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Research and protection of large predatory 
birds have faced difficulties because of the 
problem of determining the actual species 
status of individuals of the studied popula-
tion or population’s group.

In biology, the concept of the species was 
a subject of debates during the last century. 
There are many problems associated with 
the definition of species status. These prob-
lems include uncertainty due to presence of 
parthenogenetic species, and the presence 
of various forms and morphs with different 
degrees of relationship and different de-
grees of isolation. The problems are also re-
lated with the possibilities of rapid removal, 
or “opening” of isolating barriers between 
forms, and vice versa, their instantaneous 
formation, for example, under the influence 
of intracellular parasites / symbionts. The 
existence of populations and morphotypes 
with different degree of isolation and kin-
ship is typical for birds because of their abil-
ity to long distance migration. What formal 
criteria and methodological approaches can 
we use to evaluate the species and popula-
tion diversity of birds, as well as the threat 
of their depletion and extinction? 

The key issue in formulating the concept 
of a species is the objectivity of this defini-
tion. Accordingly, the nominalistic view re-
jects idea of objective existence of species 
in nature and consider the species as a clas-
sification concept. The empirical concepts 
of the species and the conceptual approach 
assume that the species are objectively ex-
ist. This approach is focused on one of the 
following, the full description of the features 
that limit the definition of “species” in each 
particular case, or on the methodology for 
identifying and describing concepts  that 
are essential for describing the species. In 
practice, we can find difficulty in determin-
ing the species status of populations which 

Зада÷è èçу÷åнèя è îõранû êруïнûõ õèù-
нûõ ïòèц ÷аñòî îñлîжнåнû ïрîблåмамè 
îïрåдåлåнèя ñîбñòâåннî âèдîâîгî ñòа-
òуñа îñîбåé èçу÷аåмîé ïîïуляцèè è/èлè 
ïîïуляцèîннîé груïïèрîâêè. Âîîбùå â 
бèîлîгèè êîнцåïцèя âèда на ïрîòяжåнèè 
ïîñлåднåгî ñòîлåòèя яâляåòñя ïрåдмåòîм 
îñòрûõ дèñêуññèé. Ïрîблåмû, ñâяçаннûå 
ñ îïрåдåлåнèåм âèдîâîгî ñòаòуñа, раç-
нîîбраçнû. Эòî è налè÷èå ïарòåнîгåнå-
òè÷åñêèõ âèдîâ, фаêòè÷åñêè îбраçуюùèõ 
êлîн îñîбåé рîдñòâåннîгî ïрîèñõîждå-
нèя, è налè÷èå раçлè÷нûõ фîрм è мîрф, 
îбладаюùèõ раçнîé ñòåïåнью рîдñòâа è 
раçнîé ñòåïåнью èçîляцèè, è âîçмîжнî-
ñòè для раçлè÷нûõ èçîлèрîâаннûõ âèдîâ 
бûñòрîгî ñняòèя, èлè «âñêрûòèя» èçîлè-
руюùèõ барьåрîâ, è наîбîрîò, мгнîâåн-
нîгî èõ фîрмèрîâанèя, наïрèмåр, ïîд 
âлèянèåм âнуòрèêлåòî÷нûõ ïараçèòîâ/
ñèмбèîнòîâ. Äля ïòèц ñ èõ ñïîñîбнîñòью 
ê мèграцèè на ñуùåñòâåннûå раññòîянèя, 
è ñ раçнîîбраçèåм фîрм бра÷нîгî ïîâå-
дåнèя, õараêòåрнî ñуùåñòâîâанèå ïîïуля-
цèé è мîрфîòèïîâ ñ раçлè÷нîé ñòåïåнью 
èçîляцèè è рîдñòâа. Каêèмè фîрмальнûмè 
êрèòåрèямè è мåòîдîлîгè÷åñêèмè ïîдõî-
дамè мû мîжåм ïîльçîâаòьñя ïрè îцåнêå 
âèдîâîгî è ïîïуляцèîннîгî раçнîîбраçèя 
ïòèц, угрîçû îбåднåнèя è âûмèранèя ïî-
ïуляцèé è âèдîâ?

Клю÷åâûм âîïрîñîм ïрè фîрмулèрîâ-
êå êîнцåïцèè âèда яâляåòñя ïрèçнанèå 
åгî îбъåêòèâнîñòè. Ñîîòâåòñòâåннî, нî-
мèналèñòè÷åñêîå ïрåдñòаâлåнèå î âèдå 
îòрèцаåò åгî îбъåêòèâнîå ñуùåñòâîâанèå 
â ïрèрîдå è раññмаòрèâаåò âèд êаê ïîня-
òèå, èñïîльçуåмîå â êа÷åñòâå èнñòрумåнòа 
êлаññèфèцèрîâанèя. Эмïèрè÷åñêèå êîн-
цåïцèè âèда è êîнцåïòуалèñòè÷åñêèé ïîд-
õîд ïрèçнаюò åгî îбъåêòèâнîå ñуùåñòâî-
âанèå, è аêцåнòèруюòñя, ñîîòâåòñòâåннî, 
лèбî на ïîлнîм îïèñанèè ïрèçнаêîâ, 
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have not completed the divergence, and 
are capable of limited hybridization; such 
populations represent a certain stage of 
development of their evolutionary branch. 
At the same time, the questionable status 
of the morphotypes, which are represent-
ed in the relevant populations, should not 
prevent to analysis of their genetic diversity 
and sustainability. No matter how we would 
classify such populations, depletion of their 
gene pools leads to the risk of extinction. 
The possibility of their restoration does not 
depend on the formal classification, but rely 
on the features of the evolutionary history of 
formation of this population, the uniqueness 
of its gene pool.  Analysis of stable structure 
and size of natural populations rely on cor-
rect determination of the degree of isolation 
of a given population and in the evaluation 
of polymorphisms associated with specific 
adaptations.

How can we evaluate the evolutionari-
ly significant variability of a population? 
Cross-genomic population research based 
on a large number of molecular markers 
provides good evaluation of the genetic 
structure of populations. Various measures 
of homogeneity / heterogeneity of the pre-
sented frequencies of alleles and haplo-
types, in particular, the Mantel test, serve 
for estimation of the genetic subdivision of 
populations. The absence or weak overlap-
ping of intersection of the set of haplotypes 
testify to the divergence of tested popula-
tions at the species level. It should be men-
tioned that correct estimates of the genetic 
structure and homogeneity / heterogeneity 
of populations require the analysis of rep-
resentative samples, which are many times 
larger than the number of detected haplo-
types.

Polymorphism of a random set of loci is 
evaluated by using SNP or microsatellite 
markers for analysis of the genetic structure 
of a population. The variability found in this 
analysis is predominantly neutral, in accor-
dance with the nature of the accumulation 
of mutational variability.

Analysis of adaptively significant variabil-
ity requires a more comprehensive study 
of the phenotypic and genotypic diversi-
ty of the population. For this purpose, the 
non-random links of multiple molecular 
markers obtained in the cross-genomic 
studies of the samples as well as their phe-
notypic features (full-genomic association 
search, GWAS) are searched for. One or few 
samples having specific phenotypic charac-
teristics and a control sample from a popu-

îгранè÷èâаюùèõ ñуùнîñòь «âèд» â êаждîм 
êîнêрåòнîм ñлу÷аå, лèбî на мåòîдîлîгèè 
âûяâлåнèя è îïèñанèя ïîняòèé, яâляюùèõ-
ñя ñуùåñòâåннûмè для îïèñанèя âèда. На 
ïраêòèêå мû мîжåм çаòрудняòьñя ñ îïрå-
дåлåнèåм âèдîâîгî ñòаòуñа êîмïлåêñîâ 
ïîïуляцèé, нå çаâåршèâшèõ дèâåргåнцèю, 
ñïîñîбнûõ ê îгранè÷åннîé гèбрèдèçацèè 
è ïрåдñòаâляюùèõ ñîбîé îïрåдåлåннûé 
эòаï раçâèòèя даннîé эâîлюцèîннîé âåò-
âè. Тåм нå мåнåå, ñïîрнûé ñòаòуñ мîрфî-
òèïîâ, ïрåдñòаâлåннûõ â ñîîòâåòñòâуюùèõ 
ïîïуляцèяõ, нå дîлжåн ïрåïяòñòâîâаòь 
îцåнêå èõ гåнåòè÷åñêîгî раçнîîбраçèя 
è уñòîé÷èâîñòè. Каê бû мû нå êлаññèфè-
цèрîâалè òаêèå ïîïуляцèè, îбåднåнèå èõ 
гåнîфîндîâ ïрèâîдèò ê рèñêу âûмèранèя, 
è âîçмîжнîñòь èõ âîññòанîâлåнèя çаâèñèò 
нå îò èõ фîрмальнîé êлаññèфèêацèè, а 
îò îñîбåннîñòåé эâîлюцèîннîé èñòîрèè 
фîрмèрîâанèя даннîé ïîïуляцèè, унè-
êальнîñòè åå гåнîфîнда. Ïрîблåма ïîд-
дåржанèя уñòîé÷èâîé ñòруêòурû è ÷èñ-
лåннîñòè ïрèрîднûõ ïîïуляцèé, òаêèм 
îбраçîм, çаêлю÷аåòñя â адåêâаòнîм îïрå-
дåлåнèè ñòåïåнè èçîлèрîâаннîñòè даннîé 
ïîïуляцèè îò рîдñòâåннûõ ïîïуляцèé è 
â îцåнêå ïîлèмîрфèçмîâ, ñâяçаннûõ ñî 
ñïåцèфè÷åñêèмè адаïòацèямè.

Каêèм îбраçîм мû мîжåм îцåнèòь эâî-
люцèîннî çна÷èмую èçмåн÷èâîñòь ïîïу-
ляцèè? Крîññгåнîмнûå ïîïуляцèîннûå 
èññлåдîâанèя ïî бîльшîму êîлè÷åñòâу 
мîлåêулярнûõ марêåрîâ ïîçâîляюò îцå-
нèòь гåнåòè÷åñêую ñòруêòуру ïîïуляцèé. 
Раçлè÷нûå мåрû îднîрîднîñòè/гåòåрîгåн-
нîñòè ïрåдñòаâлåннûõ ÷аñòîò аллåлåлåé 
è гаïлîòèïîâ, â ÷аñòнîñòè, òåñò Манòåля, 
даюò îцåнêè гåнåòè÷åñêîé ïîдраçдåлåн-
нîñòè  ïîïуляцèé. Оòñуòñòâèå ïåрåñå÷å-
нèя мнîжåñòâа гаïлîòèïîâ òåñòèруåмûõ 
ïîïуляцèé èлè èõ ñлабая ïåрåêрûâаå-
мîñòь ñâèдåòåльñòâуюò î дèâåргåнцèè ïî-
ïуляцèé на âèдîâîм урîâнå. Ñлåдуåò îòмå-
òèòь, ÷òî адåêâаòнûå îцåнêè гåнåòè÷åñêîé 
ñòруêòурû ïîïуляцèé è èõ îднîрîднîñòè/
гåòåрîгåннîñòè òрåбуюò аналèçа ïрåд-
ñòаâèòåльнûõ âûбîрîê, мнîгîêраòнî ïрå-
âûшаюùèõ ÷èñлî âûяâлåннûõ гаïлîòèïîâ. 
Ïрè аналèçå гåнåòè÷åñêîé ñòруêòурû ïî-
ïуляцèè îцåнèâаюò ïîлèмîрфèçм ñлу-
÷аéнîгî набîра лîêуñîâ, ïî SNP- èлè мè-
êрîñаòåллèòнûм марêåрам, è âûяâлåнная 
èçмåн÷èâîñòь яâляåòñя ïрåèмуùåñòâåннî 
нåéòральнîé, â ñîîòâåòñòâèè ñ õараêòåрîм 
наêîïлåнèя муòацèîннîé èçмåн÷èâîñòè. 
Àналèç адаïòèâнî-çна÷èмîé èçмåн÷èâîñòè 
òрåбуåò бîлåå êîмïлåêñнîгî èññлåдîâа-
нèя фåнîòèïè÷åñêîгî è гåнîòèïè÷åñêîгî 
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lation with a random set of phenotypes are 
used for GWAS. The characteristics of the 
food base of a given individual or pair, its 
size and color, nesting peculiarities, migra-
tion behavior can be used as phenotypic 
signs.

GWAS can be performed by using both 
genomic and transcriptional data. Each 
of these approaches has its strengths and 
weaknesses. The use of full-genomic data 
is complicated by the large amount of re-
dundant information associated with poly-
morphisms of neutral loci, including poly-
morphisms from degenerate positions 
of coding sequences and non-functional 
polymorphisms of non-coding sequenc-
es. The very high value of the base prob-
ability of non-random communication is 
usually set up for the analysis of detected 
polymorphisms in the tests of false positive 
association tests (FDR-test). This results in 
cutting off a significant part of the real de-
pendencies, especially for the polygenic 
traits. There is a risk of mistakenly deleting 
meaningful sites from the analysis if uninfor-
mative ones are filtered out. Nevertheless, a 
positive result of such an analysis indicates 
a high probability of selection on the iden-
tified site sequence. Transcriptome analysis 
eliminates all the variability of non-coding 
sequences, and reveals both significant dif-
ferences in the profile of gene expression 
in the compared groups and non-random 
associations of the variability of the coding 
sequences with the characteristics of the 
phenotype. The limitations of this approach 
are related to the need of using specific ma-
terial samples which are suitable for the iso-
lation of RNA. These samples should be ob-
tained from certain tissues, organs at certain 
stages of development associated with the 
formation and intensity of the analyzed trait.

The effect of selection on the allelic vari-
ants can be evaluated through determina-
tion of the polymorphisms associated with 
the analyzed features. A variety of tests 
based on phylogenetic estimates of the rate 
of accumulation of variability on different 
dendrogram branches are used for evalua-
tion the effect of selection. The most reliable 
are the McDonald-Kreitman test (MK) and 
the MK test in the Bazikin modification. A 
selection of sequences with a given poly-
morphism of the tested species and a set 
of homologous sequences (one or more) of 
related species is required for these tests. 
The main idea of these tests consists in 
comparing the frequencies of non-synony-
mous and synonymous substitutions in the 

раçнîîбраçèя ïîïуляцèè. Ñ эòîé цåлью 
ïрîâîдяò ïîèñê нåñлу÷аéнûõ ñâяçåé мнî-
жåñòâåннûõ мîлåêулярнûõ марêåрîâ, ïî-
лу÷åннûõ â êрîññгåнîмнûõ èññлåдîâанèяõ 
îбраçцîâ, è фåнîòèïè÷åñêèõ ïрèçнаêîâ 
îò эòèõ жå îбраçцîâ (ïîлнîгåнîмнûé ïî-
èñê аññîцèацèé, GWAS). Ïрè ïрîâåдåнèè 
GWAS èñïîльçуюò îдну èлè нåñêîльêî âû-
бîрîê, èмåюùèõ ñïåцèфè÷åñêèå фåнîòè-
ïè÷åñêèå õараêòåрèñòèêè, è êîнòрîльную 
âûбîрêу èç ïîïуляцèè ñî ñлу÷аéнûм на-
бîрîм фåнîòèïîâ. Â êа÷åñòâå фåнîòèïè-
÷åñêèõ ïрèçнаêîâ мîгуò бûòь èñïîльçîâа-
нû õараêòåрèñòèêè ïèùåâîé баçû даннîé 
îñîбè èлè ïарû, ïрèçнаêè раçмåра è 
îêраñêè, îñîбåннîñòè гнåçдîâанèя, мè-
грацèîннîгî ïîâåдåнèя.

GWAS мîжåò бûòь ïрîâåдåн êаê ïî гå-
нîмнûм, òаê è ïî òранñêрèïòîмнûм дан-
нûм. Каждûé èç эòèõ ïîдõîдîâ èмååò ñâîè 
ñèльнûå è ñлабûå ñòîрîнû. Ïрèмåнåнèå 
ïîлнîгåнîмнûõ даннûõ îñлîжнåнî бîль-
шèм îбъåмîм èçбûòî÷нîé èнфîрмацèè, 
ñâяçаннîé ñ ïîлèмîрфèçмамè нåéòраль-
нûõ лîêуñîâ, âêлю÷ая ïîлèмîрфèçмû ïî 
âûрîждåннûм ïîçèцèям êîдèруюùèõ ïî-
ñлåдîâаòåльнîñòåé è нåфунêцèîнальнûå 
ïîлèмîрфèçмû нåêîдèруюùèõ ïîñлå-
дîâаòåльнîñòåé. Ïрè аналèçå âñåõ âûяâ-
лåннûõ ïîлèмîрфèçмîâ òåñòû на лîжнî-
ïîлîжèòåльнûå аññîцèèацèè (FDR-test) 
çадаюò î÷åнь âûñîêую ïланêу баçîâîé 
âåрîяòнîñòè нåñлу÷аéнîé ñâяçè, îòñåêая 
çна÷èòåльную ÷аñòь рåальнûõ çаâèñèмî-
ñòåé, îñîбåннî для ïîлèгåннûõ ïрèçна-
êîâ. Ïрè èñïîльçîâанèè фèльòрîâ, îòñå-
èâаюùèõ нåèнфîрмаòèâнûå ñаéòû, åñòь 
рèñê îшèбî÷нîгî удалåнèя èç аналèçа 
çна÷èмûõ ñаéòîâ. Тåм нå мåнåå, ïîлîжè-
òåльнûé рåçульòаò òаêîгî аналèçа ñâèдå-
òåльñòâуåò î âûñîêîé âåрîяòнîñòè îòбîра 
ïî âûяâлåннîму у÷аñòêу ïîñлåдîâаòåль-
нîñòè. Àналèç òранñêрèïòîма èñêлю÷аåò 
âñю èçмåн÷èâîñòь нåêîдèруюùèõ ïîñлå-
дîâаòåльнîñòåé, è âûяâляåò êаê çна÷èмûå 
раçлè÷èя ïрîфèля эêñïрåññèè гåнîâ â 
ñраâнèâаåмûõ груïïаõ, òаê è нåñлу÷аéнûå 
аññîцèацèè èçмåн÷èâîñòè êîдèруюùèõ 
ïîñлåдîâаòåльнîñòåé ñ õараêòåрèñòèêамè 
фåнîòèïа. Огранè÷åнèя òаêîгî ïîдõîда 
ñâяçанû ñ нåîбõîдèмîñòью èñïîльçîâанèя 
ñïåцèфè÷åñêèõ îбраçцîâ маòåрèала, ïрè-
гîднûõ для âûдåлåнèя РНК, è ïîлу÷åнèя 
òаêèõ îбраçцîâ èç îïрåдåлåннûõ òêанåé, 
îрганîâ è îïрåдåлåннûõ ñòадèé раçâèòèя, 
ñâяçаннûõ ñ фîрмèрîâанèåм è âûражåн-
нîñòью аналèçèруåмîгî ïрèçнаêа.

Оïрåдåлèâ ïîлèмîрфèçмû, ñâяçаннûå 
ñ аналèçèруåмûмè ïрèçнаêамè, мîжнî 
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comparison sequences, at different stages 
of the formation of these sequences during 
the evolutionary divergence. An addition-
al criterion for the effect of positive selec-
tion on the allele is the impoverishment of 
variability around the site which is subject 
of selection (the hitchhiking effect). The in-
creased frequency of the selected allele in 
the population also can be used as addition-
al criterion.

A.V. Trukhina and D.Yu. Leoke in the re-
port “How many birds in the world?” (5th 

International Conference MolPhy5, 2018) 
noted that there is two times difference be-
tween numbers of birds species obtained 
using molecular genetic methods and clas-
sical representations which are based on 
the basis of a comparison of morphometric 
data. The application of molecular genetic 
methods for evaluation of diversity allows 
to differentiate species in more detail. Sig-
nificant progress in the use of such meth-
ods and a noticeable decreasing in the cost 
of the procedure for analyzing molecular 
markers promises new interesting data on 
the analysis of the evolution of birds, the 
history of their distribution, and mecha-
nisms for maintaining the sustainable diver-
sity of their species.

îцåнèòь дåéñòâèå îòбîра на даннûå ал-
лåльнûå âарèанòû. Äля îцåнêè эффåêòа 
îòбîра èñïîльçуюò раçнîîбраçнûå òåñòû 
ñêîрîñòè наêîïлåнèя èçмåн÷èâîñòè на 
раçнûõ âåòâяõ дåндрîграммû. Наèбîлåå 
надåжнûмè мîжнî ñ÷èòаòь òåñòû Маêдî-
нальда–Крåéòмана (McDonald–Kreitman 
test, MK) è MK-òåñò â мîдèфèêацèè Баçû-
êèна, для êîдèруюùèõ  ïîñлåдîâаòåльнî-
ñòåé. Äля эòèõ òåñòîâ òрåбуåòñя âûбîрêа 
ïîñлåдîâаòåльнîñòåé ñ çаданнûм ïîлè-
мîрфèçмîм òåñòèруåмîгî âèда è набîр 
гîмîлîгè÷нûõ ïîñлåдîâаòåльнîñòåé (îò 
îднîé è бîльшå) рîдñòâåннûõ âèдîâ. Ñуòь 
òåñòîâ ñîñòîèò â ñîïîñòаâлåнèè ÷аñòîò нå-
ñèнîнèмè÷åñêèõ è ñèнîнèмè÷åñêèõ çамåн 
â ñраâнèâаåмûõ ïîñлåдîâаòåльнîñòяõ, на 
раçнûõ эòаïаõ фîрмèрîâанèя эòèõ ïî-
ñлåдîâаòåльнîñòåé â õîдå эâîлюцèîннîé 
дèâåргåнцèè. Äîïîлнèòåльнûм êрèòåрè-
åм дåéñòâèя ïîлîжèòåльнîгî îòбîра на 
аллåль яâляåòñя îбåднåнèå èçмåн÷èâîñòè 
âîêруг ñаéòа, ïîдâåржåннîгî îòбîру (эф-
фåêò hitchhiking) è ïîâûшåнная ÷аñòîòа 
îòбèраåмîгî аллåля â ïîïуляцèè.
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MolPhy5 (2018) îòмåòèлè, ÷òî даннûå ïî 
âèдîâîму раçнîîбраçèю ïòèц, ïîлу÷åн-
нûå ñ ïрèмåнåнèåм мîлåêулярнî-гåнåòè-
÷åñêèõ мåòîдîâ, è êлаññè÷åñêèå ïрåдñòаâ-
лåнèя, ïîлу÷åннûå на îñнîâå ñраâнåнèя 
мîрфîмåòрè÷åñêèõ даннûõ, раçлè÷аюòñя 
â дâа раçа. Ïрè÷åм èмåннî ïрèмåнåнèå 
мîлåêулярнî-гåнåòè÷åñêèõ мåòîдîâ îцåн-
êè раçнîîбраçèя ïîçâîляåò бîлåå дåòаль-
нî дèффåрåнцèрîâаòь âèдû. Ñуùåñòâåн-
нûé ïрîгрåññ â îблаñòè ïрèмåнåнèя òаêèõ 
мåòîдîâ è çна÷èòåльнîå удåшåâлåнèå ïрî-
цåдурû аналèçа мîлåêулярнûõ марêåрîâ 
ïîçâîляåò надåяòьñя на нîâûå èнòåрåñнûå 
даннûå, ïîñâяùåннûå аналèçу эâîлюцèè 
ïòèц, èñòîрèè èõ раñïрîñòранåнèя è мå-
õанèçмам ïîддåржанèя уñòîé÷èâîгî раç-
нîîбраçèя èõ âèдîâ.


