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Beeoenue: B coctaBe Ouocdepsl 3eMiH CYIIECTBYET TaKOE MOHITHE, KaK U30JIMPOBaH-
Hasi 3KocucTeMa. M301MpoBaHHbIE 3KOCHCTEMBI aKTUBHO OOMEHUBAINCH C OKPYXKaro-
el cpeor BEIIeCTBOM U DHEPrHei U B TOPa3I0 MEHBIIEH CTeleHH OOMEHUBAINCH C
JIpYTMMHU 3KOcHcTeMaMH opranmzMamu. Eciu 3Ta skocucTeMa CyIiecTByeT B T€UEHUE
JUIATENILHOTO MEPHOJla BPEMEHHU, TO B pe3yjbTaTe OMOIOTMYECKOM IBONIOLMU B HEH
HaKaIuIMBaeTcs 00JIbIIOE KOTMYECTBO YHAEMUYHBIX BUI0B. YacTo 00pa3yrorcst OyKeTHl,
coJieprKallfe HeCKOJIbKO IHIEMUYHBIX BUJIOB WM 1aXke POJOB U ceMeiicTB. [Ipumepamu
TaKHX YKOCHUCTEM SBISIFOTCS npeBHHe 03epa (baiikan, Tanraneuka, Kacnuiickoe Mope);
ITyOOKHE BBIXOABI U TPSI3EBBIC BYJIKAHBL, OCTPOBHBIC SKOCHCTEMBI.

[Tponeccel BUA00Opa3oBaHUs B TAKUX IKOCHCTEMAX MPOUCXOAT KaK Ha MHKPOYPOBHE
(M3MeHEeHHe YacTOT BCTPEYaeMOCTH TeHOTHUIIOB), TaK M Ha MakpoypoBHe ((hopMHUpoBa-
HHUe OyKeTOB 3HIEMUYHBIX BUIOB, POJOB M CEMENUCTB). MUKPO3BOIIOLMOHHBIN YPOBEHb
3aKJII0YAeTCs B MOSBICHUM HOBBIX T€HOTHIIOB OJyiarozaps MyTallMOHHOMY IIpoLieccy U
(uKcanyy HOBBIX TEHOTHIIOB B MOMYJISALIUH, €CJIM OHU 00JIaZIal0T SBOJIIOIMOHHBIM ITpe-
UMyIIeCTBOM. TakuM 00pa3oM MOXKET MPOMCXOANTh aJalTUBHOE MPeoOpa3oBaHue Cy-
HIECTBYIOLIVX BHUJIOB U JBOJIFOLIMOHHAS JUBEPIEeHIUS — MOSBJICHNE HOBBIX BUIOB. [Ipn
MaKpO3BOIOIHH B 3aMKHYTOH 3KOCHUCTEME ITPOUCXOIUT IepepacipeiesieHne MOTeHIIN-
aIBHO OOJILIIOTO KOJIIMYECTBA CBOOOJHBIX SKOJOTHUECKUX HUII 32 JOCTATOYHO KOPOT-
KHE B re0JI0OrHYeCcKOM MaciuTade OTpe3KH BpeMEHH MKy OOJbIINM KOJMYECTBOM HO-
BBIX BUJIOB, NOSABIISIOIIUXCS B XOA€ MaKpOIBOJIIOLHH.

[IpakTHuecky Bce THITHI 3BOJIIOIIMOHHBIX TPOIIECCOB MOXKHO M3YUUTH C TIOMOIIBIO METO-
JIOB UMUTALIHOHHOTO KOMITBIOTEPHOTO MOJEIMPOBAaHMA. B HaleM HcClIeOBaHHU MBI
pa3paboTany HECKOIBKO MIMUTALIMOHHBIX MOJIEIIEH, ONUCHIBAIOIIMX KaK MPOLECCHl MUK-
PO3BOITIONNH, TaK U MIPOIECCH MAaKPOIBOJIONUH B 3aMKHYTHIX 9KOCHCTEMAX.

Memoowsr u aneopummei: B uccnenoBaHnu NpUMEHSIICS MOAXO0 MHINBUIYaIbHO-OPH-
CHTUPOBAHHOTO (0OBEKTHO-OPUEHTUPOBAHHOTO) MOJEINPOBAHUS pa3pabOTKU HMHTA-
[IMOHHBIX KOMIBIOTEPHBIX Mozenel. [l Hamux pa3paboTOK MBI B3sUIH 32 OCHOBY TOJI-
XO0J1 HHIMBU/1yaIbHO-OPUSHTUPOBAHHOTO MO/ICIMpOoBaHus 13 padot [1-3].
Peszynomamur: Hamu Obmn pa3paOoTaHbl HECKOJIBKO MOJIENIEH MUKPO3BOJIIOLMOHHBIX
nporeccoB. Mozenb cHMIaTpuIeckoro Buaoo0pa3oBanus (Bu1ooOpa3zoBanue 6e3 Ipo-
CTPAaHCTBEHHOTO pa3feNIeHHs] OPraHU3MOB) C BHEPEHUEM HEUTPATbHBIX T€HETUIECKUX
MapKepoB Ui OTCIIEKHUBAHUS UCTOPUH BHI000pa3oBaHus. [laHHas Moaenb M03BOJIMIA
OTCJIEOUTh PaHHHE ATANbl POPMUPOBAHHS AUBEPTEHINHU B HEUTPaATbHBIX MapKepax mpu
MapajuIeIbHOM HaKOIUIEHUH a/IallTUBHBIX NTPeoOpa3oBaHU B HEHEUTPAIBHBIX JIOKYCax
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[4]. Mopnenp mapanaTpuyecKoro BHI000pa30BaHUs, BKIIOYAIOUIAs IPOCTPAHCTBEHHOE
pazoliueHre ocodel B yCIOBHAX OJHOPOAHOTO M HEOTHOPOAHOTO apeajia OOMTaHHUSL.
JlaHHast MOIeITb TTO3BONIHIIA M3YYUTh BKIIA/I IPOCTPAHCTBEHHOTO PAa300IIEHHS B IPOIIECC
KOHKYPEHTHOT'O BHI000pa30BaHUS M IBOJIONMUIO HEHTPATHHBIX TEHETHYECKUX MapKe-
poB [5—7]. Mojienb 3BOIIOIUM ABYX BHUJOB, B3aUMOJEHCTBYIOIUX MO THITY XUIIHUK —
xKepTBa (Mmapa3ut — X035uH). Moie’b IBOIIONUHN XAITHIK—KEPTBA TIO3BOJIHIIA CACTATh
BBIBO/I, UTO BO3JIEHCTBHIE XUIIHUKA 3aMeJUIAET POIeCChl KOHKYPEHTHOTO BHI000pa3o-
BaHUsA y KepTBHI [8].

[ nccnenoBaHus MpOLECCOB MAaKPOIBOIIOLMN HaMU Obl1a pa3padoTaHa MUTALOH-
Hasi MOJIeNb, ONMHCHIBaromas (opmupoBanne OykeTa BHAOB. V3Ha4ampHO B MOMAETH
MPEoNarajoch CyeCTBOBaHHE OJHOTO BUJA M OMPEACICHHOIO KOJINYeCTBa CBOOOI-
HBIX 3Koslornyeckux HUI. C HEKOTOPOH BEPOSITHOCTBIO C TEUEHUEM BPEMEHM BHJ MO-
YKET HBOJIIOLIMOHHO TUBEPrUPOBATH U 3aHITh HOBYIO HHUIIY, IEPECEIUB B HEE JOUEPHUN
Bu. Jlanee mpolecc pa3BUBAETCS MO BETBALLEHCS LENodke. Moaenb No3BoJInia U3y-
YUTH 3aKOHOMEPHOCTH 3aCeJICHHsI BCEH 3KOCHCTEMBI (BCeX CBOOOIHBIX HUIII) B 3aBUCH-
MOCTHU OT BEPOATHOCTH 3BOJIIO]_[I/IOHHOI71 AUBEPIreHINU U KOJIUYCCTBA 3KOJIOTMYCCKUX
HULI.

Qunancuposanue: Pabota noaaepkana TeMoit OromkerHoro punancuposanus JIMH CO
PAH «I"eneruka cooOuiecTB OaiiKabCKUX OpPraHU3MOB: CTPYKTypa TeHO(OH/a, CTpaTe-
ruu KoHcepsarum» 0279-2021-0010 (121032300196-8).
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Motivation and Aim: Within the Earth's biosphere there is such a thing as an isolated
ecosystem. Isolated ecosystems actively exchanged matter and energy with the environ-
ment, and to a much lesser extent exchanged organisms with other ecosystems. If this
ecosystem exists for a long period of time, then as a result of biological evolution, a large
number of endemic species accumulate in it. Often bouquets are formed containing sev-
eral endemic species or even genera and families. Examples of such ecosystems are an-
cient lakes (Lake Baikal, Tanganyika, Caspian Sea); deep outcrops and mud volcanoes;
island ecosystems.

The processes of speciation in such ecosystems occur both at the micro level (changes
in the frequency of occurrence of genotypes) and at the macro level (formation of bou-
quets of endemic species, genera and families). The microevolutionary level consists of
the emergence of new genotypes due to the mutation process and the fixation of new
genotypes in the population if they have an evolutionary advantage. In this way, adaptive
transformation of existing species and evolutionary divergence — the emergence of new
species — can occur. During macroevolution in a closed ecosystem, a potentially large
number of free ecological niches are redistributed over fairly short periods of time on a
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geological scale between a large number of new species appearing during macroevolu-
tion.

Almost all types of evolutionary processes can be studied using computer simulation
methods. In our research, we developed several simulation models that describe both
microevolutionary and macroevolutionary processes in closed ecosystems.

Methods and Algorithms: The study used an individual-based (object-oriented) modeling
approach to the development of simulation computer models. For our developments, we
took as a basis the approach of individual-based modeling from the works [1-3].
Results: We have developed several models of microevolutionary processes. Model of
sympatric speciation (speciation without spatial separation of organisms) using neutral
genetic markers to trace the history of speciation. This model made it possible to track
the early stages of the formation of divergence in neutral markers with the parallel accu-
mulation of adaptive transformations in non-neutral loci [4]. The model of parapatric
speciation, including spatial separation of individuals in homogeneous and non-uniform
habitats. This model made it possible to study the contribution of spatial separation to
the process of competitive speciation and the evolution of neutral genetic markers [5-7].
The model of the evolution of two species interacting as a predator — prey (parasite —
host). The model of predator-prey evolution led to the conclusion that the influence of a
predator slows down the processes of competitive speciation in the prey [8].

To study the processes of macroevolution, we developed a simulation model that de-
scribes the formation of a bouquet of species. Initially, the model assumed the existence
of one species and a certain number of free ecological niches. With some probability,
over time, a species may diverge evolutionarily and occupy a new niche, moving a
daughter species into it. The process then develops along a branching chain. The model
made it possible to study the patterns of settlement of the entire ecosystem (all free
niches) depending on the probability of evolutionary divergence and the number of eco-
logical niches.

Funding: Work supported by budget funding of Limnological Institute SB RAS “Genetics
of communities of Baikal organisms: structure of the gene pool, conservation strategies”
0279-2021-0010 (121032300196-8).
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