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The Imperial Eagle (Aquila heliaca) is rather 
well studied in the Western European part of 
its area and the Carpathian basin. Detected 
genetic markers, defined population groups 
with their genetic diversity and gene flow, 
sister species comparison could be found 
for the Western part of the species range 
(Helbig et al., 2005; Lerner, Mindell, 2005; 
Martínez-Cruz, Godoy, 2007; Vili et al., 
2009, etc.). To the contrary, many other im-
perial eagle nesting groups are less well in-
vestigated, first of all, in the territories of the 
ex-USSR: Ukrainian, Russian and Kazakhstani 
ones. Data from these regions exist only for 
small scattered parts of the area (Rudnick et 
al., 2005; Korepov et al., 2017). Even the 
information on population numbers is spo-
radic and depends on the region. This prob-
lem is critical to the organisation of imperial 
eagle conservation activities and estimation 
of global population numbers. We conduct-
ed the analysis of the imperial eagle nesting 
area based on monitoring records from 1998 
to 2017 at the ex-USSR territories. During 

Орёл-мîгèльнèê (ñîлнå÷нûé îрёл, Aquila 
heliaca) ñраâнèòåльнî õîрîшî èññлåдîâан 
â ïрåдåлаõ çаïаднîåâрîïåéñêîé ÷аñòè 
арåала è Карïаòñêîгî баññåéна. Âûяâлåнû 
гåнåòè÷åñêèå марêåрû, îïèñанû ïîïуля-
цèîннûå груïïèрîâêè, èõ гåнåòè÷åñêîå 
раçнîîбраçèå è îбмåн îñîбямè мåжду 
нèмè, ïрîâåдён ñраâнèòåльнûé аналèç 
ïîïуляцèîннîé ñòруêòурû ñåñòрèнñêèõ 
âèдîâ (Helbig et al., 2005; Lerner, Mindell, 
2005; Martínez-Cruz, Godoy, 2007; Vili et 
al., 2009, etc.). Тåм нå мåнåå, â наñòîяùåå 
âрåмя îñòаюòñя ïраêòè÷åñêè нå èññлåдî-
âаннûмè мнîгî÷èñлåннûå груïïèрîâêè 
îрла-мîгèльнèêа, îбèòаюùèå â ïрåдåлаõ 
бûâшåгî ÑÑÑР: на òåррèòîрèяõ Уêраèнû, 
Рîññèéñêîé Фåдåрацèè, Рåñïублèêè Ка-
çаõñòан, çа èñêлю÷åнèåм îòдåльнûõ îгра-
нè÷åннûõ у÷аñòêîâ арåала (Rudnick et al., 
2005; Кîрåïîâ è др., 2017). Äажå ñâåдå-
нèя î ÷èñлåннîñòè груïïèрîâîê ïîñòуïа-
юò фрагмåнòарнî â çаâèñèмîñòè îò рåгè-
îна, ÷òî ñèльнî çаòрудняåò âîçмîжнîñòè 
îрганèçацèè îõранû îрла-мîгèльнèêа è 
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Рис. 1. Популяционно-генетическое разнообразие орла могильника на исследованной территории. Группировки: EUc – Восточноукра-
инская; Urd – Урдинская; NC – Северокавказская; PV – Поволжская; WK – Западноказахстанская; SU – Южно-Уральская; Mug – Мугод-
жарская; OI – Обь-Иртышская боровая; CK – Центральноказахстанская; Min – Минусинская; Alt – Алтайская; DU – Даурская. E-S, 7AqH, 
27AqH – ранее описанные, new4-6 – новые гаплотипы полиморфного региона D-петли мт-генома.

Fig. 1. The imperial eagle population genetic diversity across the examined area. Population groups: EUc – Eastern Ukrainian; Urd – Urdinian; 
NC – Northern Caucasian; PV – the Volga region; WK – Western Kazakh; SU – South Ural; Mug – Mugodzharian; OI – the Ob-Irtysh region; 
CK – Central Kazakh; Min – Minusian; Alt – Altaic; DU – Daurian. E-S, 7AqH, 27AqH – previously described, new4-6 – newly found 
mitochondrial D-loop haplotypes.
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20 years of monitoring, about 2300 breed-
ing territories were discovered in Kazakhstan 
(600) and the Russian Federation (1700). We 
used the GIS-method of spatial analysis of 
hexagon networks based on our own and 
some literature data about real and poten-
tial breeding territories (clustering step 30 
km, minimum of 3 breeding territories per 
cluster). Population groupings were high-
lighted, if the gaps between agglomerated 
of hexagons exceeded the clustering step. 
Such groups were mapped out, if including 
at least 3 real and 10 potential breeding ter-
ritories. All samples for genetic analysis were 
collected from nests and across nesting sites 
during breeding seasons. DNA extraction 
was performed from the mesenchymal pulp 
of molted feathers and fuzz (Horvath et al., 
2005) using commercial Diatome DNA Prep 
100 kit (Russia) according to the manufac-
turer’s protocol. Polymerase chain reaction 
(PCR) was performed using ScreenMix HS 
kit (Evrogen, Russia) and VeritiFast amplifier 
(Applied Biosystems, USA) with AID1F and 
FboxR primers for the polymorphic fragment 
of the mitochondrial control region D-loop 
(Martínez-Cruz et al., 2004). Sanger se-
quencing was performed using BigDye 3.1 
reagents and the ABI 3500 device (Applied 
Biosystems, USA). On the basis of the GIS 

îцåнêè åгî ñîñòîянèя â мèрîâîм маñшòа-
бå. На îñнîâå у÷ёòнûõ даннûõ, ïîлу÷åн-
нûõ â 1998–2017 гг., намè бûл ïрîâåдён 
аналèç ñòруêòурû гнåçдîâîгî арåала îр-
ла-мîгèльнèêа на òåррèòîрèè бûâшåгî 
ÑÑÑР. За 20 лåò èññлåдîâанèé лîêалèçî-
âанî 2300 гнåçдîâûõ у÷аñòêîâ îрла-мî-
гèльнèêа (600 – â Каçаõñòанå è 1700 – â 
Рîññèè). На îñнîâå у÷ёòнûõ è лèòåра-
òурнûõ даннûõ â ñрåдå ГИÑ ïîñòрîèлè 
ñèñòåму ïîïуляцèîннûõ груïïèрîâîê 
îрла мîгèльнèêа мåòîдîм ïрîñòран-
ñòâåннîгî аналèçа ñåòè гåêñагîнîâ, ñîîò-
âåòñòâуюùèõ рåальнûм è ïîòåнцèальнûм 
гнåçдîâûм у÷аñòêам (шаг êлаñòåрèçацèè 
– 30 êм, мèнèмум 3 у÷аñòêа â êлаñòåрå). 
Âûдåлялè груïïèрîâêè, âêлю÷аюùèå мè-
нèмум 3 рåальнûõ è 10 ïîòåнцèальнûõ 
гнåçдîâûõ у÷аñòêîâ. Äля мîлåêулярнî-
гåнåòè÷åñêîгî аналèçа ÄНК эêñòрагè-
рîâалè èç мåçåнõèмнîé ïульïû лèннûõ 
ïåрьåâ è ïуõа (Horvath et al., 2005), 
ñîбраннûõ на гнåçдаõ èлè â ïрåдåлаõ 
гнåçдîâûõ у÷аñòêîâ â ñåçîн раçмнîжå-
нèя, êîммåр÷åñêèм набîрîм Diatome 
DNA Prep 100 (Рîññèя). Äля ïîñòанîâ-
êè ÏЦР èñïîльçîâалè ïраéмåрû AID1F 
è FboxR (Martínez-Cruz et al., 2004) на 
ïîлèмîрфнûé у÷аñòîê ïîñлåдîâаòåль-
нîñòè D-ïåòлè мèòîõîндрèальнîгî гåнî-
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analysis, we highlighted 27 Imperial Eagle 
population groups from Eastern Ukraine to 
the Russian Far East. The D-loop haplotypic 
data for 83 Imperial Eagles from 12 nesting 
groups showed 10 previously defined haplo-
types (E, F, G/H, I, L, M, R, S, 7AqH, 27AqH) 
and 3 new ones (new4-6 respectively). Max-
imum Likelihood and Maximum Parsimony 
haplotypes dendrograms showed no signifi-
cant haplogroups among previously defined 
and newly described haplotypes (data not 
shown). Population groups haplotypic diver-
sity is shown in fig. 1.

Our preliminary results show that some 
widespread haplotypes (E) are prevalent 
across the entire area from Eastern Ukraine 
to Dauria. There are no haplotypes specif-
ic for any population group. An additional 
point is that, in the Eastern part of the im-
perial eagle area, no new haplotypes were 
found  which can be separated as a new 
haplogroup from the haplotypes of West-
ern European populations. Consequently, 
the mitochondrial DNA data show that the 
Imperial Eagle (eastern) populations are 
unstructured and show no traces of diver-
gence during Pleistocene glaciations, unlike 
some populations of other raptors.

ма, êîммåр÷åñêèé набîр ScreenMix-HS 
(Åâрîгåн, Рîññèя) è амïлèфèêаòîр Ver-
itiFast (Applied Biosystems, ÑШÀ). Ñåê-
âåнèрîâанèå ïî Ñэнгåру ïрîâîдèлè ñ 
ïîмîùью набîра BigDye 3.1 на ïрèбîрå 
ABI 3500 (Applied Biosystems, ÑШÀ). Â 
рåçульòаòå ГИÑ-аналèçа на ïрîñòранñòâå 
îò Âîñòî÷нîé Уêраèнû дî Äальнåгî Âîñ-
òîêа бûлî âûдåлåнî 27 ïîïуляцèîннûõ 
груïïèрîâîê. Àналèç гаïлîòèïîâ ïîлè-
мîрфнîгî у÷аñòêа D-ïåòлè мèòîõîндрè-
альнîгî гåнîма â 83 îбраçцаõ ÄНК мî-
гèльнèêîâ èç 12 гнåçдîâûõ груïïèрîâîê 
ïîçâîлèл âûяâèòь 10 ранåå îïèñаннûõ 
гаïлîòèïîâ (E, F, G/H, I, L, M, R, S, 7AqH, 
27AqH) è 3 нîâûõ (new4-6). Ïîñòрîåнèå 
дåндрîграммû гаïлîòèïîâ мåòîдамè маê-
ñèмальнîгî ïраâдîïîдîбèя è маêñèмаль-
нîé ïарñèмîнèè нå âûяâèлî дîñòîâåрнûõ 
îòлè÷èé мåжду ранåå èçâåñòнûмè è âнîâь 
âûяâлåннûмè гаïлîòèïамè (даннûå нå 
ïрèâåдåнû). Раñïрåдåлåнèå îбраçцîâ è 
гаïлîòèïîâ мåжду ïîïуляцèîннûмè груï-
ïèрîâêамè ïрåдñòаâлåнî на рèñ. 1.

Ïîлу÷åннûå намè ïрåдâарèòåльнûå 
даннûå ïîêаçûâаюò, ÷òî îòдåльнûå ÷аñòî 
âñòрå÷аюùèåñя гаïлîòèïû (E) раñïрîñòра-
нåнû ïîâñåмåñòнî îò Âîñòî÷нîé Уêраèнû 
дî Äаурèè, â òî жå âрåмя, нå ñуùåñòâуåò 
гаïлîòèïîâ, ñïåцèфè÷нûõ для êаêîé-лèбî 
ïîïуляцèîннîé груïïèрîâêè. Крîмå òîгî, 
ïрè èññлåдîâанèè îñîбåé âîñòî÷нîé ÷аñòè 
арåала нå бûлî âûяâлåнî нîâûõ îбîñî-
блåннûõ гаïлîгруïï, êаê è ранåå â çаïад-
нîåâрîïåéñêîé ÷аñòè. Таêèм îбраçîм, ïî 
даннûм аналèçа мò-ÄНК ïîïуляцèя îрла 
мîгèльнèêа яâляåòñя нåñòруêòурèрîâан-
нîé è нå нåñёò õараêòåрнûõ для другèõ 
âèдîâ õèùнûõ ïòèц ñлåдîâ èçîляцèè груï-
ïèрîâîê â эïîõу ïлåéñòîцåнîâûõ îлåдå-
нåнèé.

Самка орла-могильника (Aquila heliaca) около гнез-
да. Фото И. Карякина.

Female of the Eastern Imperial Eagle (Aquila heliaca) 
near the nest. Photo by I. Karyakin.


