MITOCHONDRIAL PHYLOGENY AND
SYSTEMATICS OF PALEARCTIC EAGLES

Ivan J. Starikov'2, Michael Wink3

1Zoological Institute of the Russian Academy of Sciences, Saint Petersburg, Russia

2Cherepovets State University, Cherepovets, Russia

3Institute of Pharmacy and Molecular Biotechnologies, Heidelberg University, Heidelberg,
Germany

~ YEPEMOBELKKUA
FOCYAAPCTBEHHbBIN
e ) YHUBEPCUTET

UNIVERSITAT
HEIDELBERG
ZUKUNFT
SEIT 1386




Eagles are a polyphyletic group of large diurnal raptors (Accipitridae). 3 subfamilies in Palearctic:

* Aquilinae (true eagles). 4 genera (Aquila, Clanga, Hieraaetus, Nisaetus)/10 spp.

* Haliaeetinae (fish eagles), sometimes merged with Buteoninae. 1 genus (Haliaeetus)/3 spp.

* Circaetinae (snake eagles). 1 genus (Circaetus)/1 sp.

Various research on phylogeny over the past 30 years. Phylogenetic position of this group taxa at species level and above based

on nuclear and mitochondrial markers is currently clarified. But below?

The goal of our research was to summarize existed genetic data on mitochondrial phylogeny and to compare it with current

systematics of Palearctic Eagles
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Available sequences of Mt markers used in phylogeny for target species

Species col Cytb  CytbIPMB 125 165 ND2 CR WCR MTDNA
AQUILINAE
Aquila adalberti - 1 5 - - - 14 -
Agquila chrysaetos 15 10 26 5 2 2 133 4
Aquila fasciata 3 31 7 2 1 4 10 1 1
Aquila helioca 7 17 2 1 2 2 210 2
Aguila nipalensis 3 3 3 2 1 2 229 2 1
Aquila rapax 4 4 8 - - 1 2 -
Clanga clanga 7 3 3 - - 1 123 7
Clanga pomarina L] 2 2 - - - 122 12
Hieraaetus pennatus 1 7 4 1 1 3 1 1 1
Nisaetus nipalensis 12 5 3 2 1 2 14 1 1
HALIAEETINAE 3 g
Haliaeetus albicilla 23 4 5 5 2 3 44 3 2 ] ‘g E
Halioeetus leucoryphus - 1 2 - - 1 - -
Halioeetus pelagicus 13 2 7 1 - - 1 -
CIRCAETINAE
Circaetus gallicus 34 1 3 - - - 1 -
Iy,
b,,,k:‘;o
e Search of sequences in GenBank and BOLD ez
databases Aquila chrysaetos
. . — i mitochondrial genome
* Addition of our unpublished Cyt b sequences 17.332 bp

* Alignment of sequences (MEGA)

* Choice of evolution models (jModelTest)
* Construction of phylogenetic trees by Bayesian o
Inference (BEAUti/BEAST) — Lognormal relaxed
clock, Birth-Death substitution model (Gerhard
2008); Maximum Likelihood and Neigbor-joining
methods (MEGA)

from Doyle et al. 2015 with changes
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. Topology of the tree matches with previous nuclear and mitochondrial phylogenies

. Three subfamilies of eagles appeared independently in mid-Miocene

. Existing eagle genera were formed in Miocene/Pliocene boundary

. Different groups settled Paleartcic realm several times

. Some groups were formed directly in Palearctic: Clanga spp., Aquila rapax-nipalensis-heliaca
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Aquila chrysaetos Golden Eagle

Species Golden Eagle Aquila chirysaelos
S5p A c. chrysaetos
S5p C. Kat hatica
S5p A c. japonica
S5p A c. daphanea
S5p 4. c. homeyer
S5p A c. canadensis

Aquila_chrysastos_homeyern_20423_Mal
4|_.-"\|\| a_chr

Aquila_chrysastos_h

Cytb | hcuia o

— EU345512.1_Aquila_cl

Aquila_chrysaetos_chrysaetos
<|'-"\:|\| a_chrysaetos_homeyer

Aquila_chrysaetos_chrysaetos_5973_France

5969_Northern_Africa

|— Aquila_chrysaetos_chrysaetos_7327_Switzerdand
Aquila_chrysaetos_chrysaetos_374_Slovakia

|— Aquila_chrysaetos_chrysaets_Switzerland

Aquila_chrysaetos_chrysaetos_T344_Switzedand

506

—— Aquila_chrysaetos_homeyeri_15060_Spain

EU345511.1_Agquila_chrysaetos_daphanea_Maongolia

ﬂle uila_chrysastos_ssp 16583_Kazakhstan
Aquila_chrysaetos_daphanea_135_Siberia

AJG04485.1_Aquila_chrysastos_canadensis_Canada

|— Aquila_chrysastos_canadensis_25080_USA

Aquila_chrysastos_chrysaetos_7345_Switzerland

|- AY987204 1_Aquila_chrysaetos_canadensis_Morth_America

LR822062.1_Aquila_chrysaetos_chrysastos_UK

Aquila_chrysaetos_chrysaetos_2470_Nonway

|— Aquila_chrysaetos_chrysaetos_5972_France
ZT7362.1_Aquila_chrysaetos_canadensis
KF905228.1_Aquila_chrysaetos_canadensis_USA
Aquila_chrysaetos_chrysaetos_73_Switzedand
Aquila_chrysaetos_homeyen_15068_Spain

| Aquila_chrysaetos_daphanea_196_Central_Asia

Aquila_chrysaetos_ssp_20861_France
AJE04498.1_Aquila fasciata

0.005

(Linnaeus, 1758) MA, MA PAL - widespread
(Linnaeus, 1758) Europe to nc Asia
Severtsov, 1888 ne Asia
Severtsov 1888 Korean Pen. and Japan
Seversov, 1888 CAsia
berian Pen., n Africa through the Middle Eastto Iran and
Severtsov, 1888 Lzbekistan
(Linnaeus, 1758) Alaska, Canada, w USA and we Mexico

. 6 subspecies

. Cyt b phylogeny (GenBank + our data) reveals two
distinct lineages: Mediterranean and all other range

. No genetic differentiation between ssp. except
homeyeri (possible intergrade with nominate form),
K2P=0.7-1.4%

. Only two real ssp., chrysaetos (with homeyeri) and
canadensis (with all others)? (Wink, Sauer-Gurth
2004). Not so simple
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. Apparent zone of intergradation in S Europe

. Clear distance between most of homeyeri birds with southern chrysaetos and
other ssp. by both markers. This may be explained by isolation of the populations
during Pleistocene glaciations in two different refugia: Mediterranean and Siberian- _
Manchurian (de Lattin 1967) S s

*  Allssp. are very close in morphology and ecology (Dementiev 1951) Part of the Golden Eagle ssp. range,

. Former ssp. A. c. fulva (L., 1758) from S Europe may be considered with homeyeri from Dementiev 1951. 1 —fglva, 2-
and not nominate form chrysaetos, 3 — kamtschatica, 4 —

daphanea, 5 — homeyeri

. Taxonomical revision of this species with morphological data is need




Aquila nipalensis Steppe Eagle

Species Steppe Eagle Agquila nipalensis Hodgson, 1833 PAL . c
55p _ A n. orientalis Cabanis, 1854 e Europe to ¢ Kazakhstan

S5p _ A n. nipalensis Hodgson, 1833 & Kazakhstan to n China

AJ504489.1_Aquila_nipalensis_orientalis_lsrael
Cyt b AJG04489.1_Aquila_nipalensis_ssp_Kazakhstan
Aquila_nipalensis_onentalis_T536_Saudi_Arabia
Aquila nipalensis_onentalis_3876_Saudi_»Arabia

Agquila_nipalensis_ssp_181
— MKBE60035.1_Aquila_nipalensis_nipalensis_Chin:z
L Av887287 1_Aquila_nipalensis_ssp
AJE04491.1_Aquila_rapax

A. nipalensis

. Few Cyt b sequences, but distinct nominate
Chinese Steppe Eagle (4 substitutions, K2P =
0.1%)

. No difference in CR sequences between ssp.,
but same shown for A. adalberti — A. heliaca
complex (Zinevich et al. 2020), which differs
significantly by Cyt b (Seibold et al. 1996)

. The question of genetic differentiation of
subspecies is still unclear
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CR haplotypes. Zinevich et al. 2020




Hieraaetus pennatus Booted Eagle

PAL : sw Europe and nw Africa to ¢ Asia and n India; also 5
pecies Booted Eagle Hieraaetus pennatus (Gmelin, JF, 1788) Africa

Hieraaetus_pennatus_3834_Spain
Cyt b Hieraaetus_pennatus_3835_Spain
Hieraaetus_pennatus_28265

Hieraaetus_pennatus_16498_ South_Africa

EU345502.1_Hieraaetus_pennatus_Spain
AY987288.1 Hieraaetus_pennatus_South_Africa
Y15761.1_Hieraaetus_pennatus_South_Africa(2)

Y15761.1_Hieraaetus_pennatus_South_Africa

—— MK294165.1_Hieraaetus_pennatus
AJ604500.1_Hieraaetus_pennatus_Israel
AJ604500.1_Hieraaetus_pennatus

Y15760.1_Hieraaetus_pennatus
Y15760.1_Hieraaetus_pennatus_Israel(2)

Y15760.1_Hieraaetus_pennatus_Israel

AY987289.1 Hieraaetus_pennatus_India

AJ604499.1 Hieraaetus_morphnoides

0.002

. Two different lineages. K2P = 0.3 — 0.4%

. Recently described ssp. minusculus (Y15761, Yosef et al.
2000) is actually invalid

. Formerly accepted H. p. milvoides Jerdon, 1839 from C
and S Asia may be not a clinal example but a distinct form Range of the Booted, Rufous-bellied eagles and
(different refugium origin). More birds from Asia need Ayres’s Hawk-Eagle, from Dementiev 1951. 1 - H. p.

pennatus, 2 — H. p. milvoides, 3 — H. ayresii, | —
Lophotriorchis kienerii kienerii, || — L. k. formosus




Other species

Only 1 ssp. in the Palearctic, panmixia — Bonelli’s Eagle Aquila fasciata fasciata, White-tailed Eagle Haliaeetus
albicilla albicilla

2 ssp. in the Palearctic, but no data from the second — Tawny Eagle Aquila rapax

2 ssp. in the Palearctic, no data from Cyt b and no structure across the range from CR — Mountain Hawk-Eagle
Nisaetus nipalensis

Monotypic and no structure — Eastern Imperial Eagle Aquila heliaca, Spanish Imperial Eagle Aquila adalberti,
Greater Spotted Eagle Clanga clanga, Lesser Spotted Eagle Clanga pomarina, Steller's Sea Eagle Haliaeetus
pelagicus

Almost no genetic data from variable markers — Pallas's Fish Eagle Haliaeetus leucoryphus, Short-toed Snake
Eagle Circaetus gallicus
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CR tree of the ssp. of the Mountain Hawk-Eagle — N. n. nipalensis, N. n.
orientalis and formerly recognised N. n. fokiensis. From Haring et al. 2007
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