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3aaaum U3yyeHusl U OXPaHbl KPYMHBIX XMLL-
HBIX MTULL YACTO OCAOXKHEHLI Mpobiemamm
OrnpeAeAeHmns COBCTBEHHO BMAOBOTO CTa-
Tyca 0cobeit M3yHaeMoil MOMyAsLmMM U/MAK
MOMYASILMOHHOM TPYNMUPOBKU. Boobuwe B
GMOAOTMM KOHLIEMLIMSI BUAA HA MPOTSDKEHMM
MOCAEAHErO CTOAETMSI SIBASIETCSl MPEAMETOM
OCTPLIX AUCKYCCUid. [TpoBAeMbI, CBsI3aHHDIE
C OlPEAEAEHMEM BMAOBOrO CTraTyca, pas-
HOOOpAa3HLl. ITO M HAAMYME MAPTEHOreHe-
TUYECKMX BUAOB, (haKTUYECKM OBpasyrowmx
KAOH 0CO6€li POACTBEHHOIO MPOUCXOXKAE-
HVsl, U HAAMYME Pa3AMYHLIX hopmM U Mopd,
obAaAQIOMX PA3HOV CTEMeHLIO POACTBA U
Pa3HOWM CTENEHLIO M3OASILMU, Y BO3MOXKHO-
CTU AASl PA3AMYHBLIX M3OAMPOBAHHLIX BUAOB
OLICTPOrO CHSITUSI, MAM «BCKPLITUSY U30AM-
pyowrx 6apbepos, M HAOBOPOT, MIHOBEH-
HOro ux (POpPMMpPOBaHMsl, Harpumep, MOA
BAVSIHUEM  BHYTPUKAETOYHLIX MapasuTtos/
CUMOMOHTOB. AAsl NTULL C X CMOCOBHOCTLIO
K MUIpaUMy Ha CylleCTBEHHbLIE PacCTOsIHMSL,
1 C pasHoobpasnem hopm BpayHoro nose-
A€HMS1, XapPaKTEePHO CYLIECTBOBAHME MOIMYASI-
UM U MOPOTUIOB C PA3AUMYHOWN CTENEHbLIo
M30AsILMY U poAcTBa. Kakvmum chopmanbHbIMM
KPUTEPUSIMU Y METOAOAOTMHYECKMMM MOAXO-
AAMU Mbl MO>KEM MOABL30BaTLCSl MPU OLIEHKE
BMAOBOTO U MOMYASILMOHHOTO pasHoobpasusi
NTUL, Yrpo3bl OGEAHEHMST M BLIMMPAHUsI MO-
MyASILMIA U BUAOB?

KAioueBbiM BOMPOCOM Mpu DOpPMYAUPOB-
K€ KOHLEMNUMM BUAA SIBASIETCSl MpPU3HaHue
ero ob6bekTMBHOCTU. COOTBETCTBEHHO, HO-
MVHAAUCTMYECKOE MPEACTAaBA€HME O BMAE
OTpMUAET ero 0O6LEKTUBHOE CyLIECTBOBAHME
B MPUPOAE M pacCMarpuBaeT BUA KaK MOHSI-
TUE, UCMIOAL3YEMOE B KaYeCTBE MHCTPYMEHTa
KAQCCMOULMPOBaHUST. DMNUPUYECKME KOH-
LIeMNLMU BMAA U KOHLIEMTYAAUCTUYECKUI MOA-
XOA MPU3HAIOT €ro 06LEKTUBHOE CyLIECTBO-
BaHWE, U aKLUEHTUPYIOTCSl, COOTBETCTBEHHO,
AMOO Ha TMOAHOM OMMCAHWMM MPU3HAKOB,

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
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OrpPaHMYMBAIOWMX CYIHOCTL «BUA» B KOKAOM
KOHKPETHOM CAyYae, AMbO Ha METOAOAOTMM
BbISIBA€HVSI M OTNIUCAHWSI TMOHSITUM, SIBASIIOLUMX-
Csl CYWEeCTBEHHLIMM AAsl OMMcaHust Buaa. Ha
MpaKkTVKe Mbl MOXKEM 3aTPYAHSITLCSI C onpe-
AEAEHMEM BMAOBOTO CTaTyca KOMIA€KCOB
MOMYASILMIA, HE 3aBEPLMBILMX AVBEPTEHLMIO,
CMOCOBHDLIX K OFPAHMYEHHOM MMOPUAM3ALIMM
M MPEACTABASIOWMX COOOM OMpPEAEAEHHDIN
3Tan Pa3BUTUsI AAHHOW 3BOAIOLIMOHHOM BET-
BU. Tem He MeHee, CrOPHLIN CcTatyc Mopgo-
TUMOB, MPEACTABAEHHDLIX B COOTBETCTBYIOWMX
MOMYASIUMSIX, HE AOAXKEH TpPEernsTCTBOBaThL
OLIEHKE MX TEHETUYECKOTO PasHoObpasusl
1 ycrondumeoctn. Kak 6bl Mbl He Kaaccudom-
LMPOBaAM TaKkMe MOMyAsiLMM, OOEAHEHNE MX
reHOo(OOHAOB MPVBOAUT K PUCKY BLIMUPAHMWSI,
1 BO3MO>KHOCTb MX BOCCTAHOBAE€HMSI 3aBUCUT
He OT uxX (POpPMaALHOM KAaaccucbuKaumm, a
OT OCOBEHHOCTEN 3BOAIOLIMOHHON MUCTOPUU
thopmmpoBaHus AQHHOW MOMYASILMK, YHU-
KAALHOCTM ee reHodpoHaa. Mpobaema roa-
A€PYKaHUsl YCTOMYMBOM CTPYKTYPLI U YMC-
A€HHOCTM MNPUPOAHLIX MOMYASILUMIA, TaKUM
06pAa3oM, 3aKAIOHAETCSl B AAEKBATHOM Orpe-
AEAEHUM CTEMEHU U30AMPOBAHHOCTU AAHHOM
MOMYASILMM OT POACTBEHHbLIX MOMYASILMIA U
B OL€HKE MOAMMOP(U3MOB, CBSI3aHHLIX CO
cneuncmnyeckMmm asarnTaumsiMm.

Kakym o6pasom Mbl MOXKEM OLIEHUTDL 3BO-
AIOLIMOHHO 3HAUMMYIO0 M3MEHYMBOCTL MOIy-
Asiummn?  KpoccreHOMHbIE  MOMYASILMOHHbIE
MUCCAEAOBAHMsSI MO OOABIIOMY KOAMYECTBY
MOAEKYASIPHLIX MApPKEPOB TMO3BOASIIOT OLle-
HUTL T€HETUMYECKYIO CTPYKTYPY MOMYASILIMIA.
PasAnyHbie Mepbl OAHOPOAHOCTU/Te€TePOreH-
HOCTU TMPEACTAaBA€HHbIX YacTOT aAAAEAeAen
M TarnAoOTUMOB, B YaCTHOCTU, TeCT MaHTeAs,
AQIOT OLIEHKM TF€HEeTMYECKOM TMOAPA3AEAeH-
HocT nonyAasumii. OTCyTCTBUE nepeceye-
HUsI MHO)KECTBA TlarnAOTUIMOB TECTUPYEMbBIX
MONyAsILMIA MAM UX cAabasi nepekpbiBae-
MOCTb CBMAETEALCTBYIOT O AMBEPreHUMM Mo-
MyAsILMI Ha BUAOBOM ypoBHe. CaeayeT oTme-
TUTb, YTO AAE€KBATHbIE OLIEHKM F€HEeTUYEeCKOM
CTPYKTYPbI MOMYASILMIA U X OAHOPOAHOCTU/
reTeporeHHoOCT TPebyloT aHaAM3a Mpea-
CTaBUTEALHDLIX BLIOOPOK, MHOTOKPATHO Mpe-
BbLILIAQIOWMX YUCAO BLISIBA€HHLIX TArAOTUIOB.
[Tpy aHaAn3e reHeTMyecKkor CTPYKTYpbl Mo-
MyASILMM  OLIEHMBAIOT TMOAMMOPU3M CAY-
yanHoro Habopa AOKycoB, o SNP- uAu mu-
KPOCATEAAUTHBIM MapKepam, U BbISIBAEHHAas!
M3MEHYMBOCTb SIBASIETCSI MPEUMYILECTBEHHO
HENTPAALHOM, B COOTBETCTBMM C XapakTepom
HAKOMA€HMUS] MYTAaLMOHHOM M3MEHUMBOCTU.
AHaAU3 aAaNTUBHO-3HAYMMOM U3MEHUYMBOCTU
Tpebyer 6oAEe KOMMAEKCHOrO MCCAEAOBA-
HUs1 (PEHOTUNUYECKOTO U FE€HOTUMNMUYECKOTO

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-
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pasHoobpasusi nonyasiumm. C 3TOM LEAbIO
MPOBOASIT MOUCK HECAYYAMHDLIX CBSI3€M MHO-
YKE€CTBEHHbIX MOAEKYASIPDHLIX MapPKepPOB, Mo-
AYYE€HHbIX B KPOCCT€HOMHDBIX MCCAEAOBAHMSIX
06pasuoB, M (PEHOTUMUYECKMX MPU3HAKOB
OT 3TUX ke 0BpPasLOB (MOAHOTE€HOMHDIM MO-
nck accouvaunit, GWAS). INpu npoBeaeHnmn
GWAS 1CroAb3YIOT OAHY UAM HECKOALKO BbI-
60poK, MeroWmMX crieLmduyeckne heHoTH-
NnMyeckne XapakTepPUCTUKM, U KOHTPOALHYIO
BLIOGOPKY M3 MOMYASILIMM CO CAYYalHbLIM Ha-
6opom heHoTMMNOB. B Kayectse dpeHOTUNU-
YECKMX MPU3HAKOB MOTYT ObIThb MCMOAL3OBA-
HbI XapaKTEPUCTUKM MUEBOM Gasbl AAHHOM
0cobM MAM mapbi, MpPU3HaKU pasmepa U
OKPACKM, OCOBEHHOCTM THE3AOBAHMSI, MMU-
IPALIMOHHOIO NMOBEAEHMSI.

GWAS MO>KeT ObiTh MPOBEAEH KaK MO re-
HOMHbBIM, TaK U MO TPAHCKPUITOMHbBIM AaH-
HbIM. Ka>KAbI 13 3TMX MOAXOAOB UMEET CBOU
CMAbHBIE U cAabble CTOpOHLI. [MpumeHeHve
MOAHOTEHOMHDIX AAHHBIX OCAOXKHEHO OGOAL-
wyM O6LEMOM M3OLITOYHON MHPOPMALIMK,
CBSI3aHHOM C MOAMMOPMhU3IMaMM HENTPAADL-
HbIX AOKYCOB, BKAIOYasl MOAUMOPU3MBI MO
BbLIDOYKA€HHDBIM TMO3MLIMSIM KOAMPYIOWMX MO-
CAEAOBATEALHOCTEN U He(OYHKUMOHAAbHbLIE
MOAUMOPMU3MBbI  HEKOAMPYIOWMX — MOCAE-
AoBateAbHocTel. [py aHaause Bcex BbISIB-
A€HHBLIX NMOAMMOPMMU3MOB TECTbl HA AOYKHO-
MOAOKUTEAbHbIe  accoummaumm  (FDR-test)
3aAQI0T OYEHDb BBLICOKYIO TMAAHKY 6a3oBoOA
BEPOSITHOCTM HECAYYaMHOM CBsI3M, OTCeKasl
3HAYUTEALHYIO YacCTb PEAAbLHLIX 3aBUCHMMO-
CTell, OCOOEHHO AASI MOAWUMEHHBLIX MpPU3HA-
KoB. [1pu McrnoAb3oBaHUM OUALTPOB, OTCE-
MBalOWMX HEUH(POPMATUBHLIE CaNTbl, €CTb
PUCK OWMOOYHOTO YAAAEHMsSI U3 AHaAM3A
3HA4YMMbIX CaTOB. TeM He MeHee, MOAOKM-
TEALHDLI PEe3yAbLTaT TAaKOrO aHaAusa CBUAE-
TEALCTBYET O BbLICOKOM BEPOSITHOCTM OoTOOpa
MO BLISIBAEHHOMY YYacCTKy TMOCA€AOBATEAL-
HOCTU. AHaAM3 TPAHCKPUITOMA MCKAIOYaeT
BCIO M3MEHYMBOCTb HEKOAUPYIOWMX MOCAE-
AOBATE€ALHOCTEN, U BLISIBASIET KaK 3HA4YMMble
pPasAMuMsl MPOOUASI SKCNPECCMM TEeHOB B
CpaBHMBAaEMBbIX IPyrnax, Tak U HeCAy4anHble
accouMaumMm  U3MEHYMBOCTU  KOAMPYIOLWMX
MOCAEAOBATEALHOCTEN C XapaKTepucTMkamm
heHotmna. OrpaHMyeHMs] TaKOro TMOAXOAQ
CBSI3aHbI C HEOOXOAMMOCTLIO MCTTOAL3OBAHMSI
creumguruecknx o6pasLoB MaTeprana, npu-
roAHbIX AAsl BolaeAaeHusi PHK, v noayyenwms
TaKMX OOPA3LIOB U3 OMPEAEAEHHDLIX TKAHEMN,
OPraHoB 1 OMPEAEAEHHbIX CTAAUNA Pas3BUTUSI,
CBSI3aHHBIX C (POPMUPOBAHUEM U BLIPAKEH-
HOCTLIO QHAAU3MPYEMOrO NpU3HaKa.

OnpeaeArB MOAMMOPU3MDBI, CBsI3aHHbIE
C aHaAM3MpyeMbIMM TPU3HAKaMM, MOXKHO

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
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OLIEHUTL AEVCTBME OTOOpPA HA AAHHBIE aA-
A€AbHbIE BapuaHTLl. AAsl OLIEHKM 3pchekTa
oTOOpa UCMOAL3YIOT Pa3sHOOBpPasHbIE TECTDI
CKOPOCTM HAKOTMAEHMsT M3MEHYMBOCTM Ha
PasHLIX BETBSIX A€HAporpammbl. Hanboaee
HAAEXHLIMM MOYKHO CYMTaTh TecTbl Makao-
Haabaa—KpenitmaHa  (McDonald—Kreitman
test, MK) n MK-tect B moancukaumm bazbi-
KMHA, AASI KOAMDYIOWMX MOCA€AOBATEALHO-
creii. Aast 3Tux TectoB Tpebyercst BLIGOpKa
MOCAEAOBATEALHOCTEM C 3aAAHHBIM TOAU-
MOP(U3MOM TECTUPYEMOIO BMAA M Habop
TOMOAOTMYHLIX  MOCA€AOBATEALHOCTEN  (OT
OAHOW 1 BOAbLIE) POACTBEHHDBIX BUAOB. CyTb
TECTOB COCTOMUT B COMOCTaBAEHMM YaCTOT He-
CMHOHUMMYECKMX Y CMHOHUMMWYECKMX 3aMeH
B CPABHMBAEMbIX MOCAEAOBATEALHOCTSIX, Ha
PasHLIX 3Tarnax POPMMPOBaHMs STUX MO-
CA€AOBATEALHOCTEN B XOAE€ 3BOAIOLIMOHHOW
AVBEPreHUMU. AOMOAHUTEALHLIM KpPUTEPU-
€M AEVICTBUSI TOAOXKUTEALHOTO OTOOpA Ha
AMEAL SIBASIETCS OOEAHEHME U3MEHYMBOCTU
BOKPYT CaiTa, MOABEP)KEHHOTO OTOOPY (3¢h-
chexr hitchhiking) n nosbimeHHas yacroTta
OTOMPAEMOrO AAAEAST B MOMYASILIMM.

A.B. TpyxuHa n A.lO. Aeoke B Aokrase
«CKOALKO B MMpE€ BMAOB MTUL?» B AOKAQ-
A€ Ha 5-11 Me)kayHapoAHOWM KOHhepeHLMn
MolPhy5 (2018) oTMETMAM, YTO AAHHLIE MO
BMAOBOMY Pa3sHOOOPAa3uIo MTUL, MOAYYEH-
Hble C MPYMEHEHMEM MOAEKYASIPHO-TEHETU-
YECKMX METOAOB, M KAACCMYECKUE MPEACTaB-
A€HMsI, TIOAYYEHHbIE HA OCHOBE CpPAaBHEHMsI
MOPCOMETPUYECKMX AAHHBLIX, PA3ANYAIOTCSI
B ABa pasa. [lpyyem MMeHHO MpuUMeHeHue
MOAEKYASIPHO-TEHETUYECKMX METOAOB OLIEH-
KM pasHOOOpasusl MO3BOASIET BOAEE AETAAL-
HO AndphbepeHumpoBarh BuAbl. CyluecTBeH-
HLIM MPOrpecc B 0OAACTY MPUMEHEHMSI TAKMX
METOAOB M 3HAYUTEALHOE YAELIEBAEHME MPO-
LIEAYPbl aHAAM3A MOAEKYASIPHBIX MapKepOB
MO3BOASIET HAAESITLCSI HA HOBbIE MHTEPECHbIE
AAHHbIE, TMOCBSILEHHbIE AHAAU3Y SBOAIOLIMU
MTUL, UCTOPUM UX PACMIPOCTPAHEHUS] U Me-
XaHM3MaM TMOAAEPIKAHMST YCTOMUMBOIO pas-
HOOBPa3usl X BUAOB.

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?” (5%
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.



