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abstract

The area of overlapping ranges, contact and relationships of two
closely related species — the western yellow wagtail Motacilla fla-
va Linnaeus, 1758 and the yellow-headed wagtail Motacilla lutea
(Gmelin, 1774) — in the Volga region are the subject of the pres-
ent study. At present, under conditions of wide sympatry, there
is spatial and reproductive interaction between these closely re-
lated species — the western yellow and yellow-headed wagtails.
Crossbreeding of species of ‘yellow” wagtails gives a light-headed
form of hybrids, which is a marker of the hybrid zone in the
Volga region. As a result of the study of the interaction between
M. flava and M. lutea in their contact zone in overlapping areas
of species ranges, the following was revealed. The concept of a
system of traits of the light-headed hybrid form (M. f. beema x
M. lutea), marking the hybridization zone of the model species
M. flava and M. lutea, is postulated. The population character-
istics of this system have been determined and the possibility
of their use in population and evolutionary studies of a group
of species of ‘yellow” wagtails has been shown. As a result of the
spatial and reproductive interaction of species in populations,
the light-headed hybrid form (M. f. beema x M. lutea) is formed,
which integrates the characters of the two original species and
has its own, peculiar traits, which can mark the boundaries be-
tween the western (left-bank) and eastern (right-bank) groups
of populations and the boundaries of their distribution. On the
basis of this, differences are formed and divergence of these
groups of populations occurs, which may reflect the processes of
sympatric speciation. The revealed tendencies in the variability
of groups of characters in the space of the ranges of model spe-
cies have a clinal character and may indicate the directions of
microevolution of species. The identified hybrid zones within
the boundaries of species ranges have a central position. The re-
sults of spatio-temporal divergence are M. flava, M. lutea, and
their hybrid light-headed form M. f. beema x M. lutea, which
may later become an independent species. In the contact zone
of M. flava and M. lutea, there is an unlimited hybridization of
these species.
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License (CC BY-SA 4.0), which permits unrestricted reuse, distribution, and reproduction in any medium,
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l6puagnsania Ak pe3ynbraT IPOCTOPOBUX
i penpogyKTMBHUX B3a€EMIH BU/IB Y IPYIIi JKOBTUX
Tpsicory3ok (Aves, Motacillidae) B o6mactsax cummarpii

€nena Aprem’eBa

Pesiome. 30Ha IepeKpUTTs apeaniB, KOHTAKT i B3aeMuHM OMM3bKuX BuAiB — xoBToi Motacilla flava
Linnaeus, 1758 i sxoBrono60i Motacilla lutea (S. G. Gmelin, 1774) rmcok Ha Tepurtopii IloBomxst € mpen-
MeTOM BUBYEHHs B JaHiit po6oTi. B manmii yac B yMOBax MIMpOKOI CHMIIATPIi CIIOCTEPIra€ThCsI IPOCTOPOBA
i penpofyKTIBHA B3a€EMOJLs ABOX ONM3bKYUX BUIIB — XKOBTOI 1 5KOBTO/0601 IIcoK. CxpelyBaHHs 6/113b-
KIIX BB )KOBTUX IUIVICOK JJa€ CBIT/IOT0/I0BY hopMy ribpupis, sika € MapkepoM ri6praHoi 30H1 B [ToBO/DKi.
B pesyibrati mpoBegeHOro KocipKeHHs B3aeMopil BuniB M. flava i M. lutea B 30Hi ix KOHTaKTy B 06/1ac-
TAX, Jie IepeKpMBAIOTLCA ixHi apeamy, gocarHyTo HactynHe. CHOpMy/IbOBaHO MOHATTA CUCTEMM O3HAK
cBiTI0r0N10BOI ribpupHoi popmu (M. f. beema x M. lutea), MapKkoBaHO 30HY ribpuan3aliii MOJe/IbHUX BUMIB
M. flava Ta M. lutea. BusHaueHO XapaKTepUCTUKY MOMY/IALI 1€l CUCTeMM Ta IOKa3aHa MOXX/IMBICTD IX
BMKOPMCTAHHA B MONMY/ALIMHUX i €BOMIOLIHNX JOCTIIKEHHAX TPYNN BULIB «KOBTUX» IJIUCOK. B pesynb-
TaTi IPOCTOPOBOI Ta PEIPOAYKTUBHOI B3aeMOJII BUJIB B IOMY/IALIAX GOPMYETbCS CBIT/IOr0I0Ba ribpuHa
dopma (M. f. beema x M. lutea), sixa iHTerpye 03HAKM ABOX BUXITHMX BMUZIB i BOIOAIE 0COOMMBOCTAMY,
B/IACTMBUMM il iif, AKi MOXYTb MapKyBaTy MeXy MDX 3axigHoo (71iBoOepe>xHoi) Ta cxXifHoo (IpaBo-
6epe>XHOI0) IpylamMy MOMYIIALN Ta MexXi IX nmoumpenHa. Ha ocHOBI 11boro popMyroThes BifMIiHHOCTI Ta
BifOyBa€TbCs AMBEpreHlid HaHNUX IPYH IOMY/IALIN, SKi MOXXYTb BioOpaXkaTy IPOLecy CUMIIATPUYHOTO
BUOYTBOpPeHHs. Pe3y/bTaToM IPOCTOPOBO-YaCOBOI AMBEpreHLil rpyn monynAnii (3axigHoi i cxifHoI) €
M. flava, M. lutea ta ix ribpunHa citnoronosa ¢popma M. f. beema x M. lutea, sika B IIOFA/IBIIOMY MOXe
CTaT! caMoCTiltHuM BufoM. Y 30Hi koHTakTy M. flava i M. lutea BinOyBaeTbcst HeoOMexeHa ribpuausaisa
HaHVX BUfAiB. B maHmit yac BifOyBa€eTbCst aKTMBHMIL IIPOLjeC TeHETMYHOI ribpyuansanii 3 yTBOpeHHAM IPO-
MDKHUX ribpupHux GopM Ha OCHOBI TeHETMYHOTO IPOLIAPKY riOpupiB B monynanisax. [laHe sBuine MOXe
BUCTYIIAT! B AKOCTi T€HETUYHOTO ITIiJPKVBJIEHHA 1 MeXaHi3My MiTPUMMKM LIi/IiICHOCTi BUJIB «KOBTUX» TPs-
COTY30K 32 PaxyHOK IIOCTiIIHOI MDKBHU/OBOI ribpuaysanii B yMOBax UIMPOKOL cuMmaTpii.
KniouoBi cmoBa: cuMnarpis, BUf, pelpORYKTUBHI B3a€MUHY, 16PN, €BOMIOLIsA, HOIY/IALs, TPACOTY3KI.
Apnpeca s 3B’A3Ky: €. ApreM’eBa; ITaniiicbke TOBapUCTBO IPUPOAHNYNX HayK, Kopco Benenia 55, Minas,
20121 Itamis; e-mail: hart5590@gmail.com; orcid: 0000-0001-5261-3421

Introduction

The area of overlapping ranges, contact and relationships of two closely related species — the
western yellow wagtail and the yellow-headed wagtail — in the territory of the Volga region are the
subject of study in this work. At present, under conditions of wide sympatry, there is a spatial and
reproductive interaction between these two closely related species (Vaurie 1959; Zaykin & Pudovkin
1993; Hewitt 2001). The study of this type of relationship is a separate line of research on biodiversity
at the species and population level (Alstrom & Mild 2003; Baker et al. 2009). ‘Yellow’ wagtails can be
the object of special evolutionary studies due to the ability to crossbreed between closely related spe-
cies (allospecies and sibling species) (Zagorodniuk & Fesenko 2004; Lamichhancy et al. 2018).

Crossing of closely related species of ‘yellow” wagtails produces a light-headed form of hybrids,
which is a marker of the hybrid zone in the Volga region. Hybridization as a result of spatial and re-
productive relationships of species in the group of ‘yellow” wagtails (Passerifomes, Motacillidae) un-
der conditions of their co-existence in overlapping areas of ranges remains poorly studied (Dementev
1937, 1941; Cramp 1988). This work is devoted to the study of spatial and reproductive interaction
between the western yellow wagtail Motacilla flava L., 1758 and the yellow-headed wagtail Motacilla
lutea (Gmelin, 1774) in the contact zone of their populations. One of the consequences of this process
is the discovery of western yellow and yellow-headed wagtails in populations of their light-headed
hybrids (Zarudny 1891; Fedorovich 1915; Artobolevsky 1924). There is a view that the western yellow
wagtail gradually ‘engulfs’ the yellow-headed wagtail as a species and eventually it would disappear
(Sotnikov 2006; Zav’alov et al. 2009).
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Hybrid forms of western yellow and yellow-headed wagtails have a strongly bleached, whitish
colouration of the plumage of the head and morphologically resemble the real white-headed wagtail
Motacilla flava leucocephala (Przewalski, 1887), an endemic, breeding and migratory subspecies, the
range of which is associated with Central Asia. One of the reasons for the sharp decline in the number
of this subspecies over the past 20 years is its hybridization with another subspecies of the western
yellow wagtail, Motacilla flava beema Sykes, 1832 (Baranov 2012). However, in a number of traits,
light-headed hybrids differ well from the real subspecies M. f. leucocephala (Artemieva & Muraviev
2012; Sundev & Leahy 2019; Ferlini et al. 2021). For ‘yellow” wagtails, hybrids of the western yellow
wagtail M. flava with the black-headed wagtail Motacilla feldegg Michahelles, 1830 are also known
(Artemyeva & Muraviev 2012; Ferlini 2015, 2016). Interspecific hybridization with a change in
range boundaries and expansion of range boundaries of original forms is also relevant for mammals
(Zagorodniuk 2011) as the invasion of genomes in many species of animals and plants (Mallet 2005,
2008), including birds of different taxa (Zink et al. 1995; Hermansen et al. 2001; Frank & Scott 2011).

The aim of this work is to reveal the features of the spatial and reproductive interaction between
M. flava and M. lutea in the contact zone of their populations under sympatric conditions.

Taxonomic relations of species of the genus Motacilla, subgenus Budytes

The species complex of ‘yellow” wagtails, genus Motacilla Linnaeus, 1758, has been one of the most
problematic taxonomic groups. Until now, the taxonomic status and systematic relationships between
the species (forms?) of this group have remained completely unclear.

“Yellow’ wagtails (Motacilla flava L., Motacilla feldegg Michah., and Motacilla lutea Gm.), along
with closely related citrine wagtail (Motacilla citreola Pall.) and mountain wagtail (Motacilla cinerea
Tunst.), form an independent subgenus Budytes Guw, 1817 (Suschkin 1925; Grant & Mackworth-
Praed 1952; Portenko 1960).

The yellow-headed wagtail and the mountain wagtail have always been considered separate spe-
cies (Dementev 1937; Gladkov 1954). The yellow-headed wagtail and the mountain wagtail are spe-
cies in the group of ‘yellow” wagtails, which do not raise doubts about their species status (Portenko
1960; Cramp 1988; Koblik et al. 2006).

Harris et al. (2018), based on SNP nuclear markers, showed that there is one species, Motacilla fla-
va, which includes several subspecies (Motacilla flava, M. lutea, M. feldegg, M. taivana, and M. mac-
ronyx).

The black-headed wagtail forms two subspecies: Motacilla feldegg feldegg Michahelles, 1830,
which is distributed in the Black Sea coast, Crimea, and the Caucasus (western part of the range), and
Motacilla feldegg melanogrisea (Homeyer 1878), which occurs in the Volga Delta, Caspian Sea coast,
Orenburg Oblast (Zarudny 1891), Krasnoyarsk Kray (Arlott & Khrabry 2009), and Irkutsk Oblast
(eastern part of the range) (Stepanyan 2003; Koblik et al. 2006).

E. Mayr (1968) paid great attention to the taxonomic relationship of Motacilla flava L. and Motacilla
lutea Gm. In particular, he noted that °.. the taxonomic position of Motacilla flava L., a highly variable
population, is very difficult and important for understanding of the theory of speciation. It would be
interesting to find out in detail the relationship of yellow-headed and green-headed forms (flavissima,
lutea, taivana), is there a species difference between M. flava and M. lutea, and, finally, what are the
historical and ecological features (reasons) of distribution of yellow wagtails? Although the majority
of researchers recognize their systematic closeness, a systematic analysis of this issue and a detailed
study of the distribution and reproduction of these birds in natural conditions is necessary’ (Mayr
1968: 117).

The second point of view on the isolation of M. lutea as an independent species was proposed back
in the 1920s by P. P. Sushkin (1925, 1938) and J. Domaniewski (1925), who considered the western
yellow, yellow-headed, black-headed, and green-headed wagtails independent species. The last three
forms in some regions were sympathetic with the first, which even then did not agree with the existing
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concept of allopatric and conspecific subspecies (Semyonov-Tyan-Shansky 1910). G. Johansen (1946)
considered M. lutea as an independent and more ancient species than other ‘yellow” wagtails. At the
same time, a different point of view about the taxonomic status of this form is widely spread.

The yellow-headed wagtail has long been considered by ornithologists as an independent species
of the genus: Motacilla lutea Gm. — Parus luteus S. G. Gmelin (1774), Reisedurch Russland; Budytes
campestris Pallas (1776); Budytes flavifrons Sewertzow (1875), as well as in Russian — ‘steppe’ wagtail
(Ruzsky 1893), ‘field’ wagtail — (Pallas 1811; Bogdanov 1871; Volchanetsky 1972), yellow-backed
wagtail (Gladkov 1954; Ivanov 1976; Priezzhev 1978; etc.).

The taxonomy of subspecies of the western yellow wagtail M. flava was presented for the first time
by E. Hartert (1910; Hartert & Steinbacher 1933). He listed 19 subspecies, among which the yellow-
headed wagtail (M. f. lutea) is also mentioned. For each subspecies, the boundary of the distribution
areas was indicated (Witherby 1938; Smith 1950; Meinertzhagen 1954). The systematic scheme of
E. Hartert was adopted by G. P. Dementev (1937) and G. Niethammer (1937). In some cases, M. lutea
is described as a mutation of M. flava (Grote 1937; Dementyev 1941). E. Stresemann (1926) believed
that the wide range of individual variability in M. flava is the result of ‘genetic instability’ Other au-
thors considered the yellow-headed wagtail to be one of the morphs of M. f. beema Sykes (Smith 1950;
Beregovoy 1970). Considering the co-occurrence of M. f. beema and M. f. lutea in the Middle Volga
region, H. Grot (Grote 1937) expressed the opinion that the yellow-headed wagtail’s colouration is
the result of ‘genetic instability; in some cases in M. f. beema, and in some areas of the range of this
subspecies the colouration is characteristic of the British M. f. flavissima Blyth. A similar idea of the
nature of colouration in Motacilla lutea was expressed by G. P. Dementev (1941) and S. Smith (1950),
without distinguishing Motacilla lutea as an independent species.

Of greatest interest is the work of C. Vaurie (1957), where he gives a brief description of the types
of colouration of the M. flava complex on subspecies forms, as well as their ranges. In one of his sub-
sequent works, Ch. Vaurie (1959) continues to consider the yellow-headed wagtail as a subspecies of
the western yellow wagtail (M. flava lutea). Nevertheless, the author points out that such a charac-
teristic can be considered temporary and that the taxonomy of M. flava does not correspond to the
structure of the ‘yellow” wagtail complex. Even then, he assumed the presence of several independent
species in this complex. N. A. Gladkov (1954) suggested that M. lutea and M. taivana do not fit into
the scheme of subspecies M. flava at all, having a common range with it. He considered expedient to
consider them separately as part of the M. lutea species, to which he also assigned the English subspe-
cies M. lutea flavissima (Stepanyan 2003).

In a number of works, the authors continue to insist that M. lutea is a subspecies of M. flava (Bub
1981; Blozheim 1985; Cramp 1988). This point of view is also shared by a number of authors (Alstrom
& Mild, 2003; Harrisa et al. 2018). At the same time, in the summary by S. Cramp et al. (1988) it is
noted that within this species there are two complexes of forms ‘flava’ and ‘lutea, and the latter in-
cludes Motacilla flava lutea, M. flava flavissima, and M. flava taivana. It is appropriate to emphasize
here that the views on the taxonomy of the genus Motacilla L. are mainly based on morphological
characters (morphometry and colouration) and on the specifics of their geographical distribution
(Smith 1950; Beregovoy 1970; Blozheim 1985). Grichik (2005), based on the variability of colouration
of the plumage of these birds, depending on many reasons (individual variability, age, and geographi-
cal distribution), also defends the point of view on the subspecies status of the forms Motacilla flava
lutea and M. flava taivana. The author does not take into account that one of the discussed forms of
Motacilla lutea Gm. exists in the centre of the range of Motacilla flava L. and is sympatric with various
subspecies of the latter.

Jan Domaneiwski (1925) tried to revise the entire subgenus Budytes. He assumed the presence
of four independent species of these wagtails: B. flava L., including 6 subspecies, B. feldegg Mich. —
two subspecies, B. lutea Gm. — two subspecies and B. taivana Swinhoe (monotypic species). He
justified the species status of M. lutea in connection with its partial sympathy with the grey-headed
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forms of the ‘flava’ group. The point of view of L. S. Stepanyan (2003) coincides with the idea of Jan

Domaneiwski, with the exception of only two amendments to the subspecies ranks in the western

yellow and black-headed wagtails, in which the author additionally distinguishes one more subspe-

cies. Currently, six species of wagtails Motacilla flava, M. feldegg, M. lutea, M. citreola, M. taivana,

M. cinerea are distinguished in the group of ‘yellow” wagtails (Babenko 1981; Bakhtadze & Kazakov

1985; Stepanyan 2003; Koblik et al. 2006).

Aleksandr Ivanov (1935) was the first to describe three types of age-related variation in the colou-
ration of the head of male yellow-headed wagtails: 1) the first breeding dress of males with an entirely
light green top of the head; 2) with a yellow forehead and green crown and occiput — males at the
age of 2-3 years; 3) with an entirely yellow head (sometimes with a small number of green feathers on
the back of the head) — birds of four years and older. The males of M. lutea are polymorphic in head
colouration, as in M. flava, and this served as the basis to justify hybrid individuals (Portenko 1960;
Gavrilov 1970; Bakhtadze & Kazakov 1985) and high individual variation within M. flava (Beregovoy
1970). A. 1. Ivanov’s point of view was adopted by a number of authors (Williamson 1955; Svensson
1963; Stepanyan 2003).

The differences in colouration that exist in adult males of M. flava living within the same territory
allowed some ornithologists (Grant & Mackworth-Praed 1952) to distinguish 7 species (flava, lutea,
superciliaris, leucocephalus, personfuses, thunbergi, and feldegg). This division of the group of ‘yellow’
wagtails did not receive proper recognition.

At the end of the 19th century, two works by N. A. Zarudny (1891) were published, where the au-
thor describes the hybrid forms of M. flava and M. lutea. Interspecific hybrids of M. flava and M. taiva-
na were noted by V. G. Babenko (1981), although it was not possible to find mixed pairs themselves
(Bianki 1910; Portenko 1960; Stepanyan 2003). A number of articles are devoted to the problems of
hybridization of ‘yellow’ wagtails at intraspecific level (Smith 1950; Leisler 1968; Sammalisto 1968).

Hybridization between the species of the compared wagtails is usually not widespread; on the
contrary, it is extremely rare (Beregovoy 1970; Kishchinsky & Lobkov 1979). Ch. Vori (1959) indicates
the hybridization of M. feldegg and M. lutea, which is refuted by the studies of G. B. Bakhtadze &
B. A. Kazakov (1985). He points out that no hybrids were recorded in the sympatry zone of M. flava
and M. lutea. The appearance of ‘green’ feathers on the vertex (P < 0.05) in the contact zone between
M. flava and M. lutea and partial or complete ‘yellow’ eyebrows is more common outside the spatial
contact. The author suggests that hybridization in M. flava is more characteristic at intraspecific than
at interspecific level. N. N. Balatsky (1992) managed to find a nest of a hybrid pair of wagtails: male
M. citreola, female M. flava. When it comes to the finds of hybrids, determined only on the basis of
the description of the colouration of the plumage, the question always arises, how can this be veri-
fied? It is known that females of all ‘yellow” wagtails are outwardly almost indistinguishable (with the
exception of the eastern forms). In this case, the only and convincing evidence of hybridization is
chromosome analysis or long-term observations of individually tagged birds (Muravyov 1997, 2010;
Artemyeva & Muravyov 2012).

Thus, based on morphological characters (mainly, morphometric parameters and colouraion of
the plumage of males during breeding season), there are currently three points of view on the taxo-
nomic structure of the polytypic complex of ‘yellow’ wagtails:

1. All ‘yellow” wagtails, except for the yellow-headed and mountain wagtails, are subspecies of a poly-
typic species.

2. There are five polytypic species: M. flava (flava, thunbergi, beema, leucocephala, zaissanensis,
plexa, macronyx, alascensis, simillima, tschutschensis, cinereocapilla, iberiae, pygmaea), M. feldegg
(feldearise), M. melan melan (lutea, flavissima, taivana) and M. citreola (citreola, werae, quassatrix,
calcarata, weigoldi), and M. cinerea (cinerea, melanope, robusta, schmidzi, flaviventris, clara).

3. There are five polytypic species and three monotypic species of ‘yellow’ wagtails: M. flava (twelve
subspecies); M. feldegg (two subspecies); M. lutea (two subspecies); M. citreola (four subspecies)
and M. werae; M. taivana; M. macronyx (monotypic species); M. cinerea (six subspecies).
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Since the present work did not set a special task of carrying out a taxonomic revision of the subge-
nus Budytes, studies of spatial relationships of M. flava, M. feldegg, M. lutea, M. citreola, and M. cine-
rea (Stepanyan 1990) were carried out in the zone of their sympatry in the study area, therefore the
author adheres to the second point of view.

Materials and Methods

During the field seasons of 2013-2019, populations of ‘yellow” wagtails were studied in areas of
co-occurence and nesting: western yellow wagtail M. flava, white-eared wagtail Motacilla flava beema
(Sykes, 1832), and yellow-headed wagtail M. lutea in the Volga region (European part of Russia). The
model sites are located in the territory of the SPNA ‘Sandy Lake’ in the Cherdaklinsky Raion (left
bank) and in the territory of the new promising SPNA ‘Flooded solonetzic meadows in the Tereshka
River Floodplain’ in the Radishchevsky Raion (right bank) of Ulyanovsk Oblast (Volga Region), as
well as in anthropogenically transformed areas (Artemyeva & Kalinina 2019; Artemyeva et al. 2019,
2020a-b; Ferlini & Artemyeva 2020). Range boundaries and the spatial position of the identified areas
of sympatric speciation in the three species of ‘yellow” wagtails — M. flava, M. lutea, and Motacilla
citreola Pallas, 1776 — were mapped.

For molecular genetic analysis, eggs from clutches and rudimentary feathers of chicks of these
species were examined.

Material and geography of samples: left bank (eastern bank of the Volga River). 20.05.2013, nearby to
Cherdakly, Sandy Lake, 3 eggs of M. lutea; 25.05.2013, nearby to Cherdakly, Sandy Lake, 3 eggs of M. lutea;
23.05.2015, nearby to Cherdakly, Sandy Lake, 3 eggs of M. lutea; 7.06.2015, 4 eggs of M. flava; 7.06.2015,
4 eggs of M. flava x M. lutea hybrids; 21.05.2016, nearby to Cherdakly, Sandy Lake, 3 eggs from nest No. 1 of
M. flava; 21.05.2016, nearby to Cherdakly, Sandy Lake, 3 eggs from nest No. 2 of M. lutea; 21.05.2016, nearby to
Cherdakly, Sandy Lake, 3 eggs from nest No. 3 of light-headed hybrids of M. flava x M. lutea; 21.05.2016, nearby
to Cherdakly, Sandy Lake, 2 eggs from nest No. 4 of M. lutea; 21.05.2016, nearby to Cherdakly, Sandy Lake,
4 eggs from nest No. 5 of the light-headed hybrid of M. f. beema x M. lutea; 5.06.2016, nearby to Cherdakly,
Sandy Lake, 4 chicks (samples of feather rudiments) from nest No. 6 of M. flava; 19.06.2016 nearby to Cherdakly,
Sandy Lake, 2 eggs from nest No. 7 (nest with feathers in the tray) of light-headed hybrids M. f. beermna x M. lutea;
19.06.2016, nearby to Cherdakly, Sandy Lake, 3 eggs from nest No. 8 (nest with wool in a tray) of M. lutea;
11.05.2017, nearby to Cherdakly, Sandy Lake, 2 eggs of M. lutea; 27.05.2018, nearby to Cherdakly, Sandy Lake,
2 eggs of M. flava.

Material and geography of samples: right bank (western bank of the Volga River). 11.06.2018, nearby to
Radishchevo, meadows in the floodplain of the river Tereshka, nest No. 1, embryonic feathers from 3 chicks
of the western yellow wagtail M. flava (3 specimens); 11.06.2018, nearby to Radishchevo, meadows in the
floodplain of the river Tereshka, nest No. 2, 2 eggs of M. flava; 11.06.2018, nearby to Radishchevo, meadows
in the floodplain of the river Tereshka, nest No. 3, embryonic feathers from 2 chicks of M. flava (2 specimens);
11.06.2018, nearby to Radishchevo, meadows in the floodplain of the river Tereshka, nest No. 4, embryonic
feathers from 2 chicks of M. flava (2 specimens); 11.06.2018, nearby to Radishchevo, meadows in the floodplain
of the river Tereshka, nest No. 5, embryonic feathers from 2 chicks of M. flava (2 specimens); 9.06.2019, nearby
to Radishchevo, meadows in the floodplain of the river Tereshka, 1st nest, rudimentary feather from chick
of M. flava; 10.06.2019, nearby to Radishchevo, meadows in the floodplain of the river Tereshka, 2nd nest,
rudimentary feather from chick of M. flava; 10.06.2019, nearby to Radishchevo, meadows in the floodplain of
the river Tereshka, 3rd nest, rudimentary feather from chick of M. flava. A total of 55 samples (23 samples of
M. flava; 19 samples of M. lutea; 13 samples of M. f. beema x M. lutea hybrids) were examined for molecular
genetic analysis.

To compare the parameters of nests and clutches of M. flava, we used oological materials of this
species (Catalogue of the Oological Collection of the National Museum of Natural History, NAS of
Ukraine: Peklo 2018). For bioecological studies, material on finds of nests of model species was used.
A total of 18 nests were examined (9 nests of M. flava; 4 nests of M. lutea; 5 nests of M. f. beema x
M. lutea hybrids). The dataset ‘Records and Characteristics of Nests of the Yellow Wagtail Motacilla
flava in the Middle Volga Region’ is deposited on ResearchGate: https://www.researchgate.net/publi-
cation/356473899

Isolation of DNA from biological samples (eggs, feathers, etc.). The material was homogenized using Speed-
Mill (Analytik Jena) in a lysis solution (containing sodium dodecyl sulfate, 1%) using metal balls for 10 minutes;
after which protease K (100 ul, mM / ml) was added and incubation was carried out at 56°C for 6 hours. Then
the homogenized product was centrifuged and DNA was isolated from the obtained supernatant using the
GeneJET Genomic DNA Purification Kit (Thermo Scientific).
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Polymerase chain reaction. The mitochondrial cytochrome oxidase I (COI) gene was chosen as a genetic
marker. Amplification was carried out using the primers BirdF1: TTCTCCAACCACAAAGACATTGGCAC
and BirdR1: ACGTGGGAGATAATTCCAAATCCTG (Kerr et al., 2009). When performing PCR, the following
composition of the reaction mixture (per 20 uL) was used: buffer (1X), primers (0.5 uM each), dNTPs (250 uM),
taq polymerase (5 units), DNA template (1 pL), and deionized water (up to the final volume). Amplification was
performed using a SpeedCycler 2 thermal cycler (Analytik Jena). Polymerase chain reaction (PCR) parameters
were as follows: 5 minutes at 94°C, 30 seconds at 94°C, 30 seconds at 52°C and 40 seconds at 72°C (35 cycles
total). The final elongation lasted 5 minutes at 72°C. Next, electrophoresis was carried out in 1% agarose gel in
order to determine the quality of the PCR performed, after which a preparative gel was prepared, from which
the fragment of interest was isolated and purified (using the GeneJET Gel Extraction Kit (Thermo Scientific)).

Fragment sequencing and bioinformatics processing. The resulting PCR products (about 600 bp in length)
were purified and a sequencing reaction was performed with fluorescently labeled dideoxynucleotides
triphosphate (ddNTPs), followed by purification of the set of terminated fragments. As a result of sequencing
the obtained fragment of the cytochrome oxidase I gene, nucleotide sequences were obtained, which were
subjected to bioinformation processing. The fragment was analyzed and corrected using the Sequence Scanner
2 software (Life Technologies Corporation) [http://www.lifetechnologies.com]. The alignment and construction
of phylogenetic trees was carried out using the MEGA 4 software package (Tamura et al. 2007). In the MEGA 4
program, trees were constructed using the Maximum parsimony method to test the stability of phylogenetic
constructs, a bootstrap test was used. For comparison, the sequences of M. alba (KY754516.1), M. grandis
(JF499146.1) and M. tschutschensis (DQ433818.1) were selected from GenBank (Kerr et al. 2007, 2009; Johnsen
et al. 2010; Artemieva et al. 2016a-b).

Results

As a result of studying the spatial and reproductive relationships of species of ‘yellow” wagtails
M. flava and M. lutea, the analysis of the characters of their light-headed hybrid form M. f. beema x
M. lutea and identified areas marked by it in the contact zone of populations of model species under
sympatric conditions was carried out.

Light-headed hybrids — hybrid zone markers

This section discusses the features of the light-headed hybrid form of M. f. beema x M. lutea, de-
scribed in this work as ‘light-headed hybrids, which is characterized by the manifestation of various
groups of characters (morphological, geographical, ecological (nidological), and behavioural).

Morphological and geographical characteristics of hybrids

In the study area, in the areas of overlapping ranges of M. flava and M. lutea, sightings of their hy-
brids were recorded, which have a characteristic morphological feature — a strongly bleached, whit-
ish colouration of the plumage of the head that morphologically resembles that of a real white-headed
wagtail. Geographically, these hybrids are associated with the Volga region. The characteristic distinc-
tive features of the colouration of the plumage of the head of male M. flava, M. lutea and their light-
headed hybrid are shown in Fig. 1. Regions where areas of sympatric speciation are noted are shown
on a map of the ranges of ‘yellow” wagtails that co-occur (Fig. 2) (Artemieva & Muravyov 2012).

Nidological (ecological) characteristics of hybrids

Samples of nests and clutches of model species M. flava, M. lutea and their light-headed hybrid
form M. f. beema x M. lutea are presented in the Appendix to this article (see below).

To compare the parameters of nests and clutches of M. f. flava, oological material on this species
from the western regions of its range was used, which illustrates the similarity of nesting biotopes and
differences in the size of nests and eggs (Catalogue of the Oological Collection of the National Museum
of Natural History, NAS of Ukraine — collections of O. Kistiakivsky, V. Zubarovsky, V. Terebkov,
Yu. Faidel, V. Shevchenko, and L. Kremnev) (Peklo 2018). In general, the nests and eggs of M. flava
collected in the western areas of the range are larger than those from the Middle Volga region, which
is due to the belonging of populations to different subspecies: in Ukraine, the subspecies M. f. flava is
distributed (Panchenko 2007), while in the Middle Volga region populations are represented by the
subspecies M. f. beema and hybrids M. f. flava x M. lutea and M. f. beema x M. lutea.
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Fig. 1. Males of ‘yellow’ wag-
tails: @ — western yellow wagtail
M. flava flava (author’s photo),
b — yellow white-eared wagtail
M. flava beema (author’s pho-
to), ¢ — yellow-headed wag-
tail M. lutea (author’s photo),
d — light-headed hybrid form
M. f. beema x M. lutea (photo
by T. Kezhevatova).

Puc. 1. Camii «KOBTUX» IIN-
cox: a — xoBTol M. f. flava
(¢poro aBTOpa), b — *OBTOI Oi-
noByxoi M. f. beema (doto aB-
TOpa), ¢ — XO0BTO-10601 M. [u-
tea (poto aBropa), d — CBiT-
noronoBoi ribpunHoi hopmu
M. f. beema x M. lutea (poto
T. KexxeBaTOBOI).

Fig. 2. Geogrpahic ranges and areas
of spatial and reproductive interac-
tion of species of ‘yellow” wagtails in
the territory of the Volga region and
adjacent regions of Eastern Europe
(orig.): I — M. f. flava, 2 — M. f.
thunbergi, 3 — M. f. beema, 4 —
light-headed hybrid form M. f. be-
ema X M. lutea; 5 — M. feldegg;
6 — M. lutea; 7 — M. citreola werae;
8 — M. cinerea. The red circle indi-
cates the areas of interaction of the
species.

Puc. 2. Apeamio6nacti mpocropo-
BOT'O Ta PEIPOAYKTUBHOIO B3AEMO-
Il y BUJIIB «OKOBTMX» IUIICOK Ha Te-
putopii IToBOmiOKA Ta B CyMi>KHUX
perionax CxigHoi €spomnu (opur.):
1 — M. f flava, 2 — M. f. thunbergi,
3 — M. f. beema, 4 — cBitnorono-

Buit ribpuanoi popmu M. f. beema  [[Z__ZM f flava 5m= == M. feldegg 8- M. cinerea
X M. lutea; 5 — M. feldeggs 6 — |, M. f thunbergi  6—e— M. lutea .

M. lutea; 7 — M. citreola werae; 8 — |, M. [ beema 70 o o M. citreola werae O species
M. cinerea. YepBOHUM KOJIOM IIO- hvbrids M. £ b M Interaction
3HaueHi 06/1acTi B3aeMoii BULiB. 4+ ++ hybrids M. f. beema x M. lutea arcas
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Fig. 3. Parameters of samples of nests and clutches
of ‘yellow’ wagtails in the morphospace: a — nest
diameter D and nest height H, b — tray diameter d

© and tray height h, ¢ — egg length M1 and egg width
M2. Red poissons — M. f. beema (Russia); orange
poissons — M. f. flava (Ukraine); green poissons —
M. lutea; purple poissons — light-headed hybrid form
M. f. beema x M. lutea.

Puc. 3. IlapameTpu Bubipox rHi3f i KMagoK «KOB-
TUX» IIMCOK B MMPOCTOPi O3HaK: @ — JiaMeTp THi3za
D i Bucora ruizga H, b — giamerp notka d i Bucora
notka h, ¢ — gomxuHa st M1 i mmpuHa siis M2.
YepBoHi nyaconu — mnapametrpu M. f. beema (Po-
cis1); nomapaHyesi myaconn — napamerpu M. f. flava
(Ykpaina); seneHi nmyaconn — mapamerpu M. lutea;
(ioneToBi IMyacoHM — mapaMeTpu CBIiTIOTONOBOI Ti-
16 17 18 19 20 M1(mm) opupHoi popmu M. f. beema x M. lutea.

Comparison of generalized values of parameters of the samples of nests and eggs shows the origi-
nality of their species: the largest nests and eggs in the western yellow wagtail M. flava, the smallest
in the hybrid light-headed form M. f. beema x M. lutea, and average-sized nests and eggs in M. lutea.
At the same time, the range of variation of the length and width of eggs in M. flava and light-headed
hybrids practically coincides, while in M. lutea the range of variation of egg length is more stable in
comparison with the width. The extreme values of the parameters of samples of nests and eggs of the
model species M. flava, M. lutea and the light-headed hybrid M. f. beema x M. lutea are well distin-
guishable in the morphospace (Fig. 3).

The revealed atypical cases of lining of the nest tray are associated with the presence of down and
feathers in the litter, without the addition of horsehair by birds during the construction of the nest.
The atypical lining of the nest tray is due to the presence of mixed nesting pairs: female yellow-headed
wagtails M. lutea build nests characteristic of their species. In the case of an extreme breeding season,
a second clutch occurs (instead of the lost one), the clutches are strongly stretched in time. Examples
of nests of all model species are shown in Fig. 4.

Oological (morphological) characteristics of hybrids

The oological characteristics of hybrids include the colouration and patterns of the eggshell.
Parameters of eggs in clutches of M. flava, M. lutea, and their light-headed hybrids are given in the
Appendix (see below).

The eggs of the western yellow wagtail M. flava are characterized by the following features: the
background of the egg surface is greyish-beige, the pattern is dense, uniform, brownish-brown. The
hairline is developed to half the perimeter of the egg.

The eggs of the yellow-headed wagtail M. lutea are characterized by a greyish-olive or light beige
with a shade of khaki color of the background of the eggshell. The pattern of the surface of the eggshell
is dense, pinpoint, brownish brown. The hairline is well defined at the infundibular end.
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Fig. 4. Nests of ‘yellow’ wagtails: a —
yellow white-eared wagtail M. f. beema,
b — yellow-headed wagtail M. lutea,
¢ — light-headed hybrid M. f beema
x M. lutea (with a predominance of
M. lutea characters), d — light-headed
hybrid form M. f. beema x M. lutea
(with a predominance of M. f. beema
characters). Photo by the author.

Puc. 4. Tuisma «KOBTUX» TUIMCOK:
a — xoBroi 6inmoByxoi M. f. beema,
b — xoBTomo6oi M. lutea, c — cBiTmnO-
ronosoi ribpupsoi dopmu M. f. beema
x M. lutea (3 mepeBaKaHHsAM O3HaK
M. lutea), d — cBitnoronosoi ribpua-
Hol popmu M. f. beema x M. lutea (3
mepeBaKaHHAM o03HaK M. f. beema).
doro aBTOpA.

Light-headed hybrids M. f. beema x M. lutea, in contrast to the original species M. flava and
M. lutea, have different features of the background coloration and pattern of the eggshell surface.
The background of the surface of the eggs is grey-milky-beige, light-grey-milky or whitish, the pat-
tern is sparse, greyish-olive. The eggs are smaller and generally darker than those of M. f. flava and
M. f. beema, but larger and paler than in M. lutea (in general, in appearance, it is closer to M. lutea
than to M. f. flava and M. f. beema). Sometimes a wide dark-brown thickening, a spot or a ring at the
infundibular end of small dark striated elements of the shell pattern is expressed.

Fig. 5. Coloration and patterns of eggshells of model species of ‘yellow’ wagtails: a — western yellow wagtail M. fla-
va, b — yellow-headed wagtail M. lutea, c — light-headed hybrid form M. f. beema x M. lutea (predominance of
characters from the female M. f. beema), d — light-headed hybrid form M. f. beema x M. lutea (predominance
of characters from the female M. lutea). Photo by the author.

Puc. 5. 3abapBiieHH: | Ma/IIOHOK LIKapaTyIIN s€Lb MOJEIbHIUX BU/IB «KOBTUX» IUINCOK: a — xoBToi M. flava,
b — xoBromo6oi M. lutea, c — cBiTnoronosoi ribpunnoi popmu M. f. beema x M. lutea (mepeBa>kaHHs O3HAK
Bif camxn M. f. beema), d — cBiTnoronosuii ribpunnoi dopmu M. f. beema x M. lutea (mepeBakxaHHA O3HAK Bif
camku M. lutea). doto aBTOpA.

1 34 GEO&BIO » 2021 « vol. 21 p-ISSN 2617-6157 e-ISSN 2617-6165



There is no hairline or it is displaced, in the form of a loop. The pattern is brown or dark brown,
dense, with a rather large spot. Sometimes a very dense pattern is developed, thickening at the infun-
dibular end into a common dark spot.

Examples of clutches of all model species are presented in Fig. 5.

Behavioural characteristics of hybrids

In M. flava and M. lutea, two peaks of daily nesting activity are well pronounced — in the morn-
ing (from 4:00 to 11:00) and in the afternoon (from 16:00 to 19:00), from 12:00 to 16:00. Birds can fly
off to feed and rest to the nearest body of water. In hybrids of yellow white-eared and yellow-headed
wagtails M. f. beema x M. lutea, on the other hand, there is a pronounced twilight nesting activity
(from 20:00 to 24:00). Territorial males actively sing on the nesting site at dusk, after sunset. The color
of the head plumage in males is very light, whitish (‘grey-haired’) and is clearly visible from a distance
at dusk. Light, whitish, ‘grey-haired’ plumage of the head has a signal value. In addition, the sound
signals of light-headed hybrids also have important signaling significance. A. B. Kistyakovsky (1967)
and E. N. Panov (1973, 1989, 1993) attached great importance to the study of visual and verbal char-
acters in the process of sympatric speciation of sibling species in birds.

The spectrum of behavioural repertoire of species of the group of ‘yellow’ wagtails in the space
of their ranges under conditions of wide sympatry reflects the mechanisms of reproductive isolation
of forms of species and subspecies ranks and is the result of microevolution of the group. Currently,
studies have shown that in order to resolve controversial issues in the taxonomy of closely related bird
species, complex approaches and methods of study are required, including ecological and ethologi-
cal ones (Panov 1973). The study of model species M. flava, M. lutea, and their light-headed hybrids
in natural communities should be carried out in ecological and behavioural aspects (phenology of
arrival and nesting, mating, peculiarities of choosing a suitable nesting biotope, nesting and size of
the nesting site, incubation, acoustic signaling, etc.). Many authors propose to solve the problems of
intraspecific and species systematics of polytypic complexes of birds using sonograms of recordings
of their voices (Panov 1973).

Observations and study of behaviour (ethology) in birds (postures of mating, courtship, aggres-
sion, etc.) are one of the important directions in resolving controversial issues within one or several
taxa (Panov 1993). Territorial behaviour: in the zones of spatial contact of the compared species,
there are quite pronounced species-specific requirements for the nesting place (Panov 1993). Mating
behaviour: observation and study of behaviour in birds (postures of mating, courtship, aggression,
etc.) is one of the important directions in resolving controversial issues within the framework of one
or several taxa (Panov 1989). Sound signaling has an important place in communication of birds at
the intraspecific level, which allows them to maintain contact with each other, guard the nesting area,
warn neighbouring nesting pairs of danger, etc. Sound signaling in birds has a species-specific char-
acter, which, in turn, at the interspecific level is one of the conditions of reproductive isolation (Panov
1993). An important role in relations at the inter- and intraspecific levels is played by mating acoustic
signals, which have a clear specific, situational significance and difference, being the basis of sound
communication in joint group nesting settlements (Panov 1989).

Discussion
Ecological and genetic characteristics of light-headed hybrids

Previously, it was shown that the very existence and distribution of M. lutea directly depends
on the phenomenon of interspecific and intraspecific hybridization of these forms (Sotnikov 2006;
Pavlova et al. 2003; Artemieva et al. 2016a-b), and also some authors prove that all intraspecific forms

of M. flava are either subspecies or races (Alstrom & Odeen 2002; Alstrom & Mild 2003; Alstrom et
al. 2018; Harrisa et al. 2018).
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Selected sequences from GenBank for M. alba (KY754516.1), M. grandis (JF499146.1), and M. tschut-
schensis (DQ433818.1), which constitute the outgroup for comparison of the obtained results (Figs.
6-7), confirm the taxonomic independence of the studied forms of ‘yellow” wagtails.

Light-headed hybrids M. f. beema x M. lutea are first generation hybrids that act as markers of
hybrid zones of interaction between M. flava and M. lutea under sympatric conditions. The unusual
appearance of the hybrid — the appearance of a clearly pronounced whitish colour of the head — is a
phenotypic trait that is not traced in any of the parent taxa and it is explained by the complementary
action of the genes of pigments of the head plumage, that is, the grey phenotype in M. flava and the
yellow phenotype in M. lutea, which is probably due to the interaction of the corresponding alleles of
the head plumage colouration gene.

Phenotypic and genotypic structure of M. flava

The colour of the plumage of the upper part of the head of male western yellow wagtails M. flava
varies geographically in a wide range from white to black. However, in most of the range, their head is
coloured bluish-grey or lead-grey. M. f. flava predominates in the southern part, while M. f. thunbergi
in the northern part of the range. Moreover, throughout the entire area of its distribution, M. f. thun-
bergi occurs sympatrically with M. f. flava and crossbreeds freely with it. In the entire area of the
north-eastern part of the range, specimens with intermediate characters are found, demonstrating all
variants of transitions between these forms. In some places, individuals with intermediate traits even
numerically dominate over the original, pure phenotypes (Sotnikov 2006). The available information
on the ecological specificity of the thunbergi form indicates a more frequent nesting of these birds in
peat bogs and raised sphagnum bogs, while flava individuals usually settle in floodplain meadows.
A large number of cases of joint nesting of thunbergi individuals in mixed settlements with flava in
floodplain habitats and in fields are known (Sotnikov 2006). Despite this, biotopic preferences, food
supply, sound signaling, and behavioural features of flava and thunbergi are generally quite different,
which makes it possible to consider these forms at species level, which is confirmed by a comparative
analysis of mitochondrial DNA (Sotnikov 2006).

The forms M. f. flava, M. f. thunbergi, M. f. beema, and M. f. leucocephala are likely the result of
intraspecific genotypic cleavage of M. flava. In this case, two schemes of such splitting are possible:
by the type of incomplete dominance and by the type of complementarity. The considered diagnos-
tically important inherited trait is the colour of the plumage of the ear region. Inheritance pattern
with incomplete dominance: M. f. flava — grey ear (heterozygous genotype Aa), in M. f. thunbergi —
black ear (homozygous dominant AA genotype), in M. f. bema — white ear (homozygous recessive
genotype aa). When crossing in populations of phenotypes with black and white ears, heterozygous
phenotypes with grey ears are constantly renewed in the first generation of hybrid individuals. In sub-
sequent generations of hybrids, there is a constant split according to the genotype and phenotype —
1 AA (homozygous dominant black-eared thunbergi) : 2 Aa (heterozygous grey-eared flava) : 1 aa
(homozygous recessive white-eared beema). Inheritance pattern with complementarity: M. f. flava —
grey ear (genotypes A_bb), in M. f. thunbergi — black ear (genotypes A_B_), M. f. beema — white ear
(genotypes aaB_), in M. f. leucocephala — completely white head (genotype aabb); alleles of this gene
can be designated as follows: A — presence of pigment, aa — absence of pigment, B — black colour,
bb — grey-blue (grey) colour. The ratio of genotypes and phenotypes in populations by areais 9 A_B_
(M. f. thunbergi) : 3 A_bb (M. f. flava) : 3 aaB_ (M. f. beema) : 1 aabb (M. f. leucocephala).

In isolated populations in certain part of the M. flava range, over time, a pattern of dominance
of certain genotypes and the corresponding phenotypes of individuals may develop: in the northern
parts of the range, the thunbergi form prevails, in the eastern areas of the range the beema form pre-
vails, while in the mountains and steppes of Central Asia populations of the leucocephala form were
formed facilitated by geographical and ecological isolation, which prevented the active drift of genes
from neighbouring areas of the range and contributed to the accumulation of recessive alleles. The
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Central Asian white-headed subspecies M. f. leucocephala probably has a completely recessive geno-
type (aabb), which is characterized by a complete loss of pigmentation in the plumage of the head.
Due to the striking features of morphology, biology, and ecology, this form deserves to be assigned a
species status. Certain ratios of genotypes and phenotypes throughout the geographic range can mark
the areas of hybridization of these phenotypes.

Phenotypically, the forms plexa and tschutschensis, which are widespread in Eastern Siberia and in
the north of the Far East, are similar in dark head colouration to the thunbergi form, however, geno-
typically these forms are completely different and have their own evolutionary fate, being, probably,
independent species belonging to the eastern complex of ‘yellow” wagtails (Pavlova et al. 2003).

The southern European form M. f. dombrowski Tschusi differs from M. f. flava with a darker co-
louration of the top of the head and a blackish colouration of the ear coverts, and probably also has
a genotype of the A_B_ complex, like thunbergi; therefore, it is incorrect to consider this form as an
independent taxon (Bakhtadze & Kazakov 1985).

Hybrids are known not only between subspecies of M. flava, but also between specific forms. Two
closely related species — M. flava (subspecies M. f. macronyx) and M. taivana Swinh., 1863 — form
hybrids in the Lower Amur region in their common habitats, their ranges overlap in a large area
from the city of Amursk to Udyl Lake (Babenko 1981; Stepanyan 2003). The area of distribution of
M. taivana extends from the basin of the river Vilyuy and valley of the river Vitim to the east to the
northern and western coasts of the Okhotsk Sea, to the north to the 64th parallel. To the south, it
was recorded nesting in Primorye up to the 45th parallel. The area of distribution of M. f. macronyx
extends from the Eastern Sayan to the east to the coast of the Okhotsk Sea and the Japan Sea, to
the north up to about the 60th parallel, to the south to the state border of the Russian Federation
(Stepanyan 2003).

Groups of identified hybrids M. f. macronyx and M. taivana have the following quantitative ratios:
5 (grey top of the head, several green feathers, no eyebrow — M. flava) : 2 (green top of the head,
several grey feathers, yellow eyebrow — M. taivana) : 1 (green-grey top of the head, pale yellow eye-
brow — M. taivana and M. f. macronyx).

Hybrid individuals with a large bias towards M. f. macronyx were found upstream of the Amur
River (nearby to Komsomolsk-on-Amur). On the contrary, birds caught downstream (Udyl Lake)
have an appearance characteristic of M. taivana. Crossbreeding of M. taivana and M. f. macronyx was
recorded on one of the islands of the Amur River near the confluence with the river Gorin. Under
sympatric conditions (joint nesting settlements), M. taivana and M. flava keep apart, preferring dif-
ferent nesting biotopes (Babenko 1981).

Phenotypic and genotypic structure of M. lutea

The taxonomic position of M. lutea is rather controversial. Many authors expressed an opinion
about the advisability of including the form M. lutea in the species M. flava on the grounds that it reg-
ularly nests in mixed colonies with grey-headed yellow wagtails, and their females practically do not
differ from each other (Zarudny 1891; Vaurie 1959). However, subsequent studies have shown that
this form is more correct to be considered as an independent taxon, since in three isolated parts of
the range of the yellow-headed wagtail populations — the British Isles; Middle and Lower Volga, Ural
River and the coast of the Okhotsk Sea, the lower reaches of the river Lena, Indigirka and Sakhalin
Island (Gladkov 1954) — in which a large or significant part of the males have a yellow, dirty green
or olive green colour of the forehead and crown. These populations are listed as a separate species
M. lutea Gm. (= Budytes luteus) (Gladkov 1954; Portenko 1960), consisting of three subspecies, cor-
responding to the isolated areas of the range listed above: flavissima, lutea, and taivana (Beregovoy
1970; Stepanyan 2003; Pavlova et al. 2003).

The colour of the head of male yellow wagtails from two homogeneous populations was investi-
gated: in the region of Ivdel (Ural), the subspecies M. f. thunbergi with a lead-grey head and in the
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Baymak region (Bashkiria) the subspecies M. f. flava with a bluish-grey head; as well as from three
polymorphic populations: the Ural river 80 km below the city of Orenburg; river Akhtuba, Lower
Volga, and the middle course of the river Ilovlya near the station Zenzevatka of the Volgograd region.
The three latter populations are represented by individuals with head colouration as in M. f. flava,
M. lutea, and a small number of individuals with a very light ash-grey head (M. f. leucocephala). To
assess the colour of plumage, a universal FM photometer was used, which gives a numerical indicator
of blue, red, and brightness (whiteness) (Beregovoy 1970).

It can be visually observed that the whiteness index of the subspecies from the Southern Urals is
higher than that of the northern subspecies M. f. thunbergi. With the help of a photometer, it was pos-
sible to establish that in the grey colour of the head of these subspecies, despite its different brightness,
the quantitative ratio of blue and red shades is the same, which indicates that the subspecies M. f. fla-
va and M. f. thunbergi belong to one species taxon M. flava. Polymorphic populations (Orenburg,
Akhtuba and Ilovlya rivers) are represented by the following phenotypes: individuals with bluish-grey
and light ash-grey head colouration (M. flava), individuals with dirty green and light pure yellow
heads (M. lutea). All yellow-headed wagtails differ from grey-headed wagtails in their high white-
ness. But in comparison with ‘pure’ populations (Ivdel and Baymak), they are less homogeneous:
CV =28.7-52.4%. In addition, they differ in a significantly lower index of blue tint and a greater index
of red, and the reduced blue tint varies greatly: CV = 17.0-42.3%. Grey-headed wagtails (M. f. flava)
of polymorphic populations do not differ (differences are statistically insignificant) from individuals
from pure populations in brightness and in the ratio of blue and red shades. However, they contain a
small number of individuals with a noticeably lighter grey head and even very light ash-grey-headed
individuals (M. f. leucocephala). This was reflected in the whiteness variation coefficients: CV = 26.0-
31.2% (Beregovoy 1970).

Thus, grey-headed wagtails (M. f. flava) of polymorphic populations are as heterogeneous as yel-
low-headed wagtails (M. lutea). This can only be explained by the mutual crossing of these forms
(phenotypes) in a polymorphic population. If the genotype of bluish-grey-headed wagtails is repre-
sented as CCll (C is the gene that ensures the normal development of bluish-grey colour, Il determines
the absence of yellow pigment in the plumage of the forehead and crown), and the genotype of the
yellow-headed wagtail is ccLL (cc is a grey-colour attenuator, L determines the normal development
of yellow), then from their crossing as a result of a combination of bluish-grey colour with yellow, an
individual with a dark green head will be obtained (genotype CcLl). Such individuals are quite com-
mon among yellow-headed wagtails in the contact zone with grey-headed wagtails. In the second
generation, a series of genotypes should be expected, of which the following are the most interesting:
CCLL, CCLI, CcLL, and CcLl — all with more or less dark dirty green head, as well as Ccl and ccll —
individuals with a lighter grey (whiteness index is greater than 15) and an almost white ash-grey head
(whiteness index over 20). The last two phenotypes are found regularly only in mixed populations of
M. flava and M. lutea (Beregovoy 1970).

Nikolai Zarudny (1891) found hybrid forms of males and females of the species M. flava and
M. lutea (= Budytes) in Orenburg Oblast (valleys of the Ural and Chagan rivers), which were hybrids
between M. flava (= Budytes flava L.) and M. lutea (= Budytes campestris Pall.). In the first genera-
tion, such hybrid individuals split into M. L. flavissima (= Budytes flavifrons Sewert.) and M. taivana
(= Budytes rayi Bp.). These forms can transmit their distinctive features (yellow or green colouration
of the top of the head) to hybrids of subsequent generations (Zarudny 1891).

Both of these forms live in separate nesting settlements, despite the presence of hybrids. Both
forms prefer extensive meadows, treeless spaces, with abundant shallow water bodies, lush, but not too
dense herbaceous vegetation. There is competition between these forms for nesting habitats. M. lutea
(= Budytes campestris) rises much further north in the basin of the river Volga than is commonly be-
lieved. Sometimes the hybrids are similar to M. taivana (= Budytes taivanus). Zarudny (1891) found
hybrids between M. f. beema (= Budytes flava beema) and M. lutea (= Budytes campestris flavifrons) in
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the valley of the Ural River, which have intermediate characters (ash-bluish or whitish with a yellow
top of the head). Hybrids were also found between M. flava (= Budytes flava) and M. lutea (= Budytes
campestris flavifrons) in meadows in the valley near Station Chernorechye of Orenburg Oblast, which
have similar intermediate features (ash-blue colouration of the back of the top of the head, with a
green admixture, the rest of the head is yellow with a green admixture, a wide light eyebrow is de-
veloped). Thus, hybrids between M. flava (= Budytes flava) and M. lutea (= Budytes campestris) in
repeated crosses may lose some intermediate characters, but in general their phenotype, and hence
the genotype, remains stable (Zarudny 1891). The above data indicate that populations of the grey-
headed form M. f. flava and yellow-headed forms of M. lutea in their common habitats are constantly
replenished due to pheno- and genotypic cleavage, taking part in the general drift of genes in the
range of the polytypic complex and should be considered as independent sympatric taxa included in
the polytypic complex of M. flava.

Due to the exceptional similarity of morphological characters with closely related species of ‘yel-
low” wagtails, M. lutea is rather difficult to isolate against the background of closely related forms.
However, the accumulation of information on the biotopic separation of the nesting sites of M. lutea
and related species of ‘yellow” wagtails, stable differences in the structure of communicative signals,
the size and pigmentation of eggs, sympatric distribution with other representatives of Motacilla flava
sensu lato complex, as well as the results of analysis of mitochondrial DNA make it possible to con-
sider this form as an independent taxon of species rank (Pavlova et al. 2003; Sotnikov 2006).

External characters associated with the colour of the plumage of the head of M. lutea males are
characterized by a wide range of variation. Phenotypes with a yellow colouration of only the frontal
part of the head or with a completely yellow head can be considered as separate links within the
normal reaction of this trait in M. lutea. The presence of a certain percentage of light-headed, white-
headed, and green-headed phenotypes in populations of the yellow-headed wagtail is explained, as a
rule, by interspecific hybridization with M. flava under conditions of sympatric distribution of these
species (Pavlova et al. 2003; Sotnikov 2006).

However, a comparison of the percentage throughout the range of normal individuals with a yel-
low forehead and yellow-green head colouration (60%), yellow-headed (30%), green-headed (15%),
light-headed and white-headed (5%), which is maintained throughout the entire range due to bal-
anced polymorphism, indicates the presence of a genetic mechanism of intraspecific splitting by
genotypes and phenotypes based on inheritance by the type of complementarity, or double recessive
epistasis (the ratio of phenotypes in this case is 9 A_B_ (yellow forehead, yellow-green colour of the
head) : 3 A_cv (yellow head colouration) : 3 aaB_ (green head colouration) : 1 aavb (white or strongly
lightened head colouration).

All possible intermediate genotypes and phenotypes also fit well within the proposed model (work-
ing hypothesis). The proposed model seems to be quite adequate for the sympatric species of this
group. In natural populations of M. lutea, over the entire area of the geogrpahic range, the splitting of
heterozygous phenotypes with a yellow-green head colouration constantly occurs, which maintains a
constant ratio of frequencies of the other three main homozygous phenotypes, as well as all possible
intermediate heterozygotes. At the same time, the reverse process of formation of heterozygotes from
all possible mixed crosses of homozygotes contained in populations occurs.

This model of inheritance of head plumage traits in M. lutea is also supported by the facts of
nesting of this species in joint settlements in the territory of the range with closely related sympatric
species — M. flava and M. citreola, with the obligatory maintenance of the species originality (spe-
cies-specific traits) of each of the three species forms on the basis of their ecological isolation due to
different daily activity, different food supply, different biotopic confinement, biochemical indicators
of eggshell colour and pattern, different sound communication signals, peculiarities of the structure
of nests, etc.
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The genetic mechanisms of sympatric speciation and the formation of spatial groups of popula-
tions of ‘yellow’ wagtails include gene interaction, or double recessive epistasis, possible changes in
the number of chromosomes in the karyotype (polyploidy), and possible intraspecific and interspe-
cific hybridization (Pavlova et al. 2003; Sotnikov 2006).

The existence of hybridization of the yellow-headed wagtail with other species of this complex,
namely M. flava and M. feldegg, is a widespread and proven phenomenon (Zarudny 1891; Beregovoy
1970), and it is the most important limiting factor in the distribution and abundance of the model
species. The accumulation of information on the biotopic dissociation of nesting sites of yellow-head-
ed wagtails and related species of ‘yellow” wagtails, stable differences in the structure of communica-
tive signals, the size and pigmentation of eggs, sympatric distribution with other representatives of
M. flava sensu lato complex, as well as the results of analysis of mitochondrial DNA make it possible
to consider this form as an independent species (Pavlova et al. 2003; Sotnikov 2006).

Species of ‘yellow” wagtails with similar ecology and a common developmental history have a
similar structure of genotypic and phenotypic variation in the colour of the plumage of the head, but
the range of variation of these characters for stenobiontic species (for example, M. lutea) is less than
that for eurybiontic species (for example, M. flava).

Thus, factors of ecological and geographical isolation play a leading role in the formation of the
characteristic phenotypic appearance of M. lutea populations throughout the range. Currently, there
is an active process of isolation of two species forms M. flava and M. lutea under conditions of wide
sympatry within the framework of a single polytypic complex.

Intraspecific hybridization

Intraspecific hybridization of subspecies of each of the considered species of the group of ‘yellow’
wagtails leads to constantly occurring genotypic and phenotypic splitting, which support intraspecific
polymorphism of populations, replenishing the composition of phenotypes and genotypes, keeping
their ratio at a certain level. This process has its own characteristics within the boundaries of the
ranges of each species, maintaining the homeostasis of population groups of these sympatric species
and the genetic integrity of each of them.

Interspecies hybridization

Interspecific hybridization is typical only for three of the considered species of the group of ‘yel-
low’ wagtails: M. flava, M. lutea, and M. feldegg. Moreover, only M. flava forms hybrids with the listed
species. Hybrids between M. lutea and M. feldegg have never been recorded by researchers, which
indicates the species independence of both M. lutea and M. feldegg, which have more limited and iso-
lated ranges. M. flava, in comparison with them, has a much wider range that covers almost the entire
Palaearctic and forms a series of vicarious species from Western Europe to Primorye. It is likely that
the modern polytypic complex of M. flava (in the narrow sense, a series of species and subspecies of
only M. flava), probably formed as a polyploid group (we mean by a polyploid group species prone to
interbreed with a multiple increase in the number of chromosomes) in the historical time based on
the original hybrids between M. lutea and M. feldegg, which are no longer possible at present, since
their genetic systems are finally formed, closed and closed for re-hybridization. The proposed model
of sympatric speciation in the group of ‘yellow” wagtails is in good agreement with the results of the
analysis of mitochondrial DNA of these species and allows to explain the structure and content of
clusters of the obtained dendrogram of the genetic similarity of species (Pavlova et al. 2003).

The presence of M. flava subspecies in the same clusters with M. lutea or M. feldegg may indicate
their hybrid origin based on the original genomes of M. lutea or M. feldegg species. There are three
well-separated clusters of hybrid forms of M. flava: M. f. macronyx, M. f. plexa, M. f. tschutschensis,
M. f. simillima (based on the original genomes of M. taivana and M. flava); M. f. beema, M. f. fla-
va, M. thunbergi (based on the original genomes of M. lutea and M. flava); and M. f. zaissanensis,
M. f. leucocephala, M. feldegg feldegg, M. feldegg melanogrisea (based on the original genomes of
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M. feldegg and M. flava). At the same time, the species M. citreola and M. cinerea do not form hybrids
either with each other or with any of the above species of the group. In terms of the degree of genetic
similarity, the most distant taxon from the rest is M. cinerea, while M. citreola is much closer in its
genesis to the rest of the species of the group. Both of these taxa form separate clusters in the general
microevolutionary pattern of the group under consideration, which indicates their early separation
from the common branch of the ancestors of ‘yellow” wagtails.

In this work, it is proved that during 7-9 years of observations of the populations of ‘yellow’ wag-
tails, it was possible to establish that the compared taxa M. flava and M. lutea differ little genetically,
while individuals from the left bank (eastern) (Cherdakly) occupy a separate position in the dendro-
gram and show spatial differences from the right bank (western) (Radishchevo) population groups
(Fig. 7). The dendrogram (Fig. 6) shows the formation of two clusters of samples: a hybrid group
consisting of individuals of the left-bank (eastern) M. flava, left-bank (eastern) M. lutea, and left-
bank (eastern) light-headed hybrids M. f. beema x M. lutea, as well as the clean line of the left-bank
(eastern) M. lutea. Within the hybrid group, the light-headed hybrids M. f. beema x M. lutea, which
are related to both M. lutea and M. flava, are clearly separated. Some of the M. lutea individuals are
mestizo and therefore entered the cluster of the hybrid group, while the M. lutea individuals, which
make up the cluster of the pure line, represent a more stable group. M. flava is also a mestizo and is
found in a hybrid group cluster (Fig. 6).

Individuals from the left-bank (eastern) sample of populations (Cherdakly) and the right-bank
(western) sample of populations (Radishchevo) of the taxon M. flava are well distinguished on the
dendrogram of phylogenetic relationships (Fig. 7), showing spatial differences between the two
groups of samples.

Hybrid light-headed M. f. beema x M. lutea from the left-bank (eastern) sample (Cherdakly) are
closer to M. flava from the right-bank (western) groups of population (Radishchevo) and to M. lutea
than to M. flava from the left-bank (eastern) group of populations (Cherdakly).

2 M. f. beema x M. lutea 2-2015 hybrid Cherdakly
_|: M. lutea 3-2015 Cherdakly
0 M. lutea 1-2015 Cherdakly
0 — M. f beema x M. lutea 4-2015 hybrid Cherdakly
M. flava 2-2015 Cherdakly
63 —63: M. flava 4-2015 Cherdakly
M. flava 1-2015 Cherdakly
M. lutea 2-2015 Cherdakly
99 0 M. f. beema x M. lutea 1-2015 hybrid Cherdakly
M. f. beema x M. lutea 3-2015 hybrid Cherdakly
: _2: M. flava 3-2015 Cherdakly
44 ——— M. lutea 3-2013 Cherdakly
39 M. lutea 1-2013 Cherdakly
Y M. lutea 2-2013 Cherdakly
M. grandis JF499146 external group
M. alba KY754516 external group
M. tschutschensis DQ433818 external group

Fig. 6. Dendrogram of the genetic similarity of individuals from samples of ‘yellow” wagtails (2013-2015) for
cytochrome c-oxidase I. The numbers indicate genetic distances between individuals in samples (the greater is
the distance, the greater are genetic differences between the objects).

Puc. 6. [lennporpama reHeTMYHOI CXOXKOCTi 0COOMH 3 BUOIPOK «KOBTUX» IIMCOK (2013-2015 pp.) 3a uuToX-
pomoM c-okcugasu 1. [lndpu mosHavaroTh reHeTHYHI AUCTaHIl MDK ocobuHammy y Bubipkax (4mm 6imbire
Be/IMYMHA JUCTAHIil, TUM BUIIE TeHETUYHI BiAMIiHHOCTI Mi>K 00’ €KTaMm).
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0 M. flava 8 Radishchevo
0 f. beema x M. lutea 37 hybrid Cherdakly
——M. flava 1l Radishchevo
Ob——M. lutea 27 Cherdakly
0 M. lutea22 Cherdakly

M. . beema x M. hutea 24 hybrid Cherdakly
— M. f. beema x M. lutea 23 hybrid Cherdakly
3 T:M,f beema x M. lutea 25 hybrid Cherdakly

M. flava l2 Radishchevo
_(}I:M. lutea 20 Cherdakly

0l M. lutea 38 Cherdakly
_OCM. Iutea 39 Cherdakly
M. tschutschensis DQ433818 external group

Fig. 7. Dendrogram of the genetic similarity of individuals from samples of ‘yellow’ wagtails (2013-2019) for
cytochrome c-oxidase I. The numbers indicate genetic distances between individuals in the samples (the greater
is the distance, the greater are genetic differences between the objects).

Puc. 7. [lengporpaMma TeHETUIHOI CXOXKOCTI 0COOMH 3 BUOIPOK «KOBTMX» IINCOK (2013-2019 pp.) 3a un-
TOXpOMOM c-oKcupasu 1. Indpy mosHavaroTh reHeTUYHI AYCTaHLII MK 0coOuHamy y Bubipkax (4mm 6inplira
BeMYMHA JVCTaHIil, TUM BUILLi TeHETUYHI BifMIHHOCTI Mi>K 06’€KTamm).

In relation to the yellow-headed wagtail M. lutea, hybrid light-headed individuals M. f. beema x
M. lutea show much greater genetic similarity with it (with a predominance of M. lutea charac-

ters) than with M. flava. At the same time, light-headed individuals M. f. beema x M. lutea more
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often fall into common branches with M. flava individuals from the western group of populations
(Radishchevo) than from the eastern one (Cherdakly). Light-headed hybrids are genetically closer to
the yellow-headed wagtail M. lutea than to the western yellow wagtail M. flava.

At present, in the contact zone between closely related forms of ‘yellow” wagtails, a system of their
spatial and reproductive interaction with each other has been formed under conditions of wide sym-
patry. This interaction is manifested in the existence and maintenance in the population samples of
three components of their genetic system: the genotypes M. flava, M. lutea, and the light-headed hy-
brid form M. f. beema x M. lutea. Particular attention should be paid to the isolation of light-headed
hybrids into a separate cluster and separate branches of the combined clusters associated with the
right-bank (western) group of M. flava populations (Fig. 7).

Thus, three points of view on the taxonomic structure of the polytypic complex of ‘yellow” wagtails
(see above) exist, which were previously built mainly on the basis of morphological characters (pri-
marily morphometric parameters and colouration of the plumage of males during breeding season,
etc.), now significantly supplemented by molecular genetic and bioecological studies (Pavlova et al.
2003; Sotnikov 2006; Artemieva et al. 2016a-b).

One of the concepts is that all ‘yellow” wagtails, except for the yellow-headed and the mountain
wagtail, are subspecies of M. flava, as a polytypic species has the right to exist (Alstrom & Mild 2003;
Alstrom et al. 2015; Harrisa et al. 2018, others).

The second concept is that there are five polytypic species: M. flava (flava, thunbergi, beema, leu-
cocephala, zaissanensis, plexa, macronyx, alascensis, simillima, tschutschensis, cinereocapilla, iberiae,
pygmaea), M. feldegg (feldegg, melanogrisea), M. lutea (lutea, flavissima, taivana), M. citreola (citreola,
werae, quassatrix, calcarata, weigoldi), and M. cinerea (cinerea, melanope, robusta, schmidzi, flaviven-
tris, clara) (Artobolevsky 1924; Dementev 1937; Beregovoy 1970). M. flava and M. lutea are consid-
ered independent species (Zarudny 1891; Dementev 1941; Zavyalov et al. 2009). This concept has the
right to exist and is proved in many works (Artemieva & Muravyov 2012; Ferlini & Artemyeva 2020;
Ferlini et al. 2021; and others).

The third concept is that there are five polytypic species and three monotypic species of ‘yel-
low” wagtails: M. flava (twelve subspecies); M. feldegg (two subspecies); M. lutea (two subspecies);
M. citreola (four subspecies) and M. werae; M. taivana; M. macronyx (monotypic species); M. cinerea
(six subspecies). This concept also emphasizes the reality of the species taxa M. flava and M. lutea.

The work by Harris et al. ‘Discordance between genomic divergence and phenotypic variation in a
rapidly evolving avian genus (Motacilla)’ (2018), upon detailed consideration and comparison of the
results, does not contradict the author’s data, since in this case the problem is considered from differ-
ent points of view. On the one hand, from the standpoint of molecular biology with specificity of their
research methods, and on the other hand — from the standpoint of a population bioecologist who
has its own research methods. One may well complement the other. Each of the existing concepts of
taxonomic relations of species within the polytypic complex ‘M. flava’ is not final and irrevocable, in
the light of modern data, it is more adequate to accept a compromise option, in which there are no
rigid boundaries between taxa, both species and subspecies rank, which is a direct consequence of
the existing real process of hybridization and based on its speciation in ‘online mode’ under sympatric
conditions. This process, observed in the populations of the complex ‘M. flava,” is characteristic of
young and rapidly differentiating groups. We observe this already existing process of differentiation.
At present, the taxa M. flava and M. lutea demonstrate almost complete genetic identity, but at the
same time they have systems of their own individual morphological characters that distinguish them
well from each other (shown above).

The new data obtained significantly supplement the understanding of the intraspecific interac-
tion of three forms: M. flava, M. lutea, and the light-headed hybrid form M. f. beema x M. lutea. The
hybrid form M. f. beema x M. lutea only emphasizes the uniqueness of both M. flava and M. lutea.
Moreover, light-headed hybrids are a kind of a ‘bridge’ between them, while having their own specific
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stable traits at different levels: morphological, behavioural, and molecular-genetic as confirmation of
the genetic interaction existing in natural populations between the two species, which is an interspe-
cies mechanism for maintaining their structure.

Dynamics of the composition of breeding pairs in the samples of ‘yellow’ wagtails

The area of spatial and reproductive interaction of species is marked by the presence of light-
headed hybrids of two initial species — the western yellow wagtail M. flava and the yellow-headed
wagtail M. lutea. In this work, it is shown that over the course of nine years of observation of the
ratio of nesting pairs in population samples in the contact zone of the two species, there is a gradual
decrease in the number of nesting pairs of yellow-headed wagtails and an increase in the number of
nesting pairs of western yellow wagtaila. At the same time, the number of mixed breeding pairs of
yellow white-eared and yellow-headed wagtails increases. Descendants (males) from mixed nesting
pairs have a strongly bleached, whitish (‘grey-haired’) head colour. The number of breeding pairs of
hybrid wagtails also increases annually (Table 1).

Table 1. Dynamics of the composition of breeding pairs in samples of ‘yellow’ wagtails in the Middle Volga
region
Tabnuys 1. [JuHaMika CKIamy THi3HOBYX Hap y BUOGipKaX «KOBTUX» ININCOK 3 periony Cepenuporo IloBomkst

D Number Number . . . . .
ate of nesting pairs of nesting pairs Number of mixed nesting pairs Number of nesting pairs
(years) of M f%aﬁ)/a of M l%tlga of M. f. beema x M. lutea of light-headed hybrids

2012 35% 65% 5% 1%

2015 75% 25% 30% 20%

2018 95% 5% 65% 54%

2019 99% 1% 85% 70%

2020 99.9% 0.1% 99% 95%

The area of overlapping ranges of the western yellow wagtail M. flava and the yellow-headed
wagtail M. lutea was revealed in the studied territory of the Volga region, which corresponds to the
eastern outpost of the zone of interaction of the species M. flava and M. lutea in the area of their
co-occurrence (Fig. 8). The hybridization zone is supported by populations of the yellow-headed
wagtail M. lutea, which receive a constant influx of individuals from adjacent territories (Samara and
Orenburg oblasts, Russia and Kazakhstan).

The mapping of geographic ranges showed that three species of ‘yellow’ wagtails form an extensive
zone of sympatry in the Volga region: the western yellow wagtail M. flava, the yellow-headed wagtail
M. lutea, and the citrine wagtail M. citreola (Fig. 9). The border shows the area of spatial and repro-
ductive interaction of these species in the study area — the area of sympatry between subspecies and
specific forms of M. f. flava, M. f. bema, and M. lutea. The marker of the border of the zone of spatial
and reproductive sympatric relationships of species is the appearance and accumulation of hybrids
from mixed nesting pairs — yellow, yellow white-eared, and yellow-headed wagtails in samples of
light-headed (‘grey-headed’) individuals.

Light-headed hybrids — markers of interactions between species

The revealed pattern of spatial and reproductive relationships between M. flava and M. lutea in-
dicates the existence of western (right-bank) and eastern (left-bank) groups of populations of these
species. In areas of sympatry (overlapping ranges) populations are found, samples from which show
a fairly high percentage of mixed nesting pairs (Fig. 10). It can be seen that the maximum number
of mixed nesting pairs (flava-lutea, bema-Ilutea) was found in samples from the left bank (up to
70-74%). The minimum number of such pairs was noted in populations from the right bank (up
to 5-8%). A wedge (the frequency gradient of mixed pairs in space) is quite clearly traced in the
west—east direction. The reproductive relationships of the forms in the zone of spatial contact are
characterized as zones of intergradation with unlimited hybridization between the contacting forms
flava-lutea and bema-Ilutea, which leads to the appearance of light-headed hybrids M. f. beema x
M. lutea and which are peculiar markers of these relations (Fig. 11).
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@ Motacilla flava
Motacilla lutea
® Motacilla citreala

Fig. 8. Genetic structure of populations of species of
‘yellow” wagtails and the border of the area of sympat-
ry of M. flava and M. lutea in the Middle Volga region.

Puc. 8. TeHeTmyHa cTpyKTypa HONy/ALill BUJIB
«KOBTUX» IUIMCOK 1 Mexka obnacti cummatpii y M. fla-
va, M. lutea Ha tepuropii Cepegaboro IToBomKsI.

@ Motacilla flava
Moracilla lutea
@ Motacilla citreola

Fig.10. Share of mixed nesting pairs (flava-lutea,
bema-lutea) in the area of sympatry of ‘yellow’” wag-
tails in the Middle Volga region (shaded).

Puc. 10. Yactka 3mimanux ruisgosux nap (flava—lu-
tea, beema-lutea) B 06macTi cuMIaTpii y «KOBTHUX»
wcok B Cepegabomy IToBomxKi (3amuTpuxoBaHa).

@ Mouacilla flava
Motacilla lutea

@ Moracilla citreola

Fig. 9. Genetic structure of populations and the boun-
dary of the area of sympatry of M. f. beema x M. lutea
in the Middle Volga region.

Puc. 9. TenetnyHa CTPyKTypa MOMy/IALil i MeXa 06-
nacTi cummnatpii y riopinis M. f. beema x M. lutea Ha
teputopii Cepenboro IToBomxs.

® Motacilla flava
Moracilla lurea
@ Motacilla citreola

Fig. 11. Share of hybrids of M. f. beema x M. lutea in
the area of sympatry of ‘yellow” wagtails in the Middle
Volga region under conditions of co-occurence of
species (shaded).

Puc. 11. Yacrka ribpugis M. f. beema x M. lutea B obmacTi
cuMMarpii y «koBTux» mmmcok B Cepenabomy IloBon-
i B yMOBaX CIIiBiCHyBaHHs BUAIB (3aIITPUXOBaHa).

Spatial and reproductive relationships in the contact zone

The high variability of various characters, as well as the wide range of variants of reproductive re-
lationships of individual forms (including the phenomena of intergradation, the presence of zones of
interspecific hybridization under conditions of wide sympatry) make it possible to consider the group
of species of ‘yellow” wagtails as an evolutionarily young group. As a result of the study of phenotypic
structure of samples from the western (right-bank) and eastern (left-bank) populations, ideas about
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the spatial and reproductive relationships between M. flava and M. lutea in the area of their sympatry
(Volga region) were obtained — the share of hybrids M. f. beema x M. lutea in the area of sympatry
(Fig. 11).

It can be seen that the maximum share of hybrids in the samples was found among ‘yellow’ wagtails
of the left bank (up to 17-25%), which are represented by mixed pairs of western yellow and yellow-
headed wagtails. The minimum share of hybrids was noted in samples of ‘yellow’ wagtails from the
right bank (up to 10%). The wedge (the frequency gradient of the hybrids in space) is well traced in
the west—east direction. Samples of ‘yellow” wagtails from the right bank differ in the share of hybrid
individuals from those of the left bank. The appearance of light-headed (‘grey-headed’) individuals is
associated with the spatial and reproductive relationships of the species M. flava and M. lutea inhabit-
ing the studied region. Samples of ‘yellow’ wagtails from the right bank have a minimum content of
light-headed individuals — up to 0.2-0.8%, while in samples of ‘yellow” wagtails from the left bank
their share reaches 2.5-5%. A wedge (frequency gradient) of light-headed individuals is clearly traced
in space in the west—east direction.

Clinal pattern of variation of the western yellow wagtail

Specifics in phenotype frequency distribution in M. flava samples in the studied territory of the
Volga region were revealed. The clinal pattern of variation of the western (right-bank) and eastern
(left-bank) samples of the western yellow wagtail M. flava in the area of spatial and reproductive re-
lationships of species is due to the share of genotypes and phenotypes of individuals that correspond
to subspecies taxa of M. flava (Fig. 12). In populations of the western yellow wagtail, the genotypes
and phenotypes of M. f. flava varies from 75% to 100% in the northern part of the right bank, while
in the southern part of the right bank their frequency reaches 60-70%. The share of the genotypes
and phenotypes of M. f. beema ranges from 75% to 95%. Three groups of populations of the western
yellow wagtail are well distinguished also in terms of the share of rarer genotypes and phenotypes,
which correspond to the subspecies M. f. thunbergi (up to 10% in left-bank populations) and hybrids
M. f. beema x M. lutea (up to 5% in left-bank populations). In right-bank populations, the share of
these subspecies is extremely small and does not exceed 0.2-0.8%.

Clinal pattern of variation of the yellow-headed wagtail

Specifics in phenotype frequency distribution in M. lutea samples in the studied territory of the
Volga region were revealed. The clinal pattern of variation of the western (right-bank) and eastern
(left-bank) samples of the western yellow wagtail M. flava in the area of spatial and reproductive rela-
tionships of species is due to the share of genotypes and phenotypes of individuals that correspond to
hybrids of the yellow-headed wagtail M. lutea with subspecies of the western yellow wagtail M. flava
(Fig. 13).

The composition of samples of the yellow-headed wagtail from the right bank and the left bank
differs well in the share of genotypes and phenotypes of individuals, which correspond to purebreds
and hybrids of M. lutea with different subspecies of the western yellow wagtail M. flava. Samples of
the yellow-headed wagtail M. lutea from the right bank are characterized by maximum frequencies of
individuals of purebred M. lutea (up to 90-100%). In samples of the yellow-headed wagtail from the
left bank, hybrid individuals predominate: lutea-flava hybrids up to 50% and lutea-beema hybrids
up to 45%. In northern right-bank samples of M. lutea, the frequencies of hybrid individuals of lu-
tea—flava and lutea-beema do not exceed 15%; in southern populations of M. lutea, the frequencies of
hybrid individuals of lutea—flava do not exceed 15%, and those of [utea-beema are under 10%.

Breeding strategy in the zone of reproductive contact of species

It was previously shown that the genome of M. citreola is associated with both the M. lutea genome
and the M. flava genome (Artemieva et al. 2016a-b). In previous publications, it was shown that in
populations of ‘yellow’ wagtails in areas of sympatry, there is hybridization between subspecies of the
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@M. [ flava
M. [ beema
M. f- thunbergi
D M. f. beema-M. lutea

@ Motacilla flava
Motaciila lutea
® Motacilla citreola

Fig. 12. Subspecific structure of populations of the
western yellow wagtail M. flava in the area of sym-
patry of ‘yellow” wagtails in the Middle Volga region.

Puc. 12. IlifBuoBa CTpyKTypa IOIY/ALIA >KOBTOL
mwucku Motacilla flava B o6nacti cummnatpii y «KoB-
TiX» Wincok B Cepennbomy IToBomxki.

@ M. lutea
© hybrids lutea - flava
hybrids lutea - beema

@ Motacilla flava
Motacilla lutea
® Motacilla citreola

Fig. 13. Hybrid structure of populations of the yel-
low-headed wagtail M. lutea in the area of sympatry
of ‘yellow’ wagtails in the Middle Volga region.

Puc. 13. I'6pugHa CTPyKTypa MOMY/ISALI KOBTOIO-
60i mckn Motacilla lutea B obmacti cummarpii y
«KoBTUX» McoK B Cepenabpomy IToBormxi.

western yellow wagtail (M. f. flava and M. f. thunbergi (Billberg, 1828)) and subspecies of the yellow-
headed wagtail (M. c. citreola and M. c. werae (Buturlin, 1907)) in the territory of the European part
of Russia. In order to identify the distinctive features of these hybrids, a system of signs of coloura-
tion and plumage pattern and a system of morphometric characters were developed, as well as ranges
of their variation and variants of the state of characters were identified (Artemieva et al. 2016a-b).
Earlier it was shown that populations of ‘yellow’ wagtails are genetically heterogeneous, which is due
to the genetic diversity of individuals; these processes underlie the divergence of natural populations
and their groups (Artemieva et al. 2016a-b).

In this work, it is shown that the spatial and reproductive relationships between the species M. fla-
va and M. lutea in the area of their contact and overlapping ranges lead to hybridization, to the emer-
gence of a light-headed hybrid form M. f. beema x M. lutea, which, as a result of further evolution,
can become an independent species with its own systems of traits (morphological, ecological, genetic,
geogrpahic, and behavioural). In this work, we have identified areas of spatial and reproductive re-
lationships between species of ‘yellow” wagtails in areas of overlap of their geographic ranges in the
Volga region (European part of Russia) — the yellow white-eared wagtail M. f. beema and the yellow-
headed wagtail M. lutea, which are characterized by the presence of light-headed hybrid individuals
in the populations with characteristic features of the colouration of the plumage of the head, the
colour and pattern of the eggshell, as well as the features of the structure of the nests and behavioural
characters.

Dark egg morphs (with a thick, dark brown-chocolate pattern) of all yellow wagtail species show
the presence of M. lutea genes. Genetically, species cannot exist without each other, so they nest
together, forming areas of sympatric speciation. Genomes of M. lutea females unite populations of
species of ‘yellow’ wagtails in areas of overlapping ranges, in which they live together. Hybrid, het-
erozygous, intermediate forms gradually create the basis for the formation of subspecies, and then
specific forms. Their splitting maintains the genetic system of populations at a certain level, helping
to preserve both species — M. f. beema and M. lutea. The presence of a sign of breast plumage pat-
tern — a ‘necklace’ in M. lutea females — is a common ancient feature of all species of the group of
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‘yellow” wagtails, manifested in fledglings and juveniles in the first winter plumage, which plays the
role of some kind of ‘sign’ in the organization of individuals in flocks during migrations, then in large
flocks during seasonal migrations. In the plumage of breeding individuals, this trait retains its role as
an identification ‘sign’ (an external manifestation of an individual’s individual barcode) in communi-
cation between sexes and in the formation of breeding pairs.

The topography of the area of co-occurrence of ‘yellow” wagtail species includes three levels in re-
lation to the water body, which, as a rule, is the initial reference point for the habitation of bird popu-
lations (feeding biotope): external — occupied by nests of M. citreola (the most moisture-loving spe-
cies), internal — occupied by nests of M. flava (the most dry-loving species), between them are nests
of M. lutea (mesophilic species) forming a kind of interlayer — an intermediate, or transitional level.
Western yellow wagtails M. flava strengthen the rear of the colony, occupying the highest upland
areas — at the maximum distance from the water body. Citrine wagtails control the outer border of
the colony, occupying the lowest and wettest areas — at the minimum distance from the water body.
Yellow-headed wagtails nest in the intermediate zone, occupying mesophilic areas. At the same time,
a certain sequence of species in the development of a nesting biotope is observed: initially, M. citreola
populates, then M. flava populates, then M. lutea appears, and the populations reach their heyday.

Subsequently, under possible negative impacts of anthropogenic or weather factors, the popula-
tion of M. lutea begins to thin out and be replaced by M. flava, the males of which form mixed pairs
with females of M. lutea. Male yellow white-eared wagtails M. f. beema and western yellow wagtails
M. f. flava arrive almost a week earlier than male yellow-headed wagtails M. lutea and therefore cap-
ture female yellow-headed wagtails, as well as with a shortage of M. lutea males they form mixed pairs
thus causing an increase in the degree of hybridization in populations from year to year. As a result
of genetic splitting, hybrid light-headed individuals (M. f. beema x M. lutea) appear and accumulate
in populations. Hybrid individuals from mixed pairs gradually accumulating for several years create
conditions for maintaining the adaptive strategy and genetic system of the population in areas of spa-
tial and reproductive relationships that are resistant to environmental influences.

Adaptive nesting strategies of ‘yellow’ wagtail species include: atypical cases of tray lining associ-
ated with the presence of mixed pairs — with the presence of down and feathers, without horsehair.
The revealed atypical cases of nest tray lining are associated with the presence of mixed nesting pairs:
female yellow-headed wagtails M. lutea build nests characteristic of their species. The nesting strategy
during an unstable extreme breeding season is due to the presence of a second clutch (instead of the
lost one); the clutches are strongly stretched in time. The difference in daily activity between M. flava,
M. lutea, and their hybrids is also one of the adaptive strategies in conditions of populations living in
the area of spatial and reproductive contact.

Conclusions

As a result of the study of the interaction between M. flava and M. lutea species in the contact zone
of their geogrpahic ranges, the following was revealed.

The concept of a system of characters of the light-headed hybrid M. f. beema x M. lutea, which
marks the hybridization zone of the model species M. flava and M. lutea, has been proposed. The
population characteristics of this system have been determined and the possibility of their use in
population and evolutionary studies of a group of species of ‘yellow” wagtails has been shown.

As a result of spatial and reproductive interaction between species in populations, a light-headed
hybrid M. f. beema x M. lutea is formed, which integrates the characters of the two original species
and has its own, peculiar traits, which can mark the boundaries between the western (left-bank) and
eastern (right-bank) groups of populations and the boundaries of their distribution. Accordingly, dif-
ferences appear and divergence of these groups of populations occurs, which may reflect the processes
of sympatric speciation. Spatial relationships between the model species has been clarified. According
to the differences in phenotype frequencies in samples of the model species, hybrid zones were re-
vealed in the study area under conditions of wide sympatry.
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The identified processes of spatial and reproductive interaction of species are characterized by
ongoing divergence of their populations to the west and east, to the isolation of hybrid populations
with the presence of the light-headed form M. f. beema x M. lutea, which is the result of microevolu-
tionary transformations. The revealed tendencies in the variation of groups of characters throughout
the geographic range of the model species have a clinal character and may indicate the directions of
microevolution of species. The identified hybrid zones within the boundaries of species ranges have a
central position (Spear 1987; Yesou 1991; Rohwer et al. 2001; Vili et al. 2009). The result of the spatio-
temporal divergence of groups of populations (western and eastern) are M. flava, M. lutea, and their
hybrid light-headed form M. f. beema x M. lutea, which may later become an independent species.

The occupation of new habitats by ‘yellow” wagtail species is associated with the advance of key
plant communities and food objects of this group of birds to the northwest, which, in turn, is caused
by climate aridization in the steppe and forest-steppe (Ferlini & Artemyeva 2020). Temperature
thresholds for the nesting period of ‘yellow’ wagtails are associated with an increase in spring and
summer temperatures in steppe and forest-steppe regions, which, in turn, is due to global warming:
each increase by 1°C promotes the distribution of plant communities 100-160 km north (Devis 1989;
Musselman & Fox 1991; Puhe & Ulrich 2001). Hybrid light-headed M. f. beema x M. lutea may well
be the starting point for further evolution and formation of a new species on a hybridogenic basis,
which will actually replace the morphologically similar white-headed wagtail M. f. leucocephala (to
become its sibling species) and contribute to the expansion of range boundaries of the original species
M. flava and M. lutea and occupation of new territories.

Thus, in populations of M. flava and M. lutea, there are spatial and reproductive relationships be-
tween these species forms, which are marked by the appearance of light-headed hybrids (M. f. beema x
M. lutea) in the studied territory of the Volga region. In the contact zone between M. flava and M. lu-
tea, unlimited hybridization of these species occurs, which is provoked by differences in the phenol-
ogy of arrival of M. f. beema and M. f. flava, arriving earlier than M. lutea males and therefore having
the ability to mate with M. [utea females, as well as when M. lutea males are deficient in the contact
zone of the two species forming mixed pairs. A hypothesis was proposed and substantiated: hybrid-
ization can be a mechanism for increasing reproductive isolation (inactivation of individuals with
errors in identifying their own species) and contribute to the further divergence of hybrids from the
two original paternal forms.

In this case, there is an isolation of light-headed hybrid forms with a characteristic manifestation
of various groups of characters: morphological — colouration of the plumage of the head, colouration
and pattern of the eggshell; ecological — features of nest structure; behavioural — features of daily
activity (twilight activity of hybrids); genetic — distinguishing light-headed hybrids from the original
species (M. flava and M. lutea). This phenomenon can act as a mechanism to maintain the integrity
of ‘yellow” wagtail species, both the western yellow wagtail M. flava and the yellow-headed wagtail
M. lutea due to the constantly occurring interspecific hybridization in areas of wide sympatry within
a single polytypic complex. These studies should be continued with an emphasis on the development
of a species identification system during the formation of nesting pairs, the study of the fine ecology
of species and their hybrids, the nesting behaviour of species in the zone of hybridization, and other
issues.

Acknowledgments

The author sincerely thanks Andrey Mishchenko, Ulyanovsk State Pedagogical University and
Technocentre ‘Quantorium’ for carrying out molecular genetic analysis of the material, assistance
in choosing and justifying methods and obtaining genetic trees; Olexander Peklo for providing the
Catalogue of the Oological Collection of the National Museum of Natural History NAS of Ukraine
and Tatyana Kezhevatova for the provided photo of yellow wagtail hybrids. Special thanks to Igor
Zagorodniuk, leading researcher of the National Museum of Natural History NAS of Ukraine for im-
portant comments on the manuscript. This study was supported by a regional grant from the Russian
Foundation for Basic Research, project No. 18-44-730002/19.

p-ISSN 2617-6157 e-ISSN 2617-6165 GEO&BIO « 2021 « Tom 21 1 49



References

Alstrom, P, K. Mild. 2003. Pipits & Wagtails of Europe, Asia and North America (Indentification and systematics).
Helm, London, 1-496.

Alstrém, P, K. A. Jensson, J. Fjeldsd, A. Odeen, P. G. P. Ericson, M. Irestedt. 2015. Dramatic niche shifts and
morphological change in two insular bird species. Roy. Soc. Open Sci., 2: 140364-140364.

Arlott, K., V. Kchrabry. 2009. Birds of Russia: Reference-Guide. TID Amphora, St.-Petersburg, 1-446. [In Russian]

Artemieva, E. A, I. V. Muravyov. 2012. Sympatry of the Yellow Wagtails (Passeriformes, Motacillidae, Mota-
cillinae): Geography, Ecology, Evolution. Parts 1, 2. Flinta — Nauka, Moscow, 1-152, 1-200. [In Russian]

Artemieva, E. A., A. V. Mishchenko, D. K. Makarov. 2016a. Divergence of populations of yellow wagtail,
Motacilla flava, and citrine wagtail, Motacilla citreola (Motacillidae, Passeriformes), in the Middle Volga of
Russia. Vestnik zoologii, 50 (2): 135-146.

Artemieva, E. A., A. V. Mishchenko, D. K. Makarov. 2016b. Genetic divergence of the species of the yellow wag-
tails group (Motacillidae, Passeriformes) in European territory of Russia. Vestnik zoologii, 50 (2): 279-282.

Artemieva, E. A.,, D. A. Kalinina. 2019. To geochemistry of nestable biotopes of terrestrial nesting birds,
passerine birds (Aves, Passeriformes) in the Ulyanovsk region (Middle Volga region). Ecology of Urban
Areas, 1: 93-98. [In Russian]|

Artemyeva, E. A., A. V. Maslennikov, M. S. Zhdanova, L. A. Maslennikova, V. A. Krivosheev. 2019. To the
current state of biota in the adjacent territories of the Ulyanovsk wind farm (Ulyanovsk region). Problems of
Regional Ecology, 1: 13-21. [In Russian]

Artemieva, E. A., M. S. Zhdanova, L. V. Malovichko. 2020a. To geochemistry of nesting biotopes and bioecology
of the golden bee-eater and yellow wagtail in the Ulyanovsk region (Middle Volga region). Problems of
Regional Ecology, 1: 13-21. [In Russian]

Artemyeva, E. A, V. A. Krivosheev, A. V. Maslennikov, L. A. Maslennikova, M. S. Zhdanova. 2020b. To the
current state of biota, soil and geomorphology in potentially suitable territories for the construction of wind
farms in the Ulyanovsk region. Ecology of Urban Areas, 1: 93-99. [In Russian]

Artobolevsky, V. M. 1924. Materials for the knowledge of birds in the southeast of the Penza province. Bulletin
MOIP. New ser. Dep. Biol., 32 (1/2): 162-193. [In Russian]

Babenko, V. G. 1981. On the spatial and reproductive relations of two forms of yellow wagtails. Scientific report
higher school, Biol. Sciences, 3: 42-45. [In Russian]

Baker, A. J., E. S. Tavares, R. E. Elbourne. 2009. Countering criticisms of single mitochondrial DNA gene
barcoding in birds. Molecular Ecology Resources, 9: 257-267.

Bakhtadze, G. B., B. A. Kazakov. 1985. Comparative analysis of nesting sites of grey-headed, black-headed and
yellow-headed yellow wagtails in the south of the European part of the USSR. Vestnik zoologii, 4: 55-59. [In
Russian]

Balatsky, N. N. 1992. Cases of closely related hybridization in buntings, finches, wagtails in the forest-steppe of
Western Siberia. Modern Ornithology. Novosibirsk, Nauka, 273-275. [In Russian]

Baranov, A. A. 2012. Birds of the Altai-Sayan Ecoregion: Spatio-Temporal Dynamics of Biodiversity: Monograph.
Krasnoyarsk Pedagogical University. Krasnoyarsk, 1-464. [In Russian]

Beregovoy, V. E. 1970. Phenoanalysis of the head coloration of the yellow wagtail in the contact zone of the grey-
headed and yellow-fronted forms. Ecology, 6: 102-107. [In Russian]

Bianki, V. L. 1910. Our information about the birds of the Novgorod province. Zool Yearbook. Museum of the
USSR Academy of Sciences, 15 (1): 75-116. [In Russian]

Blotzheim, G. 1985. Handbuch der Vogel Mitteleuropas Baund 10 / 2 Passeriformes (1 Teil). Aula. Frankfurt am
Mein: Verlag Widesbaden, 742-924.

Bogdanov, M. N. 1871. Birds and animals of the black earth belt of the Volga region and the valley of the middle
and lower Volga. Biogeographic Materials. St.-Petersburg, 1 (1): 1-226. [In Russian]

Bub, H. 1981. Kennzeichen und Mauzer europaeschen Singvogel. Stelzen, Pieper und Wurger. Wittenberd, 2:
1-169.

Cramp, S. 1988. The Birds the Western Palaearctic. Oxford Univ. Press, Oxford, 1-1063.

Davis, M. B. 1989. Lags in vegetation response to greenhouse warming. Climatic Change, 15: 75.

Dementev, G. P. 1937. Passerines. Birds of the USSR (Complete Guide to Birds of the USSR by S. A. Buturlin and
G. P. Dementiev). Publishing house KOIZ, Moscow, Leningrad, 4: 1-334. [In Russian]

Dementev, G. P. 1941. Supplement to Volumes I — IV of the «Complete Guide to the Birds of the USSR». Buturlin
S.A., Dementev G. P. Complete guide to birds of the USSR. KOIZ, Moscow, Leningrad, 5: 12-95. [In Russian]

Domaniewski, J. 1925. Systematic und geographische Verbreitung der Gattung Budytes Guw. Ann. Mus. Zool.
Polon. Hist. Natur., 4 (2): 85-125.

Fedorovich, E. F. 1915. Animals and birds of the Penza province. Proceedings of the Penza Society of Naturalists.
Issue 2. Penza, 41-45. [In Russian]

Ferlini, E 2015. Evoluzione dell’areale riproduttivo della Cutrettola «italiana» Motacilla flava cinereocapilla.
Rivista Italiana di Ornitologia — Research in Ornithology, 85 (2): 3-18.

Ferlini, F. 2016. Evolution of the breeding range of the Black-headed Yellow Wagtail (Motacilla flava feldegg).
Rivista Italiana di Ornitologia — Research in Ornithology, 86 (1): 3-38.

150 GEO&BIO = 2021 = vol. 21 p-ISSN 2617-6157 e-ISSN 2617-6165



Ferlini F, E. A. Artemyeva. 2020. The Gmelin’s wagtail Motacilla lutea: breeding range, migratory movements
and wintering range. Rivista Italiana di Ornitologia. Research in Ornithology, 90 (2): 3-50.

Ferlini, F, E. A. Artemyeva, G. Sundev. 2021. The White-headed yellow wagtail Motacilla flava leucocephala
(Przewalski, 1887): migration, movements, and breeding and wintering ranges. Rivista Italiana Di
Ornitologia, 91 (1): 3-26.

Frank, E. Rheindt, Scott V. Edwards. 2011. Genetic introgression: an integral but neglected component of
speciation in birds. The Auk, 128 (4): 620-632.

Gavrilov, E. N. 1970. Wagtail family — Motacillidae. Birds of Kazakhstan, Alma-Ata, Nauka, 3: 286-363. [In
Russian]

Gladkov, N. A. 1954. Birds of the Soviet Union. Volume 5. Soviet Science, Moscow, 594-690. [In Russian]

Grant, H. B., C. W. Mackworth-Praed. 1952. On the speciel and races of the yellow wagtail from Western Europe
to Western North America. Bull. Brit., Mus. Natur. Hist. Zool., 1 (9): 255-268.

Grichik, V. V. 2005. Geographic variability of birds in Belarus. BSU, Minsk, 1-169. [In Russian]

Grote, H. 1937. Uber Motacilla flava mutatio lutea (Gm.). Ornithol. Monatsber., 45 (5): 162-166.

Hartert, E. 1910. Die Vogel der Palaarktischen Fauna. Bd. 1. Friedlander, Berlin, I-XLIX, 1-832.

Hartert, E., F. Steinbacher. 1933. Die Vogel der paleaarktischen Fauna. Bd. 2. Friedlander, Erganzungsband,
Berlin, 97-192. B

Harrisa, R. B., P. Alstromc, A. Odeenc, A. D. Leachéa. 2018. Discordance between genomic divergence and
phenotypic variation in a rapidly evolving avian genus (Motacilla). Molecular Phylogenetics and Evolution,
120: 183-195.

Hermansen, J. S., S. A. Saether, T. O. Elgvin, T. Borge, E. Hjelle, G.-P. Saetre. 2011. Hybrid speciation in sparrows
I: phenotypic intermediacy, genetic admixture and barriers to gene flow. Molecular Ecology, 20 (18): 3812-
3822.

Hewitt, G. M. 2001. Speciation, hybrid zones and phylogeography or seeing genes in space and time. Molecular
Ecology, 10: 537-549.

Ivanov, A. I. 1935. On the forms of the genus Budytes. Reports of AN USSR, 3 (8) (6): 277-280. [In Russian]

Ivanov, A. 1. 1976. Catalog of birds of the USSR, Nauka, Leningrad, 1-276. [In Russian]

Johansen, H. 1946. De Gule Vipstjerters (Motacilla flava L.) Systematik og Udbredelse. Dansk Ornithol. Foren.
Tidsskr, 40: 121-142.

Johnsen, A., E. Rindal, P. G. P. Ericson, D. Zuccon, K. C. R. Kerr, M. Y. Stoeckle, D. Lifjeld. 2010. DNA barcoding of
Scandinavian birds reveals divergent lineages in trans- Atlantic species. Journal of Ornithology, 151: 565-578.

Kerr, K. C.R., M. Y. Stoeckle, C. J. Dove, L. A. Weigt, C. M. Francis, P. D. N. Hebert. 2007. Comprehensive DNA
barcode coverage of North American birds. Molecular Ecology Notes, 7: 535-543.

Kerr, K. C., S. M. Birks, M. V. Kalyakin, Y. A. Red’kin, E. A. Koblik, P. D. Hebert. 2009. Filling the gap — COI
Barcode Resolution in Eastern Palearctic birds. Frontiers in Zoology, 6 (29): 1-13.

Kistyakovsky, A. B. 1967. The problem of species in ornithology. Meeting on the Volume of the Species and
Intraspecific Taxonomy: Abstracts (4-7 April 1967). Nauka, Leningrad, 1-72. [In Russian]

Kishchinsky, A. A., E. G. Lobkov. 1979. Spatial relationships between subspecies of some birds in the Bering
forest-tundra. Bull. MOIP, Dep. Biol., 84 (5): 11-23. [In Russian]

Koblik, E. A., Ya. A. Redkin, V. Yu. Arkhipov. 2006. List of Birds of the Russian Federation. Fellowship of Scientific
Publications KMK, M., 146-148. [In Russian]

Lamichhaney, S., H. Fan, M. T. Webster, L. Andersson, R. B. Grant, P. R. Grant. 2018. Rapid hybrid speciation
in Darwin’s finches. Science, 359 (6372): 224-228.

Leisler, B. 1968. Probleme der Maskenstelzen (Motacilla flava feldegg) — Ausbreitung nach Mitteleuropa.
Egretta, 11 (1/2): 6-15.

Mallet, J. 2005. Hybridization as an invasion of the genome. Trends in Ecology and Evolution, 20 (5): 229-237.
Mallet, J. 2008. Hybridization, ecological races and the nature of species: empirical evidence for the ease of
speciation. Philosophical Transactions of the Royal Society, Series: B (Biological Sciences), 363: 2971-2986.

Mayr, E. 1968. Zoological Species and Evolution. Mir, Moscow, 1-336. [In Russian]

Meinertzhagen, R. 1954. Birds of Arabia. Edinburg — London, Oliver and Boyd, I-XIII, 1-624.

Musselman, R. C., D. G. Fox. 1991. A Review of the Role of Temperate Forests in the Global CO, Balance.
Journal of the Air & Waste Management Association, 41 (6): 798-807.

Niethammer, G. 1937. Handbuch der deitschen Vogelkunde, Leipzig, Bd. 1 (Motacillidae), 1: 164-199.

Pallas, P. 1811. Zoographia Rosso-Asiatica, sistens omnium animalium in extenso Imperio Rossico et adjacentibus
maribus... Tom 1. Petropoli, [-XXII, 1-568.

Panov, E. N. 1973. Relationship of two closely related bunting species (Emberiza citrinella L, E. leucocephalos
Gm.) In the area of their co-habitation. Problems of Evolution, Nauka, Novosibirsk, 3: 261-291. [In Russian]

Panov, E. N. 1989. Hybridization and Ethological Isolation in Birds, Nauka, Moscow, 1-510. [In Russian]

Panov, E. N. 1993. Species boundary and hybridization in birds. Hybridization and the Problem of Species in
Vertebrates. Moscow: Moscow State University, 53-96. [In Russian]

Panchenko, S. G. 2007. Birds of the Luhansk Region. Scientific publication. Luhansk, 1-100. [In Russian]

Pavlova, A., R. Zink, S. V. Drovetski, Y. Red’kin, S. A. Rohwer. 2003. Phylogeographic patterns in Motacilla flava
and Motacilla citreola: species limits and populations history. The Auk, 120 (3): 744-758.

p-ISSN 2617-6157 e-ISSN 2617-6165 GEO&BIO « 2021 « Tom 21 1 51


file:///E:/MUSEUM/%d0%92%d0%86%d0%a1%d0%9d%d0%98%d0%9a/GEO%26BIO%20%e2%84%9621-2021/1-GB21-final/javascript:;
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=HERMANSEN%2C+JO+S
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=S%C3%86THER%2C+STEIN+A
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=HJELLE%2C+ELIN
https://royalsocietypublishing.org/doi/abs/10.1098/rstb.2008.0081

Peklo, A. M. 2018. Birds. Oological Collection. Issue 2. Passeriformes. Druk Art, Chernivtsi, 1-224. (Catalog of
the collections of the Zoological Museum of the National Science and Natural History Museum, NAS of
Ukraine). [In Russian]

Portenko, L. A. 1960. Birds of the USSR, Part 4. Academy of Sciences of the USSR, Moscow, Leningrad, 1-416.
[In Russian]

Priezzhev, G. P. 1978. Family of Wagtails Motacillidae. Birds of the Volga-Kama Region. Passerines. Nauka,
Moscow, 145-157. [In Russian]

Puhe, J., B. Ulrich. 2001. Global Climate Change and Human Impacts on Forest Ecosystems. Postglacial
Develompment, Present Situation, and Future Trends in Central Europe. Springer-Verlag, Berlin, Heidelberg,
592-603.

Rohwer, S., E. Bermingham, C. Wood. 2001. Plumage and mitochondrial DNA haplotype variation across a
moving hybrid zone. Evolution, 55 (2): 405-422.

Ruzsky, M. D. 1893. Materials for the study of birds of the Kazan province. Proceedings of the Society of Naturalists
under the imperial. Kazan University, Kazan, 25 (6): 1-398. [In Russian]

Sammalisto, L. 1968. Hybridization of two extreme races of a widespread bird species, the greyheaded wagtail,
Motacilla flava L. Trav. Museum Hist. Nat. «Gregore Antina», 9: 529-547.

Semenov-Tyan-Shanskiy, A. S. 1910. Taxonomic boundaries of the species and its subdivisions. Notes of the
Academy of Sciences. Ser. 8, Dep. Phys.-Math., 25 (1): 1-29. [In Russian]

Smith, S. 1950. The Yellow wagtail L., Collins St. Jam. Place L, I-XIV, 1-171.

Spear, L. B. 1987. Hybridization of glaucous and herring gulls at the Mackenzie Delta, Canada. Auk, 104: 123-
125.

Sotnikov, V. N. 2006. Birds of the Kirov region and adjacent territories. Passerine. Volume 2. Part 1. Triada+,
Kirov, 1-448. [In Russian]

Stepanyan, L. S. 2003. Abstract of the ornithological fauna of Russia and adjacent territories (within the boundaries
of the USSR as a historical region). Akademkniga, Moscow, 1-808. [In Russian]

Stresemann, E. 1926. Systematik und geographische Verbreitung der Gattung Budytes Guw., Ornithol, Monatsber.,
34 (2): 59-61.

Sundev G., C. Leahy. 2019. Birds of Mongolia Helm Field Guides. Mike Langman, London, 1-235.

Sushkin, P. P. 1938. Birds of the Soviet Altai and Adjacent Parts of Northwestern Mongolia, Publ. House of the
USSR Academy of Sciences, Moscow; Leningrad, 2: 1-436. [In Russian]

Suschkin, P. P. 1925. Notes on systematic and distribution of certain palearctic birds. Proc. Boston Soc. Natur.
Hist., 38 (1): 1-55.

Svensson, S. 1963. Motacilla lutea flavissima Blyth. hackande i Sverige samt en Oversikt over gularlekomplexet.
Var fagelvarld, 22 (2-3): 161-181.

Tamura, K., . Dudley, M. Nei, S. Kumar. 2007. MEGA4: Molecular Evolutionary Genetics Analysis (MEGA)
software version 4.0. Molecular Biology and Evolution, 24: 1596-1599.

Vaurie, C. 1957. Systematic notes on Palearctic birds. Motacillidae: the genus Motacilla. American Museum
novitates, 25 (1832): 1-16.

Vaurie, C. 1959. The birds of the Palearctic fauna. Passeriformes. Witherby, London, I-XII: 1-762.

Vili, N., J. Chavko, K. Szabd, S. Kovics, E. Hornung, L. Kalmar, M. Horvath. 2009. Genetic structure of the
Imperial Eagle (Aquila heliaca) population in Slovakia. Slovak Rapt Journal, 3: 21-28.

Volchanetsky, I. V. 1972. To the study of the geographical variability of the pattern and color of the plumage of
birds. Problems of Evolution, Nauka, Novosibirsk, 2: 198-211. [In Russian]

Williamson, K. 1955. Migrational drift and the yellow wagteil complex. British Birds, 48: 382-403.

Witherby, H. E. 1938. The Handbook of British Birds. Witherby, London, 1: 212-224.

Yesou, P. 1991. The symparic breeding of Larus fuscus, L. cachinnans and L. argentatus in western France. Ibis,
113: 256-263.

Zagorodniuk, I. 2011. Multi-species hybridization and factor formation on the application of the teriofauna of
Europe. Studia Biologica, 5 (2): 173-210. [In Ukrainian]

Zagorodniuk, L., H. Fesenko. 2014. Sibling taxonomical complexes among birds of fauna of the Eastern Europe.
Scientific Bulletin of the Uzhhorod University. Series Biology, 15: 5-19. [In Ukrainian]

Zarudny, N. A. 1891. On hybrids between Budytes flava and Budytes campestris. Proceedings of the St.-Petersburg
society of naturalists, Dep. Zool. and Physiology, 22 (1): 27-38. [In Russian]

Zav'alov, E. V,, V. G. Tabachishin, N. N. Yakushev, E. Yu. Mosolova, G. V. Shlyakhtin, V. A. Koshkin, S. O.
Huchraev, K. V. Ugolnikov. 2009. Birds of the North of the Lower Volga Region: in five books. Book IV. The
Avifauna Composition. Ed. E. V. Zav’alov. Publishing house Sarat. University, Saratov, 1-268. [In Russian]

Zaykin, D. V,, A. 1. Pudovkin. 1993. Two programms to estimate significance of Chisquare values using pseudo-
probability test. Journal Heredity, 84: 152.

Zink, R. M., S. Rohwer, A. V. Andreev, D. L. Dittmann. 1995. Trans-Beringia comparisons of mitochondrial
DNA differentiation in Birds. Condor, 97: 639-649.

152 GEO&BIO = 2021 = vol. 21 p-ISSN 2617-6157 e-ISSN 2617-6165



	Netuma_bilineata_(Valenciennes,_1840)
	_Hlk79673618
	_Hlk79673664
	_Hlk81215086
	_Hlk75597554
	_Hlk82247303
	_Hlk81418084
	_Hlk76126939
	_Hlk81501279
	_Hlk79662871
	_Hlk81679186
	_Hlk82443627
	_Hlk99359736
	_Hlk99442435
	_Hlk99359249
	_Hlk99359412
	_Hlk99361838
	_Hlk99357954
	_Hlk99362528
	_Hlk99359028
	_Hlk99357554
	_Hlk60231405
	_Hlk62205757
	_Hlk61563908
	_Hlk62207654
	_Hlk62391373
	_Hlk62391396
	_Hlk62576162

	Кнопка 52: 


