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CaMIIbl 1 caMKU YepHOii jecocTenHoii ramioku (Pelias berus nikolskii), Hacensiomeit BopoHexckyio 00-
JIaCTh, TTIOKa3bIBAIOT BHEIIIHEe cxoacTBo. MccmenoBaHbl pa3nnyns B oHToreHese 118 camM1ioB U caMoK, OT-
JnoByeHHbIX B 2008—2017 romax B ceMu Mectax BopoHeskckoii obyactu. J1j1s1 aHaaM3a UCII0JIb30BaHbI CEMb
TPAIULIMOHHBIX MPU3HAKOB Pa3MEPOB Tejla U OAWH PACCUYUTAHHBIN MPU3HAK OOIIET0 pa3Mepa TOJIOBbI.
ITo HaIIMM JAaHHBIM, TIPU POXIEHUM 3MesT UMEEeT OTHOCUTEIBbHO OoJiee KPYITHYIO TOJIOBY, YeM B OoJiee
Mo3aHeM Bo3pacTe. Pazmephl roJIoBbI 110 OTHOIIIEHMIO K JIJIMHE Tejla yMEHbIIATCsI ¢ Bo3pacToM. [1pu pox-
NEHUU caMKW ObUIM KpyIHee CaMIIOB IO CJEAYIOIIUM MPpU3HaKaM: OTHOCUTEIbLHOM IIMPUHE TOJOBBI Ha
YPOBHE TIJ1a3, OTHOCUTEIbHOM JUIMHE TTWJIeyca, OTHOCUTEILHO IIJTMHE MOPIIbI U 0011IeMy pa3Mepy T'OJIOBbI.
Bo B3pociom cocTosiHUM 60Jiee BICOKME 3HAUESHUSI TUX TPU3HAKOB MPOSIBIISIIOTCS Y caM110B. CaMIIbl UMe-
10T 6oJiee JIMHHbBIE XBOCTHI. Pa3nuus B 1jIMHE XBOCTOB MOSIBJISIIOTCS MIPU POKIEHUM U COXPAHSIIOTCS Ha
MpoTsikKeHUU pocTa. [TosioBbIe pa3anyusi B pOCTOBBIX U3BMEHEHUSIX U3yYaeMbIX PU3HAKOB, 32 UICKJIIOUEHU -
€M pa3/IuuMii B JUIMHE TOJIOBbI, HAMOOJbIIell IIIMPUHE TOJIOBBI U JUIMHE XBOCTA, UMEIOT HeaJuloMeTpuye-
CKMi1 XapakTep U MMOMUMO TOPOIOBOTO (T.€. B MpeHATATbHbBIN MepHO) PACXOXKIEHUS BbI3BaHbI OOJbIIEH
CKOPOCTBIO pocTa y cam1ioB. PocT xBocTa y 000MX MOJI0B HOCUT, MO-BUIMMOMY, U30METPUUECKHUI XapaK-
tep. IlpaBuwio PeHua nmpencka3biBaeT, 4YToO MOJ0BOM nuMopdu3m B pasMmepe (SSD) OyneT moa0KUTeIbHO
KOPpPEIUpOBaTh C pa3MEPOM y TAKCOHOB, Y KOTOPBIX CaMIIbI SIBJISIIOTCSI 00JIee KPYITHBIM OJIOM, M OTpULIA-
TEJIbHO — Y TAKCOHOB, Y KOTOPBIX O0Jiee KPYITHBIM IIOJIOM SIBJISIIOTCSI caMKu. M3ydeHue ajutomerpun SSD
1oKa3aJjo, YTO C 3TUM MPaBUJIOM COIJIACYIOTCS TOJILKO IIIMPUHA TOJIOBBI Ha YPOBHE Va3, JUIMHA MuJjieyca,
IJIMHA MODPJBI M 001U pa3Mep ToyioBbl. [ToaTOMy mpenronaraercsi, YTo 6osiee KpyImHasl ToJioBa y caMIIOB
chopMHpoBajach Mo AeCTBUEM ITOJIOBOTO OTOOPA. DTO MOXET OBITh CBSI3aHO C HEOOXOAUMOCTBIO MX y4a-
CTHUSI B TOEIMHKAX 32 JOCTYIT K caMKe BO BpeMsi OpayHOTro ce30Ha.

Katouegoie croea: ranroka HUKoAbCKOTO, pOCT, aJLIOMETPUST, SKOJIOTHUSI
DOI: 10.31857/S0044513422080116

B HekoTopwix n3ganusax (HanpuMmep, JdyHaes, Op-
J0Ba, 2012) TOBOpUTCS, YTO CAaMKHU TadlOK TOCTUTAIOT
0oJiee KPYMHBIX pasMepoB, yeM camiibl. [Ipu aTom
DeiipoepH (Fairbairn, 1997) ykaseiBaeTr Ha Oosee
KpYMNHbIE pa3Mephbl y CaMIIOB TallOKOBbIX 3Meit. Ofi-
HaKO B TAKUX ITyOJIMKALIMSIX BO3PACT 3Meii He IPUBO-
nutcs. IToaToMy HesiCHO, YeM BbI3BaHbI pa3jiuyusl B
pa3zmepax y ocobeil pa3HOro mnoJja.

ITonoBoit mumopdn3mM, OyIydn CIEICTBUEM pa3-
rpaHUYEHUS PEHPOIYKTUBHOI POJIM TI0JIOB, IIPOSIB-
JIIeTCs B X MOPGOJIOTUYECKHX pas3iudusx. Pasmm-
YusI B OpraHax M CTPYKTYpax, BIMSIONINX Ha yCTelll-

HOCTb CITapWUBaHWsI, HAIIUIM CBOE BBIpaXXECHUE B
npaswie Penua, wim Penia (Rensch’s rule). Penu
YTBEPXKIaJI, YTO MOJTOBOM TMMOP(PU3M YCUIUBACTCS C
yBennmdeHHeM padMepoB opraHuizMma (Rensch, 1950).
HecMoTtpst Ha 1mmpokoe TMOATBEepXIeHWE ITpaBHIIa
(Hanpumep, Blanckenhorn et al., 2007; Ceballos
et al., 2013; Liao, Chen, 2012; Székely et al., 2004),
€ro pacIpOCTPAaHEHHOCTh CTaBUTCS I10I COMHEHHE
(Harmpumep, Abouheif, Fairbairn, 1997; Fairbairn,
1997; Webb, Freckleton, 2007).

IMpasuno PeHua cBsI3aHO C aJlJIOMETPUIECKIAM OT-
HOIIIEHMEM MEXIy pa3sMepaMHu ABYX MoOJIoB (puc. 1;
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CaM1ipbl > caMKH

CaMKu > caMLbl

log(pa3mep camMKm)

[unoayutomerpust [unepauiomeTpust

log(pa3Mmep camiia)

Puc. 1. KonmmuecTBeHHOE TIpencTaBieHue IpaBuia Penua
(mro: Fairbairn, Preziosi, 1994 u Fairbairn, 1997). O6meii
MOJIEJIBIO ajutoMeTpuM Wit SSD sIBisieTcst pa3Mep caMKu =
= b(pasmep camua)” (Leutenegger, 1978; LaBarbera,
1989). AjutoMeTpuyecKuii mokKasaresib CTeNeHU Vv Tpe-
CTaBJIsIeT cO0OM HaKJIOH perpeccuu log(pa3mep camKu)
ot log(pa3mep camiia). [IpepbIBUCTas TMHUS C HAKIIOHOM
paBHbIM 1.0 ompenesnsieT cooTHolleHrWe pa3mepos 1 : 1.
CrolnHast TMHUS mokasbiBaeT v < 1.0, a BepTUKaJbHasI
mTpuxoBKa — cterieHb SSD. Ecnu camku KpyriHee cam-
uoB 1 v < 1.0, To SSD ymMeHblIaeTcs Mo Mepe YBeJTUUEHMSI
B pa3Mepe (runoajaoMeTpusi). Eciiv caMmiibl KpyIiHee ca-
MOK, TO v < 1.0 1aeT MoJOXXUTEIbHYIO KOPPEJISIINIO MEX-
1y pazmepoMm u SSD (runepamiomerpust). [To Bcemy nua-
MMa30HYy pa3MepOB CAMIIOB U CAMOK U3MEHEHMUSI B pa3Mepe
caM1I0B 00JIbllle MIBMEHEeHUI B pa3Mepe caMokK. Perpec-
cust log(pasmep camiia) ot log(pazmep caMKu) JaeT Takoe
Xe 3akjodyeHue, Ho v oyaeT > 1. Eciu v > 1.0 (myHKTUp-
HO-TOYEeYHas JIMHUS), TO ajutoMeTpust mjsg SSD Hocut
oOpaTHBII XapaKTep U He comiacyeTcs ¢ TpaBuiioM PeH-
ya. B aTOoM ciiyyae pasmep caMKu M3MEHsIeTCsT OOJIbllIe,
YyeM pa3Mep caMiia.

Fairbairn, 1997; Fairbairn, Preziosi, 1994). Ono
MpeacKas3biBaeT, YTO MOJOBOM AUMOPGU3M B pa3Mme-
pax (sexual size dimorphism, SSD) Gyner 1moioxu-
TeJIbHO KOPPEIMpoBaTh C pa3MEPOM TeJia (runepai-
JIOMETpHUSI) Y TAKCOHOB, Y KOTOPBIX CAMIIbI SIBJISIIOTCS
0oJiee KPYMHBIM TMOJIOM, U OTPULIATEIbHO KOpPpEeIu-
poBaTh ¢ pa3MepoM TeJia (TUHoAJIIOMETPUs) Y TaKCO-
HOB, Y KOTOPBIX OoJjice KPYITHBIM TOJIOM SIBJISIFOTCS
camku (puc. 1). B atoM ciryyae HaOmomaeTcst 60J1b-
111as1 U3MEHYMBOCTb CaMIIOB, YeM camoK. OHaKo ec-
Ju SSD ToJIOXUTENbHO KOPpEJIUupyeT C pa3MepoM
TeJla y TAKCOHOB, Y KOTOPbIX 00Jjiee KPYITHBIM MOJI0M
SBJISIIOTCS CAMKH, TO XapakTep aJlIOMETpuUu Oynet
oOpaTHBIM U He OyIeT COOTBETCTBOBATh MpPaBUIY
Penua. B aToM cirydyae 6osiee MI3MEHYUBBIMU SIBISIIOT -
Csl CAMKHU.

ITocpencTBoM aHaIM3a alIOMETPUU HCCIIEAYETCS
usMeHeHne GOpMBI (M3MEpPEHNUsI, HE SIBIISTIOIIETOCS
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pa3MepoM OpraHM3Ma) B OTBET Ha UBMEHEHME pa3Me-
pa opraHu3mMa. MoXHO BbIIECIUTh TPU TUIIA AJUIOMET-
puun. DBoJIIOLIMOHHAs ajuiomeTpust (evolutionary al-
lometry) ommceiBaeT u3MeHeHNE (OpMBI HA OTHOI
BO3PACTHOM CTaJIMU MEXIYy PONCTBEHHBIMU TAKCOHA-
mu. OHa ycTaHaBAMBAeT TEHACHUUU WM3MEHEHUS
dopmbl B xoae 3Bomronnn. ias anammsa SSD B oc-
HOBHOM MCIIOJIB3YIOTCSI CPETHME pa3MeEPhl B3POCIbIX
opraHusMoB. [1Jisi opraHu3MOB ¢ KOHEUHBIM POCTOM
(HampuMep, OTUIIbI, MJICKOIWTAIOIINE) 31eCh HET
npo6aemMbl. Ho opraHn3MBbI ¢ MpOIOIKAIOIIMCS pO-
CTOM (HarpuMmep, pblObl, IIPECMBIKAIOIINECS ) HY>KHO
CpaBHUBATh IIpA OOMHAKOBOM BO3pacTe, T.K. BEIOOP-
Ka B3POCJION CTaaur MOXKET COCTOSITh U3 KMBOTHBIX
pa3HOro Bo3pacTa U COOTBETCTBEHHO pa3HOTro pa3Me-
pa ¥ IO3TOMY MOXET JaBaTh HEIIPaBUWJIbHBIC IIpe-
CTaBJIeHUsS O TTojoBoM auMopdusmMe. Hampumep, B
MPUBOAMMOM Bbillle uccaenoBanuu (Fairbairn, 1997)
HE YKa3bIBaeTCs, IJISI KAKOTO BO3pacTa YCTAHOBJIEHBI
MOJIOBBIE Pa3JIMUMS B pa3Mepax ragloKOBbIX 3MEN.

OnroreHeTn4eckas aiometrpus (ontogenetic al-
lometry), uiu aaaoMeTpus pocta (growth allometry),
OIMUCBLIBAET U3MEeHEeHUE (POPMbI C UBMEHEHUEM pas3-

Mepa opraHusMma'. B KOHTEKCTe CTaTbU OHA OIUCHI-
BaeT (popMUPOBaHME MOJIOBBIX PA3JINYMIA B XOAE pa3-
BuTUsl. CTaTrueckasi ajuiomeTpus (static allometry)
ONUCHIBAET U3MEHEHUE (POPMBI MEXIY OCOOSIMU OJI-
HOI Bo3pacTHOM ctaguu. CuuTaercst, YTO cTaTUde-
CKasl aJUIOMETPpUSI OTpaxkaeT AeiCTBUE MOJIOBOIO OT-
6opa B (popMHpPOBAaHUM IIOJIOBOTO AUMOp(PU3IMaA
(Clutton-Brock et al., 1977; Fairbairn, Preziosi, 1994;
Leutenegger, 1978; Smith, 1977; Webster, 1992). On-
HaKO Takasl Touyka 3peHus ocrapuBaercs (Bonduri-
ansky, 2007).

JIMHUST OHTOTEHETMYECKON alZIOMETpUM TIpem-
CTaBJISIET CO0OI TpaeKTopHio oHTOoreHe3a. OHTOTe-
HeTUYeCcKasi aJJIOMETPpUS SIBJISIETCS YacThlO TeTepo-
XpOHUM, KOTOpasi IOMUMO Ocell (hOpMBI U pa3zMepa
nMeeT ellle U och Bo3pacTa (Alberch et al., 1979).
K anmomMeTpuyecknm McciIeqoBaHUSIM YacTo Ipuoe-
raloT M3-3a OTCYTCTBUS MHGpOpPMAIIMM O BO3pacTe.
OnHako mpsiMasi IMHUSI B IIPOCTPAHCTBE “pa3Mep—
dopma” B MpOCTpaHCTBe “‘pazMep—¢dopmMa—BO3-
pacTt” B CUJTy HEJIMHEMHOCTY CBSI3U MEXY pa3MepoM
¥ BO3pacToM ImpuobpeTaeT popmMy KpuBoii. Tpexmep-
HOE TPOCTPAHCTBO OXBATHIBACT pa3HBbIC BapHUaHTHI
OHTOTrcHe3a, HO M3MEHEHMS B CpaBHUBAEMBIX TPAaeK-
TOPUSIX SIBJISIOTCSI TETEPOXPOHHBIMHA M aJITIOMETPH-
YeCKUMU JIMIIb TOTA, KOTJa TPAeKTOPUY COBITAIAIOT
B TMOJIOXKEHUSIX U HAMTpaBJIECHUSIX.

OOBEKTOM HaIIUX MCCIIENOBAHUI SIBIISIETCS Yep-
Hasl JJecoCTeITHasl raftoka, uiu raaroka Hukoabckoro
(Pelias berus nikolskii (Vedmederja, Grubant et Ru-
daeva 1986)), — omHa 13 ABYX BUIOB r'alloK, BCTpeYa-
ouxcs B BopoHexckoit 061. (Yinakos u ap., 2006;

! OHTOreHes 0cOGH BKIIIOYAET 1Ba OCHOBHDIX npoiiecca: pocT U
pasButre. PocT xapakTepusyeT KOJIMYeCTBEHHbIC, a Pa3BUTHE —
KauyeCTBEHHbIE U3MEHEHUS B MHANBUAYATbHOM pa3BUTHU.
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Tabomuna 1. CraTucruyeckue cBeneHUsI 0 COOpaHHbBIX U3MepeHUsIX Pelias berus nikolskii n3 BopoHexckoiit obyiactu

I1pusnHak, Mmm Ilon Yucno ocobeit Haumenbinee 3HaueHue HauGosbiiiee 3HaueHue
L. Cam1ibl 77 244 652
CaMKm 24 178 665
L.cd. CaM1ipl 77 40 109
CaMKm 23 26 88
L.cm. CaM1ipl 76 12.7 23.8
CaMKm 24 11.9 24.2
L.at.cm. Cam1ibl 77 7.6 14.5
Camku 22 6.9 14.8
L.at.m. Cam1ibl 77 5.0 10.7
CaMKm 23 5.5 10.0
L.pil. Camubl 72 9.7 17.9
CaMKm 24 8.0 17.5
L.m. Cam1ipl 77 3.8 8.5
Camku 24 3.4 7.5

Viakos, 3uHeHko, 2013). YepHas jecocTernHas ra-
JII0Ka HaceJIsieT INIaBHBIM 00pa30oM NOMMEHHEIE Jieca.
BuemHne mosioBeIe pasmuuus, 3a MCKIIOYCHUEM B
JUIMHE XBOCTa, He 3aMeTHbl. B BopoHexckoii o0J1.
JacTh CAMOK MMeeT KPaCcHYIO pamyKKy I7a3a. Y caMm-
1IOB padyKKa ria3a Bcerma yepHasi. CaMKu Takxke
MOTYT UMETh KpaCHO-KOPUYHEBEIE IISITHA HA TOJIOBE,
MIaBHBIM 00pa30oM Ha HIWXKHEN YeoCTH; WHOTIIA
BCTPEYAIOTCSI B3POCJIbIE OCOOM, WMEKOIIME TeJIOo
KPacHO-KOPMYHEBOTO IIBETa C HESICHBIM YEPHBIM PH-
CYHKOM Ha criiHe. OaHaKko IoaaBisioliast 4acTh ca-
MOK U BCE BCTpEUYCHHEIEC CaMIIBl UMCIOT MEJIaHUCTU-
YECKYIO OKpAacKy TeJia.

V Hac HeT MHGOPMAIIMK O BO3pacTe 3Mei, HO MBI
HMCXOJIUM M3 TIPEAIIOIOXKEHHUS, YTO B CUIIy TeHETUYEe-
CKUX KOppeIsIIUuii BO3pacTHbIe M3MEHEHUSI B POCTE
caMLOB U caMoK P. berus nikolskii paznnyalorcs cia-
60. [TosToMy paGoTa OyaeT orpaHUYeHa aHAJTU30M
ajuiomeTpuu. EcTb U 1pyrue 10BObI B II0JIb3Y TAKOTO
pelIeHus. AHAJIN3 aJUIOMETPUHU MO3BOJISCT UCCIIEIO-
BaTh CBS3b MeXIy (hopMoit U pazMepoM. Pasmep s1B-
JISIETCSI HE TOJILKO 3aMEHUTEJIEM XPOHOJIOTUYECKOTO

(KaJIeHIApHOr0) Bo3pacTa’, HO U MPENOCTABISIET UH-
¢dopMalio 0 OMOJIOTUYECKOM (Pa3BUTUITHOM) BO3-

pacre? (Zelditch et al., 2012). Kpome Toro, Matemaru-
yecKasi MOJEb TSI aJlZIOMETPUHN SIBJISICTCS PeIIeHM -
€M pa3HOCTHOTO YpaBHEHHUsS CKOPOCTH poOCTa B
3aBUCHUMOCTHU OT BPEMECHU, 1 AJI OIIMCAHUA XapaKTe-
pa pocTa XpOHOJIOTUYECKOE BpeMS He UMEET Teope-
TUYECKOTO IIPEUMYILECTBA IIEPEN IPYTUMHU OLIEHKA-

2 XpOHOJIOTMYECKUT BO3paCT — BpeMsl XKU3HU OpraHu3Ma, rpo-
ILIe/IIIIee OT €r0 POXKIECHUSI.

3 Buonoruueckuii BO3pacT — CTeleHb MOP(OJOTMYECKOro u
(bU3MOIOTUYECKOTO Pa3BUTHS OpraHMU3Ma.
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MM OMOJIOTMYECKOIO BO3pacTa, BKJIOYas pasMep
(Strauss, 1987).

3agayeilli pabOThI SIBJISIETCS  AJJIOMETPUYECKOE
oIrcaHue XapakTepa pocTa ABYX MOJIOB U MOJOBOTO
nuMmopdusma P. berus nikolskii n3 BopoHexckoii 061.

MATEPHAIJT

YepHyI0 JIECOCTEIMHYIO TamlOKy OTJIAaBIUBaIU C
2008 1o 2017 romer Ha TeppuTopmun BopoHexkckoit
0011. (puc. 2). 3a mepmon MCCIeIOBAaHMI BHIOOPKU
OBLTU B3STHI U3 CeMM pa3HBIX MecT. Bcero ObIIIO OT-
noBiieHo 118 ocobeii, 3 Hux 84 camia u 34 caMku
(Tabm. 1).

YV OTJIOBICHHBIX 3M€ei ObLIU U3MepeHsI: L. — miu-
Ha TyJioBUIIA (OT KOHYMKA MOPIbl 10 TMEpPEaHEro
Kpasi KJIoaKaJIbHOTO OTBepcTust), L.cd. — niavHa xBo-
cTa (OT TIepeHero Kpasi KJ10aKaJlbHOTO OTBEPCTUS 10
KOHYMKA XBocTa), L.cm. — 1irHa rooBsl (OT KOHYM-
Ka MOP/IbI 10 3aJHETO Kpasi MOCJIEIHETO BEPXHETYO-
Horo muTKa), L.at.cm. — HauboablIas IUpPUHA TO-
JioBbl, L.at.m. — 1mIMpuHa roJIoBbl Ha ypOBHE a3
(MexXIy BHEUIHUMM KpasiMyd HaAMIa3HUYHBIX IIUT-
KoB), L.pil. — nmrHa ieyca (0T KOHYMKA MOPABI 10
3aJHEro Kpasi TEMEHHBIX IIMTKOB), L.m. — miuHa
MOpPJibl (OT MEPEIHEro Kpas Iia3a 10 KOHYMKa MOp-
nbl) (puc. 3). Takke paccuuThIBaIU OOLIWI pa3zMep
ronoBbl, HeadSize, mo Metogy reoMeTpu4ecKoro
cpentHero MocumanHa (Mosimann, 1970) mmyTeM BbI-
YUCJIEHWSI KOPHS B MSATOMN CTENEHU U3 MPOU3BEICHUS
MSATU U3MEepeHUit rojioBbl. U3MepeHHbIX penTuinii
BO3Bpalllajid B CPEAY CBOETO OOUTAHUS.
Ne 10
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Puc. 2. Mecra B3stust BBIOOpOK Pelias berus nikolskii B Boponexckoii o6i1actu: 1 — Bopucorine6ckuii ropoacKoil OKpyr, OKp.
moc. MupoBoit OKTsI6pb, 51°19'56" c.u1. n 42°09'44"” B.11., 2-4 — OKp. c. Borana, 51°30'24" c.ur. 1 42°11'23" B.1., 51°31'20" c.11.
un 42°11'51" B.1., 5 — HoBoycMmaHcKkuii paifoH, okp. moc. Makiok, 51°48'45" c.ur. u 39°24'13"” B.1., 9 — AHHUHCKUI pailoH, OKp.
noc. AHHa, 51°26'42"” c.u1. u 40°28'59” B.1., 10 — BoGpoBckumii paitoH, XpeHoBcKoi 60p, 51°04°05” c.ur. u 40°07°00” B.1. Ko-
opauHathl 1aHbl B mpoekuuu WGS 84 (World Geodetic System 1984).

METOJbI

AJlslomeTpuyeckoe M3MEHEHUWE B pas3Mepe Mol-
JIep>XuBaeT (QYHKIMOHAIbHYIO PaBHO3HAYHOCTh 10
BCEMY Mana3oHy pa3MepoB IS TaKUX OCHOBHBIX
¢duznyeckux cBONCTB, Kak OTHOIIIEHUE TUIOIIAAX MO~
BepXHOCTU K 00beMy (Zelditch et al., 2012). OHo cBs-
3bIBa€T yBeJIMYEHNE B pa3Mepe OAHOI YacTu Teja ¢
U3MEHEHUEM B pa3Mepe JPYroil U OoNnuchiBaeTCs MO-
JENbIO CTENEHHOro 3akoHa Y = hX* (Huxley, 1932),
e k sIBJsieTcsl CKOPOCTBhIO pOcTa yacTu Y Mo OTHO-
IIEHUIO K CKOPOCTH pocTa pa3Mmepa X, a b saBisieTcs
pasMmepoM Y npu enuHUYHOM paszmepe X. s ympo-
IIEHUs TTOATOHKU K TaHHBIM MOJENIb MPEeACTaBISIOT
B ImHeitHOM Buze: log(Y) =log(b) + klog(X). IToato-
MY B CTaThe UCIIOJb3YIOTCS pa3Mephbl, Mpeodbpa3oBaH-
HbI€ B pe3yJibTaTe B3SITUSI HATypaJIbHOTO jJorapudma
(log) umcma. Mcnonb3dyemast misl IIOATOHKKW K JaH-
HBIM MpOCTasl JUHeiiHasl perpeccus METOIOM Hau-
MeHbInmx KBagparoB (Ordinary Least Squares [OLS]
regression, Moaeab 1) BO MHOTMX CIydasx U3y9eHUS
aJlJIOMETpUU siBJisieTcs: ipueMyieMoit. Ho Tak Kak oHa
MOXET JaBaTb MCKaXXE€HHbIE 3HAUEHUS OLIEHMBAEMbIX
koapduimenToB (McArdle, 1988; Sokal, Rohlf, 1995),
YTO SIBJSIETCS CYLIECTBEHHBIM HEAOCTATKOM ISt
IpUMeHeHHs K ammomMeTpun SSD, To 11T MOoATOHKHT
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K TaHHBIM HCITIOJIb30BaJIaCh PErPECCUS METOIOM CO-
KpamieHHoi 1aBHoii ocu (Reduced Major Axis
[RMA] regression, mogensb I1) (Ricker, 1984). Ee ko-
3¢ OULIMEHT BBIUMCISICTCS KaK OTHOIIEHHE CTaH-
JapTHBIX OTKJIOHEHW IBYX pa3MepoB U CBSI3aH C KO-
s pumuenTom perpeccun OLS ¢ moMoipio BeIpa-

xenus v =2 = k
Cx
OTKJIOHEHUSI pa3MepoB Y M X COOTBETCTBEHHO, k —
Koo punmeHT perpeccun OLS, R — koadduiimeHT
Koppeasiuuu aByX pa3MepoB. CBOOOAHBIN 4JieH

perpe€CCum BbIYUCIIACTCA OOBIYHBIM CITOCOOOM:

, TIe Oy U Gy — CTaHIapTHBIC

b=Y —-vX,tneY u X 9BASdOTCS CPEAHUMHU 3HAUEC-
HussMu pa3mepoB Y u X. Ecim xoadduiimeHT amio-
METPUU v > 1, TO POCT ABJISETCS MOJOXUTEIbHBIM aJI-
JiometrpudeckuM (positively allometric); ecau v < 1,
TO POCT SIBJIIETCSI OTPHIIATEILHBIM aJZIOMETpHYIe-
ckuM (negatively allometric). Ecnu v =1, To aqimomer-
pusl OTCYTCTBYET U POCT SIBJISIETCSI U30METPUYECKUM
(isometric).

JJ1st Kaxk0ro 13 MoJjoB TPAeKTOPUM OHTOTEHETU -
YeCKOM aJJIOMETPUM BBIYUCISIIMCH OTAenbHO. [Ipu
9TOM PACcCUMTHIBAJIU JIBA BapuaHTa: B IEPBOM Bapu-
aHTe B KauecTBe pa3Mmepa (X) Obuia B3siTa IJIMHA TeJa,
log(L.), Bo BTopoM BapuaHTe — OOIIIMii pa3mMep rojio-
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L.pil.

L.at.m.
L.at.cm.

Puc. 3. Cxema UCIOJIb30BaHHBIX B CTaThe IIPOMEPOB roJIoBbl Ha nipuMepe Pelias renardi (Christoph 1861): L.cm. — myiiHa rojio-
BbI, L.at.cm. — HanOoJIbIIIAS IIIMPUHA TOJIOBHI, L.at.m. — IIMpKUHA TOJIOBHI HAa ypOBHE m1a3, L.pil. — mmHa nuieyca, L.m. — min-

Ha MOpPIBbI.

BHI, log(HeadSize). ®opmoii (Y) B TepBOM BapuaHTe
OBLIM BCE UBMEPEHHbBIE TPU3HAKU (KpOME IIMHBI TE-
Jia) TUTIOC OOIIMIA pa3Mep rojoBbl, BO BTOPOM Bapu-
aHTe — TOJBKO MSATH MPU3HAKOB TOJ0BLI. st mpo-
BepKU KoddUIMEeHTa Ha OTIMYKE OT SAIUHUIIBI BbI-
qUCISInuch 95% noBepUTEIbHbIE MHTEPBAJBI V X fs,

a =0.05
2

rae ¢ — ctatuctuka CThlofeHTa IS YPOBHS

3HaUMMOCTU ¢ N — 1 creneHsMu CcBOOOIBI, a

vi(1- R%)
s = N rae R — Koppeauus Mexny hopMoii

u pazmepom, N — oo6beM BbeiOOpKkM (Ricker, 1984).
Ecnu noBepuTenbHBIA MHTEpBaT KO3(h(OUIIMEHTOB
BKJIIOYAJI €IMHUILY, TO POCT paccMaTpHMBaJICsI KakK
BO3MOXHBIN M30MeTpUIeCKUA. /111 BEIYMCIICHUS yT-
Jla MEXIY OHTOT€HETUYECKUMU TPACKTOPUSIMU JIBYX
MOJIOB CHavasia onpeaessiach pa3Huia Koahuiim-

|Vf - m|

€HTOB (TaHIEHC yIjia) ABYX perpeccuii x = ,
1+ v,v

rme m obo3HavaeT camuoB, f — caMok. CaM yroJi BhI-

180

yucisicss no dopmyne: arctg(k) . Koppensuus

MEXIy TPaeKTOPUSIMU paBHA cos(archtg(K)). IIposep-
Ky 3HAUMMOCTH yTJ1a IPOBOIUIIU C UCITOJIb30BAHUEM
OyTcTpamn-npouenypsl octatrkoB (Zelditch et al.,
2012). 1151 aTOTO MiIst DOPMBL IUIST KasKIOTO I10JIa BhI-
YUCJISUIMCh OCTAaTKU OT COOTBETCTBYIOLIEH perpeccuu
RMA. 3ateM dopMupoBaiach MceBIOBLIOOPKA ITy-
TeM CiIydyaiftHOro BbIOOpa ocTaTka (C BO3BpallleHUEM B
HMCXOIHBII Habop) U ero nodaBiIeHUS K IMpeacKa3aH-
HOMY 3Ha4eHMIO (POPMBI, M TAK JIJII KAXKAOTO 3HAYCHUS
pasmepa. [locae aToro ajs1 NCceBIOBBIOOPKU BBIYKC-
Jasu1ack perpeccust RMA ot pa3Mepa ¢ nocaeayommum
omnpenencHUueM ee KoddduimeHra. DT NeMCTBUS
MOBTOPSUIMCH OTIEIBHO 151 caMLoB 1 camok 1000 pas.
B nrore ms1 Kasknoro mosna Obw1o rorydeHo o 1000 oyT-
CTpaM-Ko3(dPpuiimeHToB perpeccuii. JInss HuX Obuina
ornpeaenacHbl 95% nuara3oHbl. YTOJI MEXIy HaKJIo-
HAaMU JIMHUI perpeccHii I KaXIoro MmoJjia paccuu-
TBIBAJICSI MEXKIY TTOrPaHUYHBIMU 3HAYCHUSIMU KO3 (-
Ne 10 2022
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bumeHTOB MMaIa3oHa. YToJI MEXIy IByMST OHTOTe-
HETUYECCKMMU TPACKTOPUSIMU CUMTAJICS 3HAYMMBIM
Ha 5% ypOBHe, €CJIM OH IIPeBBIIIA YIJIBI MEXIY Ha-
KJIOHAMU JIMHUM perpeccrii y KaXIIoro IoJja.

st cpaBHEHUST BEJIWYMH MPU3HAKOB (Hopm) y
3Meil TIpU POXAEHUM K OcTaTKaM, MOJIyYeHHbIM Ha
IpenbIayIIeM IIare, ObIM TOOABJIEHBI ITpeAcKa3aH-
Hble 3HAYEHUSI, pACCUMTAHHBIC JIJISI CAMBIX MOJIOABIX
3Mei, T.e. IJIs1 IJIMHEL Teaa, paBHOM log(170 Mmm). Bei-
yUcysiach HaOM01aeMas pa3Huilia MeXI1y CPeIHUMU
3HaYEHUSIMU MPU3HAKOB ABYX T0JIOB. Jlajee K cpas-
HYBaeMbIM BbIOOpDKaM ObUI TIPUMEHEH IepecTaHO-
BOYHBIN TECT, KOoTga 00e BHIOOPKM OOBEIMHSIIINCH B
ONIHY, a 3aTeM OObeIUHEHHAas] BHIOOpKA CIyYailiHbIM
o0pa3oM paszessiiach Ha 1Be IMCEBIOBBIOOPKU, UME-
JoIIre pa3Mepbl NCXOOHBIX BEIOOPOK. Beramcisiack
pa3HMLIA MEXIY CPETHUMU 3HAYCHUSIMU TICEBIOBbBI-
6opok. Dta npolenypa nopropsiaack 1000 paz. 3arem
MOACYUTHIBAIIOCH KOJIMYECTBO Tap MCEeBIOBHIOOPOK O,
Yy KOTOPBIX pasHUIa MEXIYy CPeAHUMU 3HAYCHUSIMU
ObL1a OoJibllle WM paBHa HaOmtomaemoii. Beposit-
HOCTb NIPUHSTUS HYJIEBOI TMITOTE3bl O TOM, UTO BbI-
OOPKM B3SITHI U3 OTHOUM COBOKYITHOCTHU, OLICHMBAJIACh

no dopmyie p = (2 +1
+

nap ncesgoBbIOOpok (Davison, Hinkley, 1997; 11lu-

THKOB, Po3zenoOepr, 2013).

U151 KOMMYeCTBEHHOTO U3MEPEHMS MMOJIOBOTO -
Mopdu3Ma NPEeUMYILIECTBEHHO TPUMEHSIETCS WH-
JIeKc ToyioBoro nuMopdusMa (sexual dimorphism in-
dex, SDI), nnpemnoxeHHb1i1 JloBuueM 1 [n660HCOM
(Lovich, Gibbons, 1992). OnHako MbI UCTIOJIb30BAIU
BUJIOM3MEHEeHHBI HamMu uHaekc Cropepa (Storer,
1966). Hama Mmogudukanus

2L, — Ly)

L.+ L
JIy4IIIe TTOAXOIUT IS aBTOMATUIECKOTO BEIUMCIICHUS
M TTOKA3bIBAET Pa3IMUMs MEXKIY MOJIaMU 110 OTHOIILIE-
HUIO K UX 001MM pasmepam; L, 1 Ly— pa3mepsl caM-
OB U CaMOK, COOTBETCTBEHHO. MHOEKC sSBuseTcs
CUMMETPUYHBIM U U3MeHsieTcst oT —1 no 1. Ipu mno-

JIOXKUTEIBHBIX €r0 3HAUYeHUsIX OoJiee KpYITHBIE pa3-
MepPbI UMEIOT CaMIlbl, IPY OTPULIATENIBHBIX — CAMKM.

Taxoke BBIMUCIISJINCh TPACKTOPUM aJUIOMETPUU
SSD mryreM mmoctpoeHns perpeccuin RMA pasmepos
CaMOK OT pa3MepOB CaMIIOB.

st Beramcnenus u SDI u TpaekTopuii aJuioMeT-
pun SSD wmcroiib30BaInCh OCTATKU, ITOJTydECHHBIC
MPU BBIYMCIEHUN TPaeKTOPUN OHTOreHETUYECKOit
aJUIOMETPUM, K KOTOPBHIM TO0ABISUIMCH IpeacKa3aH-
Hble 3HAaUEHMS MPU3HAKOB U OOIIEro pa3mMepa rojo-
BBl JUISI JIoTapu(PMUUYECKM TIPeodpa3oBaHHBIX IIUH
teaa B 200, 300, 400, 500, 600 u 700 MM, T.e. miIsa
5.298, 5.704, 5.991, 6.215, 6.397 n 6.551. IlomyyeH-
HbIE 151 000X MOJI0B 3HAYEHMUSI IS IIIECTU HAOOPOB
JIAaHHBIX 3aTEM B KaXXII0M HaO0Ope YCPEeIHSIJINCh U UC-
MOJIb30BAIMCH JIJIsl BHIYMCICHUSI MHAEKCA U IIOCTPOe-

, Tne B = 1000 — Koimm4ecTBO

SDI =
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HUS aJUIOMETPUUYECKOU TpaeKTopuu. 3HAYMMOCTbHIO
OTKJIOHEHUS IMHUU ajuToMeTpun SSD OT eNMHULIBI SIB-
JISIJTach BIYMCJIEHHAS paHee 3HAUYUMOCTb yTjia MEXITY
OHTOT€HETUYECKMMU TPAEKTOPUSIMU ABYX MOJIOB.

Bce pacuersl npousBoaunnck B PTC Mathcad 6.0,
IUIST KOTOPOTO OBUIM HAITMCAHBI COOTBETCTBYIOIIE
aJITOPUTMBI.

PE3VJIBTATHI

Poct mmuabl xBocTa, log(L.cd.), 10 OTHOILIEHUIO K
pocty Tena, log(L.), y 000X I10JI0B BUIMMO SIBISIETCS
M30METPUYECKUM, T.€. BeJIMYMHA (pOPMBI BMECTE C
pa3MepoM U3MEHSIETCSI IPOIOPIMOHAIBHO (Tab. 2).
N3MepeHnst ToJIOBEI U OOIIMIA pa3Mep TOJOBEI MTPO-
SBJISIIOT OTPULATENbHBINA aTTOMETPUUYECKUIN POCT,
T.e. C YBeIMYEHUEM pa3Mepa Tejla OTHOCUTEIbHBIE
pa3sMmepsl OpMBI yMeHBIITaloTcsa. 1o OTHOIIEHHWIO
K log(HeadSize) BO3MOXHBI N30METPUIECKHUI POCT
y o000MX IIOJOB IIOKA3bIBAIOT IMHA TOJIOBHI,
log(L.cm.), u nnuHa nwmieyca, log(L.pil.) (ta6a. 3).
OnHakKo pOCT IPYyTUX MIPU3HAKOB Y CaMIIOB U CaMOK
paznu4daercs. PocT y caMIioB HanOOJIbIIeil ITMPUHBI
rosioBnl, log(L.at.cm.), u mmuHBl Mopabl, log(L.m.),
MOKAa3bIBAET TOJIOKUTEIBbHYIO aJlJIOMETPUIO, a y ca-
MOK BUIUMO SIBJISIETCS M30MeTpudecKuM. PocT mim-
PMHBI TOJIOBBI Ha ypoBHe a3, log(L.at.m.), y caMm-
1IOB, TTO-BUAVMOMY, SIBJISIETCSI U30METPUYECKUM, a Y
CaMOK SIBJISIETCSI OTPULIATEIbHO aJJIOMETPUYECKUM.

CpaBHeH1e OHTOTEHETUUECKUX TPAeKTOPUiA (pa3-
MepoM sBIIsIeTcs mivHa Teia, log(L.)) He BBIIBMIIO
pa3IMIMii B UX HAIIPABICHUSAX ¥ OOOMX ITOJIOB IIJIsI
JJIMHEBI xBocTa, log(L.cd.), nmHe! roiossl, log(L.cm.),
W HauOojplleil mupuHBI TogoBbI, log(L.at.cm.)
(Tadin. 4, puc. 4). I1lpu 3TOM TpaeKTOpuUM IS IJIUHBI
XBOCTa y CaMIIOB M CaMOK SIBJISIFOTCSI CKOpee Tapasi-
JISTbHBIMUA, YeM COBHAMAIOINMM, YTO XapaKTEepHO
IUJIST AJUTOMETPUH C TIEPEHOCOM WJIW TPAHCITO3UITMOH-
HoI ajismoMeTpuH (transpositional allometry). Bo Bcex
IPYTUX CIydasX HaIpaBJIeHUS OHTOTCHETHYESCKUX
TPaeKTOPUit MEXIY TTOJIaMM Pa3IuJaloTcsd. Y caMIloB
U CaMoOK, ITO-BUAWMOMY, COBITaIalOT TPaeKTOPUHU,
CBSI3aHHBIEC C pa3MepaMU TOJIOBHI (3a UCKITIOUYEHUEM
IIMPUHBI TOJIOBBL Ha ypoBHE a3, log(L.at.m.)), ko-
rma pasMepoM BeIcTymaeT log(HeadSize) (tab6ma. 5,
puc. 5). I1ooBbIe pa3Tuaus TP HAaUMEHBIIIEM pa3-
Mepe Tena, T.e. Ipu L. = 170 MM, oTMeUYeHBI 111 BCeX
paccMaTpMBaeMbIX TMPU3HAKOB, 3a HWCKIIOYEHUEM
JJMHBL Mopabl, log(L.m.) (ta6:a. 4). Bo Becex cinyvasx
OHTOTEHETUYECKHE TPAEKTOPHUU TTOKa3bIBaJIM BBICO-
KYy10 KOppeIslunIo MexXay rmojamu (tadi. 4, 5).

Ha puc. 6 npuBoasaTcsa nuaMeHeHUsI UHACKCOB T10-
JoBoro nuMopdusMa (SDI) ¢ yBeanyeHueM pasmepa
tena, log(L.). Ha BceM mpoTszkeHUM pa3BUTHUS WH-
JIEKC TT0Ka3bIBaCT JOBOJILHO YCTOMYMBHIC Pa3INYUS
MEXIy MojJaMU B OTHOCHUTEIBHOIM IJIMHE XBOCTA,
L.cd., ¢ 6ojiee KpYIMHBIMU €T0 pa3MepaMu y CaMIIOB.
N3meHeHuUs B MHIEKCE I OOIIEro pa3mMepa roJioBHI,
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Taomuna 2. [Tapamerpsl oHTOreHeTUYeCKOM ajutomeTpuu [perpeccust RMA log(dopma) ot log(nvHa tena)] niist camiion
(N =171) u camox (N = 20) Pelias berus nikolskii 13 BopoHexXckoii obiacTu

Cam1ibl Camku
dopma
v cf. (v) v c.f.(v) b
L.cd. 1.035 0.947—1.122 —2.051 0.991 0.893—1.088 —2.009
HeadSize 0.640 0.593—0.688 —1.552 0.556 0.475—0.637 —1.065
L.cm. 0.632 0.577—0.686 —0.949 0.575 0.472—-0.678 —0.628
L.at.cm. 0.708 0.633—0.783 —1.902 0.657 0.504—0.811 —1.610
L.at.m. 0.673 0.612—0.734 —2.038 0.507 0.398—-0.616 —1.065
L.pil. 0.637 0.566—0.707 —1.288 0.520 0.424—0.615 —0.601
L.m. 0.752 0.655—0.850 —2.817 0.672 0.523—0.821 —2.377

TTpumeuanusi. v — koadbuumeHT auioMetpuu, c.f. (v) — 95% noBeputenbHbIiA MHTEPBAJ 1151 V, b — CBOOOMHBIM WIEH.

Taomuuna 3. ITapameTpbl OHTOTeHeTUYeCKOH amoMeTpuu [perpeccust RMA log(dopma) ot log(HeadSize)] mis camiion
(N =171) u camok (N = 20) Pelias berus nikolskii u3 BopoHexckoii odyiactTu

CaM1ibl CaMKku
dopma
v c.f.(v) v c.f.(v) b
L.cm. 0.986 0.919—-1.054 0.581 1.034 0.925—1.143 0.474
L.at.cm. 1.105 1.016—1.194 —0.187 1.128 0.988—1.268 —0.213
L.at.m. 1.051 0.967—1.134 —0.407 0.873 0.759—0.988 0.001
L.pil. 0.994 0.917—1.071 0.255 1.042 0.915—1.168 0.133
L.m. 1.175 1.065—1.284 —0.994 1.112 0.943—1.282 —0.850

IMpumeuanus. v — koadduimeHT ayutomerpun, c.f. (v) — 95% noBepuTeIbHbBII UHTEPBAN UIS V, b — CBOGOIHBIN WICH.

HeadSize, oTpaxaroT o011re n3MeHEeHMS B TTOJIOBBIX
pasINUYUSIX TPU3HAKOB TOJIOBBI. OHM COCTOSIT B TOM,
YTO MPY HAMMEHBIINX pa3Mepax Tejia 3HaueHUs TPy -
3HaKOB TOJIOBHI SIBJISTFOTCST OOIBIIMMH Y CAMOK, C YBe-
JIMYEHUEM pa3MepoB 3Meii OOIbIITMMU 3HAYSCHUS CTa-
HOBSITCS y caMIIoB. Takoil xapakTep BO3paCTHBIX 13-
MEHEeHWI HaXOIMT OTpakeHWe W B aJutoMeTpun SSD
(tabu. 6, puc. 7).

M3 Bcex MpU3HAKOB aJLTOMETPUYECKIE OTHOIIIEHMS
MEXy MoJjlaMu BbISIBJIEHBI ToJbKO s log(HeadSize),

log(L.at.m.), log(L.pil.) 1 log(L.m.). JI;191 HUX oTMe-
YyeHa OTpUIlaTeTbHAS aJUIOMETPHSI, XapaKTepHast st
npasuia PeHua.

OBCYXIEHUE

CpaBHEHME OHTOT€HETUUYECKMX TPACKTOPHUIl ro-
BOPUT O BBICOKOM KOPPEIMPOBAHHOCTU Pa3BUTUS
CaMIIOB 1 CaMOK YE€PHOI1 JIeCOCTEHOMI TragloKu, 4TO
MOXKET OBITh OOBSICHEHO TeHETUIECKOM KOPPEIIIIIeit.

Taommna 4. CpaBHeHME OHTOTreHEeTMYEeCKMX TpaeKTopuii [perpeccuit RMA log(dopma) ot log(mmvHa Tena)] camiion (N = 71)
u camoK (N = 20) Pelias berus nikolskii n3 BopoHexckoii o61actu

. BHyTpuIo0Boi1 yro .
MexXmoJIoBoit yrou MEXIIy OHTOTEHETHUECKIMY Koppesiwus 3HAYMMOCTD Pa3INIUiA
dopma |MeXITY OHTOTCHETUIECKUMU TPAEKTOPHSIMH, B IPAIyCax MEKITY TOaMI MEXIY ToJIaMU TTpU
TPaeKTOPUSIMH, B Tpamgycax HaVMEHBIIIeM pa3Mepe Tesa
caMmIIbl caMKu

L.cd. 1.254 2.744 2.875 1.000 0.001
HeadSize 3.583 2.648 2.453 0.998 0.001
L.cm. 2.393 2.780 2.675 0.999 0.023
L.at.cm. 1.958 2.678 2.509 0.999 0.041
L.at.m. 7.074 2.535 2.293 0.992 0.001
L.pil. 5.025 2.722 2.561 0.996 0.001
L.m. 3.057 2.370 2.115 0.999 0.196

anIMe‘{aHMe. Ecnu MexrmonoBoit YIoJ1 IPEBhIIACT BHYTPUITIOJOBLIC YIJIbI, TOrJa HaIllpaBJICHUS TpaeKTOpI/Iﬁ pasinyaroTcs.
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log(L.)

log(HeadSize)

.0
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6.6
log(L.)

54 5.8 6.2

Puc. 4. OHTOreHeTYeCK1e TPAaeKTOPUU CaMIIOB (TEMHbIE KPYXKKM) U CAMOK (CBETJIble KPYXKW) P. berus nikolskii st niuHb
xBocTa, L.cd., obuero pasmepa ronossl, HeadSize, u miectu nuamMepeHuii rojoBbl U3 puc. 3. B kauecTBe pa3Mepa UCIONIb3yeTcst

IUIMHa Tena, L.
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Tabomuna 5. CpaBHeHUe OHTOreHeTU4YeCKuX Tpaekrtopuii [perpeccuit RMA log(dopma) ot log(HeadSize)| camuios (N =71)
u caMok (N = 20) Pelias berus nikolskii n3 BopoHexckoii o61actu

. BHyTpUII0710BOI#1 yroi
MexX1moJioBoi1 yrou MEXIY OHTOTEHETUYECKUMM TPAeKTOPUSIMU, KoppeJisiuust
dopma MEXIY OHTOTEHETUYECKUMU B rpasycax e oA
TPaeKTOPUSIMHU, B Tpagycax ad
camIIbl caMKu
L.cm. 1.362 2.743 2.966 1.000
L.at.cm. 0.591 2.775 2.785 1.000
L.at.m. 5.293 2.798 2.681 0.996
L.pil. 1.344 2.736 2.774 1.000
L.m. 1.546 2.764 2.562 1.000

Ta6muna 6. [Mapamerpbl amnoMerpuu mojoBoro auMmopdusmMa B pasmepe [perpeccuss RMA log(dopma camkm)
ot log(dopma camua)] Pelias berus nikolskii 3 BopoHexckoii o61acTu

dopma b
L.cd. 0.958 —0.048
HeadSize 0.867 0.283
L.cm. 0.910 0.236
L.at.cm. 0.930 0.155
L.at.m. 0.753 0.468
L.pil. 0.817 0.448
L.m. 0.867 0.283

ITpumeuanusi. v — K03 GULIMEHT aJUIOMETPpUU, b — CBOOOIHBIN WwieH. Eciin HanpaBieHNUsI OHTOTeHETUYECKUX TPAeKTOPHil B Ta0II. 4

HE pa3nyaroTcs, To Ko3GhGUIIMEHT v HE OTJINYAETCS OT eMHUIIBI.

Béinbirasa mmHa XBocTa y CaMIOB 110 CPaBHEHUIO
C caMKaMM 3MEi SIBJISIETCSI IOBOJILHO PAacCIIpOCTpa-
HeHHoM yepToii (Gregory, 2004; Lucchini et al., 2020;
Silva et al., 2017; Tamagnini et al., 2018). M»I HaLUIN,
YTO XapaKTep pocTa XBOcTa y 00oux 1monoB P. berus ni-
kolskii, 10 Bceit BUIMMOCTH, SIBJISIETCS CJTydaeM aJlJIO-
METPUHU C TIEPEHOCOM. YCTOMYMUBBIE TIOJIOBBIE Pa3jIn-
YUl B €T0 JUIMHE TOBOPST O TOM, YTO CaMIIbl 1 CAMKU
POXIAIOTCS C XBOCTAMU Pa3HOM IJIMHBI U PACXOXIIE-
HUE B MX pa3Mepax MPOMCXOAUT B IIEPUO AOPOIOBO-
ro (mpeHaTtajgpHOro) pasButus. Ilociie poxmeHMS
XBOCTBI 3MeI Pa3HbBIX II0JIOB PACTyT NPAaKTHUIECKU C
onnHakoBoii ckopocTblo. Kunrom (King, 1989) 6b110
BBIIBUHYTO HECKOJIbKO OOBSICHEHMI IJIs1 MOJOBOTO
nuMopdusma y 3meii. OmTHUM U3 00BSICHEHU OoJiee
JUIMHHOTO XBOCTa y CaMIIOB CUMTAaeTCs HEOOXOIu-
MOCTb BMEIIeHHSI TEMUIIEHMCOB U MX BTSTUBAIOIINX
Meii. Ho Takoe npenmnosoxeHne HaILIO ITOATBEP-
XKIEeHUE JIMIIb JII KOPOTKOXBOCTBIX BUIOB, KOTIa
PETIPOAYKTUBHBIE OPraHbl OTPAHUYMBAIOT HAUMEHb-
muit pasmep xBocta. Jloyunr u ap. (Lawing et al.,
2012) CBSI3BIBAIOT IMHY XBOCTA C ITOABWKHOCTBIO U
MaHEeBPEHHOCTBIO 3Mel U IJII WX OLIEHWBAHUS HC-
noab3oBaiu uHaekc L.cd./L. Y aMepukaHCKUX T0-
JIypololuX 3Mei 3ToT nHiaekc obu1 Huxke 0.05 (pon
Typhlops), ay npeBecHbIX — gocTturai moutu 0.50 (po-
nwl Leptophis u Uromacer). Illupokast uU3BMEeHYNBOCTh
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JJIMH XBOCTOB, OUEBHUIHO CBSI3aHHAS C UX (DYHKIIUSI-
MU, OTPAaHUYMBAET IIPUMEHNMOCTb MEPBOTO OOBSIC-
HeHust KuHra. YepHast iecocTermHast rairoka siBJsieT-
csl 3acaJHBIM OXOTHUKOM, IOOBIYYy AaKTUBHO HE
IpecjeayeT U He MMEET OTHOCUTEJBHO IIMHHOTO
XBOCTA; CpeaHee 3HaUeHNE UHIEKCA Y CAMIIOB COCTa-
Buto 0.16 £ 0.001 (N = 77), y camok — 0.13 = 0.002
(N = 23). Npyras nipenjoxeHHass Kunrom (1989) ru-
1oTe3a COCTosIa B TOM, 4TO 0oJiee JIUHHBIM XBOCT Y
CaMIIOB ITOMOTaeT B UX YXaXKUBAaHUU 32 CAMKO 1 Ta-
KUM 00pa30oM CITOCOOCTBYET CITAPUBAHUIO. DTa TUITO-
te3a KuHrom monarBepxneHa He Obuia, Ho IllaitH
u ap. (Shine et al., 1999) HanuiM npakTUYecKue CBU-
JIeTeJIbCTBA B €€ Mojb3y. TakKe IJIMHA XBOCTa MOXET
OBITH BaKHa BO BpeMsl pUTYaJIbHBIX 00€B MEXIY CaM-
LaMu B Tiepuo criapuBanusi. OmHaKo, MO-BUAVMO-
MY, MU30METPUUECKUIT POCT XBOCTA MOXET YKa3bIBaTh
Ha OTCYTCTBUE AABJIEHUSI €CTECTBEHHOrO OTOOpa Ha
pa3Mep opraHa B mpoliecce oHToreHe3a. TpeTbe 00b-
sscHeHne, nanHoe KwnHrom (1989), 3akmiouaeTcsl B
TOM, YTO y CAMOK YMEHbIICHUE B JJIUHE XBOCTA CBSI-
3aHO C YBEJIWUYEHHEM WX PEHPOAYKTHUBHOM CHOCOO-
HocTtu. Cpenu 56 mpoaHaIU3UPOBAHHBIX POIOB 3Meit
n3 ceMmeiictBa Colubridae oH Halllen OTpULIATEIBHYIO
CBSI3b MEXY MOJOBBIM JUMOP(PU3MOM B JUIMHE Tesia
M TIOJIOBBIM IUMOP(MU3MOM B IJIMHE XBOCTAa. MBI T10-
JlaraeM, 4TO YMeHbIIEHHE JJIMHBI XBOCTA Y CAMOK MO-
Ne 10
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Puc. 5. OHTOTeHETMYECKHE TPACKTOPUM CAaMIIOB (TEMHBIE KPYXKKHM) U CAMOK (CBETJIbIe KPYXKWU) P. berus nikolskii mis mectu
U3MEpeHUit ToJIOBHI U3 puc. 3. B KauecTBe pasMepa MCITob3yeTcs o01uii pa3Mep rojiossl, HeadSize.

KET ObITh BEI3BAHO 6(')J'ILH_H/IMI/I, 4YEM y caMIIOB 3aTpa-
TaMM Ha BOCITPOMU3BOICTBO.

Bce mpm3Haky roJjioBhI, a TaKKe OOIIMIT pa3Mep
TOJIOBBI ITOKAa3bIBAIOT OTPUILIATEILHYIO OHTOTCHETH-
YecKyl auioMeTpuio. ['amioKu poXmarTcs ¢ OTHO-
CUTEIbHO 0O0Jice KPYITHBIMU TOJIOBaMHM, U OTHOCH-
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TeJIbHBIE pa3MephI TOJIOBBI IO MEpe pocTa YMEHBIIIa-
otcsa. Ilpm 3TOM WM3MeHeHUS B OOIIeM pa3Mmepe
TOJIOBBI COTIPSIKEHBI ¢ M3MEHEHUSIMU BCEX ee M3Me-
peHUit, 3a UCKITIOYCHNEM IMTUPUHBI TOJIOBBI HA YPOB-
He 11a3. JIyTmHa TOJIOBBI M HaOOoJIbINas IMMPUHA TO-
JIOBBI Y 0OOMX TIOJIOB PACTYyT C OMMHAKOBOM CKOpPO-
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Puc. 6. UameHeHne nHmekca noyioBoro nuMopdusma (SDI) ¢ yBenmuenuem pasmepa tena, L., P. berus nikolskii. TTynkTupHas
st ipy SDI = 0 yka3bIBaeT Ha OTCYTCTBUE MOJOBBIX PA3IMUMIA.

CTBIO, POCT 3HAYEHUN OPYIMX NMPU3HAKOB, & TAKXKE
o0l1leTo pa3Mepa TOJIOBbI, Y CaMIIOB MPOUCXOAUT C
0oJiee BBICOKOM CKOPOCTBIO, UeM y caMoK. [1pu poxk-
JIEHUM 3HAYCHUSI BCeX MPU3HAKOB (KpoMe IIMHBI TO-
JIOBBI 1 HAMOOJIBIIEH IMMPUHBI TOJIOBBI), a TAKXKE 00-
IIETo pa3Mepa I'oJIOBBI ObUIH OOJIBbIIIE Y CAMOK, YeM Y
camiioB. Kak 1 B cily4ae ¢ XBOCTaMM 3TO YKa3bIBaeT
Ha IOpPOIOBOE PACXOXKICHNE OHTOTEHETUIECKIX Tpa-
exTopuii. OTCI0Ia OHTOI€HETHMYECKHUE TPaeKTOPUU
SIBJISIIOTCSI CXOISIIIIUMMUCS, YyTpauyuBasl IMOJOBbIE pa3-
Jaus npu pyimHe tena B 330—350 MM (11 mpu3HaKa
JJIMHBI MOPJBI IJIMHA Tejla COCTaBJIsIa OKoJIo 250 MM),
3aTeM TPAcKTOPUM PACXOISTCSI, IPUBOASI K yCHUJIe-
HMUIO ITOJIOBOTO TMMop(dr3Ma B MIpU3HaAKaX ¢ UX boJjiee
BBICOKMMM 3HAYCHUSIMU Y CaMIIOB. DTO TOBOPHUT O
HeaJUIOMETPUIECKOM XapaKTepe pas3InInii B OHTOIe-
He3ax AByX MmoioB. MI3MeHeHMs B IIMHE TOJIOBBEI U
HanOOJIbIIIEH IMMPUHE TOJOBHI Y CaMIIOB M CaMOK
MPOUCXOAAT BIOJb CXOOHBIX TPACKTOPHUIL Pa3BUTHUSI.
OnHako MbI HE MOXEM CKa3aThb, CYIIECTBYIOT JIU MO~
JIOBbIE pa3Iu4urs B TPASKTOPUSIX, T.K. JISI 3TOTO He-
00XOIVIMBI JaHHEBIE TI0 pa3Mepy CAMIIOB M CAMOK IIpU
POXACHUH U TIpU HAaMOOJIbIIIEM BO3PaCcTe CBOEH KM3HU.

OTHOCUTENBHO 00JIee KPYITHbIE pa3Mephl TOJIOBbI
B paHHeM Bo3pacte ucciaenosarenu (King et al., 1999)
MBITAIOTCS OOBSICHUTH 0oJice ITUPOKUM CIHEKTPOM
MOTPeOIIIeMOi TN, HEOOXOMUMOM 11T pa3BUTHSL.
OmHako pas3iIudus MEXOY MOJIaMU OCTAlOTCS Hesic-
HBIMHA. BO B3pOCIIOM COCTOSTHUM, COTIACHO HAIIMM
pes3ynbTaTaM, caMIIbl P. berus nikolskii 1o cpaBHEHHUTO
C caMKaMM TIPenpacIiooXeHbl UMETh IO PSITy mapa-
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METpOB (OOLIMI pa3Mep TOJOBbI, IIMPUHA T'OJOBBI
Ha YpOBHE IJ1a3, JUIMHA MUJieyca 1 IJIMHA MOPIbI) 60-
Jiee KpyTiHbIe TOJI0BbI. [Ipennonaraercs, 4to GoJjee
KPYITHBIE TOJOBBI Y CAaMIIOB MOTYT OBITh CBSI3aHEI C
HEOOXOIUMOCTBHIO YYaCTBOBATh B MOEIUHKAX C IpPY-
TMMHU caMlIaMM 3a JOCTYII K caMKaM BO BpeMsI Opay-
Horo nepuona (Tomovié et al., 2002).

ComnacHo 3enpany u np. (Zelditch et al., 2012)
pasMmenieHe Ko3(p@UIIMEHTOB OHTOICHETUYECKOM
aJJIOMETPUM Ha CXeMaTUUECKOM TeJie 3Meil TT03BOJISI-
€T YBUJIETb UX ITIPOCTPAHCTBEHHYIO CBSIZHOCTh (puC. 8).
®dyuman (Fuiman, 1983) Haiesn, 4To XxapakTep Ipo-
CTPAHCTBEHHOTO POCTa MOJIOAU PbIO HOCUT oOpaT-
HBI XapaKTep MO OTHOILIEHUIO K MPOCTPAHCTBEHHO-
MY POCTY JUYMHOK, T.€. AJLTOMETPUUECKUI POCT MO-
JIONY YPaBHOBEIINBAETCS AJZIOMETPUIECKUM POCTOM
JmunHOK. Mcxons u3 3Toro, MOXXHO IaTh pa3BUTUII-
HOE TOJIKOBaHME aJUIOMETPUIECKUM KO3(hPuIreH-
taM. IlodydeHHBIE HAMM a/UIOMETpHYECKUE KO3(-
¢GpULIMEHTH ¢ HAUMEHBIIMMM 3HAaYCHUSIMU TIPUHAI-
JiexaT MNpM3HaKaM ToJOBHI (IIMpUHA TOJOBBI Ha
YPOBHE IJ1a3, IJIMHA TOJIOBHI U JJIMHA IT1JIeyca), OMu-
CBIBAIOIIIMM POCT MO3TOBOIO Ueperna. JTO TOBOPUT O
TOM, YTO MO3TOBOIi 4epen mocje POXICHUs 3Meid
pacTeT Me[JIeHHee Ipyrux yacrteit teja. Ho 3To Tak-
K€ TOBOPUT O TOM, UTO B IOPOAOBOI IIEPUOI MO3TO-
BOI1 yepeIl poc 0osiee ObICTPBIMU TEMIIAMU 110 OTHO-
MIEHWIO K OCTaJbHOMY Teily. TakKuMm oO0pa3oM, 3TOT
MpPOIIeCC CBSI3aH C pa3BUTHUEM MO3ra, OTBEYAIOIIM 34
MOBEIeHNE U BHIIOJIHEHWE OPraHM3MOM OCHOBHBIX
¢yakumii. JlopomoBoe pa3BUTHE MO3ra, BHI3BIBAIO-
Ne 10
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Puc. 7. AmutomeTrpus onioBoro nuMopdusma B pasmepax (SSD) P. berus nikolskii. TOHKass TUHUS TTOKa3bIBaET M30METPHIO.
Toscrast IMHUS ¢ KPYKKaMU ITOKa3bIBaeT HabII01aeMble pe3yJIbTaThl.
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Puc. 8. PacrionioxeHue alioMeTpUIeCKUX KoahGUIIMeHTOB Ha Teiie P. berus nikolskii (cxema).

11Ilee POCT MO3TOBOTO Ueperia U COMPSIKEHHBIX ¢ HUM
YacTeil TOJOBHI, MIPUBOIUT K (hOPMHUPOBAHUIO TPHU
POXIEHUN OTHOCUTEIBHO 60JIee KPYITHBIX TOJIOB.

IIpoBeneHHOE UCClIemOBAaHKE MOKA3BIBAET, UTO U3
BCEX M3YUYCHHBIX XapaKTepUCTUK Tejaa ¢ MPaBUIOM
Penua cormiacyloTcs TOJNBKO IIMpUHA TOJIOBBI Ha
YpPOBHe a3, UIMHA NUJIeyca, IIMHA MOPIBI M OOLIHIA
pasMmep ToJioBbl. [Ipu 3TOM TIpu IJIMHE Tejaa MEHee
330—350 MM (11 IIMHBL MOPABI — MIPUOIU3UTEIILHO
250 mM) HaOmogaeTcs rurtoauioMeTpust SSD ¢ 6671b-
IMUMH 3HAaYeHUSIMU MPU3HAKOB y camMoK. M, Hao0o-
pOT, IpU IJIAHE Teja, IPEBHIIAOIICH yKa3aHHYIO
BeJIMYMHY, HaOmomaeTcs rurepauioMerpust SSD ¢
OOJBIIMMHI 3HAYSCHUSIMU TeX K€ TMPU3HAKOB y caM-
oB. [Ipennonaraercst, yto aystomeTpusi SSD, corna-
cylolasicst ¢ mpaBuiioM PeHYa, 3BOMIOIMOHUPYET B
oTBeT Ha MojoBoii oroop camuoB (Clutton-Brock,
1985; Leutenegger, 1978; Webster, 1992; Fairbairn,
Preziosi, 1994). 3nech Mbl BBIHYKIE€HbI TOBTOPUTD,
YTO CaMIIbl YEPHOU JI€COCTENMHON ratoKi y4acTBYIOT
B MOEIMHKAX 3a IOCTYM K caMKaM U, BUAMMO, 0COOU
¢ Oojlee MAcCCUBHBIMM TOJIOBAMU HMMEIOT OOJIbIIe
IIAHCOB OCTaBUTh CBOE IIOTOMCTBO. AJIJIOMETPUS
SSD, comnacywoliasicsas ¢ mpaBuwioM PeHua, Takxke
YKa3bIBaeT Ha OOJIBIIYIO U3MEHUYUBOCTb IPU3HAKOB Y
camMoB. B cBoIO ouepenn, 0OmbIIAST N3MEHUYMBOCTD
caMIIOB TMOAAepKUBaeT TpenctaBieHus [eomaksiHa
(1965, 1972) o TOM, 9TO CaMIIbI IPENACTABIISIOT COOOM
IMOJIMTOH €CTECTBEHHOTO OTOOpa U OMpPeNesIsioT Ha-
MpaBJieHUEe U3MEHEHUs TIpu3HaKa B (hujioreHese.

3AKJIIOYEHHME

Hamm pesynbTaThl CBUAETEILCTBYIOT O TOM, YTO
IIpU POXICHUM MOJIOABIC TaglOKU MMEIOT OTHOCH-
TeJIbHO 00Jiee JUIMHHEBIE U IIIPOKIE TOJIOBLI, TIpUYEM
Yy CaMOK TOJIOBBI KpYyITHEE, 4YeM Y caMIIOB. B manbHeii-
IIIEM OTHOCUTEIbLHBIEC pa3Mephl T'OJIOBEI YMEHBIIIAKOT -
csl, TOJI0Ba CTAHOBUTLCSI O0jIee CKaToil. Y caMOK 3TOT
MpPOLIECC OKA3BhIBAETCS BBIPAXXEHHBIM CUJIbHEE, B pe-
3yJIbTaTe Yero TOJIOBBI Y CAMIIOB CTAHOBSITCSI OOJIbIIIE
U 1IMpe, 4yeM y caMoK. Ho Takue pa3nuuusi, BUTUMO,
JIOJZKHBI HAOMIOAATHCS y 00JIee BO3PACTHBIX OCOOE.

300JIOTUYECKHU KYPHAJ

st monoBoro pumopdusma y P. berus nikolskii Hamn
BBISIBJIEHO IBa UCTOYHUKA: TOPOIOBOE PACXOXKICHIE
B Pa3BUTUU U Pa3HbIe CKOPOCTU POCTA. AJNTOMETPUS
SSD mnoka3zana, 4To B LI€JIOM JIMIIb Pa3Iudus B pa3-
Mepax roJIOBBI MOTYT OBITh OOBSICHEHBI IIOJIOBBIM OT-
0opoM caMIIOB. XOTs IJIsI O0IbIITei HATeXKHOCTH TaK-
JKe KeJIaTeJIbHO MMPOBOAUTH aHaIU3 CTATUYECKOM aJl-
JIOMETPUU.
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SEXUAL DIMORPHISM IN THE ONTOGENY OF THE BLACK FOREST-
STEPPE ADDER (PELIAS BERUS NIKOLSKII (VEDMEDERJA, GRUBANT ET
RUDAEVA 1986), SERPENTES, VIPERIDAE) FROM THE VORONEZH REGION,

BASED ON TRADITIONAL MEASUREMENTS

M. V. Ushakov" *, E. N. Frolova% **

"Voronezh State University, Galich’ya Gora Nature Reserve, Donskoe, Zadonskii Distr, Lipetsk Region, 399240 Russia
*Voronezh State University, Voronezh, 394018 Russia
*e-mail: ushakov@dev-reserve.vsu.ru

**e-mail: katerina199128@mail.ru

Males and females of the Black forest-steppe adder (Pelias berus nikolskii) inhabiting the Voronezh Region,
apart from differences in tail length, show external similarities. Individuals have a black body; females may
have red-brown spots on their heads. We studied the differences in the ontogeny of 118 males and females
caught between 2008 and 2017 in seven locations in the Voronezh Region. Seven traditional body measure-
ments and one calculated trait of overall head size were used for the analysis. Ontogenetic allometry was ex-
amined in both sexes. Allometric trajectories were constructed using reduced major axis regression (RMA,
model II). Bootstrap residuals were used to test for the significance of the angles between the trajectories for
the different sexes. A comparison of snake sizes at birth was performed using a permutation test. To calculate
both the sexual dimorphism index (SDI) and the allometry line of sexual size dimorphism (SSD), the resi-
dues obtained from the calculations of ontogenetic allometry trajectories were used, to which the predicted
measurement values were added. According to our data, the snake has a relatively larger head at birth than at
a later age. Head size in relation to body length was found to decrease with age. At birth, females were larger
than males in the following traits: relative head width at eye level, relative length of pileus, relative muzzle
length, and overall head size. In the adult state, higher values of these traits were found in males. Males have longer
tails. Differences in tail length appear at birth and persist throughout growth. Sex differences in growth changes in
the study traits, with the exception of the differences in head length, the greatest head width and tail length, are
non-allometric in nature and, in addition to prenatal divergence, are caused by a greater growth rate in males. The
growth of the tail in both sexes appears to be isometric. Rensch’s rule predicts that SSD will be positively correlated
with size in taxa, in which males are the larger sex, but negatively correlated with size in taxa, in which the larger
sex is female. A study of SSD allometry showed that only head width at eye level, pileus length, muzzle length, and
overall head size are consistent with this rule. It is therefore assumed that the larger head in males could have been
formed under the action of sexual selection. This may be due to the need for them to participate in combats for ac-
cess to females during the mating season.

Keywords: Nikolsky’s adder, growth, allometry, ecology
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