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BBEIAEHME

TeMm1r pa3BUTHUS M SHEPreTUUYECKUI METaOOIN3M
MOMKUIOTEPMHBIX XUBOTHBIX CHUKAIOTCS IPU MO-
HVDKEHUY TEMITepaTyphbl cpeabl. OMHAKO Y JKMBOTHBIX
13 30H C XOJIOIHBIM KJIMMAaTOM CHIDKEHME MeTaboIM3Ma
Ha0II0JaeTCsI B MEHbIIEH CTEIEHU, YeM Y MpeacTa-
BUTEJIE POACTBEHHBIX BUIOB, OOUTaIOIIUX B OoJjiee
TEIUIbIX KJIMMaTUYECKUX 30Hax. B aToM 3akiioyaercs
OIWH U3 OCHOBHBIX MEXaHU3MOB adaNTalluU K TOHM-
JKEHHOI TeMIieparype y NOMKWIOTEPMHBIX SKUBOTHBIX,
KOTOPbIii KOMIIEHCUPYET CHIKEHUE DHEPIeTUYECKOro
MeTaboNIM3Ma NP MTOHIKEHHOM TeMIiepaTtype U JaeT
BO3MOXHOCTbh COXpPaHSATh OOecIleueHue OpraHu3Ma
SHEpPrueil Ha ypoBHE, JOCTATOYHOM JIJISI HOPMaIbHO-
ro IPOTEeKaHUSI MPOLIECCOB XU3HEAEATETLHOCTH.

IIpenmnonoxeHne o0 HATUYUM KOMIIEHCATOPHOTO
MeXaHN3Ma CTaHIapTHOTO SHEePTeTHIeCKOTO MeTabo-
JIU3Ma y TMORKWUJIOTepMHBIX obuTaTteseii MoJsipHbIX U
CyOTOJISIPHBIX IITMPOT OBUTO BHICKA3aHO M3BECTHBIM
JaTtckuM ¢usnoaorom Asryctom Kporom eme B 1916 T
(Krogh, 1916). 3aKOHOMEpPHOCTH TeMIIepaTypHOI
KOMIICHCAIINU ObUTH YCTAHOBJIEHBI HA OCHOBE 9KCITe-

PUMEHTAILHBIX JaHHBIX 00 MHTEHCUBHOCTU MOTPE6-
JIEHUSI KUCJIOPOJAa TMTOMKUIOTEPMHBIMU XXUBOTHBIMMU,
OOUTAIOIINMU B Pa3HLIX IIUPOTAX: OT MOJSIPHBIX 10
cyOTponnyecknux M Tponudyeckux. CpaBHEHHE WH-
TEHCUBHOCTU MeTaboJIM3Ma XXUBOTHBIX, agalTHUPO-
BaHHBIX K Pa3HOM TeMIlepaTrype, IPOU3BOIUTCS Iy-
TEeM ee IKCTPAIIOJISILIMU K CTAHIAPTHON TeMIeparType
0 wm 20°C c¢ ucrnojib30BaHMEM TaK Ha3bIBacMOIA
cranpaptHoit kpuBoii Kpora (Krogh, 1914). Ha 00-
LIUPHOM 3KCIIEPUMEHTAIBHOM MaTepuaje ObLIO Mo~
Ka3aHo, YTO TpUBEJCHHAs K CTAHAAPTHOI TeMIiepa-
Type UHTEHCUBHOCTb SHEPIreTUYECKOTrO MeTaboIn3Ma y
obuTaresieil ceBepHBIX IIMPOT BHILIE, YEM Y OIM3KUX
BUIOB, OOUTalOLIUX B 0OoJiee TEIUIOM KJIMMAaTe
(Scholander et al., 1953; Brett, 1972; Xouauka, Comepo,
1977, 1988; O3epHIoK, 1992, 2000, 2006; O3epHIOK 1 1Ip.,
1993; 3otuH, 3otuH, 1999). Dra 3aKOHOMEPHOCTH
CIIpaBeIIiBa TakKe 1 I aM(uOuii M3 pa3sHbIX IIUPOT
(Bnagumuposa, 3otuH, 1994; Lyapkov, Kleymenov,
2021). TemniepaTtypHass KOMITEHCALIUSI MHTEHCUBHO-
CTU TIOTPEGIECHUS KUCTOPOoaa Obljla MOKa3aHa TaKKe
1 B DKCIIEpUMEHTAX M0 aKKJINMAaLMU TOMKUIIOTEPM-
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HBIX XXUBOTHBIX K pa3HbIM TeMIiepatypam (Campbell,
Davis, 1978; 3otuH, 30TuH, 1999).

TemnepaTypHble KOMIIEHCALIMA S9HEPIrETUYECKOTO
MeTaboI3Ma MPOSBIISIIOTCS Ha Pa3HbIX YPOBHSIX Op-
raHW3alUy XKUBOTHBIX: OPTaHU3MEHHOM, TKAHEBOM,
KJIETOYHOM M MOJIEKYJISIpHOM. OOHAKO OCHOBHBIM
¢daKkTOpOM pEryJisiiMyd B JAaHHOM Ciyyae SIBJISIIOTCS
aKTUBHOCTb MUTOXOHAPUI U (DEPMEHTOB SHEPTEeTU-
yeckoro MmetadonusMa. Ilpexae Bcero ObLIN BbISIBIIC-
HBI pa3Inuusi B KOHLIEHTPAllM MUTOXOHIPUIA y PhIO,
obuTaromux B pa3HbIX mupoTax. I[lmomans MuTo-
XOHAPHI Ha 3JI€KTPOHHO-MUKPOCKOITMYECKUX Cpe-
3aX KpaCHBIX 1 O€JIbIX CKEJIETHBIX MBIIIIL Y aHTapKTH-
YeCKMX pbIO ObLIAa BHIIIE, YeM Y PHIO U3 yMEePEeHHBIX
mpot (Dunn, 1988).

Oco0eHHOCTH TeMIlepaTypHOil KOMIIEHCAlIUU
SHEPreTUIECKOTO MeTaboIU3Ma Y MONKMIOTEPMHBIX
HCCIIeMOBaHbI B OCHOBHOM Ha B3pPOCIIBIX JKMBOTHBIX.
JaHHBIX MO 3HEPreTUYECKOMY MeTaboJIu3My Mpeld-
MeTaMOpP@O3HBIX cTanuii pa3BUTUS aMPUONii cpaB-
HUTEILHO MaJlo U OHU TIPOTHMBOpPEUYMBEL. TeMriepa-
TypHasl KOMIIeHcallysi Oblia BbISIBJIEHA Y TOJIOBACTUKOB
Limnodynastes peronii (Niehaus et al., 2011; Seebacher
et al., 2014), HO He oOHapyXeHa y TOJIOBAaCTUKOB
Lithobates sphenocephalus, Lithobates catesbeianus,
Scaphiopus holbrookii n Hyla chrysoscelis (Rowe,
Crandall, 2018). TemmnepaTypHOii KOMIICHCAlIUN HE
HaOJIOJAJIOCh MOCJIE WHKYOAllMKW TIpU pa3IudHOM
TeMIiepaTtype y rojoBacTukoB Pseudacris hypochon-
driaca (Mueller et al., 2019). I3BecTHO TakXe, 4TO
TOJIOBACTUKMU IITTOPLIEBOM JISITYIIKY — MTOTOMKU OCO-
Oeif U3 TOPHOU MOy NMEIOT 00Jiee BBICOKYIO
WHTEHCUBHOCTH METa00I13Ma, YeM ITOTOMKHU 0cobeit
U3 PaBHUHHOI TOMYJSILIMKU, TIPU BBIpAlllMBaHUU B
onnHakoBhIX ycinoBusx (Wagener et al., 2021). T'ono-
BAaCTUKM OCTPOMOPION JIATYIIIKA M3 Pa3TNIHBIX ITO-
MyJISIUMA TeMOHCTPUPYIOT MEePBOHAYAIBLHOE YBEJIU-
YeHUe U TIoCJIeayIollee CHUKCHUE MHTEHCUBHOCTU
MeTaboM3Ma Mo Mepe COKpallleHUs JTUTEbHOCTU
cezoHa aktuBHOCTH (Lindgren, Laurila, 2009). Ox-
HaKO MPpU U3YyYeHUU aKKJIIMMAllMU BaXKHOE 3HAaYeHUE
WMeeT ee ITPOIOKUTETLHOCTD OT Havajia 10 MOMEH-
Ta U3MEPEHUs, TIOCKOJIbKY OTBET 3HEPreTUYEeCKOro
MeTaboI1M3Ma YacTo pa3BUBAETCS C ITepeperyJnpoBa-
HUEeM (OBEpIIyT), BEJIWYMHA KOTOPOTO 3aBHUCUT OT
Pa3HOCTU MEXIy HayajJbHOM M KOHEUYHOM TeMrmepa-
TYpPOM B 3KCIIEPUMEHTE.

Lenpro Hamreil padbOTHI OBLT aHAJIN3 JAHHOTO SIB-
JIeHusI y aM(puOUii Ha OTHOCUTETHHO PAHHUX CTAOUSIX
npenMeTaMmop¢hO3HOTO pa3BUTHUS, a TaKXKe BbISICHE-
HUE TEMIIOB HACJIEACTBEHHOIO 3aKpEerICHUS 3TOTO
KOMITEHCATOPHOTO MexaHu3Ma. MecToM OOUTaHUS
B3pOCJIbIX aM(MUOMiT ¥ TOJIOBACTUKOB OBLIIN PACTIONO-
JKEeHHBIE Ha TToJlyocTpoBe KaMuaTka BogoeMsbl ¢ pas-
HBIM THIPOTEPMAIIBHBIM peXXuMoM. OTIeTbHbII UH-
Tepec MpeacTaByIsieT TO, YTO COBPEMEHHbIE MOMYISILIMN
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o3epHoii 1arymkyu KaMyaTk ocCHOBaHBEI IepecesieH-
HBIMU HA MOJyOCTPOB B3POCIBIMU OCOOSIMU U, BO3-
MOXHO, TrojioBacTUKaMM okoJjio 30 jeT Ha3am 13 no-
MYJISILUI €BpONECKON YacTu apealjia Buia ¢ TOYHO
He yCTaHOBJIeHHOH Jiokanusanueit (JIsnkoB u np.,
2017).

MATEPHAJIBI U METO/bI

PabGoTty nmpoBoanan Ha roJlToBacTUKAaxX 03€PHOI JIsI-
rywiku (Pelophylax ridibundus), BelpallleHHbIX U3 UK~
pBI, KOTOpasi Obl1a coOpaHa B BojgoeMax MoJiyoCTpoBa
KamuaTka, oTinyaronimxcsi TeMriepaTypHbIM PEXKMMOM.
OTH BOJOEMbI HAXOASTCS B MECTaX OOUTAHMS YEThIPEX
TTOMYJISILIUIA O3€PHOM JIATYILKU,, IPOCTPAHCTBEHHO U30-
JIMPOBAHHBIX ApyT OT npyra. Ukpy cobupanu B Bogoe-
Max MyTHOBCKO# reoTepMalIbHOM 3JIEKTPOCTAHIIUU
(TeoTOC) (N 52.533273, E 158.197235), B BomoemMax
y mocenkoB AHapraii (N 56.052404, E 158.977499) u
Tepmanbhblit (N 52.929515, E 158.222408), a TakKe B
Mpyaax u KaHajie cuctembl copoca Boabl TOILI-2 ro-
poma IlerpomaBmoBck-Kamuarckuii (N 53.022531,
E 158.736552 1 N 53.012398, E 158.745997). Ilomy-
JISIUMU OOUTAIONIEH B 3TUX MECTaX O3EPHOM JISITYIIIKU
10 MHOTOJIETHUM HaOJI0AEHUSIM YUCICHHOCTU, BO3-
pacTHOTO cOoCTaBa M COOTHOIIEHUS MOJOB XapaKTe-
pU3YIOTCS KaK ycToiiunBbie (JIsmkos, 2016).

TemriepaTypy Bog1oeMOB, B KOTOPBIX ITPOU3BOIU -
JI cOOp UKPHI, U3MEPSLIU 2—3 pa3a B MecCsI1] B ITIEpUOLT
aKTUBHOCTU M 1—2 pa3a B MecsIl B 3MMHee BpeMsI Ha
rryoune 10—15 cm. B paboTe ncronb30BaHbI pe3yiib-
TaThl U3MEPEHUI 3a 2 roja.

Co6paHHYI0 B BOogoeMe UKDPY XpaHWIU B XOJO-
munbHuKe 10 10 cyT rpu remrieparype 5°C, nocJie ye-
T'o JOCTAaBUJIM B JabopaTopuio camojieToM 3a 20 4 ripu
temneparype 18—20°C. ITo npubbITHUIO B 1aGOpaTO-
pUIO OCHOBHAsI Macca 3apojbllleil HaXoaujaach Ha
CTaIuM MO3OHEeN TacTpyiabl. OTXom 3aponbllleil 3a
BpeMs MHKyOauuu coctaBui ot 11 1o 17%.

MuKyb6aums VKpbI, a TAKKe BhIpallliBaHUE TOJIO0-
BACTUKOB MPOBOAWIN B J1a0OpPaTOPHBIX YCIOBUSX
MpU OOWHAKOBOM IS BCEX BBIOOPOK TeMIlepaType
18°C B Teuenue 20 cyT.

M3MepeHre MHTEHCUBHOCTU TMOTpPeOJIeHUsT KUC-
JiopoJia MPOBOAUJIOCH Ha TOJIOBACTUKAX cTaauil 39—
40 (Havyayio akTUBHOrO NuTaHus1). Ctaguu pa3BUTHUS
03€pHOM JISITYIIKU U TpaBsiHOM Jisiryiuku (Rana tem-
poraria) 6Jm3Ku. IToCcKOBbKY TSI TPaBIHOM JISITYIIIKIA
paHee ObUIY OoNpee/ieHbl CTaluU SMOPHUOHAJIBHOTO U
nocTaMOpHuoHaNbHOTO pa3BuTus (JladarsH, Cieriio-
Ba, 1975), MBI UCMIOJB30BAIU 3TU JAaHHbIE B Halllei
paboTe 1Sl oTipeieJIeHUs] CTaAU Pa3BUTHST O3EPHOI
JISITYIIKH.

KoHueHTpanuio Kuciopona usMepsiii OKCUMET-
pom Orion Star A323 RDO/DO meter (Thermo Fisher
Scientific Inc.). M3mepenue ckopocTu IOTpeOIeHUs
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Ta6mmma 1. XapakTeprcTHUKa YCIOBUM OOMTAHUS TTOMYJISIIIUI 03¢ PHOI JIATYIIKM B HEKOTOPBIX BOTOEMaX MOJYyOCTPO-

Ba Kamuyartka

KJIEMMEHOB u np.

CpenHsist Temrieparypa Bonbl, °C ITpono. €JIbHOC ec 3acenenme
pen parypa BOJIBI, POMOIKUTENHLHOCTD, MEC. BomoeMa
[Monymsmus
ce30Ha ce30oHa
rogoBast 3UMOBKU ron
aKTUBHOCTU aKTUBHOCTH
1 | MytHoBckas ['eoTOC 15 7.5 9 3 2010
2 |nmoc. AHaBraii 16 10.5 6 6 2013
3 | moc. TepMabHbIi 20 16.3 3 9 1995
4a | TOII-2(a) 23 20.8 2 10 1989
46 | TOL-2(6) 23 20.8 2 10 1989

KMCJIOpOAa NPOU3BOIWIM T10 €r0 YObLUIM B U30JIUPO-
BaHHBIX COCyJlaX 3a OAWHAKOBBIN Tepuoa BpEeMEHH.
TonoBacTUKOB pasmeniany B 3aBUCUMOCTH OT pa3Mepa
1o 1—4 ocobu B TepMETUYHOM cocyne oobeMoM 10 M,
3allOJTHEHHOM BOJION M3 aKBapuyMa, IIe coiepKaiach
JIaHHas1 TPyIIIa XKMBOTHBIX. B MOMEHT 3amnojiHeHUsI U3
KaXXJIOTO cocyla OTOMpaiu IpoOy BOABI OOBEMOM
1 M1 1St omnpeneneHus HayajJbHOM KOHIIEHTpaluu
kuciiopopa. Ilo ncreyennu 20 MuH M3 cocyna OTOM-
payii BTOPYIO IIPO0Y IS UBMEPEHMS KOHIIEHTPaIUU
KHUCJIOpOAa Y B3BEIIMBAIM T'OJIOBACTUKOB Ha 3JIeK-
TpoHHBIX Becax Ohaus. JI71s1 pacueTa MTHTEHCUBHOCTU
MeTaboJIM3Ma MCHOJIb30BaI OKCHUKATOPUIECKU KO-
apdunmeHT 5.59 JIx/mn O,. [TonyyeHHbIe pe3ysbTa-
THI OBIM 00pabOTaHBI CTAHAAPTHBIMHM CTATUCTUYE-
CKUMU METOJaMU, TOCTOBEPHOCTD Pa3IMUMil MacChl
TeJla 1 MTHTEHCUBHOCTH AbIXaHUS MEXKIy BEIOOpPKAMU
onpenensuin mo HerrapHoMmy T-kpurtepuio CThIOIeH-
Ta ¢ UCIIOJb30BaHMEeM IIporpamMmbl Matlab (Math-
Works Inc.).

PE3VYJIbTATDbI

YcnoBus obutaHust ampuouii B pa3HbIX BOTOEMax
nonyoctpoBa KaMuaTka 3aMeTHO OTJIMYAIOTCSI Kak
10 TeMIIEPATYPHBIM TOKa3aTesiM, TaK U IO TUApPO-
JIOTUYECKOMY PEXUMY, KOTOPbIE€ OKa3bIBAIOT 3HAYM -
TeJIbHOE BJIMSIHME Ha UHIMBUAYyaJbHOE pa3BUTHE U
DHEpreTUYeCKuit MeTtabonm3mM amdpuouii. Temrepa-
TYPHBII peXXVM U CBSI3aHHBIEC C HUM XapaKTepUCTUKU
TepMaJIbHbIX BOJOEMOB, B KOTOPBIX IPOU3BOIUIU
cOOp UKPBI, BKITI0Yast CPEAHIO0 FOJIOBYIO TEMIepaTy-
Py, TIPOAOIKUTEIbHOCTh 3UMOBKU 1 CE30HA aKTUB-
HOCTHU >XXMBOTHbBIX NTPUBEIEHbI B Ta0JI. 1.

IMTockonbky Bogoembl TOII-2(a) u TOLI-2(0) Ha-
XOISITCS B €MUHOM BOTHOM cucTteMe cTokoB TOILI-2,
rOJIOBACTUKMU, MOJTYyYeHHBIE U3 COOpAHHOI B 3TUX BO-
IoeMax UKPBI, TIPEIACTABIISIOT COO0 1B BEIOOPKU U3
eMMHOM TIoMy/IsIy. TeMrepaTypa U Apyrve Xapakre-
PUCTUKM 3TUX ABYX MECT COOpa MKPHI TAKXKe UIEHTUY-
Hbl. OMHAKO MHTEHCUBHOCTH TTOTPEOJIEHMS KMCIOpOIa
TOJIOBACTUKAMM M3 3THX IBYX BOIOEMOB HECKOJIBKO OT-
JmyaroTes (Tada. 2). Bo3aMoxHO, 3TO BbI3BAHO MHBIMU
daxTopamMu cpensl, BIUSIOMNMHA Ha MTHTCHCUBHOCTD
SHEPreTUIECKOTO MeTaboIU3Ma, HO He BOIIEIIIIMMU
B HacTosiee uccienoBaHue. HambGosee Bbicokast
CpeIHeromoBasl TeMIeparypa oOMTaHus B BomoeMax
TOII-2(a) u TBII-2(0) moutu B 2.8 pa3a IIpeBHIIIaeT
ATOT MoKa3aTtelb Ajis1 BogoemMa MyTtHoBckoil [eoTDC.
IIponomxnTeTbHOCTh 3UMOBKM aM@uONii B Bogoe-
max TOII-2(a) u TOI1I-2(0) paBHa 2 Mec., TOTHA KaK B
Bonoeme MyTtHoBckoit [eoT'DC oHa cocTasisieT 9 mec.
(Tabm. 1).

HawnbGoiee BhICOKAsT MHTEHCUBHOCTL ITOTpeOJIe-
HUS KHMCIOPOIa BBISIBJIEHA Y TOJIOBACTUKOB U3 IOy~
asauun BomoemMa MyTtHoBckoi IT'eoTDC ¢ cambiMu
HeOJIaronpUsITHBIMU YCIOBUSIMU OOUTaHUS: HU3KOM
CpeIHEN rol0BOM TeMIIEpaTypoO U KOPOTKUM CE30-
HOM aKTUBHOCTH (TabJ. 2, puc. 1). bonee Hu3KMe mo-
Ka3aTeJIM MHTEHCUBHOCTHU TTOTPeOJIEHUST K1cjiopoaa
MOIYYEHBI IJIsl TOJIOBACTUKOB M3 BOIOEMOB ITOCEIKA
AHaBraii 1 elie HI:Ke U3 Bogoema rnocejka Tepmanib-
Hblli. Hanbonee HU3KME BETMYUHBI MHTEHCUBHOCTH
SHEPreTUISCKOTO MeTa00IM3Ma ObUIN TTOIYYEHBI IS
royioBacTukoB 13 BogoemoB TOII-2(a) u TOLL-2(6).
TemnepaTypa 3TUX BOOOEMOB BHIIIIE [TO CPABHEHUIO C
BOZOEMOM mocenka TepManbHBINi (Tadi. 1, puc. 1).
Paznnunst ”HTEHCUBHOCTU SHEPIreTUYECKOro MeTa-
0oJiu3Ma y roJJOBaCTUKOB M3 Pa3HbIX BOJOEMOB CTa-

OHTOI'EHE3 TtomM 54 Ne4 2023



TEMITEPATYPHAA KOMITEHCAL WA DHEPTETUYECKOI'O METABOJIM3MA 261
0.5
T[—< e ]
5 04 [t - -
> ¥
Nh T~ - 2 -
3 "
: “es
g5 03r .~
(e} -~
< ' “®
2 el w3
:
o 0.2} Y. -
E S~ - 4a
= b oo
o -
Jany ~
8 -~
T 46
=~ 0.1F
0 1 1 1 1 1 1 1 )
6 8 10 12 14 16 18 20 22
Temmeparypa, °C
Puc. 1. UaTeHCMBHOCTH MeTaboIM3Ma (CpenHre 3HaYeHN S U CTaHAAPTHOE OTKJIOHEHKE ) TOJIOBACTUKOB O3€PHOM JIATYIIIKY 39—
40 craguu pa3BUTHUS B 3aBUCUMOCTU OT CPeTHEroJ0Boii TeMnepaTypbl BogoeMa: 1| — MyTtHoBckasi [eoTOC; 2 — noc. AHaBraif;

3 — noc. TepmanbHblii; 4a, 46 — TOLI-2.

TUCTUYECKM JTOCTOBEPHBI, 3a UCKJIIOUYEHUEM BOJIOE-
moB TOII-2(a) u TOLI-2(0).

Ha ocHOBaHUM MOTy4YeHHBIX JAHHBIX YCTAHOBJIE-
HO, YTO MHTEHCUBHOCTh MEeTa00IM3Ma ( roJioBacTh-
KOB U3 PAa3HbIX IOIMYJISLIUMI CBI3aHa JIMHEMHOU 3aBU-

CHUIMOCTBIO CO CPEIHEroaoBoi Temneparypoit Tcr Bo-
JIOEMOB X OOUTAHUS;

q=aTl, +b (1)

c koapduimentamu a = —0.017 u b = 0.51 1 BBICOKOI
koppessanueil (R2 = 98%). CyllecTBEHHO, YTO pPaH-

Ta6muna 2. MHTeHCUBHOCTD HOTpC6J’[€HI/IH Kucjopoaa n MeTaboau3Ma Y roJ1IoOBaCTUKOB M3 pa3HbIX BOOOCMOB ITOJIYOCT-

poBa KamuaTtka

Macca tena, Metabonusm, ITotpebnenue O,,
MT MBrr! Mt ! mua ™! KonuyecTBo
Tomynsms .
ocobeit
CpelH. CT. OTKII. CpEIH. CT. OTKJT. CpEIH. CT. OTKIT.

1 | MytHoBckas [eoTOC 19.76 5.14 0.376 0.102 4.0 1.1 36
2 | moc. AHaBrait 33.81 6.33 0.335 0.054 3.6 0.6 24
3 | moc. TepMasibHBII 17.41 5.43 0.251 0.092 2.7 1.0 35
4a | TOLI-2(a) 19.55 7.25 0.138 0.041 1.5 0.4 31
46 | TOII-2(6) 17.62 3.58 0.156 0.045 1.7 0.5 35

Ipumeuanue: Paznmuune 1o CpeIHUM 3HAYEHUSAM MeTa0OIM3Ma M TTOTPEOICHUS KMCIIOPOIa MEXIY BCEMU TTOMYJISIIASIMHI 3HAUNMBIE
(p <0.05), kpoMe paznuuunii Mexmy nmomyasauusiMu 4a u 46 (p = 0.28).
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KJIEMMEHOB u np.
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Puc. 2. UHTeHCUBHOCTH MeTaboM3Ma (CpenHue 3HaYeHM s U CTaHAaPTHOE OTKJIOHEHKE) TOJIOBACTUKOB O3€PHOM JIATYIIKY 39—
40 ctaguu pa3BUTHUS B 3aBUCMMOCTU OT MPOJOJIKUTEIBHOCTH MepUoaa aKTUBHOCTH B BonoeMe obutaHus: 1 — MyTHOBcKast
T'eoTOC; 2 — noc. AHasraii; 3 — nmoc. TepManbHbIii; 4a, 46 — TOLI-2.

HUE 2TaIlbl THIWBUIYaJTbHOTO Pa3BUTHS TOJIOBACTH-
KOB, MCTIOJIb3YEMBIX B HAIITX SKCIIEPUMEHTAX, TIpO-
TeKaJu MpU OAMHAKOBOIW TeMmIlepaType OT Hayaja
WHKYOAIMM 10 MOMEHTA U3MEPEeHUSI ”THTEHCUBHOCTH
noTpebiieHns Kuciaopoaa. OmHaKo pa3Indus B BeJI-
YUHE KOMIIEHCATOPHOU peaklMh 3HEePreTU4YecKoro
MeTaboIM3Ma COXPaHUINCh B BBIOOPKAX TOJI0BACTU -
KOB W13 TIOIYJISLMN, amanTUPOBAHHBIX K pPa3HBIM
TeMmriepatypam. OTOT (haKT CBUIETEIbLCTBYET O CO-
XpaHEeHUM OCOOEHHOCTEN MeTaboau3Ma JISIrylIeK u3
pPa3HBIX TTOMYJSIIUM B TTOCIEAYIONINX TTOKOJICHUSX,
HECMOTpSI Ha WJIEHTUYHBbIC YCJIOBUSI BbIpalllMBaAHUS
roJI0BaCTUKOB.

PesynbraToM pasauumii TeMmnepaTypHBIX PeXu-
MOB BOJOEMOB SIBJISIETCSI TAKKE pa3Hasl MPOJOIKU-
TEJILHOCTh Mepuoia aKTUBHOCTU Jigryiiek. Coro-
cTaBJieHHe MeTaboIM3Ma TOJIOBACTUKOB ¢ U TIPOIOJI-
KUTEJTBHOCTU TIEPUOJA aKTUBHOCTU JIATYIIEK [ B
pAa3HBIX NOMYJSILIUSIX ITOKA3aJI0 HEJTMHEMHBIN XapakK-
Tep MX B3aMOCBS3H, KOTOpast ObLJIa ONMCAHA SMIIH-
PUYECKUM 3KCITOHEHLIMAIbHBIM YpaBHEHEM BUA:

qg=A-bexp(ct+d) 2)

C BBICOKOI1 Koppesiuueii (R> = 96%). ITockosbKy yKa-
3aHHasi 3aBUCMMOCTb 3MIMpPUYECKasi, UHTEpeC Mpem-
CTaBJISIET TONBKO KO3 PUIIUEHT A, KOTOPHI MOKA3bI-
BaeT BEJMYMHY AacCHUMIITOThl ypaBHEHUSI W paBeH
0.374 MBt/r (b= 13 X 107>, ¢ = 0.53; d = —0.15). Ha-
JINYrMe acCUMMTOTHI ISl 3aBUCUMOCTU YPOBHSI MeTa-
00J11M3Ma roJIOBACTUKOB OT TIPOIOIKUTEILHOCTH Tie-
pUoJla aKTUBHOCTHU JIATYLIEK U MTPAKTUUECKU COBMa-
JIeHWe C Hell BeJIMUMHBI MeTaboM3Ma roJIOBAaCTUKOB
13 BogoeMa MytHoBcKoi [eoTOC MoOXeT yKa3blBaTh
Ha TO, YTO MOMYJSIIMUSI B 3TOM BOJOEME JOCTHUIJIA
npezesa nuana3oHa (pu3noaoruyeckoit HopMbl BUaa
Mo TeMIy UHANBUAYAIbLHOTO Pa3BUTUS 1 UHTEHCUB-
HOCTHU MeTab0I13Ma roJI0BacTUKOB (puc. 2).

OBCYXIEHHNE

Bomoembr moyoctpoBa KaMuaTka mpeacTaBiIsiioT
IIUPOKUIA CITEKTP TeMIEPaTyPHBIX PEXMMOB 3a CUET
MTOANUTKN TEPMaIbHBIMU BOIAMU pPa3HOM WHTEH-
CUBHOCTH W TeMmIleparypbl. MHTpomylmpoBaHHBIE
okosio 30 ymetr Hazan amMdUOUN YACTUYHO pacceyu-
JIUCh CAMOCTOSITETbHO, YACTUIHO ObUTA MCKYCCTBEHHO
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TepeHeceHbl B pa3IMUHbIe BOTOEMBI IToJTyocTpoBa. K
COXAJIEHUIO, MHTPOAYKIIMSI IPOU30IIIJIa CIOHTAHHO,
13-3a YEero OTCYTCTBYIOT TOYHbLIE JTaHHbBIE O MOMYJIs-
LHUKU-TOHOpe. TeM He MeHee, MOMYJISLMU O3ePHOI
JIATYLIKY TTOJTyOCTPOBA MPEACTABISIIOT MHTEPECHYIO
MOJIEJIb JUISI U3YYEHMs aJalTUBHBIX BO3MOXHOCTEMN
BUJA U CKOPOCTU (DOPMUPOBAHUS YCTOMYMBBIX a1all-
TalMii K YCJIOBUSM CPEAbl OOUTaHUSI.

Haim nccnenoBaHust mokas3ai, YTO 3a MPOIIe/-
mue 30 jeT cOpMUPOBAIMCH aJallTUPOBAHHBIE K
pPa3HBIM TEMITePATYPHBIM PEKUMaM TTOMYJISTITAM JIsT-
rylleK, pasjanJalrolimecs: o MHTEHCUBHOCTA MeTa-
0osim3Ma roiaoBacTukoB Ha 39—40 craguu pa3BUTHS.
DTH pazTInsT COOTBETCTBYIOT KOHIICTIIIMN TeMIiepa-
TYpHOI KOMITEHCAIIM MeTabo3Ma, paHee HEOTHO-
KpaTHO TTOATBEPXKACHHON SKCTIepUMEHTaMU Ha B3pOC-
JIBIX O0COO0sIX pa3HbIX TakcOHOB (Scholander et al.,
1953; Carliste, Cloudsley-Thompson, 1968; Brett, 1971,
1972; Xouauka, Comepo, 1977, 1988; Dunn, 1988;
O3epHI0K, 1992). Cneayet oxkuaaTh, YTO OTMEUEHHAas
HaMM 3aKOHOMEPHOCTb OylmeT HaOIomaTtbcs W Y
B3POCJIBIX 0CO0EH 03epHOI JAATYIIKNA. AHAJTOTUYHBIA
dakT ycTraHOBJIEH IJiI B3POCIBIX a3MaTCKUX Kab
(Bufo gargarizans), y KOTOpBIX OTMEYEHO ITOBBIIIIE-
HUE WHTEHCUBHOCTU TIOTpeOJICHUSI KUCIOopoAa II0
Mepe YMEHBITIEHUs] IUTUTETLHOCTH Ce30HA aKTUBHO-
CTH B MecTax oburaHwms ux nonyistiuuit (Tan et al.,
2021).

IIpeacraBisieT MHTEpEC OTHOCUTEIBLHO KOPOTKUM
cpok — ot 30 mo 5 met (ta6a. 1) ¢dpopmMupoBaHUs
YCTOWYMBBIX pA3INIUil METabOOJIM3Ma 03€PHOM JISITYIII -
KU B TIOIYJISILMSIX, OKa3aBIIUXCS B Pa3IMYHbIX TEMIIE-
paTypHbIX ycnoBusX. DuioreHeTmdeckas YCTONIM-
BOCTh MEXIOMY/ISILIMOHHBIX PA3IWYMii CTaHAAPTHOTO
9HEpreTUYecKoro Meradoausma Ha craauu 39—40 pas-
BUTUSI TOJIOBACTUKOB MOATBEPXKIAETCS TEM, YTO OHU
HaOI0JaJICh TPU  BbIpAlllUBAaHUM TOJIOBACTUKOB
MpY eAUHOM 111 BCceX BLIOOpOK TeMIiepaType 18°C.

CB$13b UHTEHCUBHOCTH MeTaboI13Ma TOJIOBACTH -
KOB C IPOJOJIKUTENILHOCTHIO ITepuofa aKTUBHOCTHU
JISITYLLIEK, ONMMCAHHAS BbIIE €IMHBIM 3KCITOHEHIIM-
aJIbHBIM YpPaBHEHUEM C aCUMIITOTOM, TTO3BOJISIET 3a-
KJIIOYMTh, UYTO HaGI0JaeMble U3MEHEHUST MeTabo-
JIM3Ma He BBIXOIMT 3a aJalTUBHBINA AUana3oH BUIA.
CyiecTBoBaHUE Mpeeia B ypaBHEHUM (2) TOBOPUT O
TOM, 4TO AajbHelllee YCKOpeHHE OHTOreHe3a M0
MMOJIHOTO 3aBepllieHUs1 MeTaMopdo3a 3a cYeT MOBbI-
IIEHUsI UTHTEHCUBHOCTU MeTaboIm3Ma, cKopee Bce-
ro, HEBO3MOXHO. B aHanormuHoit cutyauuu B ciabo
nomorpeBaeMbix BogoeMmax CBepIIOBCKOI 00JacTu
pa3BUTHUE TOJIOBACTUKOB UIET IO 3aBEPIICHUS MeTa-
Mopd03a, OMHAKO BBIXOM Ha CYIIIY TPOUCXOIUT CPaB-
HUTEIBHO MTO3AHO, Y YaCTh 'OJIOBACTUKOB, IOMNAIal0-
IIUX MOJI OCEHHEee MTOX0JIOJAHUE, 3UMYIOT B BOJOEME
U 3aBepIIaloT MeTaMop(d 03 TOTHLKO BECHOM CIIeIyIO-
mero roga (JIsnkos, @omunbix, 2017).
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OmnucaHHas B HaCTOSIIIE paboTe TeMrepaTypHasi
KOMIICHCAIIMS MeTaboIM3Ma ToJI0BaCTUKOB 03¢ PHOI
JISITYLIKY MOXET OBITh 0OecreyeHa U3MEHEHEeM aK-
TUBHOCTU OCHOBHBIX MeTa00JIMYeCKUX (hepPMEHTHBIX
CHCTEM, KaK 3TO ObLIO OTMEUYEHO B PSIIe MCCASI0BA-
Huii (Sidell, 1977; Dunn, 1988; demuH u ap., 1990;
O3sepHIOK, 1992; OzepHiok u ap., 1993: Ozernyuk
et al., 1994), 1160 U3MEHEHUSIMU YYBCTBUTEIbHOCTH
K cooTHomeHU10 AJIM/AT® B Ki1eTKe ITOCPEICTBOM
KoMOuHauuu nzodpopM AMP-akKTUBUPYEMOIi TIPO-
teuHkuHa3zHoii (AMPK) cucrembr (Jeon, 2016).
CrencTBUeM 3TOTO MOXKET OBITh YBEJIMYEHUE OTHO-
CUTEJIbHOW N1OJIM MMUTOXOHIPUM B O0O0ObEME KIETKU
(OzepHiok, 2000). OnHAKO OTKPBITHIM OCTAETCS BO-
IIpOC O MeXaHu3Me 3aKperIeHMsI 3THUX CBOMCTB B
IMOTOMCTBE, UYTO MOXET CTaTh MPEAMETOM NabHEli-
IIVX UCCIEOOBAHUNA.

PMHAHCHUPOBAHUE PABOThHI

[ToneBkie uccinenoBaHus, cOop MaTepuasa u KBatupu-
IIMPOBaHHAs NOCTaBKa B JJaGOPaTOPUIO BHITIOJTHEHBI B
pamkax rocsamaHus (4. 2 Ne IHHUTUC AAAA-Al6-
116021660031-5). JJaGopaTopHbIe UCCIeIOBaHMSI, UHKYOa-
LIUST UKPBI, BEIpAIllMBaHUE TOJIOBACTUKOB, NU3MEePEHNE UH-
TEHCUBHOCTY MeTaboJIM3Ma IIPOBOIMINCH B paMKax ['ocy-
nmapctBeHHoro 3aganust UBP PAH 0088-2021-0009.

COBJIIOJEHUE 5TUYECKUX CTAHOAPTOB

Bce npuMeHuMbIe MEXIyHapOOHbIE, HALlMOHAJIbHBIC
U/VIM MHCTUTYLUMOHAIbHbIE TPUHLIAIBI MCITOIb30BaHUS
KMBOTHBIX B 3KCIIEPUMEHTAX U YCJIOBUSI yXOJa 3a HUMU
OBUIU COOJIONCHBI.

KOH®JIMKT MHTEPECOB

ABTOD 3asiBJISIET, YTO KAKOK-TNO0 KOHMIMKT MHTEPE-
COB OTCYTCTBYET.

NHD®OPMAILINA O BKIIALE ABTOPOB

ABTOpr BHECJIU OJMHAKOBBIM BKJal B JaHHOE UCCJIe-
JOBAaHME U ITOATIOTOBKY CTAaThbHU.
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Temperature Compensation of Energy Metabolism in Tadpoles of the Marsh Frog
from Different Populations of the Kamchatka Peninsula
(Pelophylax ridibundus Pallas 1771, Anura: Amphibia)

S. Yu. Kleymenov" *, S. M. Lyapkov?, and N. D. Ozernyuk!
!Koltzov Institute of Developmental Biology of Russian Academy of Sciences, ul. Vavilova 26, Moscow, 119334 Russia
2Department of Evolutionary Biology, Faculty of Biology, Moscow State University,
Leninskie Gory d. 1, str. 12, Moscow, 119234 Russia
*e-mail: s.yu.kleymenov@gmail.com

The study of the peculiarities of energy metabolism in populations of the marsh frog Pelophylax ridibundus
from several reservoirs of the Kamchatka peninsula with different temperature regimes revealed the tempera-
ture compensation of this parameter in tadpoles. The linear dependence of the tadpoles metabolic rate on the
average annual temperature of habitat was shown. It was found that stable inherited differences in the inten-
sity of tadpoles metabolism were formed in 30—20 years from the moment of the first introduction of the spe-
cies into the reservoirs of Kamchatka. An assumption is made about the limit of adaptive diapason of the spe-
cies for the development stage of 39—40 tadpoles of the marsh frog.

Keywords: tadpoles, Pelophylax ridibundus, Kamchatka populations, metabolism intensity, temperature
compensation
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