+0.5 36.5+0.3 40.9+14 37.241.0

R - 27.0-29.0 24.5-26.0 26.5-28.0 23.8-26.1
27.6+0.3 25.440.3 27.440.3 25.040.4

0 i 19.3-24.0 19.1-21.3 20.0—-22.0 18.3-21.0
21.840.6 20.140.5 20.9+0.4 19.8+0.5

21 B 16.0—18.6 14.1-15.9 16.0—17.5 15.1—17.0
17.7+0.4 152404 16.840.3 16.4+0.3

2 Unnexc (Mm?) 501—699 345—422 518—677 434—-484
Hhoany x Bhoany 516 387 612 462
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Puc. 4. ®opma 3anuux xoaH y 6ypbix measeneit (Ursus arctos L.). A — Taub-1llans, 3UH 1235 o, komn. H.M. IlpxeBab-
ckuii; b — CesepHuiit Tuder, Laitnam (puc. 1, 3), 3SUH 3214 o, konn. H.M. IIpxeBanbckuii (romynsiuusi-1); B — BepXoBbst
p. Xyauxa, p. Tomu-uto (puc. 1, 9), 3UH 7818 «, xomn. [1.K. Koznos (momymsiius-11 ).

(287 mm, n =9). Ot U. a. collaris THOETCKME MenBEaN
OTJIMYAIOTCS MO IMKUpHHe HEOA Ha ypoBHe M2 (TIpo-
Mep 16), BbIcoTe yeperna B 00J1aCTH 3aThUIKA (TIPOMED
20) 1 BBICOTE HUKHEN YETIOCTY HAa YPOBHE AUACTEMBI
(mpomep 27), a ot U. a. isabellinus, KpoMe TOro, IJIM-
HOI psima BepxHUxX 3yooB P4-M2 (mpomep 9), nau-
HOM psima HuKHUX 3y0oB I-m3 (mpomep 23) u p4—m3
(mpomep 24) [3HaUeHUS IPOMEPOB 1 UX 0OO3HAUECHUST
JnaHbl no: bapeiHukos (2007), Tao6a. 98, 100, npome-
polI puc. 2, 3, 4].

24 -
*; ./
20 3 %
= | e Os
<
2 i@
T ./ .3
.
16 F Os Og
O7
12 1 1 1 1
27 31 35 39 MM
Bhoany

Puc. 5. Paznuuusa camiioB 6yporo measenst Tubera 1o
mmpuHe (Bhoany) u rmyoune (Hhoany) xoaH: yepHbIe
KPYXKU — Tomynsiuusi-1, 6enble Kpy>XKU — MOMYJsi-
wus-11. Hudbpamu 0603HaUEHBI MECTOHAXOXIEHUST KOJ-
JIEKITMOHHBIX 9K3EMIUISIPOB (COOTBETCTBYIOT pHC. 1).
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Oco0OeHHO MHTEPECHBI KPYITHBIE pa3Mephl IIEYHBIX
3y60B Menseaeit Tubera. Y 6yporo menBensi pa3mepbl
3y00B reorpacr4yecku BapbUpyOT B COOTBETCTBUMU C
XapakTepoM mnoemaeMoro Kopma. Haubosee menakosy-
Oble 3Bepr (OTHOCUTEJBHO OOIIMX pa3MepoB) BCTpe-
yaioTcs B EBpasuu Ha JlanbHeM Boctoke Poccuu —
Kamuarke, Caxanune (bapbiiinukosn, 2007, c. 370),
IJe OHU OCEHbIO KOPMSITCS JIOCOCEM, UIYIIIUM B pEKU
Ha HepecT. MenBenu TubGera, MUTAIONIAECS XKECTKI-
MU pacTUTEIbHBIMU KOPMaMU Y BbIKAllbIBaloOIIUE U3
MOA3EMHBIX YOEXMII MUIILYX U CYpKOB, HAlIpOTHUB,

MM
20
11 (10
>
g
ge
15F
= s&°
=
./ . /I
3=
11 1 1
27 31 MM
Bhoany

Puc. 6. Pasnmuuusa caMok Gyporo Mensens TubGeta 1o
mmpuHe (Bhoany) u rmyoune (Hhoany) xoaH: yepHbIe
KPYXKU — momynsiuusi-I, 6enble Kpy>XKU — MOMYJIsi-
uus-11. Ludbpamu 0603HaYeHBI MECTOHAXOXIEHUS KO-
JIEKIIMOHHBIX 9K3EMITISIPOB (COOTBETCTBYIOT pHC. 1).
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OTHOCHUTENbHO KpynmHo3yObie (baprimraukos, 2007,
c. 372). CBuaeTeabCTBOM MOTPEOACHUS] UMM UM C
BBICOKUM aOpa3suBHBEIM 3P (MEKTOM CITYKUT MOBBIIIICH-
Has CTePTOCTh XKeBaTeIbHOMN IMTOBEPXHOCTH, TIO3TOMY
TOYTH BCS M3yUYeHHasl TUOETCKasi BHIOOPKA B3POCIBIX
SKUBOTHBIX MMEET CHIIBHO CTePThIe KOPEHHEIE 3yOHI.

B nHazBanuu pruinosus 6yporo measenss Tubera ot-
paxeH OJieck mexa ¢ cequHoit (Blyth, 1854), usBecr-
HbI, HO peNKuii TUMI OKpacKu OypbIX MenBeneit. N3-
3a KpaiiHe BBIPpaXXeHHOTO HNOoJIUMOp(dU3Ma OKPacKU
Menpeaeit Tubera HEBO3MOXHO 3aMETUTh KaKUX-JIMOO
MEXTTOMYISILIMOHHBIX pa3anynii. B konnexkuuy mease-
neit u3 Tubera (3VMH PAH) okpacka mKyp BappupyeT
OT 30JI0TUCTO-0eJI0BaTOM 10 YepHO-0ypoii (Piepos,
1935). “IIBeT mepctu BecbMa udmeHuuB. [Ipeobana-
€T TEMHO-0YpbIii y caM1ia 1 0oJiee CBETIIbIN Oeechlii y
caMmku. Buzesr coBceM 4epHOIo camiia ¥ CUBYIO CaMKy ™’
(ITpxeBanbckuit, 1883, c. 168). B kauecTBe Gpocaro-
1Ieiics B TVIa3a XapaKTepHOI 0COOEHHOCTH OTMeUaeTCst
HEepaBHOMEPHOCTh OCBETIIEHUS BOJIOCSHOIO MOKPOBA,
pU KOTOPOU 06ojiee TEMHBIMU OCTAlOTCSI KOHEYHO-
CTU ¥ 3agHss yacTh TynoBuina (I1pxeBanbckuii, 1883;
Lydekker, 1897; ®nepos, 1935). Takas HepaBHOMED-
HOCTb OCBETJICHUSI CO3IaeT MeCTPOTy OKPaCKM, 3a-
METHYIO Iaxe y MeaBexat (“IecTpble MeaBenu” Mo:
Kosnos, 1906). Bo3M0OXHO, CTOJIb 3HAYUTENBHEIA O~
JuMopdu3M oKpacku Oypbix MeaBeneii Tubera ykasbl-
BaeT Ha MHOPUAVHT B MaJIbIX MOMYJISILIASIX 3TOTO BUIA,
MPOXOAUBIIUX “OYTHUIOYHOE TOPJIBILIKO”.

K.K. ®aepos (1935) oTMeTH TMAarHOCTUYECKYIO
0COOEHHOCTh UepernoB TUOETCKUX MeABeneit — pac-
XONAIIMECST KOHITBI ITePUTOMITHBIX OTPOCTKOB, OTpa-
HMYMBawIIuX XxoaHbl (puc. 4). ITo aToMy npusHaky
TUOETCKUE MeABEAN CXOIHbI TOJBKO C TOOUNACKUM
menpeneM uz Mouronuu (U. a. gobiensis Sok. et Orl.)
(Cokoios, OpJoB, 1996, puc. 69).

MopdomeTpuueckuii aHaIN3 YepernoB Oyporo Mea-
Bes IoKasall cyliecTBoBaHue B XIX Beke ABYX ITOMY-
JIIuMit 3Toro Buaa B Tubete. Apeasl ceBepHOM MoIy-
Jsuu-1 oxBateiBan xpeotsl Hanbimansa nu KyHbeiayHs,
OKalMJISIoNIME C ceBepa BbICOKOTOpHOe TiaTo Tubera,
U, HACKOJIbKO M3BECTHO, 3aXOJMUJI B CEBEPHYIO YacCTh
miaro 1o xp. Kyky-IIuiu BKIounTe bHO (ceBepo-3a-
nan nposuHuuu unxait, KHP). U3BecTHbIii apean
1oxxHoM nonyssauuu-I1 orpanudeH B mpoBuHIUM [{rH-
Xall BepXOBbSIMU IJIaBHBIX peK Tubdera — XyaHxa, AHII-
361 (Chag Jiang) n MekoHra (10ro-BOCTOK IIPOBUHIIAN)
(puc. 1). B nuteparype Mbl HEe HallZIM U300pakeHUIA
yepenoB (BUI CHU3Y) OYpPBIX MeABeIei U3 10KHOM Ya-
ctu Tuberckoro mnaro, Ho B Henane, cynst mo ¢poro-
rpacpuu yepemna camna (Aryal et al., 2010), Bctpeua-
etcst peHoTur nonyassuun-I1 ¢ MupoKnMu XoaHaMMU.
[To3TOMY MOXHO MPEANOJOXUTh, UTO apea MOMmyJsi-
nun-I1 oxBaTterBaeT Bech FOxXHEBIIT TubeT, BKITIOYast
Tumanau Henana.

B ceBepHoit monynsiuuu-1, mpy onMHAKOBOM IIMPU-
He xoaH (Bhoany) y camM1I0B 1 caMOK, caMIIbl OTJIM4Ya-
10TCs 6onblei TyouHoit xoan (Hhoany) u 661b1mumM

300JIOTUYECKUN )KYPHAJTT  Towm 103

WHIEKCOM TUIOIIAMM TOMEepPEYHOTO CEYSHUS XOaH.
B nonynsuuu-11 npu onrHaKoBOM DIyOMHE X0aH caM-
bl OTJIMYAIOTCS OOJIbIIEH IMPUHON XOaH M TaKXkKe
OOJBIINM UHAEKCOM X0aH, IPUYEeM pasnyus caMIilOB
00eux MOMyJISIIMK MO IIUPUHE X0aH U caMOK 10 TIy-
OMHe x0aH He mepekphiBatoTcs (Tad. 2). OTMeuYeHHbIe
0CcoOeHHOCTU OyphIX MeABeAeit Tubera MOTyT OBITh
CBSI3aHbI C aHATOMUYECKUM CTPOEHHUEM HOCOIJIOTKH,
opraHa AbIXaTeIbHOM CUCTEMBbI, KOTOPBIM 00eCITeun-
BaeT MPOTPeB BO3IyXa JO ONTUMAIbHOI TeMIlepary-
PBI, IPEXIe YeM BO3MyX MOMAaIeT K OPOHX0JIETOUHBIM
TKaHSIM.

B sBomtoniumn 6yporo measenst Tubera MCXOMHBIM
MOT OBITh TUIT X0aH CEBEPHOM TTOMyJISIIUU-1, B TO Bpe-
M Kak ronyssuus-I1 sBosonmonrpoBaia B yCI0BU-
SIX KpailHe XOJIOMHOTO U pa3peXXeHHOro BO3IyXa Bbl-
CcOKoTopHOro 1aTo. Kinmar 1 pa3peskeHHOCTh BO3-
IyXa pe3Ko OTIIMYAIOTCS B MECTOOOUTAHMSIX MeIBEmei
nonyassuuu-1 B ropax ceBepHee IJIaTO U HA CaMOM
1uiato. JIMIb oTaenbHbIE BepIIMHBI Xp. HaHbIIaHb 1
BOCTOYHOI1 YacTh cucTeMbl KyHBJIyHb TOCTUTAIOT BbI-
cotbl 5000—6000 M, a IepeBayIbl HAXOAATCS Ha BHICO-
tax 3000 M 1 H1Ke. HanmpoTuBs, cpeaHsis BEICOTA IIJIaTO
Tubeta 61mu3ka K 5000 M. Pycckue myTeliecCTBeHHUKU
XIX Beka cpaBHUTENIbHO JIETKO U 6€3 aKKJIMMaTU3aluu
paboTaiu B XpeOTax ceBepHee IUIaTO M UCITLITHIBAIN
OTPOMHBIE TPYIHOCTH TIpH paboTe Ha IIaTo. BaroHBI
coBpeMmeHHOIT Ilnaxait-TubeTcKoi xkene3Hoit Joporu
(otkpeita B 2006 1.) 000pyIOBaHbI TOAKAYKON KHUCIO-
pona 1 KUCIOPOTHBIMUA MacKaMMu.

MHnekc xoaH NprUOIU3UTEIbHO OAMHAKOB Y CAMIIOB
B 00eMX MOIMYJISILIUSIX, Cyas 0 U3MEHUUBOCTH Kpaii-
HUX 3HauyeHwuii (Tabu. 2). Ho y camuioB nomnyasiuuu-I1
0oJiee IIMPOKKE U YILIOLIEHHbIE XOaHbl MOTYT KOppe-
JIMPOBATh C LIMPOKOM U YIUIOLIEHHON HOCOIIOTKOM,
KOTopasi, Ipu COXpaHeHHH oO0beMa, 00eCcIieYnBacT
JIYYIIMI IIPOTPEB BO3AyXa 32 CYET COOTHOILIECHUS 00be-
Ma ¥ IJIOLIAAN CIM3UCTOM MOBEPXHOCTU. Y CaMOK I0-
nyiasuuu-I1 nHAeKC mIoIaau NONePeYHOro CeYeHus
XOaH YBEJIMYEH I10 KpalflHUM 3HAYEHUSIM, TIOCKOJIBKY
yBeJndeHa IyornHa xoaH (Tab. 2). CinegoBaTelbHO,
ajanTauus K ycJIoBUsIM IiaTo Tubera y camM1OB U ca-
MOK I11J1a Pa3HbIMU MyTSIMMU.

JIBe BBIIEICHHBIE OMYJISAIINNA OyphIX MenBeneit Tu-
6eTa MOTYT pacCMaTpUBAThCS KaK MTOABUIEI, Teorpa-
(puuecku 060cobIeHHbBIE, aTalITUPOBAHHBIE K pa3HBIM
YCJIOBUSIM MECTOOOMTAaHMIA 1 KOHTAKTUPYIOIIUE B paiio-
He BepxoBuii XyaHxa u SIHIB3BI. 3a 10XXKHOH Momyns-
nueii-I1 MoxeT ObITh OCTaBJIEHO MPUHSITOE B HACTO-
silee BpeMsl Ha3BaHUe MOoABUAa TUOETCKOTO MeABes,
U. a. pruinosus Blyth 1854 unu U. a. isabellinus Horsf.
1827. Torma ceBepHas nmoIysnusi-1 moaydaeT Ha3Ba-
Hue U. a. lagomyiarius Przewalski 1883, npennoxeH-
Hoe IIpxeBanbckum (1883) Kak BUIOBOE 1711 MEABEIS
“mooutens nuiryx” u3 CeBepHoro Tubera. B mocie-
OYIOIIUX paboTax 3TO Ha3BaHME PACCMaTPUBAIOCH B
KayecTBe MJjaninero cuHoHuMa pruinosus (Lydekker,
1897; Ornes, 1931; Ellerman, MorrisonScott, 1951).
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Bo3HukHOBeHNME pa3nuyamIIuXcsa reorpaguye-
CKUX pac OXHOTO BHIa Ha o0mmpHOM TubeTcKoM Ha-
ropbe BIIOJIHE BEpOSITHO. [IpuMepoM MOTYT CIIyXXUTh
JIBa 9KOJOTMYECKUX TUIIa IUKOro sika (Bos mutus Prz.),
KoTophie obuTalT Ha xpedrax KyHbayHs u HaHb-
1IaHb. DTU TUKHUE SIKU Pa3aInvaloTcs TeJOCIOXKEHU -
eM, pa3Mepamu u noseaecHueM (Leslie, Schaller, 2009;
Bacuibes, 2021).

Ursus arctos L. 1758
Ursus arctos lagomyiarius Przewalski 1883

HduarHo3. byphlii MenBenb ¢ KpynHBIMU (110
CPaBHEHMIO C pa3MepaMu ueperna) IeYHbIMU 3yba-
mu; ot U. a. pruinosus oTinyaeTcsi y3KUMU XO0aHaMU
camiioB (rpomep Bhoany), 27.0—32.5 MM, u rny6o-
KuMHU xoaHamMu caMok (mpomep Hhoany), 11.5—14.0
(puc. 4B, Tabn. 2).

JextoTrun (Abpamos, bapsiiiHukos, 1990, c. 9):
3UH 0.1458, yepen, 3UH C.1655, mkypa, o ad.,
CeB. Tuber, ceB. ckjIoH Xp. Jym0Oype, mpHUMBbIKaIOIIIE-
ro ¢ Boctoka K xpeory Kyky-Illunu [mpoB. Hunxaii,
KHP], moowir X—XI, 1879 1., H.M. IlpxeBanbcKuii.

PacnpocTtpaneHue. lleHTpanbHas A3ud,
xpeoThl Hanbiiansa u cuctembl KyHbayHS, oKaliMIs -
o1Me ¢ ceBepa miato Tubera, a Takke ceBep Tubet-
CKOTO T1J1aTO A0 BepXOoBUii pek XyaHx3 U SAH13bI (ceBe-
po-3anan npopuHuuu Hunxaii, KHP).

B kauecTBe MecToHaxoxneHus tuna U. a. lago-
myiarius Przewalski ykassiBanu ropsl Kyky-Illnnu
(35°c.m1., 96° B.1I.), TOCKOJIBKY OIIMCAHNE HOBOTO BHIA
H.M. IlpxeBaibCcKuii MOMECTUI B pa3iei C OMMUCaHU-
eM 3Toro ropHoro xpeora (I'entHep u np., 1961). Ho
B pabote H.M. IIpxeBanbckoro 6oJiee TOYHO yKa3aHo
MecCTO AOOBIUM caMliia U caMKu MenBens: “Ha ceBep-
HOM ckjoHe JlyMOype... BEJIUKOJEIHbIN camel] ObLI
youT kazakoM KanMbIHUHBIM. BHOBbL JOOBITHIN 3K-
3eMIJISIp MeaBeast KpacyeTcs HeiHe B My3ee C.-Iletep-
oyprckoit Akanemun Hayk, BMecTe ¢ caMKol0, yOUTOIO
paHee Toro B ropax Kyky-IIlniu npenaparopom Ko-
nomeitioBeiM” (ITpkeBanbckuii, 1883, c. 223).

besyciioBHO, He cieayeT oXuaaTh MOpgoJIoruye-
CKOTO XMaTyca MexXay AByMsI ITOIBUAAMU. Y TTOABUIOB,
He U30JIMPOBaHHBIMU reorpaduuecku, Bcerna oOHa-
pyXuBaeTcs rnepexoaHas 30Ha, 0OJbllieil UM MEHb-
el mupuHbel. YacTo ee paccMaTpuBarOT Kak Clel-
CTBME BTOPMYHOTO KOHTAKTa paHee M30JIUPOBAHHBIX
monyasuuii (Mayr, 1969). OTcyTcTBHE TaKoit 30HBI
BTOPUYHOI MHTEprpagaliii MeXIy ABYMsI TTOMYISILIMSI-
mu oyporo measenst CeBepHoro Tudera MOXeT OBbITh
CJIEICTBMEM MaJIbIX BBIOOPOK, a TaKXKe OTHOCUTEIBLHO
HeOOJBIIIOr0 TIePEKPHIBAHKS apealioB B IIPOIIIOM.

YucneHHocTh OyphIX MenBeneit Tubera oueHuBa-
etcst B 6300 ocoGeit Ha rutormamu 2 400 000 kM, T.e.
Ha Bceit Tepputopun Trubdeta, mo3TOMY OXpaHHBIN CTa-
tyc 3Bepeit onpeneneH MCOII kak LC (“Bbi3biBao-
muii HauMmeHblre ormacenus”) (McLellan et al., 2017).
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Ho odeBunHO, 4TO YMCAEHHOCTh MeNBENEH B pa3HbIX
pernonax Tubera pasznuyaercsa. CeBepo-BOCTOYHAS
yacTb Tubera, nposuHumsa Lunxait, KHP, 6b11a paHb-
11I€ OCBOEHA YEJIOBEKOM, U TIOMYJISILIMS MeIBeNCH B HEW
nocTpajgana CUiIbHee, 0 CPaBHEHMIO C I0KHBIM Trbe-
ToM (Tuberckum aBToHOMHBIM OKpyrom, KHP), nnu,
BO3MOXHO, JJaXe BbIMEpJa. YXe BO BTOPOI MOJOBU-
He XIX Beka, Koraa y MECTHBIX XKUTeJIel elle He ObLIo
Hape3HOTro OpyXMsl, MeABeAu B 3TOi yactu Tubeta
ObLIM peaKu. 3a Bce BpeMsl CBOEi IepBoil TpeXJIeTHel
skcrequiu B mpoBuHIMK Lnaxait H.M. I1pxeBans-
CKU nulllb onuH pa3 Buaen menpens (ITpxeBanbckuii,
1875). Y ToabKO 1ieJIeHanpaBlIeHHbIE TIOMCKHU IIOCIe-
JIYIOIIMX SKCTIEAUIIMI B TPYIHO AOCTYIHBIX yyacTKax
Top MO3BOJUIN cOOpaTh KOJJIEKIIMOHHBIE MaTepUaIbl
M0 3TOMY BUAY. YTOUHEHUE TAKCOHOMUYECKOTO CTa-
Tyca MonyJsiuuii 6yporo MeaBelsi B CEBEPHOI 4acTU
npoBuHLMU [lMHXalh MOXeT MOBAMUATH U HA OLEHKY
X OXPAHHOTO CTaTyca B COOTBETCTBUM C COBPEMEHHOM
yucaeHHOCTh0. Onucanue nonyasanuu-I CeBepHoro
TubeTta Kak caMOCTOSITEIbHOTO MOABUAA CTUMYIUPYET
NpUHATHE 00Jiee KECTKUX MEP MO €€ OXpaHe, a B Xy/-
1IeM ciydyae 3Ta MOMYJISILIUSI OCTaHETCs B MaMSITU Kak
BBIMEPIIUI TTOABU/IL.

O4YeBHIHO, YTO TAKCOHOMUYECKHE UCCIEIOBAHUSI
MmenBeneit Tubeta B HacTosIIee BpeMs He 3aBepllie-
HbI Y HY>KIAIOTCS B MPOAOIKEHUHU ¢ UCOJb30BaHUEM
MOJIEKYJISIPHBIX MeToI0B. B hunoreorpacdunueckux mc-
cienoBaHusx Menseneit Tubera ObLUIM MCTIOIb30BaHbI
o6pasubl u3 KOxHoro Tubera (200 km ceBepHee JIxa-
chl) 1 AByX paiioHoB Henana (Lan et al., 2017) (puc. 1).
Tannotunel Menseneit uz Tudera u T'umanaes Henana
IPYIIUPYIOTCS B KJIany 5, CECTPUHCKYIO 10 OTHOIIIE-
HUIO KJIagel 6 MenBeneit 3anagabix [mmanaes (Mumust,
ITakucran) u roduiickoro menseas MoHroauu (Lan
et al., 2017; nymepanus knan mmo: Hirata et al., 2013).
Bbyprix MenBeneit Kiaabl 5 MOXXKHO paccMaTpuBaTh Kak
PETMKTOBYIO TPYIITY, paHO OTASIMBIIYIOCS OT APYTUX
nonysiunii eBpasuiickoro 6yporo menpens (Galbreath
et al., 2007; Lan et al., 2017; Segawa et al., 2021; Tu-
mendemberel et al., 2023).

YeTBepThlii MUCCIEOOBAaHHBII T€eHETUIESCKUM 00-
pasenl Menseneit TubGera nosydyeH U3 KOCTHOTO Mare-
puaa MenBens, 3aBe3eHHoro B 3oonapk Heio-Mopka
C HeU3BECTHBIM MecToM oTjoBa B Tubere. 1o mone-
KynsipHbIM gaHHbIM (Lan et al., 2017) atot obpa3ell
BMecTe ¢ obpasuamu u3 Cupuu u Typuuu okasaics
OTHOCSIIMMCS K Ipyroi kiaae. BeposaTHo, 3TOT Men-
BelIb ObLI OTJIOBJIEH B Hambojee JOCTYIHBIX Topax
npoBuHUMM LInHxai, B o0JlacTH pacrpocTpaHEeHUS
nonsuaa U. a. lagomyiarius, mTOTOMY 4YTO TEpeBO3-
Ka >XKMBOTO MENBEIS C BBICOKOTOPHOro miaro Tubeta
KpalHe CIIOXHA.

Ve nojiyyeHHbIe OCAEAHUE MOJIEKYISIPHBIE TaH-
Hble TI0 MeaBensaM Tubdera u TumanaeB B OyayieM He-
M30eXXHO MPUBENYT K U3MEHEHUIO TTOABUIOBOM TaKCO-
Homuu MmenBeneit LleHTpanbHoit A3un. MecTta obuTa-
HUS OyphIX MenBeaeil knaael 6 B [mManasx Uuguu n

2024



86 OPJIOB u np.

kinanel 5 B Henane u Tubete reorpadpuuecku OIM3KH,
HO M30JIMPOBAHBI BEICOKMMU TTMKaMM [MManaiicKmx
TOp W COXPAHIINCH KaK TeHETUIECKH pa3INIHbIe JT1-
Huu (Lan et al., 2017). [ToaTomy B OyayieM Ha3BaHUE
U. a. isabellinus Horsfield 1826 cTtaHeT crapimmmM cUHO-
HumoM U. a. pruinosus Blyth 1854, a 3a MenBensimu 3a-
naguabix [mmanaeB, ITamupo-Anas u Taub-11lans mo-
KeT ObITh 3aKperieHo Ha3BaHue U. a. leuconyx Severt-
zov 1873, tTun u3 Taub-1llans.

Pa3zHooG6pasne reHeTUYECKOM CTPYKTYPHI MOITY-
nauuii 6ypeix Menseneit LleHTpanbHOU A3uu dop-
MUPOBAJIOCh MO BAUSIHUEM M3MEHEHUs 3KOCUCTEM
U IMHAMUKU apeajioB B IeiicrolieHe. CpenHee Bpe-
M1 U30JISILIMU OypbIX MeaBeaeii oxxHoro Tubera Mu-
TOXOHIPUAJIbHOM KyaAbl 5 ObLJIO olieHeHO B 340 ThIC.
a. H. (Hirata et al., 2013; Lan et al., 2017). ITpuuuHbI
HaKOTIJIEHUSI BHYTPUBUAOBBIX pa3Inyuii 4acTo CBsI3a-
HBI ¢ (pparMeHTaleil apeasoB B JICAHUKOBBIE STTOXU
MJIEHCTOLIEHA, TTOKAa3aHHOW, HAIPUMED, IJs1 BUOOB
yMepeHHbIX obnacteit EBponbl (Hewitt, 1999). B Llen-
TpaJIbHOI A3UU M3BECTHO YEThIPE JIEMHUKOBBIX IIMKJIA
TuIeiicTolieHa, COMPOBOXIABIINXCS 3HAYNTEIbHBIMU
M3MEHEeHUSIMHU KjiuMaTa U 3KocucTteM (Zheng et al.,
2002). ITo MoneKyasIpHBIM JaTaM BpeMEHU U30JISILUNU
menBenein Tubeta MOXHO MPENNOJIOXUTh, YTO U30JIS-
L1s1 3TOM TPYyMIbl MeABEASH Havyatach B peyruymax
IIUTeNbHOTO JemHuKoBbs I'ycanr (Guxiang) B cpen-
HeM meiictouieHe, 300—130 Teic. 1. H. ITocae oTHO-
CUTETFHO KOPOTKOTO MEXKIIETHUKOBBS (hparMeHTaIIH
apeasia MenBeneii TubeTa MpomorKanach B IETHIKOBBE
baiiio (Baiyu) B mo3oHem mreiicrouene, 70—10 ThIC. J1. H.

Ilocnennee negHukoBbe baiiio crano mepuomom
o0BomHeHHUs NycThIHb LleHTpanbHoii A3un. Ha me-
CTE COBPEMEHHBIX ITYCTHIHB B TO BPEMSI CYIICCTBOBAIN
pa3HooO6pa3Hbie 3(penpoBEIe CTETIN ¢ OOMINEM 03ep 1
pek, 6epyiuux Havyasio B JenHukax Hanbimans u MoH-
roibckoro Antast (Myp3aaes, 1966). @ayHa “o3epHOif
cTaauun” MJIEHCTOLIEHOBBIX CTENel COBPEMEHHOM ITy-
cThiHM ['00M MorIa OBITH pa3HOOOpa3HOIi 1 OOTaTOIA,
BKJII0YAIOILEH KOTBITHBIX M KPYITHBIX XUIITHBIX MJe-
KOMUTAKIINX, TaKUX Kak TUrp (Panthera tigris L.).
[IpakTUUeCKU MOJHOE CXOACTBO MUTOXOHAPUATbHBIX
MoCeI0BaTeIbHOCTEM ABYX Teorpacudyecku yaaaeH-
HBIX TIOABUAOB TUTPa, BEIMEpPIIEro TypaHckoro (P 7.
virgata llliger) u coBpeMeHHoro amypckoro (P. t. alta-
ica Temm.) (Driscoll et al., 2009), MOXHO OOBSICHUTD
TOJIBKO CYIIIECTBOBAHMEM €IWHOIO apeajna BuIa OT
Kacnusg no 6acceiina AMypa B BepXHEM IJICHCTOLIEHE,
BKJIIOYABIIIETO TEPPUTOPUM COBPEMEHHOMN MYCTBIHU
Toou. Uzonauug stux nonsuaos 10 TeIC. JI. H. TI0 MU-
TOXOHApPUANbHBIM HaHHBIM (Driscoll et al., 2009) co-
BMAIAET C ONMyCTHIHMBAHMEM 3KOCUCTeM LIeHTpasbHOIM
Asuu npu mepexofie oT IJIeKCTolIeHa K TojioleHy. Pe-
JIMKTOM “03€pHOM cTaauu” 1ieiicTolieHa yKa3blBaloT
¥ coBpeMeHHOro roouiickoro measens (Cokoios, Op-
710B, 1996), BEDKMBIIIETO B HU3KOTOPhSIX KpaiftHe apuI-
HOI1, HO C 0a3McaMM 1 pOmTHUKaMU, 3aajiTalickoit [oomn
B MoHronuu (puc. 1, V), u reHeTU4eCKU CXOAHOTO C
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oypeiM MenBeneMm ITmmanaeB (Tumendemberel et al.,
2023).

BoccranoBnenHslit apean Oyporo menBenst Tubera
ceBepHee HaHblllaHs1 BKJIIOYaeT 3HAUUTEbHYIO 00-
JlacTh cToKa pek Ha ceBep (McLellan et al., 2017) u
TOYTH JOXOIUT JO UCTOPUYECKOTo apeaja roouicKoro
menens (puc. 1). Menpeneit CeBepHoro Tubera u ro-
Ouiickoro Measeass MOHTOIMM CONMMXKAIOT HEKOTOPbIE
o0I1Ire 0COOEHHOCTH THIIEBOTO MOBEICHUS, KOTO-
pble BriepBbie oTMeTUs1 banHukoB (1954). ToGuiickue
MenBeIu B OCEHHUE MeCSIbl KOPMSTCS MperuMyllie-
CTBEHHO SITOJaMU CETUTPSIHKHU, TaK Xe KaK U MeJaBe-
v KyHBJIyHSI, KOTOpBIE CITeIIMaIbHO CITYCKAIOTCS Oce-
HBIO C TOp B MyCThIHHYIO KoTiaoBuHY Iaiimam (ITpxe-
BajibcKuii, 1883).

CoBpeMeHHasl CTpyKTypa Monyjsiiuii 0yporo Mem-
Bens Tubera Moria ¢opMUpPOBaATHCS B Tpoliecce 3a-
ceJIeHUsI BBICOKOTOPHOTO ILJIATO B TOJIOLIEHE, KaK U3
I0XKHBIX, TaK U CeBepHbBIX pedyruyMoB. KOxxHbIMU yOe-
KumaMu mist payHsl TuOeTCKOro maaTo B JISTHUKOBBIE
MEPUOABI CYUTAIOT FOPbl X3HAYaHbIIAHb OTO-BOCTOY -
Hee TuU1aTo U I0XKHbIe CKJIOHBI [MMaliaeB 1oro-3amnaaHee
(Zhang, Zheng, 1981). IMonynsinuu, paccensBiinecs
U3 I0XXHBIX TOPHBIX pe(dyruyMoB, JIUTEIbHOE BpeMs
3BOJIIOLIMOHUPOBAJIU B YCIOBUSIX BBICOKOTOPHOTO T1J1a-
To TubeTa, U B TaKUX MOMYJISILUSIX OTOOP MOT C(hOpMU-
POBaTh OTAMYAIOIIMICS TUIT XOAaH I0XHOM ITOIYJISILIM -
u-11, omycaHHEBINM 1711 MEeIBENEi M3 BEPXOBUIA INIABHBIX
pek Tubera. CeBepHbIM pedyruymoMm measeneit Tube-
Ta B TOCJIeIHEee JEIHUKOBbE CTaIN MEXTOPHBIE KOT-
JIOBUHBI XpeOTOB, OKAaWMJISIONIUX C CEBEpa BBICOKO-
ropHoe mnjaro Tubera 1 nieicToleHOBbIE 3(PeapOBLIe
crenu ceBepHee HaHbimaHs, B 001acTu pek, OpaBIIuX
HayaJjo B JIeAHUKAX (coBpeMeHHas ITycThiHS [00m).
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SKULL VARIABILITY AND TAXONOMIC ISSUES OF THE BROWN BEAR
(URSUS ARCTOS) IN THE QINGHAI-TIBETAN PLATEAU
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!Severtsov Institute of Ecology and Evolution, Russian Academy of Sciences, Moscow, 119071 Russia
2Zoological Institute, Russian Academy of Sciences, St. Petersburg, 199034 Russia
SLobachevsky State University of Nizhny Novgorod, Arzamas Branch, Arzamas, 607220 Russia

*e-mail: deniskrivonogov@mail.ru

Morphometric analysis of skulls of the brown bear (Ursus arctos L.) showed the existence of two popula-
tions of this species in Tibet in the 19th century. The distribution of the northern population-I included
the Qilian Shan and Kunlun mountain ranges bordering the Tibetan plateau from the north and pe-
netrated into the northern part of the plateau, northwestern Qinghai Province, PRC. The distribution
of the southern population-II included the upstream reaches of the main rivers of Tibet, viz, Huang
He, Yangtze and Mekong on the plateau, southeastern Qinghai Province and, most likely, the whole of
southern Tibet, including the Himalayas of Nepal. The diagnostic features of the two populations are
choanae parameters, choanae width in males and choanae depth in females. The noted peculiarities
of Tibetan brown bears may be related to the anatomical structure of the nasopharynx, an organ of
the respiratory system that ensures the air to be warmed to an optimal temperature before it reaches
the bronchopulmonary tissues. The divergence of Tibetan brown bear populations may be related to
the settlement of the high plateau from both southern and northern refugia of the last glaciation. The
currently accepted name of the subspecies of the Tibetan bear, U. a. pruinosus Blyth 1854, is suggested
to be retained for the southern population-II, and that its junior synonym, U. lagomyiarius Przewalski
1883, be restored to designate the northern population-I. Clarification of the taxonomic status of the
different bear populations in Qinghai Province, PRC, the most human-exploited part of Tibet, could
affect the assessment of their conservation status, which is currently defined by IUCN for all bears in
Tibet as LC (“Least Concern”).

Keywords: brown bear, Ursus arctos, Tibet, geographical variations, skull, taxonomy
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JJIA MOHUTOPUHIA COCTOAHMA N YYETA YNCIIEHHOCTH
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H7ns1 oTpabOTKM METOa MOHUTOPUHTA COCTOSTHUSA Oaiikanbckux Hepn (Pusa sibirica Gmelin 1788) u
ydJeTa uX YMCICHHOCTH Ha JICTHUX JIEKOUIIAX C MCIIOJIb30BaHNEM OECITMIIOTHOTO JIETATSILHOTO allra-
para (BITJIA) B mone—asrycre 2020 u 2021 rr. Ha octpoBax Tonkwuit, Kpymisiit u Jonruit (apxumenar
VinkaHbM oCcTpoBa) MPOBEAEHBI BU3yallbHbIE YUETHI U y4eThl ¢ Tomolbio BITJIA. MakcumanbHoe of1-
HOBpeMeHHO HabmogaeMoe KosmdecTBo Heprt B 2020 1. coctaBuio 3467 ocobeit, B 2021 1. 0HO ObIIIO
MeHble — 1295, obuee ux koaudectBo B 2021 1. Takke ObL10 MeHblIe, yeM B 2020 r. B o6a roga B
XOJle HaOMIONEHN T KOJTMIECTBO HEPIT Ha JISKOUIIE TOCTETIEHHO CHIKAJIOCh, YTO MOXET OBITh CBSI3aHO
C YPOBHEM BOJIHEHUS 03epa. Borpekn pacmpocTpaHeHHOMY MHEHHUIO O TOM, UTO caMasi MHOTOUYHCIICH -
Hasl 3ajIexXKa HepIT HaXoauTcsl Ha 0-Be ToHKMIA, mpeobianaroliee YuCao TIOJIEHe 3apeTuCTpUPOBaHO
Ha octpoBax Jdoaruit u Kpyrmibiii. JlaHel pekomeHaamu no npumeHeHuto bITJIA, koTopbie MOTYT ObITh
HCITOIb30BaHBI IIPU pa3paboTKe MPpaBUI MOCSIICHUS HAIIMOHAJIIBHOTO TTapKa TYpUCTaMMU.

Knruesvie crosa: 6alikanbckas Hepna, Pusa sibirica, o3epo baiikan, YiikaHbu oCTpoBa, OeperoBble JeT-
HUeE JIeXOuIa, TMHAMKUKA YMCJIEHHOCTU Ha JiexkOuIlle, BU3yaJdbHbIE YUETHI, yueThl ¢ moMolibio BITITA

DOI: 10.31857/S0044513424030096, EDN: VBWMZH

B xxu3nu Oaiikanbckoii Hepnbl (Pusa sibirica Gme-
lin 1788), snnemuka o3. baiikaj, 6ojblIoe 3HaYeHHE
MMEIOT OeperoBbIe JIeXKOUIIa, KOTOpPhIe OHA UCITOIb3Y-
eT B O6esnenHblii nepuond roga (IletpoB u ap., 2021a,
20216). Takme nexoOuIa pacIioioKeHbI Ha apXuIIelia-
re YiIkaHbM OCTPOBa, BKJIIOYalolieM ocTpoBa boib-
moit Yimkanuii, Toukuit, Kpyrisiit u Joaruii, u yuc-
JICHHOCTb HepIbl Ha HUX B TIOCJIEIHUE OECATUIETUS
XX B. B pa3Hble roasl kosaebanacs ot 300 go 3000 oco-
oeii (ITactyxos, 1993; IlerpoB, 1997). CuutaeTcs, 4TO
caMasi O0oJiblllasl 3ajexkka HeEpH HaXOIUTCS Ha O-Be
ToHkuii (Ha3BaHUSI OCTPOBOB MPUBEAECHBI B COOTBET-
ctBuM ¢ Peectpom T'ocymapcTBeHHOro Kartajora re-
orpaduueckux HazBaHuil o Pecny6onuke Bypsartus
n TonmoHmMmuueckuM ciaoBapeMm “I'eorpacduaeckue
Ha3BaHus o3epa baiikan u Okonobaiikanbsa” (bepe-
30Bckuit, 2018)). JInst AMCTaHUMOHHOTO MOHUTOPUH-
ra JiexxOuia B CeBEpHOI YaCTU 3TOT0 OCTpoBa ObLIa
YCTaHOBJIEHA BUAEOKaMepa, YTO BIIEPBbI€ MTO3BOJIUIO
OLIEHWUTb YMCIIEHHOCTb HEPIT U €€ UBMEHEHUS Ha ITOM
JIeXXOUIIle HAa MPOTSKEHUU HeCKOJIbKuX ce30HoB (I1a-
cryxoB, ®uankos, 2011; IMetpos u ap., 20216, 20218;
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®duankoB u ap., 2014). ITo gaHHBIM BUAECOCHEMKU
2012, 2014, 2018 u 2019 rr., YMCIAEHHOCTb HEPIT B LIEH-
TpaJbHOM YacTH JIeXOuIa Ha o-Be ToHKMIT mpuOIm-
xkanach K 300 ocoossm (ITetpos u ap., 20218). OngHako
KaMepbl, yCTAaHOBJIEHHBIE Ha 0-Be TOHKWIA, OXBaThIBA-
10T JIMIIIb HEOOJIBIIYIO YaCTh JIEXKOUIA, U COBPEMEH-
Hble TaHHbIE MO YUCJICHHOCTU HEPIThI HA BCE TeppU-
TOPUHU 3TOIO OCTPOBA, a TAKXKE Ha JIPYIMX OCTPOBAX
apxXuIenara OTCyTCTBYIOT.

KonmuyecTBO HepIl Ha JIEXKOUIIIaX MOXET MEHSIThCS
B IIMPOKOM Araria3oHe, a (akTophbl, ONMpeaesIonme
9TOT AMara3oH, He u3ydyeHnl. KpoMe Toro, B mociuen-
HUe ToAbl Ha YIIIKAaHbUX 0-BaxX PacTeT aHTPOIIOTeHHAs
Harpy3ka: JIEXXOMIIE HepIThl IMOoCeIlaeT BCE OOobIle
U 00oJibllIe TYPUCTUUECKUX rpyn. I[ToaToMy n3yyeHue
IUHAMUKU YUCJIEHHOCTU U COCTOSIHMS 3ajieXeK Ha
OCTpOBax IMpeACTaBSICTCS aKTyaJlbHbBIM.

C HCAAaBHUX IIOPp OJId MOHHUTOPHMHIA COCTOAHUA
1 OLCHKHW YHNCJICHHOCTU HOHy.T[SIL[PIfI Pa3jIMYHbIX BU-
JOB 2KMBOTHbBIX, B TOM YMCJIE MOPCKUX MJICKOIIMTAIO-
munXx, CTaJI aKTUBHO MCITOJIb30BaATbLCA 0eCUIOTHBIE
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neratenbHble annapathl (BITJIA, konrepsr) (Hodgson
et al., 2013; Sweeney et al., 2016). B 2022 r. BITJIA
ObLIM BIIEPBbIC MPUMEHEHBI TSI OLIEHKU YHUCJIEHHO-
CTH HepIl Ha 3aJieXXKaxX Ha YIITKaHbUX O-BaX B BECEH-
Huit nepuon (MBanoB u ap., 2022).

Ilenp Haleil pabOTHL cOCTOsIIa B OTpabOTKE Me-
Tona ucrnoab3oBaHust BITJIA nis ydeta 6aiikanbCcKoit
HEpIIbl Ha JIETHEM JieXXOuIe Ha YIIKaHbUX O-Bax, JJIs
CpaBHEHUS pe3yJIbTaTOB, MOJYYEHHbBIX MPU MOACUETe
KMUBOTHBIX Pa3HBIMU METOXAMMU, IIJIST OLIEHKU COCTOSI-
HUS HEepIl M UBMEHEHU I UX KOJIMYeCTBa Ha JeXOuIe B
nepuoa HabIIoACHUIA.

MATEPUAJT 1 METObI

HccnenoBaHus ObUIM NPOBENEeHBI B MEPUOIBI C
21 utonis o 16 aBrycra B 2020 1. 1 ¢ 28 utoyst 1o 15 aB-
rycta B 2021 r. Ha Tpex U3 YeTbIpeX OCTPOBOB apXurie-
Jara YmkaHneu o-Ba — Tonkuii, Kpyrbiit u Jlonruii
(Ha o-Be bonbIoil YiikaHuii paboTy He IPOBOAMIIN).

BusyaabpHblii yyeT ObLI NMpOBEAEH TOJbKO Ha
o-Be Tonkuii. Ha ero ceBepHoMm Gepery (Ha apyrux oe-
perax BCTpeuM HepIl ObLIY KpaiiHe peaKu) ObUT IpoIo-
>KE€H MapIIpyT C BOCTOKA Ha 3araj, Ha KOTOPOM ObLIH
onpeneneHsl 11 Toyek HabIOnEeHMST, MAKCUMAJIbHO OX-
BaThIBAIOLIUX 00JIACTh yueTa, 6e3 MepeKPhITUST yUaCT-
KOB, Ha0JII0aeMbIX C COCEIHMX Touek (puc. 1).

VYyeTunku ABUTaIKUCh IO Oepery Ha ymaJieHuu
5—50 M oT ype3a BOIbI, ITOA IMPUKPHITUEM KYCTOB U
IepeBbeB, YTOOBI HE CITYyTHYTH XMBOTHBIX ¢ KaMHeM
u ¢ 6epera. Hepn, Haxonsmuxcs B BoAe U JieXKallluX
Ha KaMHSX U Oepery, yYuThiBajlu OTAEIbHO. YUeThl
MIPOBOIMJIN €XEeTHEBHO TPU pa3a B NEHBb, BPEMS MEXK-
Iy HayajoM OTHOTO MapIIPyTHOTO y4YeTa M HadaJIoM
CJIENYIOIIEro COCTaBisao 5 4. IIpogoXuTenbHOCTh
KaxXaoro Mapuipyra coctapisiia or 30 muH 10 1 4 B
3aBUCHUMOCTH OT KOJIMYECTBA XKUBOTHBIX. YTOOBI 13-
0eXaTh BO3MOXKHOTO BIMSTHUSI CYTOYHOM aKTUBHOCTH
HEpPIT Ha TOYHOCTh y4YeTa MX YHCiIa Ha JIeXKOUIe, B
2020 r. OBLIO MCIIOJIB30BAHO YETHIPE pPexKMMa MapIll-
pyTtoB: 6:00—11:00—16:00 (5 mreit), 7:00—12:00—17:00
(6 oueit), 8:00—13:00—18:00 (5 nueit) u 9:00—14:00—
19:00 (5 nHeit). ITocKOAbKY CYTOUHON DUHAMUKU
OpuCyTCTBUS Hepn Ha nexouine B 2020 r. BEIsSIBIE-
HO He 0bL10 (K03 dpuumeHT Koppeaaunn CrimpMeHa

= —0.16, p > 0.05), B 2021 r. 66aBIIAA YACTH MapIII-
pyTOB ObL1a IpoBeneHa 1o rpaduky 8:00—13:00—18:00.
Bcero ¢ Bu3yanbHBIMM yueTaMu 3a 00a ce30Ha ObLIO
npoiigero 105 mapuipyros (63 B 2020 1. 1 42 8 2021 1.).
Bo Bpems yyera nmpoBoauiaochk pororpadupoBaHue
KUBOTHBIX.

IIpu cTaTucTUUYECcKO 00pabOTKe NaHHBIX BU3Yaslb-
HBIX YUYETOB B KaueCTBE €AMHUIIBI aHaIN3a UCIIOJIb30-
BaJIM CpelHee 3HaUYeHue, OJIyYeHHOE B TeYeHUE THS

Puc. 1. Mapuipyt nemmx y4eToB, MPOJOXKEHHBIN 10 ceBEpHOMY M0Oepexblo 0-Be ToHKUil. A—F — ceKTopa, B KOTOPhIX
SKUBOTHBIX MTOJICUUTHIBAIN MPEUMYIIECTBEHHO C OAHON TOYKM HabmoneHusl. 2KWBOTHBIX B KaXIOM CEKTOPE YUUTHIBAIU

OTACIbHO.
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3a TPU MapIIPYTHBIX yuyeTa. DTO XKe 3HaYeHUe ObLIO
HUCTIOJIb30BAHO B KavyeCcTBe €AWHUIBI aHaau3a Ajs
OLIEHKU BIMSIHUS a0MOTHUYeCKUX (haKTOPOB Ha YMCIIO
HEpIl Ha JIeXOuIIIe.

Bo BpeMms yuera, a Takxe no ¢ororpadusiM, cie-
JTAaHHBIM BO BpEeMSI YU4ETOB, KpOMe OOIIIero YKciia HepIl,
PETUCTPUPOBAIU KOJUYECTBO HEAOJUHSIBUIUX HEPI
(VX oTIMYAIO HAJIMYKME PHIKUX YIACTKOB IIEPCTU Ha
TeJie), a TaKKe KOJIMYeCTBO OOJIbHBIX (C SIBHBIMU MPU-
3HaKaMM OoJIe3Hel I1a3 UM KOXU) U paHeHBIX (C 3a-
METHBIMU paHaMU U IlIpaMaMu) XUBOTHbIX. Bo Bpems
KaXXJI0ro Mapluipytra yuyeT4YMKM OTMeJaaud MOTOdHbIe
YCJIOBUSI — HallpaBJieHUE BeTpa IO BU3yaJlbHbIM Ha-
OJIIOICHUSIM M YPOBEHb BOJTHEHMUSI 03€pa BU3YAIbHO
no mkajne bogopra.

VYuernr ¢ nomompbio BIIJIA Obliv mMpoBeaeHBI Ha
octpoBax Tonkuit, Kpyribrii u Jonruit. B 2020 1. 6601
ucnoab3doBaH kBaapokontep DJI Mavic PRO (mac-
ca 743 r.), B 2021 r. — meHee myMHbIid DJI Mavic Air
2 (macca 570 r). U3mepeHue ypoBHs lIyma npubdo-
POB B TOJIEBbIX YCIOBUSIX HE MPOBOJUIOCH. YIIpaB-
nenue BITJIA u mpoBeneHHe C HETO HENPEPBHIBHOM
BugeocbeMKu (4k Ultra HD: 3840%2160) u ¢oTo-
rpadupoBanus (48 Mm, 8000X6000) HepIT ocyIeCT-
BJISITT OOMH M TOT Xe omepaTtop. Ha octpoBax Jloi-
ruii 1 Kpyriblif IpoBOAMIM TOJHBIM UX 00JIEeT, Ha

o-Be ToHKUiT — 00JIET TOJBKO CEBEPHOM €ro 4acTu,
I1Ie pacIIOJIOXKEHO JiexkOuile Hepiibl. Bo BpeMst moseTa
BIIJIA naxomuics Ha BeicoTe 77—100 M Hag BogHOI
noBepXHOCThIO balikana (B 3aBUCUMOCTH OT MOTOAbI
¥ CTETIeHU MYTJIMBOCTH U HACTOPOXEHHOCTH XKMBOT-
HBIX), KaMepa OXBaThIBajla OEPETOBYIO JIMHUIO M OKO-
70 30 M OTKpBITOM BOmbl. [1pu 0GHapy:KeHUHU MHOTO-
YHMCICHHOTO CKOIUICHUS HepIl CKOpocTh mmojieta BITJIIA
CHIKAJIU JIO TIOJTHOM eT0 OCTAaHOBKY Hal CKOTUICHHUEM,
4TOOBI IIPpU 00PAOOTKE MOIYYEHHBIX BUIEO O0JIETYUTh
MOICYEeT XUBOTHBIX. [1pomoIKUTETLHOCTD 00JIeTa
KaXJIoro U3 oCTpoBOB cocTapisiyia 5—10 MuH, ¢ yde-
TOM MojjieTa U BO3BpaTa KBaJpoKoIlTepa Ha 6a3y — 10
30 muH. IIpu cunpHoM BeTpe unu noxnae BITJIIA He
ncnonb3oBaiau. Beero ¢ momomnio BITJIA poBeneHo
53 Bugeosanucu (27 ¢ 22.07 mo 18.08.2020 r. u 26
¢ 29.07 nmo 15.08.2021 r.): Ha o-Be ToHkoMm — 20, Ha
o-Be [lonrom — 17, Ha o-Be Kpyriiom — 16; o611iast rmpo-
JOJIKUTEIBHOCTD BUIEO3aIncel coctaBria 161 MuHy-
Ty 20 cexyH/.

IToacueT Hepm MO MOJYYEHHBIM BHUAEO3AMUCIM
MPOBOAMIN HE3aBUCUMO TPU YYETUMKA, KaXKIAbI U3
HUX TPYKIBI TOACUUTHIBAI YMCIIO HEPIT HA KaXKI0i BU-
Je03alcy, U B JaJibHEHMIIIEM JJ1s1 aHaIU3a UCIIOJIb30-
BaJIu cpenHee 3HaueHue. 2ZKUBOTHBIX B BOJIE U Ha Cyllle
YUYUTHIBAJIM OTIOENbHO (pUC. 2); B PEAKMUX CIydasx,
eCcJIv XKMBOTHBIE ITyraquch BITJIA u cxonuiu ¢ KaMHel

Puc. 2. ®parment Buneosanuvcu ¢ BITJIA. TroleHn BUTHBI KaK B BOIE, TaK M Ha cylie. BeicoTa cbeMKr — 0Ko10 50 M.
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B BOIY, €CJIM MOMEHT CXOJIa MOKHO OBIJIO OTCIICAUTD,
TO COIIEAIINX B BOAY HEPH YIYUTHIBAIM IO CXOIa, OT-
MedJas MX KaK XMBOTHBIX Ha cymie. Eciim MoMeHT cxoma
OTCJICINTH OBIJIO HEBO3MOXKHO, TO U JAaHHOTO yJeTa
B JaJIbHEHIIIEM HCTIOB30BAIN TOJBKO CyMMapHOE KO-
JINYECTBO XNBOTHHIX B Bole U Ha cyire. CpaBHeHHE
pe3ynbratoB yueTa Hepll ¢ romoliibio BITJITA B 2020 u
2021 rr. mpoBOAMIU CYyMMapHO IS BCeX Tpex ooce-
JIOBAaHHBIX OCTPOBOB, €AMHUILIEH CpaBHEHUS CIYKUIIO
Cpe/Hee YMCJIo YYTEHHBIX HepHl 32 OAWH JIeHb.

7151 cpaBHEHUS Pe3yIbTaTOB BU3yaJbHOTO yUeTa U
yueTa ¢ rtomounbio BITJIA mcmonb3oBain TOMBKO y4ue-
Thl Ha 0-Be TOHKUI1, BpeMsl MeXy IpoBeIeHUEM KO-
TOPBIX OBLIO MEHee 2 YacoB.

JaHHBIC IO TeMIlepaType M CUJie BeTpa C MEeTeO-
CTAaHLIMU Ha O-Be bonblinoit Yinkauuii ObUTA B3STHI C
caiita rpS.ru. /s ananm3a BIUSIHUS 3TUX (DAKTOPOB
Ha KOJIMYECTBO HEPIT ObLJIM UCMOJIb30BaHbI TTOKa3aTe-
JI1, HauOoJiee OJIM3KUeE 10 BpEMEHU K PEXUMY MPOBe-
JIEHUsI YYETOB.

CraTucTUYeCKHNiI aHaIN3 MOJYICHHBIX TaHHBIX
¥ Tpaduku BeiojiHeHB B riporpamme STATISTICA
8.0 (StatSoft Inc. 1984-2007) u B nmakeTe nporpamMmm
Microsoft office.

PE3VIJIBTATbI

Busyaabhbiii yueT. B 2020 r. cpenHee KOaM4eCcTBO
HEpII, yYTEHHBIX Ha 0-Be ToHKMIA, cocTaBuiio 268 oco-
6eit (SD = 251, n = 63), MaKCUMaIbHOE UX KOJINYE-
ctBO (1209 ocobeit) 3apeructpuponano 29.07.2020 r.
B 2021 r. cpenHee KOAMYECTBO HepH cocTaBuiao 124
ocobu (SD =78, n = 42), MmakcuMaJIbHOE KOJIMYECTBO
(303) zapeructpupoBano 2.08.2021 r. KoanuectBo
yuTeHHbIX Hep B 2020 1. 10CTOBEpHO MPEBBIIIAIO Ta-
koBoe B 2021 r. (kpurepuit Manna — Yutau U = 970,
p <0.05).

B TeueHne 060ux C€30HOB B CIIOKOMHBIE THU (BOJI-
HeHue o3epa I1o IKaje bodopra MeHee 3 6aIoB)
Ha o-Be TOHKUII BBISIBIEHO HEOOJbIIOE CHUXEHUE
KOJIMYeCcTBAa HaXOOSIIINXCA Ha Oepery Hepll K cepe-
auHe aBrycta (B 2020 r. koadGumeHT Koppeasuun
Crnupmena R = —0.46, p < 0.05, B 2021 r. R = —0.35,
p <0.05).

Vuer ¢ ucnoan3zoBannem BILJIA. I1pu yuere HepIr C
nomoipio BITJIA Ha o-Be Tonkuii B 2020 1. cpenHee
KOJIMYeCTBO Hepn cocTaBuiio 294 ocodbu (SD = 297,
n = 8), MakCUMaJIbHOE UX KoInm4yecTBO (886) 3aperu-
crpupoBano 28.08.2020 r. B 2021 r. cpenHee Koamde-
ctBO Hep1r coctaBuwio 107 ocobeit (SD = 73, n = 12),
makcuManbHoe (195) 3aperucrpupoBano 14.08.2021 r.
Ciryyau CITyTMBaHMS TIOJEHEH BO BpeMsT yIETOB OBUTH
peaku. B 2020 1. Bcero 6b110 11 yyeToB, BO BpeMs KO-
TOPBIX TIOJIEHU COIILIU B Body, B 2021 ., Korma ObL1 uc-
noJib3oBaH MeHee 1yMHbiit BITJIIA, — 7 yyeToB.

CpaBHeHUE TMOJYYEeHHBIX TaHHBIX O YHCICHHO-
CTH HEPIT Ha OMHOM 1 TOM Xe ocTpoBe (0-Be TOHKMIA)
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METOJOM BU3YaJIbHOTO yueTa U ydeTa C IMOMOIIbIO
BITJIA BBISIBUIO CTaTUCTUYECKU 3HAUYMMBIEC Pa3IAUMSI
MEXIY UX KOJIMUYECTBOM Ha cyle (BU3yaJbHBbIN y4eT
BBISIBIISIET OOJIbIIIEE KOJTMYECTBO XXMBOTHBIX) (KpUTEpUIA
Buikokcona T = 6, p < 0.05), a Takke MeXIy cymMap-
HBIM KOJINYECTBOM HEPIT Ha CyIlle U B BoAe (KpUTEpUit
Bunkokcona T = 22, p < 0.05). [Ipu 3TOM cTaTUCTU-
YEeCKU 3HAUMMBbIC Pa3INUMS MEXKIY KOJIMUYECTBOM HEpIT
B BOJI¢, TTOJIyYeHHBIE STUMU METOIAMU, OTCYTCTBYIOT
(kputepuii Bunkokcona T = 42, p > 0.05). OnHako
MeXAy JaHHBIMU, TIOJIyYeHHBIMU MPU UCTIOJb30Ba-
HUU Pa3HbIX METOJOB Y4eTa, BbISIBJIEHA CTATUCTUUECKU
3HauYMMasi Koppeaauus (Kod(phuIueHT Koppeasaunun
Cnupmena mist Bcex Heprmt R = 0.96, p < 0.05; misa
Hepn B Boge R = 0.72, p < 0.05; nns Hepm Ha cyliie
R =0.94, p <0.05).

Yto KacaeTcsl KOJIUYECTBA HEPII, YYTEHHBIX CyM-
MapHO Ha BCeX TpeX OCTPOBax (TaKoii y4eT MpOBO-
quics Toiabko ¢ momoibio BITJIA), B 2020 . (cpen-
Hee 3HayeHue 1516, SD = 858) oHO 3HAYUTEIBHO
npeBbiano tTakoe B 2021 r. (cpenHee 3HaueHue 492,
SD = 396) (xputepuit Manna — Yutam U = 11,
p <0.05). Ecnu paccMaTpuBaTh OCTpOBa OTAEABHO, IS
0-Ba Kpyrjiblii 3aKOHOMEPHOCTb COXpaHSIeTCsI, IJIsI
octpoBoB Jlonruii 1 TOHKUI CTATUCTUIECKY 3HAYMMbBIX
pasnmuunii He 00HapykeHo (Kputepuit MaHHa — YUTHU
st o-Ba Honruii U = 23, p > 0.05; nnst o-Ba ToHKUMIT —
U =30, p > 0.05).

MakcuMaabHOE KOJIMYECTBO HEPIl MPpU yyeTe Ha
Bcex Tpex octpoBax B 2020 1. cocraBwio 3467 ocobeii,
muHuManbHoe — 308 ocobeit. B 2021 r. MakcuMaib-
HO 6bUTO HacuuTaHo 1295 ocobeil, MuUHUMAaIBHO — 260
(Tabm. 1).

MuHMMaabHblE U MaKCHUMaJIbHbIE KOJUYECTBA
HEpIT Ha Pa3HBIX OCTPOBAaxX He BCEra MPUXOIITCS Ha
ONHU U Te ke nathl. [TormapHbIit TOMCK KOppeasuuu
MEXIYy YMCJIOM HEpPIT Ha pa3HbIX OCTPOBaX MoKazal ee
HaJW4Yue TOJbKO MEXIY CYMMapHBIM UX YHCJIOM Ha
o-Be Tonkuii u Ha o-Be Jonruii (st 2020 1. Koppes-
must [Mupcona, r=0.77, p < 0.05; g 2021 . r = 0,79,
p <0.05).

Pacrnipenenenue Heprn MeXay TpeMsl OCTpOBaMu
HepaBHOMEpPHO: 04JbIIasl X YacTh HaXOAWJIACh Ha
octpoBax Honruit u Kpyrerii (B 2020 1. — B cpenHeM
39 u 45% cootBeTcTBEHHO, B 2021 I. — B cpemHeM 56
1 33% cooTBeTCTBeHHO) (Tabu. 1, puc. 3).

Bausinne abuotuyeckux (GakTopoB Ha KOJUYECTBO
3ajieralomux Hepn. MeXmny ypoBHEM BOJHEHMS 03epa
1 CWJIOM BeTpa CYIIEeCTBYET CTATUCTUYECKN 3HAUMMAST
3aBUCUMOCTD (K03 duiieHT Koppensuuu CriupmeHa
R =0.52, p < 0.05). OgHako BO BpeMsl y4eTOB ObLIO
16 mHe# ¢ CUIBHBIM BETPOM U CJIa0bIM (MeHbIIe 3 6aj-
JIOB) ypOBHEM BOJIHEHUS 03epa u 4 nHS — HA00O0POT,
€O cJIabbIM BETPOM U CUJIbHBIMU BoJHaMu. [ToaToMy
aHaJIu3 BAWSHUS CUIbI BETPa U YPOBHSI BOJTHEHMUS 03€-
pa Ha KOJIMYECTBO HEPIT Ha JIEKOUIIE TIPOBOIMIICS OT-
JIeTbHO IS Kaxaoro akTopa.
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Ta6mmna 1. KoimmuecTBo Hepll, yI9TeHHBIX ¢ Hctioiab3oBaHeM BITJIA Ha octpoBax Tonkwmit, Jonruii 1 Kpyribrit

O-B Tonkwuii O-B Joaruit O-B Kpymiblit Komuu. Ha Bcex
Aara Bpems yueta| Koauu. | Bpems yuera Konunu. Bpems yueta | Koauu. TpeX 0CTpOBax

22.07.2020 13:56 102 12:03 764 11:25 719 1585
23.07.2020 11:41 10 12:10 171 15:33 587 768
24.07.2020 * * 14:07 718 14:00 150 868
25.07.2020 8:15 255 19:25 754 17:28 830 1839
26.07.2020 8:25 577 12:28 924 12:22 631 2132
27.07.2020 10:37 305 9:33 701 9:27 769 1775
28.07.2020 12:21 886 12:00 1017 11:51 1283 3186
08.08.2020 12:22 131 11:05 61 11:00 116 308
18.08.2020 10:34 87 10:11 218 10:06 876 1181
29.07.2021 19:48 138 16:00 427 16:09 108 673
31.07.2021 9:07 5 * * * * 5
01.08.2021 19:26 108 18:00 131 * * 239
02.08.2021 19:10 182 * * * * 182
07.08.2021 19:42 107 16:02 733 16:33 455 1295
08.08.2021 19:29 43 16:24 400 16:39 245 688
10.08.2021 19:37 186 * * * * 186
11.08.2021 19:35 194 * * * * 194
12.08.2021 19:09 16 16:15 172 16:23 72 260
13.08.2021 19:30 86 16:36 259 16:50 311 656
14.08.2021 19:57 195 17:35 492 17:43 395 1 082
15.08.2021 19:02 24 17:13 269 17:35 153 446

* YyeT He NMPOBOIMIICS.

C yBeIMYEeHUEM YPOBHS BOJIHEHUS 03epa KoJuye-
CTBO HEPII KaK Ha cylle, TaK U B BOJE YMEHbIIAIOCh TorKuii m Jlonrmii Kpyrbiii

(puc. 4): B 2020 r. koadduLmeHT Koppensinuu Crup-
meHa a1 Bcex Heprt R = —0.59, p < 0.05, s Hepm Ha
cyire R =—0.59, p < 0.05, nist Hepn B Boge R = —0.56,
p <0.05; B 2021 r. koadduumeHT koppensiuuu Crup-
MeHa R = —0.68, p < 0.05 ms Bcex HepI, Ik HEPIT Ha
cyme R = —0.55, p <0.05, nnsg vepn B Boge R = —0.71,
p <0.05.

B 2021 r. ¢ yBeaIu4eHEM CHIIBI BETpa CyMMapHOe
KOJIMYECTBO HEPII, a TAKKEe KOJIMIECTBO HEPIl B BOIE
CHIXaJloch (KoadduimeHT Koppeasuuu Crnupme-
Ha mis1 Bcex Hepnt R = —0.39, p < 0.05, nas Hepn B
Boge R = —0.35, p < 0.05) (puc. 5). Ha xonuuecTBo
HepIl Ha CyIlle CUJIa BeTpa He OKa3bIBasla BIUSTHUS
(ko punmeHT koppenssuun Crnupmena R = —0.14,
p > 0.05) (puc. 5). B 2020 r. 3aBUCUMOCTbH KOJIMYE-
CTBa HEPII OT CUJILI BeTpa He OblIa oOHapykeHa (KO-
apdunueHT Koppeasuun CrimpMeHa s Bcex HepI
R =-0.22, p > 0.05, nna Hepn Ha cymie R = —0.24,
p > 0.05, mnsg veprt B Boge R = —0.33, p > 0.05).
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Oo6uiee konuuecTBoO (%) GailKalbCKUX HEPI Ha

octpoBax Tonkuii, lonruit u Kpymiblii o JaHHBIM yue-
Ta ¢ momotisio BITJIA B 2020 u 2021 rT.
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Puc. 4. KoanuectBo Hepn Ha o-Be TOHKMIT Ha cyllie M B BOJIE B 3aBUCHMOCTH OT YPOBHSI BOJIHEHMSI 03€epa Mo JaHHBIM
BU3YyaJbHbIX Y4eTOB. LIBETHBIMU JTUHUSAMU OTMeUEHbI TUHUU TpeHaa. A — 2020 r., 5 — 2021 r.

3aBUCUMOCTH KOJIMYECTBA HEPIT OT TeMIIepaTyphl
BO3MIyXa M OT HAIIpaBJIEHUSI BeTpa HAMU He BBISIBIICHO:
IJ11 TeMIIepaTyphl KoadduineHT Koppensaauu Caoup-
meHa R=0.1,p>0.0582020r.u R=-0.17, p > 0.05
B 2021 r.; 15 HarnpaBieHUs BeTpa Ko PUIIMEHT Kop-
pensiuuu Cniupmena R = —0.087, p > 0.05 82020 r. u
=—0.13,p > 0.0582021 .

Cocrognue xkuBoTHbiX. Ha o-Be ToHKMII mons
HepIl, He MOJHOCThIO MePEeIUHIBIINX, OT KOJIU4e-
CTBa YYTEHHBIX HEPI B cpeqHeM coctaBmia 6% (SD =
11.4%) 820201. 1 1% (SD =0.97%) B 2021 1. B2020 1.

350
o Cymma
3001 © . Bona
o Cywia
2501

200

150

100

KonunyecTBo )XKMBOTHBIX, 0COOEH

50

Cua Betpa, M/C

Puc. 5. KonuuecTBo Hepmn Ha cyllle ¥ B BOJIe B 3aBUCHU-
MOCTH OT CHUJIbI BETpa I10 JaHHBIM BU3yaJbHbIX YUETOB
Ha o-Be ToHkwuit B 2021 1. LIBEeTHBIMM JTUHUSMU OTME-
YeHBI JIMHUM TPEH/IA.
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KOJMYECTBO HETEePEJUHSIBIINX KUBOTHBIX Ha 3TOM
OCTpOBE K KOHIIy HaOJNOIeHNI YMEHBIINIOCH (KO-
a¢pPpunueHt xKoppenssuuu CrnupmeHa R = —0.48,
p <0.05), B 2021 r. Takux U3MeHEeHU 0OHAPYKEHO HE
oni10 (R = —0.13, p > 0.05).

YTo KacaeTcs BU3yaIbHO HAOIIOMAEMBIX Y KUBOT-
HBIX MIOBPEXIEHUI, MBI BCTpeYaIn Ha 0-Be ToHKUI1
HEpIl ¢ paHaMH WJIM IIpaMaMy Ha CIIWHE 1 Ha IIee, C
MOBPEXIEHUSIMMU JIacT (HanmpuMep, ¢ OTCYTCTBUEM He-
CKOJIbKUX KOTTeli), a TAaKXKe HepIl ¢ OOJIe3HSIMU TJ1as.
Hons Hepn ¢ BUAUMBIMU paHaMU, KOXHBIMU TMaTO-
JIOTUSIMUA U APYTUMHU 3a00JIEBAHUSIMU OT KOJIMYECTBA
VUTeHHBIX HepIT B cpenHeM coctaBuia 4% (SD = 2.9%)
B2020T. 1 6% (SD =4.7%) B 2021 1.

OBCYXIAEHUE

[TpoBeneHHbIe HAMU UCCEAOBAHUS C UCIIOJb30-
BaHMEM yYEeTOB KaK BU3YaJIbHEIX, TAK M C IIOMOIIbIO
BITJIA moka3zanu, 4To 3ajieXKKM HepHn Ha apxuIieynare
Vinkansn 0-Ba 0O4eHb JMHAMMWYHBI, a KOJIMYECTBO XK1~
BOTHBIX Ha HMX BapbUPOBAJIO B IIIMPOKOM JMana3oHe.
JaHHbIe MO YMCAEHHOCTU HepIl, TOJyYeHHbIe Ha Of-
HOM U TOM e ocTpoBe (0-Be ToHKMIT) NByMSI pa3HBIMU
MeTomaMH ydeTa (BusyajabHoro u ¢ noMouisio BITJIA),
MMEIOT CTAaTUCTUYECKM 3HAYMMBbIE Pa3Indus: Ha CyIlle
BU3YaJIbHBIN YYeT BbIsIBJIsIET 0OJIbIlIee KOJTUUECTBO KU~
BOTHBIX. DTO MOXET OBITh CBSI3aHO C TEXHUYECKUMMU
0COOEHHOCTSIMHU IIPOCMOTPa BUAeO3anuceii, Ha KOTo-
PBIX HEPITILI Ha CyIlle 3a4acTylO CJIMBAIOTCS ¢ KaMHSI-
mu. IIpu 3TOM cTaTUCTUUYECKM 3HAYMMBbIE Pa3Inuus
MEXIy KOJIMYECTBOM HepI B BOJE, MOJyUYeHHBIE pa3-
HBEIMHM METOIaMM, OTCYTCTBYIOT. B yclIoBusIX mpo3pau-
HoM Bombl 03. baiikain yueT ¢ ucrnoyis3oBanueMm bITITA
JIOJKEH JaBaTh OOMbIIee KOJIUIECTBO KUBOTHBIX IIPHU
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y4eTe B BOJe, UeM BU3yalIbHbIN yueT ¢ 6epera. OmHaKo
OaliKaJlbCK1e HePIIbl SIBJISIOTCS JOCTaTOUHO MYTJIUBbI-
MM XUBOTHBIMU, U CheMKa TTPOUCXOTUT Ha OOJIbIION
BBICOTE, YTO BHOCHUT TMOTPEITHOCTD B YUYET C ITOMOIIbIO
BIUIA (cMm. puc. 2).

VYuetrl ¢ ucnnonbzoBanueM BITJTA o MHornMm ma-
paMeTpaM JOJIKHBI JaBaTh JIy4lllMe pe3yJbTaThl IO
CPaBHEHMIO C BU3yaJIbHBIMU OeperoBbIMU yUyeTaMU:
STOT METOJ, ITO3BOJISIET YYECTh OOJIbIIIe XXUBOTHBIX B
BOZIe, BO3MOXEH OJHOMOMEHTHBIN ydeT Ha pa3HbIX
ocTtpoBax. OmHaKO IMpoOBeNeHHBIE HAMU HCCIEI0-
BaHMS TTOKA3BIBAIOT, YTO YYEThI C UCIIOJIb30BAHUEM
BITJIA (c mocTaToO4HO BBICOKMM YPOBHEM IllIymMa), He
MO3BOJISIIOT TOJIYYUTh CTATUCTUYECKM OTIMYAIOLIMe-
csl pe3yabTarhl. B cBOIO o4yepenb, BU3yallbHbIE YYEThI
MO3BOJIIOT ONPEAEIISTh COCTOSTHUE KUBOTHBIX, BBISIB-
JISITH JIMHSIOIINX 0co0eif, oTMedaTh MHbIe OCOOEHHO-
cTu. B CBSA3M ¢ 3TUM MBI CUMTaeM HeEleaeco00pa3HbIM
B HACTOSIINA MOMEHT IMOJHOCTBLIO OTKA3bIBATLCSI OT
BU3yaJbHBIX YUETOB M B JaJbHEMIIEeM peKOMEeHIyeM
codeTaTh 00a METONA U COBEPIIEHCTBOBATHL METOIUKY
00J1eTa OCTPOBOB.

Ha octpoBax Tonkuii, Hoaruii u Kpyriblii B me-
pUOOLI YYETOB CYMMapHOE KOJIMYECTBO HEPH Bapbu-
posaiio ot 260 go 3467 ocobeii. IlonyyeHHBIE HAMU
JAaHHbIE 0 MAKCUMAaJIbHOM KOJIMYECTBE OJHOBpPEMEH -
HO YYTEHHBIX Ha 3TuX ocTtpoBax Heprn B 2020 r. (3467)
He TIpOTUBOpEYaT JaHHBIM IPYTUX aBTOPOB, corjiac-
HO KOTOPBIM B TMOCJIEIHUE ACCATUICTUS YUCITEHHOCTh
HepIibl HAa YIIKaHBUX O-BaX B pa3HbIe roabl Kojaeba-
nack ot 300 mo 3000 ocobeit u 6onee (ITactyxos, 1993;
Iletpos, 1997; I1actyxoB, ®uankos, 2011).

CBeneHUs1 0 TMHAMUKE TIPUCYTCTBUST HEPIT Ha JIET-
HUX JIeXKOUIAaX MPOTUBOPEeYUBEL. I1o OMHUM TaHHBIM
(ITactyxoB, 1993), yacToTa BbIXO/Aa HEPIT Ha JiexxoOuIa
U KOJIMYECTBO KMBOTHBIX HA HUX OT UIOJISI K CEHTSIOPIO
Bo3pacraioT, o apyruM (Iletpos, 1997) — KonnuecTBO
HEPIT OT UIOHS K UIOJIIO PACTeT, a K CEHTSIOPIO CHUXKA-
eTcsd. Hammm maHHBIE MMOATBEPXKIAIOT CHIKEHUE KO-
JIM4ecTBa Hepll Ha o-Be TOHKMIT K cepenuHe aBrycra.
OHM commacyloTcs U ¢ U3MEHEHUSIMUA aKTUBHOCTH TIe-
peMellleHrit U pacripeaeSeHUs] XKMBOTHBIX B JIETHUM
nepuon (ConoBbéBa u ap., 2020): aKkTUBHOCTb HepIl B
TeUEeHUE ITOTO IMepuoaa yBeIUUUBaeTCsl, B cepearHe
aBrycTa OHM HauMHAIOT MOKUAATh aKBAaTOPHIO YIIIKA-
HBUX O-BOB 1 K KOHILY JIeTa YXOIsIT B Apyrue paliOHbI
baiikana.

Pacrnipenenenue HepI Mo OCTpoBaM apxuresara
VilikaHbU 0-Ba OKa3ajlochb HepaBHOMepHbIM. PaHee
CaMOii MHOTOYMCJICHHOM CUMTAajach 3aJIeXXKa Ha O-BE
Tonxkwuii (ITactyxoB, ®uankos, 2011), To3TOMY UMEH-
HO 37IeCh OblJ1a YCTAaHOBJIEHA BUEOKaMepa ik MOHU-
TOPUHTIA COCTOSTHUS TIOMYJISIIMY OaliKaabCKOM HEPIIbI.
OnHako HalllM y4eThl ¢ ucrnoiab3oBaHnueM bITJIA nmoka-
3ajIu, 4TO Npeobaaaroliee Yucao Hepl HaXooua0Ch Ha
octpoBax Hdoaruit u Kpyrnslit. ITonydyeHHbIe TaHHBIE
COMJIACYIOTCS C pe3yJibTaTaMUu YY€TOB, MPOBENEHHbBIX
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B aBrycte 2022 1. (IletpoB u ap., 2023). CymmapHas
YUCJICHHOCTh HEPIT Ha TPeX MCCIeIOBAaHHBIX OCTPOBAX
Tonxkwuii, lonaruit 1 Kpyrielii mo pe3yjasrataM y4eTOB
¢ BITJIA Oputa HerrocTosTHHA, a U3MEHEHUST NX KON -
YecTBa Ha OTIEIbHbBIX OCTPOBAaX HE B3aUMOCBSI3aHbI.
Tak, MexIy KOJM4eCTBOM HEpPIT Ha ocTpoBax TOHKUIA
u Jlonruii HaGonaIaCh MONOXKUTEIbHAS KOPPETSIIMS,
YTO WCKJIIOUAET NepeMelleHUs U TiepepaciipeaeieHue
HepH B JIETHUM MEepUoa TOJbKO MEXIY UCCIeI0BaH-
HbIMM ocTpoBaMu. [To-BuIMMOMY, HEPIIbI MOCEIIAOT
1 0-B bosbioit YiikaHuii, KpoMe TOro, BO3MOXEH
MpUXod Ha YIIKaHbU O-Ba HOBBIX XKUBOTHBIX U3 JIpY-
rMX pailoHOB 03epa.

[TonydyeHHble HAMU Pe3yJbTaThl MO3BOJSIIOT 00-
CYIUTb T€¢ (PaKTOPbl, KOTOPbIE BIAUSIOT HA MPUCYT-
CTBUE HEpH Ha JeTHUX 3ajexkax. Cpenu abuoruye-
CKHUX (paKTOpOB Ha KOJIMUYECTBO HEPIT Ha JexKOUIle
0OJIbIIOE BIMSIHUE OKA3bIBACT CTEIICHb BOJHEHMUSI 03.
baiikan: mpy CUJIBHBIX BOJIHAX, KOTOPHIE OKATBIBAIOT
KaMHU, HEpIaM, MO-BUIUMOMY, CJI0XHO yIepXKUBaTh-
Cd Ha KaMHSX U Ha MOBEPXHOCTU BOJABI OKOJIO Oepe-
ra. OTCyTCTBUE XXUBOTHBIX Ha JIEXKOUIIAX MPU BbICO-
KOM YPOBHE BOJIHEHUS 03€pa U3BECTHO HE TOJIBKO IS
Oalikanbckoit Hepribl (MBaHoB, 1938; [TacTyxoB, 1993),
HO Y JUJIS1 IPYTUX BUAOB TIOJIEHEN — KOJIbYaTOM HEPIIbI
(Pusa hispida) (Araponona u np., 2007), 0OBIKHOBEH-
Horo ToneHs (Phoca vitulina) (Reder et al., 2003). Yo
KacaeTrcs IpYyrux abuoTuyeckux (pakropos, B 4ACT-
HOCTM TeMIIepaTypbl BOAbI U BO3Ayxa, IJis Oalikaib-
CKOI1 HepIIbl, KaK U IUIs1 KonbdaToii (AradpoHoBa u p.,
2007), HamMmK He 0OHAPYKEHO 3aBUCUMOCTH YHCJIA K1 -
BOTHBIX OT 3TUX (haKTOPOB, TOTAA KaK Y OObIKHOBEH-
Horo TiojieHs1 onHU aBTophbl (Reder et al., 2003) Takyto
3aBUCHMOCTbD BBIABIAIOT, Apyrue (Schneider, Payne,
1983) — Het. Cnaboe BIMSIHUE CUJIBI BETpa Ha KOJIUYeE-
CTBO HEPI MOXET ObITh CBSI3aHO C T€M, UTO JJaHHBIE 10
cuie BeTpa ObLIM B3SIThl C METEOCTAHLIMU, PACIOIO-
>X€HHOI1 Ha 0-Be bosbiioit YiikaHuii, 1 MOIJIM Cerka
OTJINYATHCSI OT peajibHBIX TTOKa3aTeseil Ha MecTe Mpo-
BeICHUS yuyeToB — 0-Be ToHKuUi. /115 monydyeHus: 60-
Jiee TOYHBIX TAaHHBIX TPEOYIOTCSI JOTIOJTHUTEbHBIE UC-
CJIeOBaHUsl, B XO/I€ KOTOPBIX CHJia BETpa OyIeT onpe-
JleJiIeHa HeMOCPEJACTBEHHO Ha MECTe NPU MPOBENCHUUN
YUYETOB.

IIpoBeneHHBIE HAMU Y4YeThl, KaK BU3yaJlbHBIE,
Tak u ¢ nmomouubio BITJIA, moka3anu, 4To KOJIU-
yecTBO 0OalikaJbCKMX HEpIl Ha YIIKaHbUX O-Bax B
2020 r. 3HauUTEIBLHO MpeBbIIIAN0 TakoBoe B 2021 T.
OnHa U3 IPpUYUH NPUBJIEKATEIBHOCTU 3TUX OCTPO-
BOB Ui HEpHbl — Haluuue OONBIIOr0 KOJIUYECTBA
OTAEIbHBIX BBICTYNAIOIMX U3 BOABI KAMHEN, KOTO-
pble XXUBOTHBIE UCITOJIBL3YIOT IJisl 3ajeranust. OmgHa-
KO BO3MOXHOCTh MCIOJIb30BAHUSI HEPIIAMU KaMHE
B 3HAUYUTEILHOI CTEIIEHU OIpenesisieTcsl KoaeOaHus -
MU ypoBHs Bonbl B o3epe (Kymunnackuii u ap., 2021).
IIpuunHOM TaKUX Pa3TNIUl MOTIIa OBITh CYIIIECTBEH-
Hag pa3HHIIa B YPOBHE BOALI B 03epe BO BpeMs pa-
6ot1. Ilo HamumMm HaGMIOOAEHUSIM, YPOBEHb BOILI B
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baiikane B 2021 1. 6611 BRIIE, yeM B 2020 1., a, co-
OTBETCTBEHHO, TOCTYITHOCTh KaMHEM IJIsI 3aJeraHus
HepIl HUXE, YTO MOATBEPXKIaeTcss JaHHbIMU BypsiT-
CKOTO TUAPOMETLEHTpA: YPOBEHb BOMAbI B UIOJIE — aB-
rycte 2020 r. coctaBisii 456.70 M B TuxookeaHCKOM
cucrteMe BoicoT (TO) a B Te ke mecsaunt 2021 . —
457.01 m TO.

Jpyroii mMpUIMHOMN MEXKTOIOBBIX Pa3IN4Mii B KOJIU-
YeCTBE HEPIT MOIVIa OBITh pa3Has JienoBasi 00CTaHOBKa.
N3zBectHo (MBaHoB, 1938), 4yTo paHHee pa3pylieHue
JIEIOBOTO IIOKPOBa HE MO3BOJISIET TIOJICHSIM MOJHO-
CTBIO MEPEIUHITh Ha JIbAY U B TAKOM CJIy4ae HabJro-
JaeTcs 0oJjiee paHHee o0pa3oBaHuUe JIETHUX 3a/IeXKeK.
3uma 2019/2020 rr. Ha baiikane xapakTepusoBaiach
pPaHHUMU CPOKaMU pa3pyllieHUs JibIa, U, BO3MOXHO,
nostomy jetoM 2020 T. MBI MOIJIM HaOII00aTh OOJIbIIIE
Hepr, yeMm B 2021 .

Kpome abuoTnueckux ¢pakTopoB, Ha KOJUYECTBO
HepIT Ha 3aJieXKKaxX MOT'YT BIMSITh U OMOTHUYEeCKMe aK-
TOPBI. XOTS peajibHast 10Js1 OOJIbHBIX XKMBOTHBIX MO-
JKeT OBbITh BBILIE MOJYYEHHON HaMM, TTOCKOJbKY He
BCE paHbI 1 O0JIE3HU MOIJIU OBITh HAMU 3aMEYeHEI, a
HauboJiee YacTo BCTpeYaloluecs U IBHBIE TTOBPEXIe-
HUS — TPaBMBbI U TTIOPAXEHUS IJ1a3 — BEPOSTHEE BCETO
BBI3BaHBI MOCJEACTBUSIMU (DU3NUECKUX TTOBPEXKICHUIA,
COCTOSIHUE MOTMYJISILIUU ¢ TAKUM KOJMYECTBOM OOJIb-
HBIX XXMBOTHBIX HE TMPEACTaBIsSIeTCs HaM BbI3bIBalO-
MMM OIIaCEHMUSI.

Haiu oneiT pa6otsl ¢ BITJIA s ucnoib30BaHUS
MX C 1IeJIbI0 MOHUTOPUHTA U y4yeTa OaiiKalbCKO Hep-
MBI TTO3BOJISIET C(POPMYIUPOBATh PEKOMEHIAIIUU T10
JajibHeilleMy pa3BUTHIO 9TOTO METO/a, a TaKxXKe ISl
(opMUpoOBaHUS TTPaBUII TTOBEIEHUST TYPUCTOB Ha 3a-
nexke. [ToBemeHuyecKkast peakiusl 6aiiKaabCKUX HepI
Ha npucyrctBue BITJIA tpebOyeT Oosiee mogpoOHO-
ro uccienoBaHus — xapakrepuctuku BITJIA (macca
YCTpOIiCTBa, YPOBEHbD 1IIyMa MPOMEJIECpPOB), BhICOTA
rnoJsieTa, MOTOAHBIE YCIOBUS (HaJIMYKUe BeTpa, TyMa-
Ha) MOTYT BJIMSITh Ha TOBEAEHUE XKMBOTHBIX U UX pe-
akuuio Ha BITJIA. Takke ciienyeTr OTMETUTH BO3MOX-
HOe M3MeHeHHNe peakKlMU XKMBOTHHBIX B pa3HbIe ce-
30HBI, UTO MOXKET OBITH CBSI3aHO C Pa3HOIl CTENEHBIO
HeoOXOIMMOCTH MCIOJIb30BaHUs cyocTpaTa (bepera,
Jnbpaa). Hammpumep, B Haleil paboTe B JISTHUM ITepy-
OJl ONITUMaJIbHas BbICOTa MoJieTa, Ha KkoTopoii BITJIA
(xkBampokontep DJI Mavic Air 2) He cmyruBajl HepIl
BO BpeMs y4eToB, coctaBmiia 77—100 M OT BogHOI1 10~
BEPXHOCTH, B TO BpeMsI KaK B BeCEHHee BpeMsl, B Tie-
puon TMHBbKHU, XXUBOTHBIE He pearupoBanu Ha BITJIA
(xkBagpoxontepsl DJI Mavic 2 Zoom u DJI Air 2S)
Ha BeIcoTe O0osee 40 m (MBaHOB 1 1p., 2022). CoBep-
IIeHCTBOBaHME MeTofa ydeTa Hepll ¢ momoinbio BITIIA
IpeaycMaTpUBAET ONpeAcIieHue JOIMyCTUMOIO YPOB-
Hs LIyMa NpONeJIepOB U MCIIOJIb30BaHUE YCTPOii-
CTBa C BBICOKMM pa3pelieHreM cbeMku (4k Ultra HD:
3840x2160), Tak KaK Ka4eCTBO BUAECOCHEMKU BIIM-
sieT Ha TOYHOCTb yueToB. 11 ompeneseHus: OoNTu-
MaJIbHBIX YCJIOBUI ChbeMKU HepIl ¢ moMoliibio BITJIA
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pPEKOMEHIyeM OpHEHTHUPOBATLCS Ha TIEPBBIC TTPU3HAKHU
OECIMOKOMCTBA XXKMBOTHBIX, a TIPU aHAJIU3E MOBEACHMUS
TPYIIIBI OCOOEH ONMMpPAThCs Ha PeaKIIUIo caMbIX 00ec-
MOKOEHHBIX XKUBOTHBIX, KOTOpPbIE pearupyoT B Mep-
BYIO odepenb (Iaxke ogHa Hepria, CIEeNIHO MOKUHYB-
1asi 3aJ1eXKKy, MOXET BbI3bIBaTh peaklinio 6ercrea y
apyrux ocob6eii). BITJIA 4yacTo UCHONB3YIOTCS TYpuU-
cTaMU JJisl TIOOUTEIbCKOM CheMKHU XXUBOTHBIX, UTO
TakXke co3/J1aeT HEeOOXONMMOCTh CO3MaHUs MpaBUI
11T MUHUMU3AIUK BIMSTHUSI ChbeMKHU Ha TIOBEIeHME
SKMBOTHBIX WIW MPUHSITUS MEP 110 OTPAaHUYEHUIO UC-
nonb3oBaHus BITJIA B pa3BiekaTeabHbIX LEsIx. Pe-
KOMEHAYETCS UCITOJIb30BaTh YCTPOMCTBA MaJleHbKOTO
pa3mepa (meHee 800 r) ¢ HUBKUM YPOBHEM IlIyMa, IIpU
nojere u3beraTb pe3KUX ABUMXKEHUM M MpeKpauiarb
CHEMKY TpU TOSIBICHUM MEPBBIX MPU3HAKOB Oecro-
KO#CTBA JKUBOTHBIX.
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AND MONITOR THE CONDITION OF THE BAIKAL SEAL
(PUSA SIBIRICA GMELIN 1788, PHOCIDAE)
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WJIBUHA u 1p.

To develop a method for monitoring the condition of Baikal seals (Pusa sibirica Gmelin 1788) and to
count their numbers in summer haul-outs using an unmanned aerial vehicle (UAV) in July—August
2020 and 2021 on the islands of Tonkiy, Kruglyi and Dolgiy (the Ushkany Islands archipelago), visual
surveys and surveys with UAVs were carried out. The maximum number of seals observed in 2020 was
3467, in 2021 it was less, 1295, and their total number in 2021 was also less than in 2020. During both
years of observation, the number of seals in the haul-outs gradually decreased, which might have been
due to the wave level on the lake. Contrary to the popular belief the largest seal haul-out being on the
Tonkiy Island, the greatest number of seals was recorded on the Dolgiy and Kruglyi islands. Recom-
mendations for the use of UAVs are given, these can also be useful in developing the rules for tourists
visiting the national park.

Keywords: baikal seal, Pusa sibirica, Lake Baikal, Ushkany Islands, coastal summer haul-outs, population
dynamics, visual surveys, surveys with UAVs
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DIFFERENT TYPES OF MARKING BEHAVIOR OBSERVED
IN THE WILD DURING THE BREEDING PERIOD OF THE COMMON
HAMSTER (CRICETUS CRICETUS, CRICETIDAE, RODENTIA)
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The marking behavior of the common hamster, Cricetus cricetus in the wild was recorded using camera
traps and handheld video in the N.I. Bagrov Botanical Garden, Simferopol, Crimea. We described the
following types of scent marking: with flank glands (in particular, compass-like movements in the grass
and rubbing on a stone), midventral gland marking, etc. The variety of marking behavior types on differ-
ent substrates may contribute to a more efficient use of olfactory signals in maintaining the social structure
of the common hamster, which is notably important at high population densities in urban areas.

Keywords: mating, scent marking, flank glands, midventral gland, urban area
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Scent marking is one of the most common socially
related behaviors of mammals, and scent glands on
different body parts of the same animal may serve
different functions (Doty, 2010). While there is
variability in, and some debate about the mechanism
involved, there is little doubt that scent marking is a
fundamental component of territorial behavior and
advertises dominance status within social hierarchies
(Roberts, 2007). In particular, scent marking plays a
role in the communicative process for the identification
of sex and reproductive status (Johnston, 1983), for
territorial defense, and life resources (Soso et al.,
2014). It facilitates agonistic and sexual communication
between conspecifics (Murphy, 1980), advertises social
status (Huck et al., 1985) and allows detection and
recognition of intra- and interspecific signals (Halpin,
1986; Staples et al., 2008). For example, beavers
(Castor canadensis) build mud piles near their lodges
and dams and then place preputial gland secretion
(castoreum) on top, producing a scent mound (Muiiller-
Schwarze, Heckman, 1980). Giant panda (Ailuropoda
melanoleuca) marks with a specific anogenital gland
that evolved for communication purposes (Nie et al.,
2012). Pandas are prone to mark along ridge trails, using
them as communal marking stations for communication
(Schaller, 1985). North American river otter (Lontra
canadensis) uses olfactory signaling and has a flexible
social organization. They establish and frequently visit
specific terrestrial locations known as latrines, where
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otters deposit spraints (feces), urine, and anal gland
secretions (Bowyer et al., 1995; Ben-David et al., 1998;
Blundell et al., 2002, 2002a). Furthermore, a wild boar
(Sus scrofa) has been shown to run the side of its mouth
down a tree trunk, repeating the wiping movement with
both sides of the muzzle on opposite sides of the tree
(Estes et al., 1982).

In many aspects, rodents have been good models for
the scent-marking paradigm (Gosling, Roberts, 2001).
Unlike large mammals, scent marking has been stud-
ied extensively in different species of rodents for exam-
ple in gerbils (Kumar, Prakash, 1983; Gromov, 2015),
mice (Arakawa et al., 2008), blind mole-rat (Zuri et
al., 1997), etc. In particular, detailed studies of mark-
ing behavior were carried out on different species of
Cricetidae family, for example: desert wood rat (Fle-
ming, Tambosso, 1980), voles (Ferkin et al., 2004) and
hamsters. Thus, Wynne-Edwards et al. (1992) con-
ducted a detailed study of marking behavior in Camp-
bell's hamster (Phodopus campbelli) and demonstrated
that marking behavior occupies no more than 4% of
the total time budget. Additionally, it was demonstra-
ted that scent marks from the ventral glands in adult
males serve a role in communication between males
and, possibly, in territorial defense (Wynne-Edwards et
al., 1992). Furthermore, it was shown that scent mar-
king is a powerful factor in the integration of popula-
tions of this species, whose natural abundance is usually
low and constant (Sokolov, Vasilieva, 1993). Another
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study has demonstrated that dwarf hamsters (Phodopus
campbelli) engage in social communication through the
use of scent marks and distinguish between the scent of
males and females (Reasner, Johnston, 1987). Golden
hamster males (Mesocricetus auratus) were used to study
the ability to distinguish individual differences in scent,
including the scent of flank gland secretions (Johnston
et al., 1993). Early experiments on the golden hamster
reported two males coming into contact, sniffing each
other's flank glands and then starting an aggressive in-
teraction (Lipkow, 1954). Most of these studies were
conducted almost exclusively in the laboratory but with
direct theoretical application to what predictably oc-
curs in free-ranging populations, however, there have
been almost no attempts to experimentally document or
test the functional or evolutionary significance of scent
marking in wild (Wolff, 2003). In this way, experimen-
tal data is not always reproducible in the laboratory,
and vice versa. It is necessary to concurrently conduct
research in captivity and in the wild, corroborating or
refuting the data obtained under laboratory conditions.

Considering that, there are a significant number
of laboratory studies on marking behavior, equiva-
lent research in natural settings is insufficient. For in-
stance, studies on the behavior of common hamsters
are notably rare and fragmentary, especially concerning
scent-marking behavior (Ziomek et al., 2009). Never-
theless, such studies have been conducted. For example,
one of them revealed that males establish breeding ter-
ritories, which may encompass the burrows of females.
These males mark their home range using various ways,
including feces, urine, flank, midventral, anal and ge-
nital glands. Additionally, one specific type of marking
behavior was described in the same study: males rotate
around the vertical entrance to the burrow, rubbing
their genital area against the ground while lowering their
heads over the opening (Ziomek, 2011). Furthermore,
a semi-natural study demonstrated that male common
hamster’s exhibit higher levels of aggression towards
males with whom they are genetically less familiar,
while displaying lower aggression towards neighboring
males (Eichert et al., 2017). However, there is evidently
a deficiency of information regarding the behavior of
this species in its natural habitat, probably because it is
nocturnal, secretive, and tends to avoid encounters with
humans (Eibl-Eibesfeldt, 1953; Ziomek, 2011). This
lack of information has served as strong motivation for
our research, aimed at describing in detail little-known
reproductive behaviors exhibited by free-ranging ani-
mal. The opinion about the common hamster, as an
aggressive and difficult to rear species, has led to the
situation that this species is rarely kept in captivity and
therefore have only few behavioral observations repor-
ted (Ziomek et al., 2009). At the same time, studying
the behavior of the common hamster under different
conditions is an important task, as it population has
dramatically declined across its range since the 1970s
(Surov et al., 2016), and it was included in the IUCN
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Red List in 2020 with CR status (Critically Endangered
Species) (Banaszek et al., 2020). Under laboratory con-
ditions, the sexual behavior of the common hamster was
observed by Reznik-Schiiller et al. (1974) and Vohralik
(1974). Ziomek and co-authors identified typical pat-
terns of the common hamster behavior in the Poznan
Zoo (Ziomek et al., 2009). The researchers had a goal
to provide a reference for the study of hamster behavior
in the wild. It was demonstrated that the occurrence of
non-social behavior was notably greater than the social
behavior. The authors rightly point out that collecting
data on the behavior of the common hamster in the wild
is quite challenging. Nevertheless, based on the table
with describing observed behavior obtained in 2009
(which was further supplemented and adapted), the
urban behavior of the common hamster was investiga-
ted and described in 2019 (Flamand et al., 2019), which
also includes mentions of marking behavior.

Here it is worth mentioning that skin glands play an
important role in the marking behavior of the common
hamster. Various laboratory studies have been conduc-
ted on this topic. For example, under laboratory con-
ditions, it has been shown that male common ham-
sters use flank glands for scent marking when entering
a female's home range during her receptiveness (Eibl-
Eibesfeldt, 1953). Flank glands were likely first de-
scribed by Sultzer and later referenced by Vrti§ (Sultzer,
1774, cited in Vrtis, 1930, 1930a). During the period of
female receptivity, flank glands become much more no-
ticeable in both males and females due to the release of
the secretion, the smell of which can even be discerned
by humans (Chernova et al., 2022). The signaling func-
tion was also suggested regarding the midventral gland
(Schaffer, 1940; Sokolov, Chernova, 2001). Neverthe-
less, it is evident that information regarding the role of
scent marks of free-ranging common hamesters is in-
sufficient. In our study, we describe various patterns of
common hamster behavior in the city park, with a focus
on scent-marking behavior.

The research was carried out from 15—29 April 2021
in the N.I. Bagrov Botanical Garden at the Vernadsky
University in Crimea, Simferopol (44°56'N, 34°07E).
These dates were chosen because in April, hamsters
mostly awaken from hibernation and many females en-
ter a receptive state (Surov et al., 2019).

The plot (4.5 ha.) was located in the northern part
of mentioned above Botanical Garden. There we recor-
ded a few natural predators — a marten and a few lo-
cal domestic cats. The site is characterized by relative-
ly dense growth of poison hemlocks (Conium macula-
tum) and less recreational use. Notably, that we found
the largest number of burrows among the hemlock bu-
shes; it seems quite possible that this plant, by its dense
growth, became an excellent hiding place. Park employ-
ees piled cut weeds and branches here and the lack of
people has created favorable conditions for the common
hamster. During flowering, hemlocks exude a very un-
pleasant and irritating smell, so people do not go into
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these bushes on the outskirts of the Botanical garden. In
addition, this plant is known to have poisonous effect
and toxic to both dogs and humans (Kennedy, Grivetti,
1980; Vetter, 2004). It should be noted that we con-
ducted this study before the flowering of this plant.

With the help of live traps, we caught and visual-
ly marked 22 (12 males, 10 females) hamsters, some
of them we visually tracked in real-time and record-
ed their movements with a handheld camera (Sony
HDR — AS200V (60fps) throughout the night. In addi-
tion, we used 5 camera traps (BolyGuard SG2060-K) to
capture animal behavior. Camera traps were set on from
19:00 to 06:00 near the active burrows and each night
were moved to another location.

As a foundation, we utilized behavioral elements
from the papers on the behavior of the common ham-
ster from both the zoo and urban environments (Zio-
mek et al., 2009; Flamand et al., 2019). All recorded
elements are shown in table 1.

Live trapping allowed for the safe capture and mar-
king of hamsters using fur paint to distinguish indi-
viduals during the study. Using camera traps, we were
able to identify only the marked individuals, but there
were instances of trapping unmarked ones, so the sex
could not be determined for these individuals using the
camera traps. Tracking hamster behavior in real-time
and capturing footage with camera traps offered valu-
able insights into their marking behavior. Throughout
the entire study we recorded 4 episodes probably rela-
ted to the marking (5 min 51 sec), 1 episode of saliva
marking and alert pose (26 sec), 1 episode of sex inte-
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raction (43 sec) out of the total 14 captured behavioral
episodes (total duration 23 min 14 sec). Out of the 6
existing video clips, we are certain that the hamsters we
marked were present in 4 videos, and they were males.
In one video, the animal was unmarked, making it dif-
ficult for us to determine the gender of this hamster. In
the video depicting sexual behavior, we are certain that
there was a male and a female, but the animals were also
unmarked.

On the night of April 20, 2021, at 9:01 PM
(GMT+3), a male identified as #10 first sniffed the
ground and probably began saliva marking. Then, it
moved from side to side along a circular axis, leaning on
its front paws and making contact with the substrate of
the hemlock bushes, probably using its glands for mar-
king. It periodically paused to interrupt its saliva mar-
king for more sniffing. Afterward, it resumed sniffing
and then altered its movements. These movements in-
volved a transition between saliva marking and gland
marking of bushes. Probably, these movements are ne-
cessary for marking with both the flank glands and the
midventral gland (video supplement Ne 1).

On April 21, 2021, at 8:45 PM, in another in-
stance, an unmarked hamster first dug the ground be-
neath it with its forepaws, assumed an alert pose, and
then continued saliva marking and pressing down, pos-
sibly marking, with midventral gland (video supple-
ment Ne 2).

On April 23, 2021, at 8:19 PM, we recorded the
male Ne 8 moving around while sniffing, standing in a
wary posture, and then continuing to sniff the hemlock

Table 1. Ethogram with elements we recorded in common hamster behavior (adapted from Ziomek et al., 2009 and
Flamand et al., 2019) supplemented with a new hamster marking behavior (*)

Element of behavior

Definition

Horizontal locomotion Moving, walking, running

Sniffing Sniffing the area/objects

Saliva marking*

Preserving the smell by raking the ground with his paws

Flank marking

Leaning on its front paws, making compass-like movements, for marking, or pressing its
flank glands against solid surfaces

Midventral marking

Presses its midventral gland against surfaces, leaving secretions

Head rearing

Head raised, looking around, sniffing, sometimes also standing erected on hind legs,
looking around with only the head over the burrow entrance

Vertical locomotion Climbing on some object

Displacement grooming

Shortened, single muzzle cleaning

Self grooming

Full body wash or part of its (e.g. muzzle, abdomen, genital area)

Escaping

Runs away from the threator quickly returns to its burrow

Sexual behavior

When a male engages in sexual intercourse with a female

Threat posture

Stationary posture on all fours with front legs straight, ears and eyes pointing forward
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bushes. After that, it started flank marking, leaning on
its front paws, rolling over, and interacting with the
hemlock bushes (probably marking them), then re-
turned to the burrow. After spending no more than a
second there, the hamster climbed back out, contin-
ued to interact with the hemlock bushes, sniffed them,
swiped from side to side, and hid in the opposite bushes
(video supplement No 3).

On the night of 24 April 2021 at 02:10 AM we made
a video with a manual camera of male Ne 6 — the ham-
ster sniffed, assumed an alert pose, then climbed into
a rock, standing on its hind paws. After sniffing again,
it started displacement grooming. Then, it attempted
to get under a stone — the hamster's burrow was loca-
ted beneath it. The hamster began to move, sniffing as
it went. It then turned around, pressed its flank gland
against the stone, followed by shaking and scratching
the area of flank gland with its hind paw. The hamster
sniffed once more, shook again, and pressed its flank
gland against the stone once more. Next, the ham-
ster heard a noise and climbed into the stone with its
front paws, standing in an alert pose. A cat approach-
es it, and the hamster noticed, quickly running into its
burrow (video supplement Ne 4). Later that night, at
02:50, using a manual camera, we recorded the same
hamster Ne 6 shaking and scratching its hind paw with
its flank gland and pressing its midventral gland against
the substrate and fallen branches. Then, it started
displacement grooming and disappeared from the scope
of view (video supplement Ne 5).

One the night of 24 April 2021 at 21:12 PM we
were able to record the sexual behavior of the common
hamster with a manual camera. A male (without No)
emerged from the bushes towards the female (Ne 5) then
started mating. After mating, the female escaped, while
the male began groomed itself (video supplement Ne 6).

The obtained data align well with previous research.
We recorded various forms of behavior exhibited by the
common hamster in the wild, including sniffing, mat-
ing, different types of marking, grooming, and escaping
from threats (table 2).

Furthermore, we were able to document different
types of marking: by saliva, midventral gland secre-
tion and two different ways of flank marking: typical
flank marking in grass and flank marking by pressing
gland onto rock. Typical flank marking is considered a
common form of marking for number of rodents, with
plenty of video footage capturing (additional YouTube
links). A scent of secretion allows recognition of repro-
ductive status, sex and enables individual identification
(Johnston, 2003). In the modern urban landscape, the
common hamster is often found in green islands, bo-
tanical gardens, and parks (Canady, 2013; Surov et al.,
2023). Under these conditions, flank marking is fre-
quently observed in bushes or thickets. However, in the
N.I. Bagrov Botanical garden we observed the ham-
ster's marking for stationary substrate, as a stone slab
(video supplement Ne 4), by pressing (almost rubbing)
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Table 2. Recorded numbers of behavior elements in all
video

Number
of actions

Video | Hamsters

No sex and Ne Behavior element

1 |Male Ne 10 |Sniffing 1

Threat posture

Horizontal locomotion

Flank marking

Saliva marking

2 | Without Ne | Head rearing

Sniffing

Saliva marking

3 |Male Ne 8 | Sniffing

Threat posture

Horizontal locomotion

Flank marking

Escaping

4 |Male Ne 6 |Sniffing

Threat posture

Vertical locomotion

Head rearing

Displacement grooming

Horizontal locomotion

Flank marking

Escaping

5 |Male Ne 6 | Midventral marking

Horizontal locomotion

Threat posture

Sniffing

6 Male Horizontal locomotion

without No g 1,1 behavior

and Female
Ne 5

— = Q| = [ = | = [ = N = NN =N =N =N == N[N =]

Self grooming

its flank glands on. This flank marking has often been
documented in laboratory studies. It has been shown
that male common hamsters press their flank glands
for scent marking when entering a female’s home range
during her receptiveness (Eibl-Eibesfeldt, 1953). Since
our research was conducted at the end of April, dur-
ing the period of mating of the common hamster, we
can assume that flank marking serves a communicative
function, likely related to mating. Earlier observations
of the golden hamster (Mesocricetus auratus) noted that
males scent-marked the walls of the cage during inte-
ractions with females (Lipkow, 1954).
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It is evident that this marking behavior, when the
hamster presses its flank glands, is not suitable for a
softer substrate, such as hemlock bushes. If similar ac-
tions were performed on bushes, they would be piled
up, making it impossible to leave a scent mark because
they do not maintain a static state. In this case, another
type of flank marking occurs more reasonable when an
animal carries out a circular-like movements touching
bushes and soft grass by its flanks, as we saw in the vi-
deos (video supplements Ne 1, No 3).

In the city, common hamsters are constantly ex-
posed to elements of the urban environment. Concrete
slabs or other integrated objects easily become part of
a hamster’s home range and serve as objects for scent
marking, a common behavior aimed at maximizing de-
tectability by other animals (Gosling, Roberts, 2001).
Thus, objects of anthropogenic origin, such as the
concrete slab in our video, become suitable substrates
for scent marking. We observe a wide range of adapta-
tions in the common hamster to urban existence, par-
ticularly evident in the diverse forms of marking be-
havior that facilitate the maintenance of spatial and
social structure.

Moreover, since we found that the majority of bur-
rows are located within trees and hemlock bushes; this
observation aligns well with previous findings related to
the common hamster's habitat. In a prior study on ur-
ban populations, it was discovered that burrows were
more frequently situated near trees and bushes rather
than in open areas (Katzman et al., 2018). Such loca-
tion choices can be explained by the protection that
vegetation provides against predators and the avail-
ability of food near trees and bushes (Flamand et al.,
2019). Diet of the Cricetus cricetus shifts from crop to-
wards tree products in urban habitats, probably in re-
sponse to a significant difference in availability (Tissier
et al., 2019).

Additionally, we noted that several individuals could
share the same burrow. It should be noted that in ur-
ban environments with high population density, com-
mon hamsters often use the same burrows, although not
simultaneously (Feoktistova et al., 2013). In this case,
marking frequently visited locations becomes particu-
larly important for maintaining the stability of the social
structure.

Our observational findings not only align per-
fectly with existing data but also add valuable sup-
plementary information. The fact of occurrence of
such an unusual form of marking behavior confirms
the high plasticity of the common hamster (Surov
et al., 2019). Depending on the nature of the vegeta-
tion, they can apparently adapt to their environment
with the manifestation of specific behavioral patterns,
particularly marking behavior, to enhance its effi-
ciency. Thus, the data obtained providing perspective
for further research on common hamster behavior
in the wild.
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Video supplements
Nel. (20.04.21 at 21:01) Male flank marking
Ne2. (21.04.21 at 20:45) Saliva marking

Ne3. (23.04.21 at 20:19) A hamster flank marks near the
burrow

Ne4. (24.04.21 at 02:10) Male #6 flank marking and
escaping near the stone

Ne5. (24.04.21 at 02:50) Male #6 marking substrate using
its midventral gland

Ne6. Sexual behavior of the common hamster

Supplement video files link

https://drive.google.com/drive/folders/1Sz8netwH-TOLIld
rHUIXWjnWuqql URkO3?usp=drive_link

Additional YouTube links
(Video materials from other authors)

1) https://www.youtube.com/watch?v=5YVeHOodFbM
(7:00—7:11) (A fragment of the film —Expeditionen
ins Tierreich) Director: Gunther Josef Goldman

2) https://www.youtube.com/watch?v=31vYi4H1ITA
(0:47—1:02) (Author: David Cebulla)

3) HYPERLINK “https://eurOl.safelinks.protection.
outlook.com/?url=https%3A%?2F %2 Fwww.youtube.
com%2Fwatch%3Fv%3Dkze6e9INA-0Q&data=
05%7C02%7Cjoanna.ziomek%40amu.edu.pl%7C91
c8f4f4a69548cfd91608dc22336d47%7C73689
eelb42f4e25a5f666d1f29bc092%7C0%7C0%
7C638422851471241337%7CUnknown%7CTWFpbGZ
sb3d8eyJWIjoiMC4wLjAWMDAILCJQIljoiV2IuMz
IiLCJBTil61k 1haWwiLCIXVCI6Mn0%3D%7C0%
7C%7C%7C&sdata=GXypF05%2FBldUvqwAqnU-
u2HTSa4CNTqjr%2BuLrg70E3dw%3D&reserved=0"
https://www.youtube.com/watch?v=kze6e9INA-0Q
(Full video) (Author: Urszula Eichert)
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PA3JIMYHBIE TUIIBI MAPKNPOBOYHOI'O IIOBEJIEHUAA,
HABJIOJAEMBIE B ITPUPOJE B CE3OH PASMHOXEHUA
Y OBbIKHOBEHHOI'O XOMAKA (CRICETUS CRICETUS,
CRICETIDAE, RODENTIA)

B. I1. Kynpusinos" *, A. B. Cypos" **

' Huemumym npo6aem sxonocuu u s60arouuu umenu A.H. Cesepyoea PAH,
Jlenunckuii np., 33, Mockea, 119071 Poccus
*e-mail: meahn@mail.ru

**o-mail: surov@sevin.ru

C noMoIbio (pOTONOBYIIEK M PYYHBIX BUIEOKaMep PETUCTPUPOBATIA MapKHUPOBOYHOE MTOBEICHIE
o0bIKHOBeHHOTr0 xoMsika (Cricetus cricetus) B boranuueckom caay umM. H.1. barposa (CumdepornoJib,
Kpreim). Ommcanbl pa3HooOpa3Hbie (OPpMBI MAPKHPOBKU: C TIOMOIIBIO OOKOBBIX XKeJI€3 (B YaCTHOCTH,
U PKYJIeTIOn00HbIe NBUKEHUS B TpaBe U IIOTUPAHUST OOKOBBIMH XeJIe3aMHU O KaMEeHb), MapKHpPOBKa
cpemaHe-0pIoLIHOM Xkeje30it u ap. PazHooOpa3ue (hopM MapKHUpOBOUHOTO MOBEACHUSI OOBIKHOBEHHOT'O
XOMsIKa Ha pa3HOM cybcTpaTe MOXeT CIiocoOCcTBOBaTh OoJiee 3(pheKTUBHOMY UCIOIb30BAHUIO
MaxXy4UX METOK B ITOAAEPKaHNUY COIIMATBHON CTPYKTYPHI BUIA, YTO 0COOEHHO BaXXHO IPU BBICOKOM
MJIOTHOCTH TIONMYJISIIIUI B YCIIOBUSIX TOPOICKOM CPEIBI.

Karouegbie cnosa: 1TomoBoe TIOBENEHNE, MapKUPOBOYHOE IIOBENEHME, OOKOBBIE JKENE3BI, CPEIHe-
OpIOIIHAs XeJie3a, TOPOICcKas cpeaa
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Dahl’s jird, Meriones dahli, is a critically endangered species restricted to a small area in central
Transcaucasia. The phylogenetic position of Dahl’s jird within the Midday jird species complex was
assessed based on the DNA of museum material. Both mitochondrial and nuclear gene sequences were
employed. Dahl’s jird has been found to be a sister group close to M. penicilliger, which is distributed in
Turan. This result suggests the existence of a late Middle Pleistocene dispersal corridor for psammophilic
species that is known to have connected the Transcaucasian and Transcaspian regions.
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The Dahl’s jird (Meriones dahli Shidlovsky 1962) is
a narrow endemic of the Ararat Plain where it inhabits
relict sands in Armenia, Nakhichevan, and Northeast-
ern Turkey. The historic range of the Dahl’s jird was
divided into several isolated patches and covered less
than 300 ha in the 1960s (Bulut, 2022; Sahakyan et al.,
2009). However, Sahakyan et al. (2009) report finding
no specimens during an intensive study in Armenia in
2006—2007. Thus, M. dahli is now considered critically
endangered or extinct in Armenia due to anthropogen-
ic habitat destruction (Sahakyan et al., 2009; Wilson
et al., 2017; Dando, 2021).

The Dahl’s jird belongs to the species complex of the
Midday jird, which also includes several Central Asian
species (Heptner, 1968; Nanova, 2014; Nanova et al.,
2020): the northern M. meridianus Pallas 1773 (distribu-
tion from the North Caucasus through North Kazakhstan
to Dzungar Basin), the southern M. penicilliger Heptner
1933 (Karakum, Kyzylkum, and Southeast Kazakhstan),
and the eastern M. psammophilus Milne-Edwards 1871
(most East Central Asian deserts) (Fig. 1). The Dahl’s jird
was first described as the subspecies M. meridianus dahli

! Supplementary material (online resource 1, 2, 3) to the article are
located at the link https://doi.org/10.31857/S0044513424030116

by Shidlovsky (1962) from Sadarak steppe in Armenia on
the basis of external body traits, such as coat color and
hind foot length. It has dark and brightly colored fur on
the back, from brownish-ocher to brownish-ash, light ab-
domen, and black tail brush. Later, Dyatlov and Avanyan
(1987) elevated the Dahl’s jird to a full species rank based
on hybridization experiments and the physiological traits
associated with plague resistance. The karyotype of Dahl’s
jird was described by Korobitsyna (1969), highlighting the
specific features of its Y-chromosome morphology.

According to the study of craniometric variation with-
in the Midday jird superspecies complex (Nanova, 2014),
cranial morphology of the Dahl’s jird is similar to that of
the nominative Midday Jird species M. meridianus.

Recently, the first genetic data on the Dahl’s jird for
several specimens from Turkey (Bulut, Karacan, 2021)
were published, including sequences of one mitochon-
drial and one nuclear gene (cyth and IRBP, respectively).
The phylogenetic analysis confirmed that the Dahl’s jird
belongs to the species complex of the Midday jird, and its
authors suggested to treat the Dahl’s jird as a subspecies,
M. meridianus dahli. However, that study did not discuss
the relationships among the genetic lineages (species)
within the Midday jird species complex.
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Fig. 1. Map showing distribution of taxa belonging to Meriones meridianus species complex. Green — M. meridianus, orange —
M. pennicilliger, blue — M. psammophilus, red — M. dahli, triangle — morphological data (Nanova, 2014), circle — previous
genetic data, diamond — original genetic data. Hatched area — approximate range of species complex. Red frame shows

a more detailed distribution map of M. dahli specimens.

Thus, genetic, morphological, caryological, and hy-
bridological data provide controversial results. In the
present study, we attempt to resolve the existing taxo-
nomic issues in the Midday jird species complex using
phylogenetic analyses of extended genetic data. Here we
try to elucidate relationships between Dahl’s jird and
M. meridianus, M. penicilliger, and M. psammophilus.

MATERIALS AND METHODS

DNA Extraction, Amplification, and Sequencing

The original sample set of M. dahli used in the
current study included nine specimens collected in
1958—1967 in Armenia and Nakhichevan (Azerbaijan)
and stored in the collection of the Section of Mammal-
ogy of the Zoological Museum of Lomonosov Moscow
State University (ZMMU) (table 1).

Small pieces of dried skin (approximately 2 X 2 mm)
from the rostrum or ventral region were used for DNA
extraction. To avoid contamination, we conducted ex-
traction and amplification of DNA from the museum
specimens in the ZMMU Cabinet of Historical DNA,
equipped exclusively for procedures with museum DNA
specimens, where no previous analysis on fresh tissues
had been performed. We utilized a protocol with the
QIAamp DNA MiniKit (Qiagen, Germany), modified
to include an overnight lysis step at 56 °C and longer in-
cubation with EB buffer (5 min) during the purification
step. In addition, in the present study we obtained ge-
netic data for two M. meridianus specimens and three M.
penicilliger specimens collected in recent years (table).
Molecular procedures using DNA extracted from the
fresh tissues were performed as in Nanova et al. (2020).
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We amplified the mitochondrial cytochrome b gene
(cyth) and fragments of two nuclear genes: exon 1 of
the interphotoreceptor binding protein gene (IRBP,
partial exon 1) and exon 11 of the breast cancer type 1
susceptibility protein gene (BRCALI, partial exon 11). In
the museum specimens, the DNA was highly degrad-
ed; thus, only short fragments (~200—400 bp) were ob-
tained using a combination of internal primers designed
for this study (Online Resource 1, Table S1). The PCR
program for amplification of short fragments included
an initial denaturation at 95 °C for 3 min, 45 cycles of
30sat 95 °C, 30 s at the annealing temperature (Online
Resource 1, Table S2), and 30 s at 72 °C, followed by
a final extension at 72 °C for 6 min. All stages of the ex-
traction and PCR processes included a negative control.

PCR products were separated in 1.5% agarose gel
stained with ethidium bromide, visualized in UV light,
sliced, and purified using a GeneJET Gel Extraction
Kit (ThermoFisher Scientific, United States), accord-
ing to the manufacturer’s instructions to remove primer
dimers and potential non-specific products. The nucle-
otide sequences were determined using an ABI PRISM
3500xL automatic sequencer with BigDye Terminator
Chemistry v. 3.1 (Applied Biosystems, United States) at
the Genome Center for Collective Use of the Research
Centre for Medical Genetics using PCR primers (On-
line Resource 1, Table S1).

In total, we obtained sequences of partial or com-
plete cytb and partial IRBP for nine specimens of
M. dahli and partial BRCA1 for four of those speci-
mens. The dataset also contained GenBank sequences
originating from the Turkish population of the Dahl’s
jird examined previously by Bulut and Karacan (2021)
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(three cytb haplotypes and four IRBP sequences). We
also included in the analysis multiple sequences of other
taxa from the Midday jird species complex, in particu-
lar 28 sequences of M. meridianus (26 from GenBank
and two sequenced de novo), 36 sequences of M. psam-
mophilus (all from GenBank), and 16 sequences of
M. penicilliger (13 from GenBank and three sequenced
de novo) (table; Online Resource 2, Table S3).

All sequences were assembled in SeqMan (DNAS-
TAR, Lasergene, United States) and the alignments
were built in BioEdit v. 7.0.4.1 (Hall, 1999). The se-
quences obtained in this study were deposited in Gen-
Bank (see table).

Phylogenetic Analyses of Mitochondrial Data

Phylogenetic trees were reconstructed under maxi-
mum likelihood (ML) and Bayesian inference (BI) cri-
teria. The alignment consisted of 92 sequences of gerbils
belonging to the Midday Jird species complex. Nucle-
otide sequences from Meriones unguiculatus and M. lib-
yeus were used as outgroups. The ML reconstructions
were performed in IQTree version 1.6 (Nguyen et al.,
2015). The ModelFinder routine (Kalyaanamoorthy et
al., 2017) was used to identify the optimum partitioning
scheme and best-fit substitution models for each subset
under the Bayesian information criterion (see Online
Resource 3 for the command lines used). Clade stabili-
ty was estimated using Ultrafast Bootstrap (Minh et al.,
2013) with 10000 replicates.

Bayesian tree reconstruction was conducted in
BEAST version 1.10 (Drummond et al., 2012) under
a strict clock. Substitution models and partitioning
scheme were set as in the ML analysis. Birth-death pri-
or on tree shape was employed. The tree was calibrated
using a prior distribution on the cytb clock rate (log-
normal, mean =0.1, standard deviation= 0.023), which
corresponds to the posterior distribution generated in
our previous analysis of phylogenetic relationships in
the Midday jird species complex (Nanova et al., 2020).
Chain and burn-in lengths were set at 30,000,000 and
3,000,000 generations, respectively. Convergence diag-
nostics were performed using Tracer version 1.7. Nucle-
otide diversity was estimated in Arlequin 3.5 (Excoffier,
Lischer, 2010).

Nuclear Data Analyses

To examine the relationships among nuclear
gene variants, we reconstructed median-joining net-
works (MJ) using PopART v.1.7 (Leigh, Bryant, 2015;
https://popart.maths.otago.ac.nz). Prior to the analy-
ses, sequences with heterozygous positions were man-
ually phased using a parsimony approach (minimizing
the total number of observed haplotypes) as suggested
by Clark (1990). Alongside the sequences obtained de
novo, the alignment contained sequences of M. me-
ridianus, M. psammophilus, and M. penicilliger, the

300JIOTUYECKUN )KYPHAJTT  Towm 103

NANOVA u np.

haplotypic phase in which was inferred using PHASE
algorithm in our previous study (Nanova et al., 2020).
With the IRBP data, networks were reconstructed based
on either a shorter alignment containing sequences from
museum specimens or a longer alignment containing
GenBank sequence of M. dahli from Turkey.

RESULTS

Mitochondrial Data

Phylogenetic relationships among the cyth haplotypes
are illustrated in Fig. 2 (cytb_tree). In the ML tree, all
sequences of M. dahli form a compact highly supported
cluster with pi (nucleotide diversity) estimated at 0.0004.
For comparison, nucleotide diversity in regional popula-
tions of M. meridianus, M. penicilliger, and M. psammo-
philus is noticeably higher, ranging from 0.001 to 0.005
(median 0.004). Five of eight Dahl’s jird specimens with
complete cyth sequences have identical haplotypes. Two
other haplotypes differ from the most common variant
by single transitions at the third codon positions. The
M. dahli cluster is placed with high support as the sister
group to the lineage comprising all sequences of M. pen-
icilliger from West Central Asia. The latter includes hap-
lotypes from southern Dzungar Basin, East Kazakhstan,
and also newly obtained sequences from Southwestern
Turkmenistan and Kyzylkum desert. The p-distance be-
tween the M. dahli and M. penicilliger clusters is ~3.2%,
which is significantly lower than the p-distance between
M. dahli + M. penicilliger and M. meridianus + M. psam-
mophilus (~9.8%) or between the latter two lineages
(~7.6%). It should be noted that the sequences of mid-
day jirds from Kalmykia, which represent populations
geographically most proximal to M. dahli range, defi-
nitely belong to the M. meridianus lineage. The topol-
ogy of the Bayesian ultrametric tree reconstructed in
BEAST is concordant with the ML tree. The divergence
time between M. dahli and M. penicilliger was estimated
at ~205 kya (95% HPD = 103—316 kya). However, we
suggest that this result should be treated with caution, as
it may be an overestimate due to the rate decay phenom-
enon (Ho et al., 2005).

Nuclear Data

The data on the short fragment of the IRBP gene
(159 bp) shows that majority of M. dahli specimens
(five of nine) were homozygous for the allele diag-
nostic of M. penicilliger (Fig 3a). At the same time,
three specimens were heterozygous for the penicil-
liger-like and meridianus-like alleles, the latter being
most common variant found across both M. meridi-
anus and M. psammophilus. Finally, one specimen was
homozygous for the meridianus-like allele. The four
longer (954 bp) sequences from Turkey can be inter-
preted as a homozygote for the meridianus-like allele,
a homozygote for the penicilliger-like allele, and two
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Fig. 2. Maximum likelihood tree reconstructing phylogenetic relationships among cytb haplotypes in the M. meridianus com-
plex. For color codes, see Fig. 1.
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Fig. 3. Median-joining network reconstructions in PopART of relationships among nuclear gene alleles: a — short fragment of IRBP
gene from museum specimens, b — longer fragment of IRBP gene using longer sequences of M. dahli specimens from Turkey (Bulut,
Karacan, 2021), ¢ — short fragment of BRCA1 gene. Circle size corresponds to the number of samples, color denotes the species (see
scale and color reference in the legend). Number of streaks on branches marks mutational steps between nodes.

heterozygotes. The position of the M. dahli sequenc-
es in the MJ network reconstructed for the longer
fragment is consistent with the reconstruction for the
shorter fragment (Fig 3b).

The results on the short fragment of BRCA1 (355 bp)
are less clear (Fig 3c). Two of the four M. dahli sequenc-
es are homozygous for the allele occurring in the most
of M. meridianus and M. psammophilus but found also
in one M. penicilliger. The same allele is present in the
other two M. dahli, however, in combination with some
unique alleles. Thus, the results for the BRCAI1 gene
should be regarded as indeterminate.

DISCUSSION

The genetic data analysis from both current and previ-
ous (Bulut, Karacan, 2021) studies shows that Dahl’s jird
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individuals from Armenia, Azerbaijan, and Turkey are ge-
netically homogeneous, thus suggesting that animals from
all studied localities may have belonged to a single popula-
tion, despite separation of the Turkish segment by the Aras
River. The species is now passing through a severe bottle-
neck accompanied by range fragmentation, which is illus-
trated by its likely extinction in Armenia in the most recent
past (Sahakyan et al., 2009).

Affiliation of the Dahl’s jird with the Midday jird
complex is strongly supported by genetic (Bulut, Ka-
racan, 2021; current study), morphological (Nanova,
2014), and physiological (Dyatlov, Avanyan, 1987) data.
However, the fact that the Dahl’s jird is a close relative
of M. penicilliger is rather unexpected. The latter tax-
on is distributed exclusively in the West Central Asian
deserts such as Karakum, Qyzylkum, and Saryesik-
Atyrau (Heptner, 1968; Pavlinov et al., 1990; Nanova
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et al., 2020). The range of M. dahli is separated from
most proximal populations of M. penicilliger by more
than 800 kilometers. At the same time, the molecular
pattern does not agree with morphological data (Nano-
va, 2014) that suggests that the Dahl’s jird is close to the
nominative species M. meridianus and in particular, to
its western subspecies M. m. nogaiorum, distributed in
the North Caucasus (minimum distance to M. dahli is
approximatey 400 km). Nonetheless, our mitochondri-
al data robustly support the close relationship between
the Dahl’s jird and M. penicilliger, while the available
nuclear data are consistent with this pattern. The ge-
netic distance (cytbh p-distance = 3.2%) between these
two clades can correspond to either close sister species
or intraspecific lineages, the latter interpretation being
more probable (Baker, Bradley, 2006).

The most interesting question that arises from the
genetic data is how the distribution pattern observed in
M. dahli—M. penicilliger could have evolved. A plausi-
ble scenario would imply an episode of colonization of
Transcaucasia from Turan by the ancestor of M. dahli in
the late Middle Pleistocene. West Central Asia in gener-
al, and Turan in particular, is a major center of diversity
of arid fauna (Heptner, 1945) that harbors a plethora of
specialized psammophiles. In contrast, the latter cate-
gory is poorly represented among vertebrates of Tran-
scaucasian deserts. The most likely colonization route
is through Iran; however, the exact position of dispersal
pathways suitable for psammophile species and the cli-
matic conditions at that time remain unclear. One may
hypothesize, even, that the dispersal corridor emerged
during a regression along the Caspian Sea shore. It
should be emphasized that no range disjunction compa-
rable to that in M. dahli—M. penicilliger is found in the
West Central Asian terrestrial psammophile tetrapods
(mammals and reptiles) such as jerboas (Paradipus, Er-
emodipus, and Dipus), ground squirrels (Spermophilop-
sis leptodactylus and Spermophilus fulvus), piebald shrew
(Diplomesodon), toad-head agamas Phrynocephalus
mystaceus and Ph. interscapularis, racerunners Eremias
grammica and E. lineolata, fringe-toed gecko Crosso-
bamon eversmanni, or sand boas (Eryx spp.) (Bannikov
et al., 1971; Gromov, Erbajeva, 1995; Ananjeva et al.,
2006; Zaitsev et al., 1995). To some extent, this pattern
can be attributed to relative paucity of Transcaucasian
psammophile fauna. Instead, a disjunct distribution is
observed in the Strauch’s racerunner Eremias strauchi
Kessler 1878 (Hosseinian Yousefkhani et al., 2016),
which is, however, not a psammophile but a sclerophile.
Its nominative subspecies inhabits Transcaucasia and
adjacent regions of East Turkey and Northwest Iran,
while E. s. kopetdaghica occurs in Northeast Iran and
Turkmenistan, the two subspecies being separated by
a gap in North Iran. High level of divergence between
these taxa suggests that this dichotomy is significantly
older than the M. penicilliger / M. dahli split, and thus
corresponds to a different biogeographic event.
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The presence of two divergent alleles (penicil-
liger-like and meridianus-like) in the IRBP gene of M.
dahli can be attributed to an episode of hybridization
between the Dahl’s jird and M. meridianus, which may
have dispersed from the Northern Caucasus deserts.
However, this hypothesis should be tested with more
loci. Dyatlov and Avanyan (1987) used two subspecies
M. m. meridianus and M. m. nogaiorum in their experi-
ments on hybridization between the Dahl’s jird and the
Midday jird. The results of this study indicated a signif-
icant reduction of fertility in the mixed pairs.

A previous craniometric study showed that the
Midday jird complex includes three large clusters cor-
responding to M. meridianus, M. penicilliger, and M.
psammophilus. These three species are all well distin-
guishable by skull measurements in contrast to M. dahli,
which falls into the M. meridianus cluster (Nanova,
2014). The reason for the discordance between genetic
and cranial morphometric data remains to be clarified.
In theory, it can be explained by the retention of the
plesiomorphic cranial shape in both M. dahli and M. m.
nogaiorum or, alternatively, by adaptive convergence of
skull morphology between these two westernmost forms
of the Midday Jird complex. A correlation between hab-
itat aridity and adaptive changes of several cranial traits
was previously shown by Alhajeri and Steppan (2018).
Finally, morphological similarity can be partly attribut-
ed to the consequences of the hypothetical hybridiza-
tion with M. meridianus.

CONCLUSION

The Dahl’s jird is genetically homogeneous through-
out its narrow range. The genetic data indicate its close
relationship with Turanian M. penicilliger, the diver-
gence level is consistent with the subspecies rank for
the Dahl’s jird. Most probably, the current distribution
range of the Dahl’s jird in Transcaucasia evolved as
a result of colonization from Turan via Iran, followed
by range fragmentation. Based on limited nuclear data,
one may hypothesize a gene flow event from North
Caucasian M. meridianus into the Dahl’s jird, which
should be tested using a multilocus approach.
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SUPPLEMENTARY INFORMATION

Online Resource 1 consists of Tables S1 and S2, which both
accompany the subsection “Extraction, Amplification, and
Sequencing” in the Materials and Methods section of the main text
and describe the primers used in the present study. Table S1 lists all
primers with the respective marker genes, sequences, and sources.
Table S2 provides information on the pairwise primer combinations,
as well as corresponding annealing temperatures and lengths (bp) of
the target fragments of the genes used in the study.

Online Resource 2 is Table S3, which provides additional
information referenced in the “Phylogenetic Analyses of
Mitochondrial Data” subsection of the Materials and Methods
section; it contains specimen codes (or in some cases haplotypes)
with corresponding geographical localities and country of origin,
species identification, GenBank accession numbers for the
relevant sequences, and the references.

Online Resource 3 provides the command lines used for
the ML reconstructions performed in 1QTree version 1.6
(Nguyen et al., 2015) with application of ModelFinder routine
(Kalyaanamoorthy et al., 2017) used to search for the optimum
partitioning scheme and best-fit substitution models for each
subset under the Bayesian information criterion.
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Ilecuanka Jlang (Meriones dahli) — Bua, HaxonsIuiics TIOM YTpO30il MCUE3HOBEHUS U OOUTAIOIIUIA
Ha HeOOJIBIIIONM TEPPUTOPUH B LIeHTpaJbHOM 3akaBKa3be. DuioreHeTMUECKOE MOJOXEHUE TTeCYaHKU
Hans B mpenenax BUAOBOTO KOMILJIEKCA MOTYACHHBIX TECYAHOK OLIEHEHO C TOMOIIbIO aHalu3a My3eii-
Hoii JIHK. HUccaenoBanuch MociaenoBaTeIbHOCTA KaK MUTOXOHIPUAJIbHBIX, TaK U SIAEPHBIX TeHOB. MBI
0OHAPYXIWIN, 9TO TTecuyaHKa [ajs sBisgeTcst OJIM3KO0i ceCTpUHCKOI TpyImoit K M. penicilliger, pactipo-
cTpaHeHHo# B TypaHe. Pe3yabTaT mo3BOJISIET MPEATOJOXNTh CYLIECTBOBAHUE B KOHIIE CPEMIHETO MUIeii-
CTOILIEHAa KOPHUAOpa pacceIeHMs IIcaMMOGUIbHBIX BUAOB, KOTOPBIi COeIMHSI 3aKaBKa3be U 3aKacIuid.

Knrwuessie crosa: kpunrtnaeckuii Bua, LlentpaabHas Asust, 3akaBKasbe, KOMILIeKe BunoB, Gerbillinae
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BrIsicHeHBI 0COOEHHOCTH MPEeHaTaIbHOTO POCTa M Pa3BUTHS BOASTHOM TOJIeBKUA. MMITJIaHTALIUS DM-
OPMOHOB TIPOUCXOAUT Ha 5-i IeHb OepeMeHHOCTHU. JlaHOo onmurcaHne MOP(OIOTMIECKIX TPU3HAKOB
SMOPHOHAIBLHOTO Pa3BUTHS Ha Pa3HBIX CPOKaX 6EpeMEHHOCTH U HalIleHbI YPaBHEHMSI pOCTa MACCHI U
JUIMHBI TeJ1a IOCTUMIUIAHTALIMOHHBIX O9MOPUOHOB. Pe3ynsraThl MHOXECTBEHHOIO PErPECCHOHHOTO aHa-
JIM3a MMOKa3ajiu, YTO Macca SMOPUOHOB, MPU YUeTe BIMUSIHKS Bo3pacTa OepeMEeHHOCTH, OTPULIATEIbHO
CBsI3aHa C IUIOMOBUTOCTbIO CaMOK. Pe3ybTaThl paboThI AOMOIHSIOT UMEIOLIUECS] CBEACHUS JIUTEPATYPbI
0 OMOJIOrMY Pa3BUTHS MJICKOIUTAIOIIMX X MOTYT OBITh MOJIE3HBI Il YCTAHOBJICHUST 9KBUBAJICHTHBIX
CTaIMii SMOPHMOHAILHOIO Pa3BUTHS Y PA3HBIX BUIOB IIPU IIPOBEACHUM CPAaBHUTEIbHBIX UCCIICIOBAHUIA.
Mopddororndyeckue IpU3HaKKU pa3BUTUS U YpaBHEHUSI SMOPUOHAIBLHOIO POCTAa MOTYT OBITh MCITOJIb-
30BaHEI IJIST OTIpeAesICHUs CpoKa 6epeMEeHHOCTH, KaJeHIApHBIX CPOKOB Havyajia M1 OKOHYaHWs Tiepruoaa
Pa3sMHOXEHUS B IIPUPOTHEIX TTOITYJISIIIASX.

Karouesoie carosa: Arvicola amphibius, sMOpuOH, Macca, JUIMHA, TIPU3HAKU Pa3BUTHUS, BO3pacT

OepeMEHHOCTHU
DOI: 10.31857/S0044513424030124, EDN: VBSNCG

IIpeHaTaabHBIN POCT U pa3BUTHE BIUSIOT HA UC-
X0l OepeMEHHOCTHU U 0JIaroIoJiydre IMOTOMCTBA I10-
clie poxaeHusd. BeiscHeHMe BUIOCITeM(PUIECKUX
3aKOHOMEPHOCTEM MPEeHATAILHOTO POCTA BAXKHO IS
pelIeHUs] TEOPETUUECKUX U METOIUUECKUX 32124 DM-
Opuosiornu, GU3NOJOTUHN, BOJIOIIMOHHON 1 TOITY-
JISIMoHHOI sKoyioruu. C ucnonb3oBaHMEM CBEIEHU
0 IpeHaTaJIbHOM POCTE MJICKOIMTAIOIIMX ITOKAa3aHO,
HampuMmep, 4TO MEXBUIOBBIE Pa3IMUUs CKOPOCTU
cTapeHUsI, OLIECHUBaeMOIl M0 BO3PACTHOMY YyBeElIM-
YEHUIO YPOBHS CMEPTHOCTH, MOJOXUTEIBHO CBSI3a-
HBI CO CKOPOCTBIO IPEeHAaTajJbHOTO U MOCTHATAJILHO-
ro pocta (Ricklefs, 2010). Madopmanusa o pocte u
pa3BUTUM 3MOPUOHOB HeoOXoauMa sl ompenele-
HUSI CPOKOB Havajlla U OKOHYAaHUSI C€30HA pPa3MHO-
KeHUs B npupoaHbix nonyasanusax (Tynukosa, Men-
Benena, 1956).

Tabau1bl HOpMaJILHOTO 3MOPUOHATBHOTO Pa3BU-
THUSI COCTABJICHBI JJIs1 1aOOpaTOPHBIX MBIIIE, KPBIC,
KpoaukoB (pi06aH u ap., 1975), oieHbero xomMmsuka
(Peromyscus maniculatus) (Davis, Keisler, 2016), peikeit
noneBku (Myodes glareolus) (Ozdzenski, Mystkowska,
1976), crennoit necrpymku (Lagurus lagurus) (Ty-
nukoBa, MenseneBa, 1956). [ToctuMmItiaHTalMOHHOE
pa3BUTHE U POCT BOASIHOM MOJIEBKU, IIIMPOKO UCTIONb-
3yeMOro o0beKTa MONyISIMOHHBIX U J1a00PaTOPHBIX
WUCClIeNOBaHMIi, HE U3YUYEeHbI, YTO OMpPEAeINUIO 1eb
JAHHOTO MCCJIEIOBAaHUS: ONUcaTh MOP(MOIOTUIECKIE

XapaKTepUCTUKU SMOPUOHOB Ha pa3HbIX CpoKax oepe-
MEHHOCTHY Y HaliTW YpaBHEHUS pOCTa MX JUHEHNHBIX U
BECOBBIX Pa3MepOB.

MATEPUAII U METOAMWKA

HccnenoBaHue BBIIIOIHEHO HAa BOASHBIX IMOJIEBKaX
J1abopaTOPHOM KOJOHUU MHCTUTYTa CUCTEMATUKU U
skosiorum xkuBoTHbIXx CO PAH. KonoHust ocHoBaHa
B 1984 1. XUBOTHBIMM, OTJIOBJIECHHBEIMU B YOMHCKOM
p-He HoBocubupckoil 001., 1 ¢ TexX Iop PeryiasipHO
MOITOJHATCS TUKUMU OCOOSIMM IJIS1 TTOAIeP>KAHUS Te-
HETUYECKOI TeTepOreHHOCTH.

ZKUBOTHBIX comepKalli TIPpU €CTECTBEHHOM CBETO-
BOM pexuMe, temreparype 18—22 °C, cBoOOOIHOM 10-
CTyIIe K BoJe ¥ KOpMY (pacrapeHHas 36pHOBast CMECh,
OBOIIIM, TPOPOCTKU 3J1aKOB, CBeXasl TpaBa). Y caMoK,
CcolepXKaBIIMXCS B ITape ¢ caMIoM, exenHeBHO (¢ 9:00
1o 11:00 9) uccnemoBany BarmHaJbHBIE Ma3KM Ha Ha-
JINYKE CIepMaTO30UI0B WJIM BarMHAJAbHOMN MIPOOKU
JUISL oTpenesieHusT naThl Konynsiuuu. HacryrieHue
OepeMeHHOCTHU TOATBEPXKIAIN aHAJTM30M IIUTOJIOTH-
YeCKOI'0 COCTaBa BarMHAIbHBIX Ma3KOB, B3IThIX Yepe3
1—3 gug nocie crmapuBanus. I1o HamM HaOIIOOEHM -
SIM, Y OepeMeHHBIX CaMOK KJIETOYHBII COCTaB Ma3Ka
PE3KO U3MEHSIETC IT0C)Ie CrlapMBaHus U IIPeAcTaBIeH
MPEeUMYIIeCTBEHHO JieiikouuTamu. CrepMaTo30u-
JIBl Uepe3 CYTKHU T0C/e CIapUBAaHUS HE BbISIBIISIIOTCS.
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JOTTOTHUTETLHBIM U TOCTATOYHO HaIeXXHBIM KpPHUTe-
pueM HACTYIJIeHUSI 0epEMEHHOCTU CIYXUT YBEJIH-
YyeHMe Macchl Tejla CaMKU 4yepe3 5 mHel mocie cra-
puBaHus. [Ipu BBIMTOJTHEHUU 3TUX YCIOBUI U AJs
yno6cTBa cpaBHeHUd ¢ Apyrumu Bunamu (Ozdzenski,
Mystkowska, 1976, 1976a) neHb 0OHapyXeHUS CIIep-
MAaTO30MIOB WJIM BarMHAJIbLHOM MPOOKM, CBUIETEh-
CTBYIOIIMX O TIPOIIENIIeH KOMYISIINN, CIUTATN TIep-
BbIM JTHEM OepeMEHHOCTU. Y BCeX caMOK OepeMeH-
HOCTb ObLJIa TIEPBO1 B PENPOAYKTUBHOM CE30HE U HE
coBMelllaiach ¢ JakTauueit. Bodpact camok cocraBiisii
1-2 ropa.

OBTaHa3UIO TIPOBOAWIM MyTeM AeKanutauuu. W3-
BJIEYEHUE IMOPUOHOB M3 MAaTKU HA paHHEH MOCTUM-
MJIaHTAUMOHHOM CTaAWU Pa3BUTHS BBIMOJIHSIIN TI0
meronuke (Udan, Dickinson, 2010). /Ing omucanus
MOP(}OIOTNYEeCKMX MPU3HAKOB MCIIOJIb30BaHbI 147
3MOPHOHOB OT 26 caMOK Ha 8—19-ii 1eHb GepeMeHHO-
cti ¥ 13 9MOGPHUOHOB OT IBYX CaMOK Ha 6-if wiau 7-i
JIleHb OepeMeHHOCTH. TakxKe OBbIJIO MccaenoBaHo 5 ca-
MOK 063 BUAUMBIX MECT UMILJIAaHTAalUUU Ha 4—5-ii AeHb
o6epemMeHHOCTH. C MOMOILBIO HITTPUILIA, 3aTTOTHEHHO-
ro cpenoii 199, nmpombiBaay pora MaTKu Moja MUKpPO-
ckortoMm MBC-10 (X28) u ompenensin HaIu4Iue O0-
WMILIAHTALlMOHHBIX SMOPUOHOB. Y CaMOK OlleHUBau
YUCJIO XENTHIX TeJl 0epeMEeHHOCTH, MECT UMILJIAaHTALUKN
M YKCJIO XXUBBIX 3SMOPUOHOB. Maccy 1 JJIMHY 3MOpUO-
HOB OlLIEHUBAJIU, HaUYMHAas ¢ 8-TO THSI OEpPEeMEHHOCTH.
HNsmepenue macchl (n = 114) u 1auHBI SMOPUOHOB
(n=117) mpoBeneHo y 21 u 23 6epeMeHHBIX CAMOK CO-
OTBETCTBEHHO. /1151 ompeneieH1s: MacChbl SMOPHMOHOB
ucnioab3oBaiu Becbl VIBRA cepuu HT.HTR (Hau-
MeHbIIui npeaen B3BemBaHus 0.01 T, TOUHOCTD 13-
mepeHus 0.001 r). JnuHy SMOpHMOHOB M3MEPSITIA OT
TEeMEHM 10 HU3a TyJoBuia (puc. 1), UCIIOIb3ys IIPO-
rpaMMHOe obecIieueHne K mudpoBoit Kamepe K MH-
Kpockoiy Watec.

s mpencraBuTeseil ceMeiicTBa MOJIEBOYBHUX Xa-
pakTepHa MHAyUHUpOBaHHas oBy/sinus. OO6pa3oBaHue
3petbIX (DOJIITMKYJIOB MPOUCXOIUT B TeueHue 6—24 ya-
coB mocie cnapuBaHus (Roberts et al., 1999). Ilo
3TOM MPUYMHE Pa3BUTHE SMOPUOHOB OJHOTO ITOME-
Ta TETEPOXPOHHO, M YCTAHOBJIEHNE CPOKa OepeMeH -
HOCTH ClieflyeT TIPOU3BOIUTH MOCje 00CIeT0OBaHMS
Bcex 3MOpPUOHOB OepeMeHHOM camku (Ozdzenski,
Mystkowska, 1976).

Uit HaxoXJIeHUs ypaBHEHUM pocTa MpUMEHS -
JIU PErpecCUOHHBIN aHaln3, IPU 3TOM B KaueCTBE
3aBUCHUMOM MEPEMEHHOM HCII0Jb30BaM CPEIHIO0
Maccy M IUIMHY SMOPHOHOB B TToMeTe. Beioop ypas-
HeHUus1 pocTa (CTeleHHass WM MOJMHOMUAJIbHAs
(byHKI1IMST) OCHOBBIBaAJICS Ha HauOOJIblIEl BeJIMUMHE
Ko PuumeHTa nerepmuHanuu. sl ycTaHOBISHUS
BJIMSIHYS TIpEHATaJIbHON BEJIMUYMHBI [TIOMETa HAa POCT
cpeaHeit Macchl M CpemHeN IIMHBI SMOPHUOHOB TIPH-
MEHSJIM MHOXECTBEHHBIN pPErpeCcCUOHHBIN aHaIMU3.
B kauecTBe HE3aBUCHUMBIX TIEPEMEHHBIX UCHOIb30-
BaJid YMCJIO XKMBBIX 9MOPUOHOB U BO3pACT OepeMeH-
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Puc. 1. DMOpuoH BoasiHOI TonieBKU (Arvicola amphi-
bius), Bo3pacT 14 nHeii. I3aMepeHue IIMHBL.

HocTu. [ToCcKOJIbKY 3aBUCUMOCTbh MEXIY pa3MepHbI-
MU XapaKTepuCcTUKaMyu 3MOPUOHOB U BO3pacToM Oe-
PEeMEHHOCTH HeJIMHeHa, Tiepen IpUMeHeHUEM MHO-
JKECTBEHHOT'O PerpecCUOHHOI0 aHajlu3a BITTOJHUIU
JiorapugmMuyeckoe rnpeodpa3zoBaHUe MACChl, JJIUHBI
SMOPHOHOB U Bo3pacTa bepeMeHHOCTU. CTaTUCTUYE-
CKy10 00pabOTKy JaHHBIX BBIMOJHSUIM B MpOrpaMMme
Statistica 6.1.

PE3VJIBTATDBI

Kenteie Tesa 0epeMEHHOCTU UMEIN PO30BaTO-KO-
PUYHEBBII 1IBET M pa3Mep okKoJjo 1.5 MM (puc. 2a).

CpeaHee YMCITO XKeAThIX TeJI COCTaBIIsuIo 6.431+0.22.
CpeaHee YMCI0 MECT MMIUTaHTaLMii 5.65+£0.28. Cpen-
Hee YMCJI0 XXUBBIX 3MOpHoHOB 5.4310.25. JloummiaH-
TallMOHHAsI CMEPTHOCTh (Pa3HOCTb MEXAY YHMCIIOM
KEJITBIX TeJ W YUCJIOM MECT UMIUIAHTALWA, JeJIeH-
Hasl Ha YMCJIO KENTBIX TeJI) cocTtaBuiia 12.2+2.7%.
[MocTUMMIIaHTalIMOHHAsT CMEPTHOCTDH (OTHOIIEHUE
YHCIIa TOTHOIINX SMOPUOHOB K YHCITY MECT UMITIaH-
tauun) 2.7x1.6%.

Ha 4-ii neHb 6epeMeHHOCTU AMOPUOHBI MSATU UC-
c/leJOBaHHbBIX CAMOK HaXOIUJIWUCh B porax MaTKM Ha
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HA3APOBA u np.

Puc. 2. XKenrele Tena 6epeMeHHOCTH (@), MaTKa Ha 4-ii IeHb OepeMeHHOCTH (6), MaTKa Ha 6-ii 1eHb GepeMeHHOCTH (8).

CTaAuM MOPYJbl WM OJIACTOLIMCTHI, a MaTKa Oblja
CWJILHO HaOyxieit (puc. 26). Mecta uMIJIaHTallUK B
MaTKe 0OHapy:XMBaJIMCh TOJIbKO Ha 5—6-i1 meHb Oc-
PEMEHHOCTU U BBINISIAEAU KaK HEOObIINEe B3AyTUS
(puc. 26). Ha 7-i1 neHb 6epeMeHHOCTH MeCTa MMILJIaH-
Tallu¥ MMEJI OTYETIIMBYIO OKPYIIIyIo (hopMy B BUIE
“OycuH”. BBICTpBIf pOCT SMOPHMOHOB COMPOBOXKIAI -
cs UIBMeHeHreM (OPMbl UMIUIAHTAIIMOHHBIX B3MYTHUA.
Ha 14-e cyTku oHU cTaHOBMWJIACh OBaJIbHBIMU, U M-
OpHOHBI C IJIalleHTaMU MTPOCBEUYMBAJIN Yepe3 CTEHKY
MaTku. CBemeHUST 0 MOP(OJTOTHIECKIUX N3MEHEHMSIX
5MOPHMOHOB Ha pa3HBIX CpOKax OEpeMEHHOCTU IIPUBE-
NEHHBI B Ta0I. 1.

B Tabs1. 2 ykazaHbl NpuU3HaKU pa3BUTUSI, TO3BOJIS -
I01lIMe JOCTATOYHO TOYHO YCTAHABIMBATH BO3PACT M-
OpPUOHOB.

Mexny cpenHeit Mmaccoit 9SMOpMOHOB (T) 1 X BO3-
pacTtoM (IHM) oOHapyXeHa KpMBOJIMHEHAs 3aBUCH-
MocTh (R* = 0.9526), HauGoJee TOYHO ONMUChIBaeMast
CTeNeHHOM (hyHKUMEI:

Macca =2 x 10710 x Bo3pach‘0696

BospacT 3MOpnOHOB Ha OCHOBAaHMM M3BECTHOM
Macchl MOXHO OMpPEAeTUTh C TTOMOIIBI0 OOpaTHOM
¢byskuum (puc. 3):

Bospact = 16.252 x macca’'™®

3aBUCHUMOCTD CpeAHel JIMHBI SMOPUOHOB (MM) OT
Bo3pacTa (IHU) NOAYMHSIETCS KBaaApaTUIHOU (PYHK-
mu (R*= 0.978):

JmiHa = 0.1475 x Bo3pact® — 1.5828 X
X Bospact + 6.2338

CoOTBeTCTBEHHO, BO3pacT SMOPHUOHOB I10 U3BECT-
HOM JJTMHE MOXKHO OIIPEAETIUTD C TIOMOIIBI0 00paTHOM
¢byskuum (puc. 4):
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Bospact = —0.0087 x mriHa’ + 0.6564 X
X nnuHa + 6.883

Kaxk mokazanu pe3yabpTaTbl MHOKXECTBEHHOTO pe-
TPECCUOHHOTO aHa/In3a (R2 =10.9641, p < 0.001), cpen-
HsIs1 Macca SMOPHOHOB 3aBUCUT OT Bo3pacTa OepeMeH-
HoctH (f = 7.67%0.35, p < 0.001) 1 BeTMIMHBI TTOMETA
(5 =—-0.18%0.07, p < 0.05).

YpaBHeHME pocTa SMOPUOHOB C YICTOM BIMSHUS
BEJIMYMHBI TOMETAa UMEET BUIL:

Macca = e7.6740 X In(Bo3pact) — 0.1798 X N — 20‘339’

rae N — 4ucio 3MOPUOHOB.

HocToBepHOE BIUSIHUE BETUYMHBI TTOMETa Ha -
HY 9MOpPHOHOB HEe 0OHAPYXkKEHO.

OBCYXIEHUNE

[NosrydeHBI HOBBIE CBEIEHUS O TIOCTUMILIAHTALIN -
OHHOM Pa3BUTUU U POCTE SMOPUOHOB BOISIHOM IMO-
neBk. UMIuTaHTanius SMOPHMOHOB B MaTKY IPOUCXO-
IWUT Ha 5-i JeHb OepeMEHHOCTH, B TaK1E XKe CPOKHU,
Kak u y ayroBoit moneBku (Roberts et al., 1999), pbi-
xeit moneBku (Ozdzenski, Mystkowska, 1976, 1976a),
JIOMOBO¥ MBILLIX U HOPBEXKCKOM KpbIChI ([Ib10aH u ap.,
1975). AnuTeabHOCTb OEPEMEHHOCTH U BO3pacTHasI
MTOCTIeMOBATENIBHOCTD CTaIU MOP(MOIOTHMYECKOTO pas3-
BUTHS BOOSITHOM MOJIEBKM COOTBETCTBYIOT TAKOBBIM JI0-
MoBoO# MbIu ([Ib106aH u ap., 1975) u peixeil mojaeBKu
(Ozdzenski, Mystkowska, 1976, 1976a).

Boinee 100 net Hazag Sansom (1922) ucciaenoBan
MepUUMILIAHTAIIMOHHOE Pa3BUTHE BOASHON MOJIEBKU
M IIPOUCXOXICHUE T’MTAHTCKUX KJIETOK B MECTax MM-
TUTAHTAIINN, UCTIOIB3YS OepeMEHHBIX CaMOK U3 TIPH-
ponHoit monyisiuu. Pe3yabraTel ero paboThl ITOKa3a-
JI, 4TO OTJTIONOTBOPEHME OCYIIECTBIISIETCST B KariCcysie
siilieBoa, a MmepBoe nejieHue — B Matke. JIpobGieHue
acMHXpoHHOe. Bo BpeMs mepBEIX IpoOIIeHUI pa3Mep
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Taomuna 1. Mopdonornyeckue xapakKTepuCTUKI SMOPUOHOB Ha pa3HbBIX CPOKax OepeMeHHOCTH

IIpusznak

JleHb OepeMeHHOCTU

1112|1314 15]| 16

10 17 | 18 | 19

Temo sMOpHOHA M30THYTO JOPCATBLHOM MOBEPXHOCTBIO BHYTPh

3M6pI/IOHOB MJIEKOMMUTAIOINX

OMOpPHOH NMpUHUMAaET (OpMy, XapaKTepHYIO 1151 OOJbIIMHCTBA

+

MecTa UMITIaHTALMU OKPYLIOH (OpMBbI

13—21 coMur

KabepHble nyru

I'nasHbIe My3bIPHKHA

CyxoBbie TTy3bIpbKU

|+ [+ ]+

IMosiBnsieTcst YlIHasda paKOBHHa

ITurmeHT ceTyaTKu cj1abo BhIpaxkeH

[TurMeHT ceTyaTKu BbBIpa’k€H OTYETIUBO

KoHuuk xBOCTa JOCTaeT 10 rOJIOBBI

ypoBHe 8—12 coMUTOB

3ayaTku CpCaAHUX KOHEUHOCTE! B BUIE HEOOBIINX BBHYTI/Iﬁ Ha

ypoBHE 23—28 cOMUTOB

3ayaTKu 3aJHUX KOHEYHOCTEN B BUIE HEOOJbIINX B3[[WI/II7[ Ha

CTAaHOBUTCA YIJ1OBAaTbIM

ITanbleBas niaacTMHKA TEPACT NIPU3HAKN OKPYITIOCTU, KOHTYD

PacxoxneHue nanbueB nepeaHuXx KOHEYHOCTEN

PacxoxneHue najblieB 3aJHUX KOHEUHOCTEH

+

COCy,Z[I)I TOJIOBbI

Xopomo OIMpEaACIACTCA 1TOJ

3aMeTHBI 3a4aTKU BUOpUCC

4|+ [+
++ [+ |+ ]+
N
N

Beku oTKpBITHI

Beku yactTuuHO 3aKphbIBAIOT I1a3a

FlH [+ ||+ [+

J’_

Bexu nmosHOCTHIO 3aKphbIBaIoOT Ijias3a

+

BonocsHbIe (hONTMKYIIBI pacIIpOCTPAHEHBI 110 BCEMY TEITY

IonoiBeHHbIE OYTOPKU

Bunas! kortu

|+ [+]+

ITurmMeHT Ha roJIOBE U CITMHE

CxJ1aIKy Ha KOXe

BTOpI/I‘IHOC CJIMAHUC MAJIbILICB

F |||+
S R R e

5MOpPHOHOB CYILIECTBEHHO He u3MeHseTcsa. CpemHuil
pa3Mep IBYXKJIETOYHOro 3MOpHoHa 57 MKM, BOCbMU-
KJIETOYHOTO — 64 , IBEHAALIATUKIETOYHOTO — 65 MKM.
Pazmep 61acTOLUCTHI 75 MKM, BHYTPEHHEM KJIETOUHOM
Macchl — 45 MKM, ToyuHa zona pellucida — 3 MkMm.
3penas MialeHTa AUCKOUIAIbHAsI, TeMOXOPUATbHO-
ro tumna. Yto KacaeTcsi TMTAaHTCKUX KJIETOK B MeCTax
UMIIJIAaHTallu1, TO APYTUe aBTOPbI MO3XKE YCTAHOBU-
JIU UX O9MOPUOHAJILHOE MPOUCXOXIEHUE U Ha3BaJlu
TUTAaHTCKUMMU KJIeTKaMu TpodobiaacTa. DTU KIETKHU
MOJIMIIJIONIHBI, 00JIagaioT ¢aroMTapHO CII0CO0-
HOCTBIO U XapaKTepU3YIOTCsI BBICOKOI 3KCIIpeccHeit
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mianeHTapHoro jJakroreHa (Favaron, Carter, 2023).
Kitetku Tpodobiacta, HEeMOCPeACTBEHHO B3aUMOIEH-
CTBYS C MaTKOM, YYaCTBYIOT B UMIUIAHTAIIUM U JAIOT
Hayajio TKaHSIM TLIalleHTHI.

CorjacHo HalllUM JaHHbBIM, Y BOJASIHOI TOJIEBKH,
KaK APYTUX TUTAIIEHTApHBIX MJIICKOTTUTAIOIINX, YBEIH -
YyeHUe MacChl SMOPUOHOB B TeueHUE OEPEeMEHHOCTU
nomunHseTcs creneHHoi ¢yHkuum (Ricklefs, 2010).
ITpuxr3HeHHOe U3y4yeHHe BO3PACTHBIX U3MEHEeHU
JIMHEHHBIX pa3MepOB SMOPUOHOB MBIIIU C UCTIOJb-
30BaHUEM YJIbTPa3BYKOBbIX METOJOB ITOKa3ajo, 4To
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HA3APOBA u np.

Taomuna 2. Mopdonornyeckue npru3Hakv BO3pacta SMOPUOHOB

Bo3pacr.
pact, ITpusHaku
IIeHb

8 Tesno sMOprOHA ONYKPYIJIO U30THYTO NOPCATBHON MOBEPXHOCTHIO BHYTPh

9 Jop3anbHast TTOBEPXHOCTDb BHITHYTA; SMOPUOH NpUHUMAaeT opMy, XapaKTEPHYIO IIJisT OOJBITMHCTBA
SMOPHOHOB MJICKOITUTAIOIINAX

10 13—21 coMmuT; 3a4aTKM IIepeIHNX KOHEUHOCTEH Ha ypoBHE 8§—12 COMUTOB; TNIA3HOM 1 CIIYXOBOM ITy3BIPbKHI

11 Bonee 21 commuTa; MMrMeHTUpOBaHHAsI KaiiMa I71a3a cJ1abo BEIpaXkeHa; 3a4aTKU 3aHUX KOHEYHOCTEe! Ha
ypoBHe 23—28 cOMUTOB

12 3aMeTeH XpyCTaIMK IJ1a3a; MATMEHTUPOBAaHHAs KaiiMa IJ1a3a; COCYIbI TOJIOBbI; KOHUYMK XBOCTa TOCTAacT
TOJIOBBI

13 Han ciryXoBBIM OTBEpPCTHEM BBICTYMNAET 3a4aTOK YITHOI paKOBUHBI; ITaJIblieBasl IJIACTUHKA TEPsIeT IPU-
3HAaKM OKPYIJIOCTU, €€ KOHTYP CTAHOBUTCS YIJIOBAThIM; IMaJIbLIEBbIE JIyUM Ha TEPEAHUX U 3aIHMX KOHEY -
HOCTSIX

14 PacxoxneHue maablieB epeaHUX U KOHEYHOCTEe; 3a4aTK BUOPUCC; YIITHAS paKOBMHA 3aKPhIBAET CIIy-
XOBO€ OTBEPCTHUE

15 Xopollo onpeneaseTcs MoJj; MOBEPXHOCTHbIE BEHBI;
pacxoXIeH!e MaibleB 3aTHNX KOHEUHOCTEH

16 BunmHBI KOT'TH; BEKM YaCTUYHO 3aKPBIBAIOT I1a3a

17 IMomommBeHHBIE OYTOPKM; BOJIOCSIHBIE (DOJLTHKYJIIBI

18 Bexu mMoJIHOCTRIO 3aKPHIBAIOT IJIa3a; CKIIAIKHM Ha KOXe; BOJOCSIHBIC (DOJUIMKYIBI PaCIPOCTpaHEHHI 10
BCEMY TeIy

19 BropuyHoe ciusiHue TableB; KOXa CIIMHBI ¥ TOJIOBBI IUTMEHTUPOBAaHA

Bospacr, nHu

0.5 1.0 1.5 2.0 2.5 3.0 3.5
Macca, T

Puc 3. 3aBUCUMOCTb MEXITY BO3pacTOM U MacCoOii SMOPHOHOB.

3aBUCUMOCTD JJIMHBI SMOPUOHOB OT BO3pacTa Hau-
0oJiee TOYHO OMUCHIBAECTCSl KBaApPaTUYHOI (pyHKLIUEH
(Mu et al., 2008). Hamm naHHble 0 (DYHKIIMOHAJIBHOM
3aBUCUMOCTH JIMHEIHBIX pa3MepOB SMOPUOHOB BOJSI -
HOI1 OJIEBKM OT BO3pacTa 0epeMeHHOCTH COIIACYIOTCS
C COOTBETCTBYIOIIMMHU JAHHBIMU, ITOJIYYeHHBIMU JIST
MBIIIIH.
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Ha maccy aMOpHOHOB OTpULIATEILHO BIUSIET BEIU-
YyrHa rnoMeTta. HeraTuBHOe BIMsIHME BEJIMYMHbBI TOMETA
Ha IMpeHaTaJIbHBIN POCT OTMEYalIu U ApyTHUe UCCeno-
Batenut (Mus musculus: Ishikawa et al, 2006; Ovis aries:
Freetly, Leymaster, 2004). CHuzxeHre MacChl SMOpU-
OHOB C YBeJIMYECHUEM BEJIMYMHEI [IOMETa CBUAETE/Ib-
CTBYET O HECIIOCOOHOCTHM MaTOYHO-IIJIallEHTAPHOI'O
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15 20 25 30

JimHa, MM

Puc 4. 3aBUCHUMOCTb MEXIY BO3PACTOM U JVIMHOM SMOPHUOHOB.

KOMILJIeKCa MOJHOCTbIO MOAAEPKUBATh POCT 3MOpPU-
OoHOB 1pu BoicoKoii ogoButoctu (Fowden et al.,
2006). Y oBell CHUXKEHUE MacChl SMOPHUOHOB ITPU MHO-
TrOIUIOAHOM OepeMEeHHOCTH CBSI3aHO CO CHUXXKEHUEM
oburero 6enka B opraHu3Me u Mmacchl Mbliiii (McCoard
et al., 2000). BkimtoueHue BeJIMYUHBI TOMETa B perpec-
CHOHHYIO MOJIeJIb YBEJIUUMIIO €€ TpeacKa3aTeIbHOCTh
Ha 1%. JlnuHa SMOpPMOHOB HE 3aBMCUT OT WX YHCJIa
B MaTKe M SBJSIETCS JYYIIUM MPEIUKTOPOM MPOIO-
KATETLHOCTH 0€peMEHHOCTH BOASHBIX TIOJIEBOK, YeM
Macca SMOPHOHOB.

Pesynbratsl pabOThI JOMOJHSIOT UMEIOIINECS CBE-
JNeHUSI TUTEepaTypbl O 3aKOHOMEPHOCTSIX 3MOpUO-
HaJIbHOTO Pa3BUTUSI MJIEKOTIMTAIOIIMX WU BaXXHbI JJIs
TJIaHUPOBAHUS 3KCIIEPUMEHTAIBHBIX UCCIETOBAHUNA
Ha BONSIHOI MoJsieBKe. YCTaHOBJIEHUE CTaAuil dMOpU-
OHAJILHOTO Pa3BUTHS MO MOP(DOJOTMYECKUM IMPHU-
3HaKaM HeoOXOAWMO IJISI MPOBENCHUSI CPAaBHUTEIb-
HbIX UCC/IeAOBaHUI Ha MieKonuTatomux. [TpusHaku
pa3BUTHUS U ypaBHEHUSI SMOPHUOHAJIILHOTO POCTa MO-
T'yT OBITh UCITOJIB30BAHBI A5 OMpPEAeTIeHUS BO3pac-
Ta 6EPEMEHHOCTH U KAJIEHIAPHBIX CPOKOB Havayia u
OKOHYaHMS Mepuoja pa3MHOXEHUS B MPUPOAHBIX
TIOTTYJISILIUSIX.
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PRENATAL GROWTH AND DEVELOPMENT OF THE WATER VOLE,
ARVICOLA AMPHIBIUS (RODENTIA, ARVICOLINAE)

G. G. Nazarova" *, L. P. Proskurnyak’

! Institute of Animal Systematics and Ecology, Siberian Branch, Russian Academy of Sciences, Novosibirsk, 630091 Russia

*e-mail: galinanazarova@mail.ru

The morphological and morphometric characteristics of water vole embryos are studied. Embryo im-
plantation occurs on the 5" day of pregnancy. A description of the morphological features of embryonic
development at different stages of pregnancy is given, with equations for embryo body weight and length
revealed. The results of multiple regression analysis show that embryo weight, when considering the in-
fluence of gestational age, is negatively related to the number of live embryos. Our results complement
the existing literature on the biology of mammalian development and may be useful for establishing
equivalent stages of embryonic development in different species when conducting comparative studies.
Morphological features of development and the embryonic growth equations can be used to determine
the age of pregnancy and the calendar dates of the beginning and end of the breeding season in natural

populations.

Keywords: Arvicola amphibius, embryo, weight, length, signs of development, gestational age
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