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Rapid sex determination of Steppe Eagle
(Aquila nipalensis) nestlings without labora-
tory diagnostics is necessary for a variety
of tasks. When working directly on a nest,
it is important to know the sex of nestlings
during population monitoring, ringing and
tagging with GPS transmitters. Sex determi-
nation is also necessary when working with
sick and injured birds, in rehabilitation cent-
ers, which do not always have the opportu-
nity and time for genetic analysis. Experi-
enced ornithologists in most cases can quite
accurately determine the sex of nestling by
eye, but this does not always work, and not
all researchers have sufficient experience.

The Steppe Eagle has a noticeable sexual
dimorphism in size, which is well manifested
even in 45-day-old nestlings. However, the
size ranges of females and males overlap
greatly, so one cannot reliably determine
sex simply by measuring any one part of the
bird's body. We have developed morpho-
metric discriminant formulas that allow us
to determine with high accuracy the sex of a
Steppe Eagle nestlings in Altai-Sayan region,
using the size of the tarsus, claws, beak, and
tail feathers. The formulas were obtained
based on measurements of (1=52) 55-65-day-
old nestlings (25 males and 27 females) born
in 2019. The nestling sex was determined ge-
netically by amplification of the CHD1 gene
intron, which has different length in Z and W
sex chromosomes of most bird species. We
analyzed relationship between various mor-
phometric characteristics of the nestling and
its sex and obtained formulas that correctly
determine the sex of 51 out of 52 nestlings in
the initial sample and 32 out of 33 nestlings in
the test sample (born in 2021).

Our discriminant formulas use both direct
measurement values and ratios of different

measurements to each other. In order to obtain
the best formula, we altered the set of variables
used and eventually chose several formulas
that show the best results. These formulas can
be used simultaneously to improve the accu-
racy of the determination. Despite the fact that
the size of the tarsus, claws and beak in 55-65
day old nestlings is already quite stable, and
the length of the feathers changes quickly, the
formula obtained using the length of the tail
gave better results than without using it.

Statistical analysis showed that females
and males of the Steppe Eagle have the most
significant differences in tarsus diameter: it
is, on average, larger in females. Differences
are already noticeable in 45-day-old nestlings,
whose paws almost reach the size of those of
an adult bird. Moreover, the longitudinal and
transverse tarsus diameters weakly correlate
with each other and even more weakly with
the sizes of beak, claws, and feathers, but they
correlate with sex more than other measure-
ments. This is what makes it possible to de-
termine the sex of nestlings in the nest with
a fairly high accuracy. However, analysis of
nestlings born in 2022, when the depression
of pika population led to a severe shortage of
food for the Steppe Eagles, shows that with
severe underfeeding and a lack of subcutane-
ous fat, female tarsus turn out to be abnor-
mally thin, and the formula often incorrectly
identifies such nestlings as males. Therefore,
we developed a separate formula for de-
termining the sex of nestlings with obvious
lack of mass, which in turn less accurately
determines the sex of normal nestlings. Thus,
when using morphometry to determine sex,
it is necessary to take into account the body
condition of the nestling.

The study was supported by the Basic Re-
search Program FWGZ-2021-0014.
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Measurement of the
Steppe Eagle (Aquila
nipalensis): width of the
mouth — at the left, length
of the hind talon — at the
right.

Photos by L. Zinevich
and P. Mestri.

Hsmepenue cmen-
Hozo opaa (Aquila
nipalensis): wupuna
(paspes) pma — ceeaq,
0nuHa 3a0He20 Ko2ms —
cnpasa.

@omo A. 3unesuu u
I1. Mecmpu.

Aana KbipaHoiHbIH
(Aquila nipalensis) e.-
WeMiH any: ay3biHbIH eHi
(kumacot) — con xHcakma,
apmKbl MoIPHAKMbIH
1BbIHObIE b1 — OH JHCAKINIA.
A. Bunesuu nex

IT. Mecmpudiy ¢pomocot.
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beicTpoe ompeaeneHMe TIOAa TITEHIIOB
cTenHOro opAa (Aquila nipalensis) 6e3 rabo-
PaTOPHOM AMATrHOCTUKM HEOOXOAVIMO AASI
CaMBbIX pasHbIX 3aAau. IIpu pabote Hermo-
CpeACTBEHHO Ha THe3A€ ITOA IITeHIIa BaXKHO
3HaThb B XOA€ MOHUTOPMHIA COCTaBa IIO-
IyASILIY, TPV KOABLIEBAHVI U IIPU yCTa-
HoBke GPS-nepeaarunxos. OnpeaenreHne
IoAa TakXe ObIBaeT HEOOXOAMMO IIpU pa-
60Te ¢ 6OABHBIMM U paHEHBIMM ITUIIAMI, B
LeHTpaxX peabuAUTaNY, KOTOPbIe AAAEKO
He BCerAa PacloOAaraloT BO3MOXXHOCTSIMI
U BpeMeHeM AASI TeHeTIIeCKOro aHaAM3a.
OmnbITHBIE OPHUTOAOTM B OOABIIVHCTBE
CAy4YaeB AOBOABHO TOYHO OIPEAEASIIOT
IIOA IITEHIIOB Ha I'Aa3, OAHAKO 3TO He BCer-
Aa paboTaer, Aa U He BCe MICCAEAOBATEAU
06AaAQIOT AOCTATOYHBIM OIIBITOM.

Y CTemHOro opaa CyILIeCTBYeT 3aMeT-
HBIV TTOAOBOM AMMOpP(U3M IO pasmepam,
KOTOPBINI XOPOIIO IPOSIBASETCS AaXe Y
rTeHIIoB  45-aHeBHOro Bospacra. OaHa-
KO AMaIla3oHbI pa3sMepoOB CaMOK M CaMIIOB
CMABHO IIepeKpbIBAIOTCSI, TOSTOMY HEAB3SI
AOCTOBEPHO OIPEAEANUTD IOA, IIPOCTO M3-
MepMB KaKyIO-TO OAHY YacThb TeAa ITHIIBL.

Msbr  paspaborarn MopdpoMeTpudecKme
AVICKPYIMUHAHTHBIE (POPMYABI, KOTOpbIe
MIO3BOASIFOT C BBICOKOM AOCTOBEPHOCTBHIO
OIIPEeAeAUTDh TOA TTeHIIa CTEeMHOrO OpAa
13 nonyAsii Aatae-CastHCKOTO permoHa,
VICTIOAB3YS pa3Mephl LIeBKM, KOTTel, KAIOBa
U pyAeBbIX TIepbeB. DOPMYABI OBIA TTOAY-
UeHbI Ha OCHOBe M3MepeHIii 52 IITeHIIoB (25
caMIIOB 1 27 caMOK) B Bo3pacTe 55-65 aHelt
2019 roaa poxaenyst. [Toa nTeHIIOB Ompe-
AEASIACSI TeHeTUYeCK) C MOMOIIBIO aMIIAU-
dpuxarym maTpoHa rea CHD1, aamHa xo-
TOPOro pa3AMYaeTCs Ha IIOAOBBIX XPOMOCO-
Max Z 1 W 6OABIIMHCTBA BUAOB IITUIL. MbI
POAHAAM3MPOBAAU  3aBUCUMOCTh MEXAY
PasAMYHBIMU  MOP(POMETPUYECKUMM  Xa-
pakTepUCTMKaM/ ITeHLIa ¥ ero TIOAOM U
HOAYYMAU (POPMYABI, KOTOPbIE IPABUABHO
onpeAeAstoT oA 51 n3 52 NTeHIOB MCXOA-
HOM BBIGOPKM M 32 13 33 ITEHIIOB IIpOBe-
pouHoOI Be160pKM (2021 roaa pOXKAEHNMS).
Hamm  avckpyMuHAHTHBIE  (POPMYABL
VICTIOAB3YIOT KaK 3HaueHUsl IPSIMbIX M3Me-
peHIi1, TaK ¥ OTHOIIIeHMsI Pa3HbIX BeAUMH
APYT K APYTY. AASI TOTO YTOOBI TIOAYYIUTD
HaMAYUIIYI0 (POPMYAY, Mbl BapbUPOBAAU
HabOp JICTIOAB3YeMbIX IIepeMeHHBIX U B
UTOTe BBIOPAAU HECKOABKO (POPMYA, KOTO-
pble TOKa3bIBAIOT HAMAYUILIE Pe3yAbTa-
TbI. DTU (POPMYABI MOXKHO MUCTIOAB30BATh
OAHOBPEMEHHO AASI TIOBBIIIeHNSI TOUHOCTI
ornpeaeneHust. HecMoTpst Ha TO, 4TO pas-
Mepbl LIeBKM, KOITell U KAIOBA y IITEHIIOB
55-65 AHeNl yXXe AOCTaTOYHO CTAOVIABHBI,
a MVHA TIlepbeB O4YeHb OBICTPO MEHSIeTcs,
dopMyAaa, moAyUeHHAsI C UCIIOAbB3OBaHIEM
AAMHBI XBOCTa, AaBaAa AyUIllie Pe3yAbTa-
ThI, 4eM 6e3 eé MCIIOAb30BaHMSI.
Oxasanoch, UTO CaMKM M CaMIIbl CTel-
HOTO OpAa MMeIOT Haubonee 3HaUMMBbIE
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pasAnuisl B AMaMeTpe LIeBKU: y CaMOK OH,
B CpeAHeM, 60ablle. Pasamamsi 3aMeTHBI
yXe y 45-AHeBHbIX NTEHIIOB, Aambl KOTO-
PBIX MpPaKTUUeCKM AOCTUTAIOT Pa3MepoB
Aaml B3pocAoy nTuupl. ITpyuem mpoaoab-
HBI/i M TOINEPeYHbII AMaMeTphl LeBKA
CcAa60 KOppeAMpPYIOT APYT C APYIOM, eIIé
boaee cAabo — c pazMepaMyt KAIOBa, KOT'Tell
M TIepbeB, HO P 5TOM 60Aee APYIMX U3-
MepeHm KoppeAupyroT ¢ moaoM. MmenHO
5TO IO3BOASIET OIIPEAEASITD ITOA NTEHIIOB B
THE3AE C AOCTAaTOYHO BbICOKOM TOUHOCTHIO.
OaHaxo, nccaeayst BbIGOPKY nTeHIoB 2022
roja POXAEHMSI, KOTAQ AeIpeccysl MUIIy-
XV TIpMBeAa K CUABHOMY AedpMIMTY KOpMa
AASL CTETIHBIX OPAOB, MbI OOHApPYXUAN,

UTO MpM XECTKOM HEAOKOpMEe U HeAo-
CTaTKe MOAKOXHOTO XMpa LEeBKM CaMOK
OKa3bIBAIOTCSI HEHOPMAABHO XYABIMU, U
dopMyAa UacTO HEMPaBUABHO OIpPEeAeAs-
eT TakuX NTeHHoB Kak camios. [TosTomy
MBI pa3paboTarlt OTAEABHYIO (pOpMyAy
AASI OITPEeAEAEHMSI TIOAA IITEHIIOB C SIBHBIM
HEAOCTaTKOM MacChl, KOTOpasl, B CBOIO
OuepeAb, MeHee TOYHO OMpeAeAsieT TOA
HOPMAaABHBIX ITEHHOB. Takum obpasom,
IPM VMCIOAB30BaHMM MOPQOMETPUM AAS
OIIpeAeAeHMsI TI0Ad, HyXHO 06s3aTeAbHO
YUUTBIBATh MHAEKC YIIMTAaHHOCTH NTEHIIA.

HccaepoBaHme MopAepXaHO ITPOrpaM-
MOV PyHAAMEHTAaABHbBIX HAayUHbIX MCCAE-
aosarmt FWGZ-2021-0014.
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3epTxaHaABIK AMArHOCTMKA >KacaMall Aana
KpIpaHbl (Aquila nipalensis) 6anallaHBIHBIH
KBIHBICBIH aHBIKTAY CaH KMABI MaKcaTTapra
KaxeT. Tikeaell VsIMEH 5peKeTKe TVCKEHAE
TIOIYASIIIMST KVpaMbIH bakpIAdy, CaKyHa-
Aay xsHe GPS KVPBIAFBIHBI OPHATY Ke3iH-
Ae 6anallaH XbIHBICBIH Oiny aca MaHBI3ABIL.
CoHbIMeH bipre XBIHBICTBI aHBIKTAY aypy
JK3He XXapaKaT KvCTapMeH XXVMBIC icTeTeH-
Ae, TEHETMKAABIK TarAayFa Keliae MVMKIiH-
LAl A€, YaKbITBI AA ThIFbI3 60AQTHIH OHAA-
Ty OpPTaAbIKTapbIHAA AQ KaXKeT. T9>1<ipM6eAi
OPHUTOAOITap KOII KaFAaliaa 6arariaH Kbl-
HBICBIH 0ip KapaFaHHAH HAKTbI aHbIKTAMABL,
analipa spKe3 C3TTI aHbIKTAay MVMKIH eMec,
OHBIH VCTiHe 3epTTeyIIiArepAiH 63pi Tvrea
MOA TaxXipubeai 6ora bepMeriai.

Aana KbIpaHbIHAQ aVIKbIH >KBIHBIC AM-
Mopdpmami 6ap, MeAepi 6OMbIHINIA TiMTi
45-xvHAIK banamaHAa Aa aHbBIK barkana-
AbI. AHaABIK IIeH aTaAbIKTapABIH KeAeMi

ayKbIMbI Aa KaTTbl e3repMeAni, COHABIK-
TaH KVCTBIH OeArini 6ip AeHe OGOAIriH oa-
1Iey apKbIAbI OHBIH HAaKTBI >KbIHBICBIH
aHbIKTay MVMKiH eMec. bi3 Anaran-CasH
aliMaFbIHAQFBI AaAd KbIpaHbI IIOIYASIIVSI-
Cbl baAamaHbIHBIH >KbIHBICBIH aHBIKTAl-
TBIH MOPQOMETPAIK AMCKPMMMHAHTTBIK
dopmyararap Aaspran mibiFapAbik. OraH
KVCTBIH >KiAiHINIri, TBIPHaFbl, TVMCBIFbI
X3He baFbITTayIIbl KaybIPCHIHBIHBIH MOA-
mepi KOAAAHBIAABL bBva  dpopmyaranap
2019 XbIABI TybIAFaH 55-65 KVHAIK 52 (25
epkek u 27 VpraIibl) 6arallaH MOAIIepiH
OAllley HerisiHAe aAbIHABL. Baraman XbI-
HBICBI reHeTMKaAbIK TVprbiaa CHDI reni-
HiH MHTPOHbBI aMIIAMPUKAIMSICHI apKBIABI
AHbIKTaAaAbI. BVA TeH V3BIHABIFBI KOII KVC
TvpAepiHAe Z xsHe W XbIHBICTBIK XPOMO-
COMachIHAQ alibIpbIAaABbI. bi3 bararlaHHbBIH
TVPAL  MOPQOMETpAIK cHIaTTaMaAaphbl
MeH >KBIHBICBI apachbIHAAFBI OaifraHbBIC-
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Fig. 1. Dependence of the longitudinal tarsus diameter (SHC2) on transverse tarsus diameter (SHC1) in Steppe Eagle nestlings (blue dots are females,
red square are males) — at the left, and box plots of the distribution of longitudinal tarsus diameter in females and males nestlings of the steppe eagle
(dots indicate the median values, whiskers are extreme 25% of values) — at the right.

Puc. 1. 3asucumocmo npodosvHozo duamempa yesku (SHC2) om nonepeuroeo (SHC1) y nimeryo6 cmennoeo opaa (CuHue moukiy — camku, KpacHole
K6a0pamol — caMyot) — C1e6a U duazpammol pacnpedeseHid 1podosbHO20 OUAMENPA 14e6KiL Y NINeH108 CTHENHO20 0p.id, 0MMOeNbHO 015 CAMOK U CAM-
1408 (MOuK1L — MeOuAHHble 3HAUEHUS, Ycbl — KpatiHue 25% 3Hauenuil) — cnpasa.

1 cypem. Aana 6yKiminin 6aranandapvinoa (Kek HKmenep — AHAIGIKIMAP, Kbl3bLIL WAPULLLIAP — AMATGIKINAP) — HCIATHULIKMIH 60l 161K
duamempinin (SHC2) xendernen ouamempine (SHC1) mayendiniei — con scaxma gcare 0a1a KolpanvlHbiH 6a1ananoapuion scininiuikmin 60iinok
Ouamempinin mapany Ouazpammaiapsl, AHAILIKMAPLl MeH AMalblkmapsl Wilin 6enex (Hykmesep — opmauia mMaHOep, mypmuianiap — MoHOepoiH
wiekmeH 25%-v1) — oH JHcakma.

Fig. 2. Sex determination
of steppe eagles using
PCR of the CHD1 gene
intron. Males that carry
two Z chromosomes
produce one band,

while females (Z and

W chromosomes)
produce two bands in gel
electrophoresis.

Puc. 2. Onpedenenue
N0 CIMenHbvIX 0p.JI08

¢ nomouywto INLIP un-
mpowa eena CHD1. Y
CaAM1}08, KOMOpble Hecynt
dse Z-xpomocomot,
nosyuaemcs 00uH npo-
Oyxkm, a y camox (Z- u
W-xpomocomot) — Oea
npodykma pasHozo pas-
mepa, Komopble n1e2ko
OMIUUAIOMCS NPU 2elb-
anexkmpogpopese.

2 cypem. CHD1
2eHIHIH UHPOHLIHbIH
IITP xemezimen

0410 KbipanOapoiHoiH
JICLIHLICHIH AHBIKIMAY.
Exi Z xpomocomacoix
macel Man0aiinuvix
amanetgmap 6ip

OHIMOI utbieapadsl, an
ananeigmap (Z scsne W
Xpomocomanapu) 2evoik
aneKmpogope3 apKul.iv
OHAll AXCOIPAMbIIAIbIH
spmypai menuepoesi exi
OHIM WibIaApadvl.

ThI TAAAAQABIK >K5HE OAAH HacTarlKbl ipix-
Teyae 52 banamaHHBIH 51-i X3He Tekcepy
ipixTeyiHae 33 baramaHHbIH 32-ciHiH (2021
XBIABI TYbIAFaH) XbIHBICBIH A9A aHBIKTAl-
TBIH POPMYAAAADP AAABIK.

BisaiH AMCKpMMIUHAHTTBIK dPOpMyAarap
TiKeAell OAllley HITVDKeAepiH, 3pi Tvpai
IIaMaAap KaTbIHACBIH Aa KOAAaHaAbl. EH
THiMAL POpPMyAaHBI IIBIFApy VIIiH, 6i3
KOAMAHBICTAaFbI aybICHAAbIAAD >KMHAFbIH
TVPAEHAIPIN OTBIPABIK X3He COHbIHAA €H
V3Aik H3TIXe GepreH bipHerre dpopmyaa-
HBbI TAaHAAABIK. Bva dpopMyrarapabl aHBIK-
Tay ASAAIrH apTTHIPY VILIH Ae KOAAAHYFa
6onraabl. 55-65 KVHAIK 6anamaHAApPABIH
KIAIHIIITi, TBIpHaFrbl >K5HE TVMCBIFBI
MeALlepi aliTapAbIKTall TvpaKTaHca Aa,
KaybIPChIH V3bIHABIFBI T€3 ©3repil oThIpca
Ad, KVIPBIFBIHBIH V3bIHABIFBIH KOAAAHbGA
aaraH pOpMyAaAaH repi, KepiciHie, OHbl
KOAAQHa OTBIPBIN aAFaH dpopMyaa Kepe-
MeT HITIDKe bepai.

ATaAbIK X3He aHAABIK AdaAa KbIpaHAA-
pbl XIiAIHIIMHIH AMaMeTpiHAe epeKIie

alibIpMAaIIBIABIK bap eKeHi aHBIKTaAABI:
OpTallla ecelreH aHAaAbIKTapbIHAAQ KaA-
makTay. TabaHbl epecek Kvc TabaHBIHBIH
MeAllepiHe XeTeTiH 45 KVHAIK baramnaH-
AapAa-aK —ambIpMaIIbIABIK bariKanraAbl.
CoHbpIMEH KaTap >XiAIHIIIKTIH BGOMABIK
X5He KOAACHEH AMaMeTpi e3apa 3Aci3
balirnaHBICAABI, aA TVMCBHIFBI, TBIPHAFbI
JXK9HEe KaybIPChIHBI MOALIEPiMeH OAaH Aa
Halllap KaTbIHACaABI, aAaliaa Hacka ea-
IIeMA€pA€e XbIHBICIIEH 03apa XaKChl baii-
AaHbIcTa. Bva Vvsaarel 6aramaHAApABIH
>KBIHBICBIH ©T€ XOFapbl ASAAIKIICH aHBIK-
TayFa MVMKIHAIK 6epeAi. AereHmeHs, ipik-
TeareH 2022 XBIABI TYBIAFaH baramaHAAp-
ABI 3epTTell KeAe, KSAIMTI IIMKbIAAAKThIH
TOKbIpPaybl AaAa KbIPaHAAPbHI a3bIFbIHBIH
TaIILIABIFbIHA 3KEII COFBIM, a3bIKThI XXa-
pbITHall 6epyAeH K5He Tepi acTBIHAAFBI
MaliABIH KeMAIriHeH aHaAbIKTapAa Xi-
AIHIIIK 5AeTTeH ThIC XvKa OOAATHIHBIH
aHBIKTAABIK X3He opMyara kebinece
MVHAAM banalmaHAQPABI aTaABIK A€II KaTe
anbpikTaliabl. COHABIKTAH 6i3 a3 caAMak-
ThI 6aralaHAApPABIH XbIHBICBIH aHBIKTAy
VIIiH 6eAek pOpMyAa AAMBIHAAABIK, OA
03 Ke3eriHAe KaABINTHI GaramaHAAPABIH
XBIHBICBIH a3 ADAAIKIIEH aHBIKTAMABI.
TviliHAe/l KeATeHAe, XXbIHBICThI aHbIKTay
VIIIH MOpPQOMeTpPUSIHBI KOAAAHFaHAQ
MiHAETTI TVPAE KVCTBIH CeMi3AiK KepceT-
KilTiH ecenxe aAy Kaxer.

3eprreyre FWGZ-2021-0014 ipreai ¥bI-
ABIMU 3epTTeyAep barrapaaMachl KOAAAY
KOpCeTTi.



