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Eastern Imperial Eagle (Aquila heliaca) in-
habited Ulyanovskiy Region of Russia be-
longs to Volga population located in the
basin of a middle part of Volga river at the
northern borders of a species breeding area.
This population got several ecological fea-
tures like giving preference to typical for-
est-steppe landscapes and nesting on an
elevated part of a landscape preferably on
the top branching of old pine trees.

In XXI century, a significant increase of
breeding sites with non-typical nest loca-
tion was noted. These non-typical nests lo-
cate in a trunk bifurcation in the middle part
of a canopy of leafy trees growing in the
lower parts of a landscape or in agricultural
lands. This breeding stereotype is specific
for a Caspian population of Eastern Imperial
Eagle that breeds to the south from Volga
population, and at the end of XX century
was extremely rare in Ulyanovsk Region.

Puc. 1. Mecra c6opa npob AAsi rEHETUHECKOTO aHAAM3A
MOBOAYKCKOM MOMYASILIMM OPAA-MOrMAbHMKA (Aquila
heliaca). YcaoBHbIE 0603HAY€EHMSI: YEPHDBIE MyHCOHDI

— MecTa c60pa npob ¢ «TOBOAKCKMM» TUITOM THE3AOBA-
HUsI, 6eAbIE MYHCOHDLI — MecTa céopa npob ¢ «mpu-
KacrmicKum» TUIMOM rHe3A0BaHus; 1 — 3acbi3paHcKas
rHE3A0Bas rPynMMpPoBKa, 2 — 3aBOAXKCKAsl THE3A0Bast
rpynnupoBka, 3 — LleHTpaAbHas rHe3AoBas rpynmnm-
PpOBKa.

Fig. 1. Sampling points for genetic analysis of the
Volga population of Eastern Imperial Eagle (Aquila
heliaca). Legend: black dots — nests typical for the
Volga population, white dots — nests typical for the
Caspian population; 1 — Zasyzranskaya breeding
group, 2 — Transvolga breeding group, 3 — Right-bank
breeding group.
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MOBOAYKCKOM MOMYAsILIMM CMIOCOOOM THE3AO-
BaHMs1 — B MOHWYKEHHbIX SAEMEHTaX peAbecha
M arpoAaHaliadpTax, Kak MpaBUAO, B pas-
BMAKE CTBOAA B CPEAHEM 4acTu KPOHDLI AU-
CTBEHHbLIX AepeBbeB. Takol CTepeoTu rHes-
AOBaHUSI XapaKTE€PEeH AASl PACMOAOYKEHHOM
IOJKHEE MPUKACMUIACKON MOMYASILMM BUAA U
B KOHUE XX B. B YAbSIHOBCKOW OBAaCTM OT-
MEYaACsl KpaHe PEAKO.

B Hactosiwee Bpemsi 34 % BceX THe3Asl-
WMXCsl B YABSIHOBCKOW OOAACTM OPAOB-MO-
TMALHMKOB VMMEIOT «MPUKACIUIACKUAY»  TUT
rHe3aoBaHmsi. B [MpaBoGepeskbe 3HaYEHMsI
3TOrO MoKa3aTeAsl H)Ke CPEAHEro Mo peru-
OHy — 23 %, a B 3aBOAXKbE Bbiie — 56 %.
SIBASIIOTCSI AV M3MEHEHMs OMOTOMMYECKOA
MPUYPOUYEHHOCTM  OPAOB,  HACEASIIOWMX
CpeaHee [loBOAXKbE, PE3yALTATOM aAar-
TaUuMy MTUL MOBOAKCKOM MOMYyASILMU VAU
CAEACTBUMEM 3aCE€A€HMsl pervoHa nTvMuamm
IO’KHDBIX TOMYASILIMIA, AASI KOTOPbLIX TaKoM
CTE€PEeOTUIN FHE3A0BAHUSI XapaKTepPeH, OcTa-
€TCs1 HEBLISICHEHHLIM.

Hamu Obiav  mMccaeroBaHbl 25 obpas-
LOB (pparmeHTa MutoxoHapuasbHor AHK
(D-loop, 345 mnH) OPAOB-MOIMALHUKOB C
TEPPUTOPUM YALSIHOBCKOM OBAACTM M3 TPEX
OCHOBHbIX THE3AOBLIX IPYMMMPOBOK, Hace-
AslIOWMX  3acbi3paHCKylo AecocTenb (n=12),
3aBorxkbe (N=8) 1 LeHTpaAbHyto YacTtb [pa-
BoBepesKbs1 YALSIHOBCKOM obaactu (n=4). V3
HUX 17 0OOpA3LOB MPUHAAAEXKUT MTMLAM C
TUMWUYHDLIM AASI TOBOAYKCKOM MOTYASILIMM CTe-
PEOTUNOM FHE3A0BaHMsI U 8 — NTULaM C He-
XAPaKTEPHLIM AASI PEFMOHA CMOCOBOM rHe3-
AOBAaHMSI.

Ans BblaeaeHmst AHK mcrnoabzoBaan AuH-
Hbl€ TMepbsi B3POCALIX MTULL, & TAIOKE MYyAbITY
nepbLeB MTEHLIOB U KPOBb MTULL, COAEPIKALIMX-
cs1 B HeBoAe. CeKkBeHMpPOBaHe PparMeHTOB
A-NeTAU NMPOBOAUAU C UCTIOAL3OBAHMEM Ha-
6opa peakTMBOB AAsl cekBeHMpoBaHmst AHK
BigDye® Terminator v3.1 Cycle Sequencing
Kit B reHetnueckom aHaamsarope ABI PRISM
3500 (Applied Biosystems). AHaAu3 ranao-
TUMMYECKOTO U HYKAEOTMAHOTO pasHoobpa-
3us pparmentos MTAHK nposeaeH B npo-
rpamme DnaSP 4.10. C ueAblo BbISIBAEHMSI
MYTALIMOHHOM CBSI3U M UCTOPUM MPOUCXOK-
AEHMSI TarnAOTUMOB ObLIAM MOCTPOEHbI MEAM-
aHHLIE CETU C MUCMOAL30BAHUEM MaKeTa Mpo-
rpamm NetWork 5.0.0.0.

YpoBeHb MU3MEHUYMBOCTU (PPArMEHTOB KOH-
TpoAbHOro pernoHa MTAHK opaa-moruabHm-
Ka OKa3aACsl HU3KMM, YTO COOTBETCTBYET BHY-
TPVBMAOBOMY, U U3MEHSIETCSl B MPEAEAE OT
2,1 20 0,0 % (B cpeaHem okoao 0,7 %). Mpu
3TOM COOTHOLIEHME TPAH3ULMIA U TPAHCBEP-
anin (Ts/Tv) coctaBmao 8,0286 (R), a Hykae-

Currently, 34% of all breeding Imperial
Eagles in Ulyanovsk Region got a Caspian
breeding stereotype. On the right bank of
river Volga the percentage is lower than
mean — 23%; in Transvolga area — is higher
- 56%.

The question arose if the alteration in
breeding stereotype was a result of a breed-
ing adaptation of local birds or a result of an
invasion of southern birds into the region?

We investigated 25 samples of mito-
chondrial DNA fragment (D-loop, 345 bp)
of Imperial Eagles collected in three main
breeding groups in Ulyanovsk Region — in
Zasyzranskaya forest-steppe (n=12), in
Transvolga area (n=8) and on the right bank
of Volga in the central part of Ulyanovsk
Region (Right-bank group) (n=4). Among
them, 17 samples belong to birds with
breeding stereotype typical for Volga popu-
lation and 8 — to birds with the non-typical
breeding stereotype.

For DNA extraction we used molted
feathers of adult birds, feather pulp of nest-
lings and blood of captive birds. The D-loop
fragments were sequenced using a set of
reagents for DNA sequencing BigDye®
Terminator v3.1 Cycle Sequencing Kit in a
genetic analyzer ABI PRISM 3500 (Applied
Biosystems). The haplotype and nucleotide
diversity of the mtDNA fragments was ana-
lyzed in the DnaSP 4.10 program. Pursuing
the goal of identifying the haplotypes’ or-
igin and mutational bonds we constructed
median networks using the software pack-
age NetWork 5.0.0.0.

The level of mtDNA control region variabil-
ity was found to be low matching intraspe-
cific level and vary from 2.1% to 0.0% (mean
0.7%). The ratio of transitions to transver-
sions (Ts/Tv) was 8,0286 (R), and nucleotide
frequencies were the following: A=28,9 %,
T=28,2 %, C=24,2 % n G=18,7 %.

Intragroup level of genetic diversity was
0.5% and coincide with the overall level of
this index (0.5%). The mean value of be-
tween-group genetic diversity was 0.02%.
Genetic diversity between main breeding
groups — Zasyzran group, Right-bank group,
and Transvolga group — was also insignifi-
cant. Divergency in the groups was 0.5%,
0.8% and 0.4% respectively. The maximum
level of divergence was noted between
Zasyzran and Right-bank groups (0.7%),
and minimum between Zasyzran and Trans-
volga groups (0.4%). Genetic variability
within breeding groups was 0.6% and for
the whole sampling — 0.5%. The mean val-
ue of intragroup genetic variability was only
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OTUAHDIE YACTOTLI COCTaBUMAM AAst A=28,9 %,
T=28,2 %, C=24,2 % vn G=18,7 %.

YPOBEHb TE€HETMYECKOrO pasHoobpasmsi
BHYTPU TPYMI M AASI BCEM BLIGOPKM B Lie-
AOM OKasaacsi paBHbIM U coctaBua 0,5 %, a
CpeAHee 3HaueHWe MEXKIPYIIOBOro reHe-
TUYECKOTO pasHoobpasusi — 0,02 %. Taioke
HE3HAYUTEALHBIM OKa3aACsl YpPOBEHbL AUp-
chepeHumaumm mMe>kAy OCHOBHLIMU THE3A0-
BLIMM TPYMNMUPOBKaMM OPAOB-MOTMALHMKOB,
HaceAsiiowMM  3acbi3PaHCKYIO  A€COCTETb,
LEHTPaAbHYIO Yacth [MpaBobepeskbst u 3a-
BOAKLE YALSIHOBCKOW 0OOAaCTU. AMBEpPreH-
LuMsl BHYTPUM pacCMaTpuBaembiX TPyIn Co-
cramaa 0,5, 0,8 n 0,4 % cooTBeTCTBEHHO.
MakcmanbHasi CTerneHb AVMBEPreHUMM OTMme-
YeHa MeXKAY THE3AOBLIMM TIPYMMMPOBKaMM,
HaceAsiolWmMMM  3aCbI3PaHCKYIO  A€COoCTerb U
LEHTPaAbHYtO YacTth [Mpasobepexknst (0,7 %),
MVIHUMaAbHas1 — MEXKAY IPyMIMpPOBKaMM, Hace-
ASTIOLUIMMM 3aCbI3PAHCKYIO A€COCTENb U 3aBOA-
xbe (0,4 %). TeHeTyeckoe pasHoobpasve
BHYTPU THE3AOBLIX TPYMMMUPOBOK COCTABUAO
0,6 %, arst Beeli Buibopku — 0,5 %, a cpeaHee
3HayeHMe MEeXXIPYINOBOro reHeTMYeCcKoro
pasHoobpasust — avub 0,05 %. Takum obpa-
30M, MPOBEAEHHbLI aHAAU3 MOCAEAOBATEADL-
Hocten doparmeHToB MTAHK nokasaa, 4yro
AAHHDLIE€ OPAbLI-MOTMABLHMKM, MO U3YYEHHO-
MY MOAEKYASIDHOMY MapKepy reHeTu4ecku
CXOAHBI M OTHOCSITCS1 K OAHOM NMOAMMOPOHOM
MOMyAsILMN.

Hap RC

Hap RA

2 &

n=3

Puc. 2. MeanaHHast CeTb ranAOTUIOB HYKA€OTUAHBIX MOCAEAOBATEALHOCTEN (N=25)
¢hparmeHTa KOHTPOoAbLHOro pernona (D-loop) MTAHK (345 rH) OpAOB-MOrMALHUKOB
13 YALSIHOBCKOM 0BAACTU. AAVIHA BETBEM, COEAMHSIIOWMX OTAEALHLIE FAMAOTHUIIbI,
MPOMOPLMOHaAbHA KOAUYECTBY MYTALIMOHHDLIX WAroB (yKasaHbl LMGhPOI 1Mo AMHUA
cBsA3M). Pasmep Kpyra yKasbIBae€T HA OTHOCUTEALHYIO YaCTOTY COOTBETCTBYIOWMX ra-
MAOTUIOB B MOBOAYKCKOM MOMYASILIMM. DeAbLIM LIBETOM MOKA3aHbl rarAOTUIILI OPAOB U3
3aBOAXKCKOM 1 LIEHTPaAbHOV rHE3A0BbLIX IPYIIMPOBOK, YEPHLIM — M3 3acbi3PaHCKOM
rHE3A0BOJ rPyMnUPOBKX.

Fig. 2. Median network of haplotypes sequences (n=25) of mitochondrial DNA
control region fragment (D-loop, 345 bp) of Imperial Eagles from Ulyanovsk
Region. A length of branches between haplotypes corresponds with the number of
mutations (indicated with a digit along the line). The diameter of a circus indicates
a relative frequency of corresponding haplotype in Volga population. Haplotypes
of eagles from Transvolga and Right-bank groups are indicated with white color,
from Zasyzran group — with black.

0.05%. Thus, the sequencing of mtDNA
fragments revealed that Imperial Eagles of
Ulyanovsk region are genetically similar for
the studied molecular marker and belong to
the same polymorphic population.

We revealed a low level of genetic differ-
entiation between the geographical nest-
ing groups (0.4-0.7 %), and between bio-
topic groups (0.5 9%). The maximum
genetic diversity was found in Zasyzran
forest-steppe area inhabited by the largest
breeding group of Imperial Eagles in Volga
region.

Eight haplotypes of mtDNA were identi-
fied, including 4 (RA, RB, RC, RD) previously
unknown for Imperial Eagle. A median test
shows the predominance of ancestral type
D and several lineages of haplotypes genet-
ically related with haplotype D.

In Ulyanovsk region, we found only 4
haplotypes out of 15 noted for Slovakia,
Hungary, and Kazakhstan (D, E, F, R), which
indicates a certain isolation of Volga pop-
ulation of Imperial Eagle from eastern and
western ones. Newly found haplotypes of
mtDNA make up 24% of the total set of
samples. Three of them are not wide-spread
in Volga population and represented by
only one sample.

Median test of haplotypes from three
North Eurasian populations of Imperial Ea-
gles (Pannon, Transural and Volga popula-
tions) found no clear geographical grouping
of haplotypes from different localities.

The results of our research show that the
Volga population of Eastern Imperial Eagle
has a number of specific genetic traits as-
sociated with unique mtDNA haplotypes
which presented both in individuals with
typical and non-typical breeding stereo-
type. That means that increased number of
Imperial Eagles in the region is not due to
an expansion of Caspian birds into Middle
Volga region, but is the result of the adapta-
tion of the indigenous Volga population to
a variety of woodless habitats and unusual
breeding conditions.

The genetical research was conducted in
Penza State University. The authors are sin-
cerely grateful for the comprehensive assis-
tance to a head of laboratory Titov S.V.
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Puc. 3. MeanaHHas ceTb rarnAoTUINoB HYKA€OTUAHLIX MOCAEAOBATEALHOCTEN ¢hpar-
MEHTa KOHTPOAbHOro pernoHa (D-loop) MTAHK (345 nH) OpAOB-MOMMALHUKOB C TEp-
putopumn CeBepHoii EBpasun. AAHA BETBEM, COEAMHSIIOIMNX OTAEALHDIE FarAOTUIILI,
MPONOPLMNOHAAbHA KOAUYECTBY MYTALIMOHHDIX WAroB (YKa3aHbl LIMGPPOI MO AMHUA
cBs13u). beabie MyHCOHDI — ranAOTMIILI M3 MOBOAXKCKOM MOIMYASLIMU, YEPHDIE MYyHCOHDI
— ranAoTHIIbI M3 MAHHOHCKOM U (MAM) 3aYPAaALCKON MOMYASILIMIA, YEPHO-6EAbIE MYHCO-
Hbl — OBLME raNAOTUIBLI AASI BCEX MOBOAXKCKOM M MAHHOHCKOM U (MAM) 32y PaAbCKOM

MOMYASILINIA.

Fig. 3. Median network of haplotypes sequences (n=25) of mitochondrial DNA
control region fragment (D-loop, 345 bp) of Imperial Eagles from Northern
Eurasia. A length of branches between haplotypes corresponds with the number
of mutations (indicated with a digit along the line). Haplotypes of eagles from
Volga population are indicated with white color; from Pannon and (or) Transural
population — with black; shared haplotypes are black-and-white.

OtmeyeHa Hu3Kas reHeTnyeckasi amde-
peHUMaLMsT Kak MEeXKAY reorpacpuyeckmmm
(0,4-0,7 %), Tak 1 BUTONMMYECKMMM THE3AO-
BoiMM rpynnuposkamm (0,5 %). Makcumann-
HOE reHeTMYeCKoe PasHOOOpPa3mMe BLISIBAEHO
B 3aCbI3PaHCKOM A€COCTENM, TA€ COCPEAOTO-
yeHa KpynHerwasi B [MoBorkbe rHesaoBast
rPyMNMnMpoOBKa OPAOB-MOTMALHUKOB.

N3 8 BbisiIBAGHHLIX ranaotunos MTAHK
OPAOB-MOTMALHUKOB, BLISIBAEHHLIX Ha Tep-
putopuM  YAbLSIHOBCKOM OBAACTM, YeTbipe
(RA, RB, RC, RD) He 6LIAM paHee OnMCaHbLI
AASI ICCAEAYEMOTO BMAA. PesyabTarbl meaun-
AHHOTO TECTa YKa3blBalOT Ha npeobaasaHme
aHuectpaabHoro aasi CpeaHero TToBoaKbs
ranaoturna D, a Takke HECKOALKMX AMHWMIA
reHeTUYeCKM CBS3AHHDLIX C HUM TarnAOTUIIOB.

M3 15 ranAoTMnoB, OBHAPY)KEHHLIX B
CaoBaxkum, Benrpum n KasaxcraHe, Ha Tep-
putopuM  YALSIHOBCKOM OBAACTM OTMEYEHO
ToAabko 4 (D, E, F, R). Takoe pacrnpeaereHue
rarnAOTMIMOB TOKA3bIBAET HEKOTOPYI0 060-
COBAEHHOCTb MOBOAXKCKOM TMOMYASILMM Op-
Ad-MOTMABHMKA OTHOCMUTEALHO 3ariaAHbIX U
BOCTOYHDLIX MOMyAsiuMit. Ha AOAIO BHOBL 06-
Hapy>keHHbIX ranaotinos MTAHK npuxoaunt-
cs1 24 % Bcein BbIGOPKM. [py 5TOM TpU U3
YyeTblpex rarnAoTUIOB HE CTOAb LIMPOKO pac-
MPOCTPAHEHDI B MOBOAYKCKOW MOMYASILIMA U B
M3Y4YEHHOM BbLIOOPKE MPEACTABAEHbI TOALKO
OAHMM OBPA3LIOM.

MeAMaHHbLI TeCT rarnAoTUMOB MO Tpem
€BPA3UNCKMM TOMYASILMSIM  OPAOB-MOTUAL-
HMKOB (MAHHOHCKOWM, 3aypaAbCKOM W MO-
BOAXKCKOM) yKasblBaeT HAa OTCYTCTBME YETKOM
reorpadoyeckor rpynnupoBKU rarnAoTUMNOB
13 pasAnyHbIX Aokaantetos CesepHoli EBpa-
3UU.

N3 pe3yAbTatoB MPOBEAEHHLIX MCCAEAO-
BAHWM BMAHO, YTO MOBOAYKCKAsl MOMYASILIMSI
OPAQ-MOIMALHMKA MMeeT PsiA crieumcpuye-
CKMX Fr€HeTMYEeCKMX MPU3HAKOB, CBSI3aHHbIX C
HaAMYMEM MPUCYLIMX TOALKO €/ rarnAoTUMNoB
MTAHK, OBHapy>KeHHLIX Y MTULL KaK C TU-

Hap RC

MUYHLIM, TaK U C HETUMNYHLIM CTEPEOTUTIOM
rHE3A0BaHMsl. DTOT (PaKT CBMAETEALCTBYET O
TOM, YTO yBEAUYEHNE YNCAECHHOCTU MNMOBONK-
CKOM MOMYASILIMM OPAOB, BEPOSITHO, HE CBsl-
3aHO ¢ 3kcrnaHcuelt B CpeaHee [loBoaxbe
MTUL MPUKACNUACKon nonyasumn. boaee se-
POsITHA CUTyaLmsl, PV KOTOPOW yBEANYEHue
YMCA€HHOCTU OPAOB-MOTMALHMKOB B PaccMa-
TPUBAEMOM PETMOHE MPOVCXOAUT B PE3YAb-
TaTe aaanTauMy KOPEHHOW, MOBOAXKCKOWM,
MOMYASILIMM BUMAA K PA3HOOOPA3HLIM YCAOBU-
sIM OOUTaHMST B MAAOODAECEHHDIX AAHALIAD-
Tax " HETUNMNYHLIM YCAOBUSIM THE3AOBAHMSI.

[eHeTYecKme MCCAEAOBaHMST MPOBEAEHDI
Ha O6ase [leH3eHCKOro rOCyAAPCTBEHHOTO
YHUBEPCUTETA. ABTOPDLI BLIPAKAIOT MCKPEH-
HIOIO MPW3HATEALHOCTb 3a BCECTOPOHHIO
MOMOILL PYKOBOAUTEAID AaGoparopum Turo-
By C.B.



