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ASSESSMENT OF THE ARGALI POPULATION
IN KAZAKHSTAN AND FORECASTING

OF ITS POPULATION USING
MATHEMATICAL MODELING

Argali is a rare species whose subspecies are in a vulnerable or
endangered position. The paper analyzes the structure of the argali
population, considers the logistic model as a method for studying the growth
of the ungulate population, which is important for tracking the current and
future situation of rare species and the effectiveness of measures taken to
preserve them. Using mathematical modeling, a graph of the projected
number of argali in Kazakhstan has been made to assess the state of the
species population. By 2100, the number of argali is expected to increase to
161239 individuals while carrying out the necessary protective measures.
The maximum number and growth limit of the population is 250670
individuals. Based on the forecast, recommendations for the conservation
and restoration of the population have been formulated. In general, the
measures taken to protect the species allow the population to grow without
slowing down the growth rate. To accelerate population growth, it is
necessary to fight poaching, protect watering holes, winter feeding, put into
practice compensatory economic mechanisms to prevent the development
of trophy hunting and poaching, proper veterinary care of livestock with
common infestations in wild ungulates.

Keywords: archar, argali, population, logistic equation, mathematical
model

Introduction

Biodiversity plays a key role in providing human with the resources,
ecosystem sustainability, and cultural identification. Currently, the issue of the
preservation of biota is acute due to the widespread threat of extinction. Modern
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ecology faces a number of challenges, including forecasting the state of ecosystems
under the influence of anthropogenic factors. Forecasting allows to choose the
optimal strategy for the use and conservation of natural resources. In Kazakhstan,
ungulates are also susceptible to extinction. They are the primary consumers on
which depends the survival of birds of prey and mammals. Thus, at the beginning
of the late Holocene, the aurochs (Bos primigenius) died out, in historical times
— the tarpan (Equus ferus ferus), the red deer (Cervus elaphus), gazelle (Gazella
subgutturosa), saiga (Saiga tatarica), onager (Equus hemionus) and argali areas
were reduced [1, p. 127]. The aim of the paper is to analyze the dynamics of the
Ovis ammon population by compiling its mathematical model and forecasting the
number in the near future. This will help to assess the current state of the species
and make recommendations for its conservation.

The range of argali (Ovis ammon Linnaeus, 1758) covers the mountains
of Central and Central Asia, Southern Siberia, from Central Kazakhstan to
China. The subspecies O. ammon collium in the Pavlodar region is distributed
in Kazakh Uplands, Kyzyltau and adjacent ridges, in the Bayanaul National
Park. Its population in the region in 2003 was 350 individuals [2, p. 41],
in 2023-760 individuals. In total, there were 7000 individuals in Kazakhstan in
1970 [3, p. 29]. The average life expectancy is 12—13 years [3, p. 14]. They reach
sexual maturity by 2,5-3 years old, mate at 4-5 years old. The females give birth to
their first lamb at the age of 3 years. [4, p. 6]. 2/3 of the females produce offspring,
fertility is 1,3 lambs per female [3, p. 73]. Mortality before one year of age for O.
A. collium is 42,5 % and 70 % in the north, for O. A. karelini — 35,7 % in Tien
Shan and 38,5 % in Dzungarian Alatau, for O. A. polii — 67 %, for O. A. karelini
— 56,7 %. The mortality rate at the age of 4-5 years is 33%, at the age of 6 years
and older — 21 % [4, p. 8]. The population in all mountain ranges is dominated
by adult females — 44,28 %, males over 2 years old — 23,52, sucklings — 21 %,
regular lambs 9,33 % [5, p. 50], that is, young animals — 30,33%. According to the
accounting in the Tarbagatai National Park, females of the Ovis Ammon collium
subspecies — 35,1 %, males — 28,3 %, sucklings — 36,4% [6, p. 237]. In the Niyaz
mountain range, females — 42,3 %, males — 30,7 %, lambs — 26,9 % [7, p. 6]. The
main factor of the decline in numbers is anthropogenic [8, p. 177] — 70 % of the
causes of death are associated with poaching [9, p. 145], overgrazing also plays
a role in habitats, which forces argali to move to high forests or graze in herds of
yaks, while competition with livestock increases in winter. The main predators
controlling the argali population are wolves [9, p. 141], snow leopards, sometimes
leopards in Altai, foxes, lynx in Central Kazakhstan [4, p. 8]. The natural cause of
death of mature males is stress from harsh environmental conditions [10, p. 174],
for example, cold winters or drought. The argali living in low arid mountains
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have limited access to water, and when the water sources dry up, they travel long
distances [4, p. 8]. Infection with endoparasites is also observed.

Materials and methods

A logistic model of the Ovis ammon population was constructed using
mathematical modeling. The method of differential equations is used. Population
data are taken and summarized from National reports on the state of the
Environment and on the use of natural resources of the Republic of Kazakhstan.
The answer engine WolframAlpha was used to construct the graph.

Results and discussion

There are several basic models in population dynamics. The Malthus equation
shows a model of exponential, unlimited population growth. The Ferhulst equation
includes limiting factors, which will make it possible to more accurately predict
population changes. The logistic equation has the form:

where N — population size, individuals; r — natural rate of population growth
without limiting factors; K — supporting capacity of the environment, the maximum
possible population size, individuals; t — number of modeling periods, the number
of years of forecasting. The exact solution of the differential equation (1) is a
logistic function, an s-shaped curve (logistic curve) of the following form:

ENge™
K—Ng+Ngel®’

N(t) =

where K — supporting capacity of the environment, the maximum possible
population size, individuals; N — population size at the initial time, individuals;
t — number of modeling periods, number of years of forecasting. The maximum
number of K must be calculated using the formula (2):

NyN, + N;N, — 2N, N,
N} — NoN,

K=N,

where N, N,, N, — population size in time periods t, t, and t,, respectively.

At the same time, the capacity of the medium takes into account limiting factors.
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If N, — population at time t = 0, N, —at time t = T and N, is at time t = 2T, then
the natural rate of growth of the argali population can be calculated using the
formula (3):

1, [1/Ng—1/
r= Tln [lel—l,-’K '

The average approximation error is calculated using the formula (4):

_ leon Pl a
E= nEtzl " 100%,

where n —amount of calculated and actual data for model verification (in our
case, n = 8, since the period under consideration is § years, from 2014 to 2022);
— value of the population size in year t, calculated using the Ferhulst equation; —
actual value of the population size in year t.

Since data on the number of individual subspecies populations are not
provided, let’s assume that the number of individuals in each region is the same.
So, before the age of one, the mortality rate of different subspecies is on average
51.73 %, of mature individuals — 33 %. The ratio of females, males and young
will be taken as 40 %:30 %:30 %, respectively. The number of lambs born
per female out of 60% is assumed to be 1.3. General data on the number from
2010 to 2022 are presented in Table 1.

Table 1 — The structure of the argali population in Kazakhstan in the period from
2010 to 2022

Ne | Year | Population, | Number | Number | Number | Number | Mortality,

ind. of of males, | of lambs, | of lambs ind.

females, ind. ind. born per

ind. female,

ind.

1 2010 13246 5298 3974 3974 4592 5115
2 | 2011 13597 5439 4079 4079 4714 5251
3 | 2012 13872 5549 4162 4207 4809 5381
4 | 2013 14525 5810 4358 4358 5035 5609
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5| 2014 14737 5895 4421 4421 5109 5691
6 | 2015 15710 6284 4713 4713 5446 6067
7 | 2016 15979 6392 4794 4794 5539 6171
8 | 2017 16802 6721 5041 5041 5825 6489
9 | 2018 17065 6826 5120 5120 5916 6590
10 | 2019 17954 7182 5386 5386 6224 6934
11 | 2020 18465 7386 5540 5540 6401 7131
12 | 2021 18863 7545 5659 5659 6539 7285
13| 2022 19730 7892 5919 5919 6840 7620

When calculated with an interval of 6 years (2010, 2016 and 2022), the
supporting capacity will take a negative value. Since the total number of the covered
period is 12 years, the years with equal intervals of 4 years are taken as a basis:
2014, 2018 and 2022. Let’s find the supporting capacity according to equation 2:

17065 - 14737-17065+17065-19730—2-14737-19730 = 250670,0391 =~ 250670.

170652-14737-19730

This means that the maximum number and growth limit for this population
is 250670 individuals. Next, we find the population growth rate according to
equation 3:

1 [1]1473?—1]250670.0391

4 1[17055—1,’2505?0.0391] = 0,0391.

Let’s look at the accuracy of population forecasting, using 2021 as an
example, where t = 7:

250670,0391-14737 03917
250670,0391—-14737+14737008917

= 19024,3951 ~ 19024.
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Let’s look at the accuracy of population forecasting, using 2015 as an
example, where t = 1:

250670,0291-14737¢ 03911
250670,0391—14737+147370.0291L

= 15228,7895 ~ 15229,

According to the logistic model, in 2015 the number of argali should reach
15229 individuals (in fact, 15710 individuals), and in 2021-19024 individuals
(in fact, 18863 individuals). Let’s calculate the average approximation error
according to equation 4:

_ D,0679

E

-100% = 0,8489% ~ 0,85%.

The value of the average approximation error of up to 5% indicates a well-
chosen model of the equation. Thus, the logistic model is well suited for predicting
the number of argali. Let’s calculate the population size by 2100 (t = 86):

250670,0291-14737¢ 0039126

250670,0391—14737+4+147370.0351-26 = 161238,6195 ~ 161239.

Thus, by 2100, the argali population may amount to 161239 individuals.
Having the predicted data, we will make a graph of the population size:

250000
200000
150000
100000

50000

50 100 150 200

Graph 1 — Projected number of argali
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In the last 20 years, the number of argali has been growing, but the population
growth rate has been somewhat slowed down and at the moment the number of
individuals in the territory is small. The projected number presented is possible
only with proper protection of argali and their habitats, otherwise the number of
individuals may decrease to 8,5 thousand individuals as in 2008 [11, p. §].

Conclusion

The conservation and restoration of the ungulate population, including argali,
are important tasks for Kazakhstan, requiring the cooperation of government
agencies, scientific institutions and the public. A logistic mathematical model of
the argali population made it possible to estimate the dynamics of their numbers
under current conditions. Based on the data obtained, it is important to conclude
that the measures taken to protect the species allow the population to grow without
slowing down the growth rate.

To accelerate population growth, it is necessary to observe measures to protect
the species and its habitats. The most important measure for the reproduction
of Ovis ammon is the fight against poaching. In arid places, it is necessary to
protect watering holes and organize winter feeding. It is necessary to introduce
compensatory economic mechanisms into practice to prevent the development of
trophy hunting and poaching; proper veterinary care of livestock with common
invasions in wild ungulates.
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12TopaliFbIPOB YHUBEPCHUTETI,
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24.04.24 x. Ty3eTynepiMeH TYCTI.

26.08.24 x. 6achII mIBIFapyFa KaObUIIAH/IbL.

KA3AKCTAHJIAFBI APKAP IIONYJISIASICHIHBIH, dKAFTANBIH
BAFAJIAY )KOHE MATEMATHKAJIBIK MOJEJBIEY
APKBLJIBI CAHJIAPZIBI BOJIKAY

Apxap cupek Kezdecemin myp, OoublY Kilii mypiaepi ocan Hemece
JACOUBLIBIN Kemy Kayni moneen. Xymvicma apkap nonyiayuscblHbly
KYPbLIbIMbL MAN0AHAO0b, cupek myprepliy Kazipei dcone donauaxmazvl
2HCA20AbIH AHCOHE 0APObL CAKMAy OOUbIHULA KADBLIOAH2AH WAPALapObly
MmuimOiniein OaKblIAYy YWiH MAHbI30bl MYAKMbLIAD NONYIAYUACOIHbIY
ecyin sepmmey 90ici peminoe J102UCTNUKANBIK MOOelb KAPACbIPbLIAObL.
Mamemamukansik modenvboeyoi naudaiana omuipbin, MysaKmvliapobly
NONYIAYUACBIHBIY dcaz0ativii bazanay ywin Kazakcmanoazel apkapaapouly
0oaxcamobl canviHbly Kecmeci Kypacmuipuvlizan. 2100 scvinea Kapaii
mabuzammul Kopeay O0UbIHWA KAdCemmi wapaniaposi dcyzeee
acvipaan scazoatioa apkapaap canvl 161 239 bac ecedi den kyminyoe.
Honynayuanviy maxkcumanowl monuepi men ocy weei — 250 670 srcemier.
Bonowcay nezizinde canoapovl cakmay sicone KainvlHa Keaimipy 6otbiHua
yewvinvicmap dicacanovl. Kaanvl, mypoi Kopeayza bazeimmanzan
wapanap nonyisAYUAHsIY 0Cy KapKbliblH 6aceqoemneti ocipye MyMKiHOIK
bepeoi. Ilonyrayuanely ecyin scedendemy yulin OpaKoHbepliKneH
Kypecy, cyapmanbl dcepaepoi Kopaay, KblCKbl a3blKManoblpy, icabativl
mysaKmoliapaa mpoQUKAnbIK ajubLIblK neH OpaKoOHbepaikmiy 0amyblt
0010b1pMAYObIH OMEMOIK IKOHOMUKATBIK MemiKmepin moicipubeze eHeizy
JUCOHE YU IHCAHYAPAAPIH JHCAPAKAMMAH2AHOA OYPLIC 6eMEPUHAPUATBIK,
Kymy Kasjicem.

Kinmmi co30ep: apxap, apeanu, nonyaisyus, 102UCMUKALbLIK MEHOEY,
MAMEMAmuKanblK MoOemb.
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*4. B. Ocunosa’, H. A. [Jusnuyr?

12 TOpalrbIpOB YHHBEPCHUTET,
Pecny6iinka Kazaxcran, 1. [TaBmomap.
IMoctynuno B penakumio 30.11.23.
IMoctynuino ¢ ucnpasnenusimu 24.04.24.
IIpunsTo B neuars 26.08.24.

OIIEHKA COCTOAHUSA TONMYJIALIUU APXAPA B KASAXCTAHE
U TITPOI'HO3NMPOBAHUE YNCJIEHHOCTH C MOMOIIIBIO
MATEMATHYECKOI'O MOJEJIUPOBAHUA

Apxap — peOkuii 8uo, noosudsbl KOMOPo20 HAXOOAMCS 8 VAZ8UMOM
UU HAXOOSUWYUMCS NOO Y2PO30U UCUE3HOGEeHUS NoNodcenul. B pabome
npogeden anaiu3 CMpyKmypvl HONYIAYUU aApXapos, paccmMompena
Jo2uUCmu4ecKkas MoOenb KaK Memoo UcCie008aHusl poOCma YucieHHocmu
NONYAAYUU KONBIMHBIX, YMO UMeem 3HaueHue 01 OMCAeHCUBAHUS
HbIHewHe20 U 0y0yue2o noaodiceHus peoKux eudos u 3¢ pexmueHocms
npeonpuHamuix mep no ux coxpareruio. C noMowjpio Mamemamuyecko2o
MOOeNUpo8ans NOCMPOeH cpaghuk NPOSHOZUPYEMOU YUCTEHHOCU apXapd
6 Kaszaxcmane 0ns oyenxu cocmosanus nonyaayuu euoa. K 2100 200y
oorcudaemces ygenuueHue yucieHHocmu apxapa 0o 161239 ocobeu npu
BbINOIHEHUU HEOOXOOUMBIX OXPAHHbIX Meponpuamuil. Maxcumanvnas
YUCIeHHOCMb U npeden pocma nonyaayuu cocmagisem 250670 ocobetl.
Ha ocnose npoenosuposanus cocmasienvl peKomMeHoayuu o COXPAHeHUI0
U B0CCMAHOBNIEHUIO YUCIeHHOCIMU. B yenom, npunsameie mepul no oxpane
6U0a NO3BONIAIOM NONYIAYUY pacmu, He cOasnan memnvl npupocma. [ns
VCKOpeHUs pocma YUCIeHHOCIU HeobX00umbvl O0pbda ¢ OPAKOHbLEPCBOM,
oxpauna 6000noees, 3umnue nOOKOPMKU, BHEOpeHUe 8 NPAKMUKY
KOMNEHCAMOPHBIX IKOHOMUYECKUX MEXAHUZMOG OJisl NPeOOmBpauyeHus
paseumust mpogetinol 0Xomul u OpAKOHbLEPCMBa, O0NICHOE BEMEPUHAPHOE
obcnyocusanue 0OMawHe20 CKOmMa ¢ OOWUMU UHBAZUAMU Y OUKUX
KONbIMHBIX.

Kuniouesvie crnosa: apxap, apeanu, nonyaayus, 102UCmuiecKkoe
ypagnenue, Mamemamuyeckdas Mooeb.
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Tepyre 04.03.2024 x. xibepingi. bacyra 29.03.2024 k. K0T KOUBUIIHI.
DneKTpoHEI Oacta
2,56 Mb RAM
[HapTTe! 6acna Tabars! 7,94.
Tapanemver 300 naHa. barackr kemiciM OOWBIHIIIA.
Kommsiotepne 6erreren A. K. Temupranunosa
Koppexropnap: A. P. Omaposa, JI. A. Koxac
Tanceipsic Ne 4292

Cnano B Habop 04.03.2024 r. IToanucano B nevats 29.03.2024 .
DNEKTPOHHOE U3JJAHNE

2,56 Mb RAM
Ve . 7,94. Tupax 300 3x3. Llena noroBopHast.
Komnsrotepnas Bepctka A. K. Temupranmunosa
Koppexropsr: A. P. Omaposa, 1. A. Koxac
3aka3 Ne 4292
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