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Abstract

Water resources, including rivers, lakes and reservoirs, play a key role in maintaining the ecological
balance, developing fisheries and preserving biodiversity. To ensure effective management and rational use of
water resources, scientific research is conducted annually, including control fishing, which is aimed at
determining the permissible catch volumes and developing strategies for preserving the aquatic environment.
Within the framework of such studies, special attention is paid to water quality, the state of the food supply
and the analysis of fish populations, including species, numbers and age structure. This study uses a Bayesian
approach that reveals complex patterns and dynamic changes in ecosystems that remain invisible when using
traditional statistical methods. This approach contributes to a deeper understanding of processes occurring in
water bodies and to the optimization of fisheries management. Bayesian analysis allows for more accurate
predictions of changes in fish populations and their structures, which contributes to improved management of
aquatic ecosystems and the conservation of biodiversity.
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TYIbI CY 3KO)KYI71EJIEPIHIIEFI BAJIBIK PECYPCTAPBIHBIH, KAF IlAI7II)IH KEIIEHAI
BAFAJIAY YINTH BAMEC TAJIJIAYBIH KOJIJIAHY

Anoamna

Cy pecypcrapbl, COHBIH IIIIHAE ©3CHICD, KOJIep MEH Cy KOWMayapbl SKOJOTHSUIBIK TENe-TeHIIKTI
cakTayja, OalblK IMApyallbUIBIFBIH JaMBITYAa JKOHE OHMOJIOTHSUIBIK OPTYPJIUIIKTI CakTay/a MEmyln pe
atkapazapl. Cy pecypcTapblH THIMII 0acKapyabl jKoHE YThIMABI NaiJanaHyAbl KAaMTaMachl3 €Ty YIIiH KbLI
caiiblH OQJIBIK ayJiayIbIH KOJIAIBI KOJEeMiH aHBIKTayFa JKOHE Cy OpTachlH CaKTay CTPATEeTHSCHIH d3ipieyre
OarpITTaFaH Oakpulay OaJIbIK MIAPYallbUIBIFBIH KOCA alFaH/a, FRUIBIMHU 3epTTeysep >Kyprizinemi. MyHai
3epTTeyiiep/ie Cy carachlHa, a3blK-TYJIKIEH KaMTaMachl3 €Ty JKaf/laiiblHa »oHe OaIbIK IOIYJISIUSCHIHBIH,
OHBIH IMIiHAE TYPJEPiHiH, CAaHBIHBIH JKOHE JKaC KYPBUIBIMBIHBIH TallayblHA epeKile KoHUIT Oemineni. by
3epTTey JOCTYpJi CTaTHCTHKANBIK OSJicTepi KOJJIaHy apKbUIbl KOPIHOSHTIH JKoXyHenepaeri Kypaemi
3aHIBUIBIKTAP MEH JMHAMHUKAJIBIK e3repicTepii amy yiniH baiiec omiciH maiinmamanansl. by Ttocinm cy
00BbeKTiIepiHae OOJIBIN KAaTKaH MPOLECTEPAl TEPEeHIPEeK TYCIHyre >kKoHe OanbIK pecypcTapblH OacKapy.bl
OHTAWNaHJBIpYFa BIKIAN eTeni. badiec Tamgaysl OajbIKTap TMOMYJSIUACHIHBIH —KOHE  OJapJblH
3aHJBUIBIKTAPBIHBIH ©3repyiH JIoipeKk OoipkayFa MYMKIHIIK Oepeli, Oys cy dKoxyHenepiH OacKapybl
KaKCApPTYFa jKoHE OMOJIOTHSUIBIK SPTYPILTIKTI CaKTayFa oKelei.

Tyiiin ce3gep: bailec Tannmaybl, cy pecypcrapblH 0ackapy, MOHUTOPUHT, OHOSPTYPIUIK, OalbIK
MIapyalIbUTBIFBL.
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IMPUMEHEHUE BAMECOBCKOI'O AHAJIN3A JJIs1 KOMILJIEKCHOM O EHKHA
COCTOSAHUSA PBIBHBIX PECYPCOB B IITPECHOBOJHBIX 9 KOCUCTEMAX

AHHOTaIUs

BoaHbie pecypchl, BKIIOYas PEKH, O3€pa W BOJIOEMBI, WTPAIOT KIFOYEBYIO pOJb B TOIJIEPKAHUU
AKOJIOTHYIECKOTO OajlaHca, pa3BUTHH PHIOOIOBCTBA M COXpaHeHWH OmopasHooOpasms. s obecreueHms
3G GEKTUBHOTO YNpaBICHUSI M PAlMOHATBHOTO MCIONB30BAaHUS BOAHBIX PECYpPCOB E€KErOAHO MPOBOISATCS
Hay4HbIE MCCIIEIOBAHMUs, BKJIIOYAIONINE KOHTPOJIbHBIC JIOBBI PHIOBI, KOTOpPBIE HAMpPAaBJICHBl HA ONpeAciIeHUE
JOMYCTHUMBIX OOBEMOB BBUIOBA W pa3pabOTKy CTpaTeruii cOXpaHeHHs BOJHOU cpeipl. B pamkax Takmx
HCCIIeIOBaHNH 0c000€ BHUMAHHUE yIENSIETCS KAYeCTBY BOABIL, COCTOSIHUIO KOPMOBO# 0a3bl U aHAIN3Y PHIOHBIX
MOMYJISIIAN, BKIIIOUast BUJbI, YACICHHOCTh M BO3PACTHYIO CTPYKTYpY. B TaHHOM Mccie10BaHUHU UCTIONB3YETCS
0alieCOBCKHU MOJX0T, KOTOPBIH MTO3BOIISICT BBISIBUTH CIIOKHBIC 3aKOHOMEPHOCTH U JJMHAMIUYECKHE H3MCHEHHSI
B DKOCHUCTEMAaX, KOTOPhIE OCTAIOTCS HE3aMETHBIMHU MPU MPUMEHEHUH TPAIUIIMOHHBIX METOJIOB CTATUCTHKH.
JToT MoaXoa crocoOCTByeT OoJiee IIyOOKOMY TMOHHUMAaHHIO IMPOIECCOB, MPOUCXOJAIIMX B BOJOEMAx, U
ONTUMM3ALMKN yNpaBieHUs pPHIOHBIMH pecypcamu. baiiecoBCKMi aHaln3 TO3BOJNSET 0Oojiee TOYHO
MPOTHO3MPOBATh W3MCHEHHS B TOMYJSINUAX PbI0 U UX CTPYKTypax, 4YTO CHOCOOCTBYET YIIyUIIICHHIO
yIpaBJICHHUS BOJAHBIMH SKOCUCTEMaMHU M COXPaHECHUIO OHMOpa3Hoo0pasusl.

KaroueBbie ciaoBa: bailecoBckuil aHanmu3, yIOpaBlieHHE BOJHBIMH pecypcamMH, MOHHUTOPHHT,
6ropazHooOpa3ue, ppIOOJIOBCTBO.

Main provisions

The study analyzes fish population dynamics in Kazakhstan using a Bayesian approach, which
reveals hidden patterns that are difficult to detect with traditional methods. The results show changes
in fish abundance and age, helping to assess population sustainability and improve water resource
management. Special attention is given to monitoring the food base and water quality, which
influence fish development. Bayesian analysis enhances predictions of changes and optimizes fishery
management, contributing to the preservation of ecosystems and biodiversity.

Introduction

The Republic of Kazakhstan possesses significant water resources, including more than 5,000
rivers, lakes, and other bodies of water, which play a crucial role in maintaining ecological balance,
developing fisheries, and preserving biodiversity [1]. These aquatic ecosystems are not only vital
natural resources but also play a decisive role in the sustainable socio-economic development of the
region. They provide a variety of ecosystem services, such as water supply, maintenance of biological
diversity, and play a central role in the fishing industry, which is an important sector of the
economy [2, 3].

To ensure effective management and rational use of water resources, scientific research is
conducted annually, including fish stock assessments, which allow for the evaluation of population
status and resilience [4, 5]. These studies aim to establish permissible catch volumes and develop and
implement strategies for the conservation of aquatic environments [6]. A crucial part of such research
is the monitoring of fish populations, which provides data on species composition, abundance, and
age structure, as well as identifying changes in their ecosystems. This data forms the basis for
management decisions aimed at the conservation and sustainable use of water resources [7].

One of the important aspects of environmental monitoring is the use of modern statistical methods,
including the Bayesian approach. Bayesian analysis is a contemporary method for statistical inference
that allows combining prior information about a parameter with new data to obtain an updated
understanding of the parameter's value. This method is particularly useful in conditions of uncertainty
and complexity, as it allows for the consideration of both prior knowledge and newly acquired data.
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The advantages of Bayesian analysis include the integration of prior knowledge, sequential
learning, flexibility, and adaptability [8-10].

Bayesian analysis allows for modeling and accounting for uncertainties in data, which enables
more accurate predictions of changes in fish populations and the identification of hidden patterns in
the data that are not always apparent when using traditional statistical methods [11-13]. This method
provides a more comprehensive understanding of potential changes in aquatic ecosystems and can
become an important tool in fishery management. The use of the Bayesian approach also allows for
the consideration of changes in population structure and more precise forecasting of their future
development [11, 14].

The application of Bayesian analysis in assessing the dynamics of fish populations and their
ecosystems improves long-term planning in water resource management and provides opportunities
for optimizing fisheries and developing measures to conserve the biodiversity of water bodies. It also
contributes to enhancing the quality of scientific forecasts and increasing the accuracy of management
decisions in fisheries and ecology [9, 13]. Thus, the use of the Bayesian approach enhances the
efficiency of monitoring, forecasting, and managing fish resources, promoting the sustainable
development of aquatic ecosystems and ensuring the safety of fisheries in Kazakhstan.

Research Methods

This study used a Bayesian approach to analyse data on fisheries catches and age structure of fish
populations. Bayesian analysis was chosen as the main research tool due to its ability to account for
uncertainty in the data and use prior knowledge, which allows for more accurate modeling of trends
and forecasts. The basis of Bayesian statistics is the following formula

P(6|D)P(6)

P(OID) =~

where P(6|D) represents the posterior distribution of parameters 6 for given data D, P(8|D)
describes the likelihood of the data, P(8) is the prior distribution of the parameters, and P(D) acts as
a normalization constant that ensures the correctness of the probability distribution.

To model the age structure of fish populations, a normal distribution was used, which allows for
flexible description of variable indicators such as mean age:

Age ~ N'(u,02)

where u is the mean age value and o2 is the variance characterizing the degree of variability.

The analysis of data on the proportions of different species in the test catches was carried out using
a categorical distribution that can adequately account for the probabilities of proportional
representation of species:

Share of fish species ~ Categorical(p4, Dz, -, Pi)

where p = [p4, P2, ..., Px] are probabilities corresponding to k different fish species.

The Markov Chain Monte Carlo (MCMC) method was used to estimate the parameters, which
allows iterative generation of samples from complex posterior distributions. The expected value of
the parameter 6 was approximated based on the sample mean:

where N is the total number of samples and 6; are the individual parameter values obtained from the
posterior distribution.
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The main advantage of the Bayesian method lies in its ability to handle uncertainty, which is
crucial when analyzing ecological data, where there can be various sources of errors and variability.
Unlike classical methods such as linear regression, the Bayesian approach allows for the
consideration of probabilistic distributions for all model parameters, providing a more comprehensive
understanding of potential trends and changes in fish populations.

To analyze the collected data, a Python script was developed, which automated data processing
and model building. The primary library used for Bayesian analysis was PyMC, which allows for the
creation of complex statistical models and sampling from the posterior distribution of parameters
using the Markov Chain Monte Carlo (MCMC) method [10].

The MCMC method allows for obtaining samples of model parameters and estimating their
distributions. This is particularly important when data is limited and it is necessary to account for the
variability of parameters in the model.

The main focus was on identifying trends based on two key indicators:

1. Average age of fish —an indicator reflecting the age structure of populations, allowing for
the assessment of reproduction dynamics and generational turnover.

2. Proportion of a specific species in control catches — a relative indicator characterizing the
distribution of populations and their dominant position in the ecosystem.

It should be noted that the indicators of average age and quantity in the control catch are
independent and assess the state of fish resources indirectly. The coincidence of trends in changes in
average age and the share of species in catches serves as an additional indicator of the state of fish
resources. For example, an increase in average age combined with a decrease in the share of a specific
fish species in the control catch may indicate a slowdown in population reproduction, while their
opposite dynamics may indicate an improvement in environmental conditions or the effectiveness of
regulatory measures.

The study is based on scientific fishing data conducted on the Yesil River from 2014 to 2023. The
analysis included an assessment of the average age of fish in catches and the proportional distribution
of the main species in control samples. The tabular materials contain information on such species as
Roach, Bream, Pike, Common bass, and Tench (Tables 1-2). The presented data were used to perform
analytical calculations and prepare reporting materials intended for submission to the LLP «Fisheries
Research and Production Centery.

Table 1. Average age of fish in the control catch, years

Year Roach Bream Pike Common bass Tench
2014 3.98 4.67 341 3.80 5.92
2015 3.57 411 3.66 3.64 5.00
2016 2.93 3.73 2.87 3.09 6.67
2017 2.86 3.48 2.65 3.06 4.70
2018 2.94 2.53 2.40 2.76 3.37
2019 3.17 2.78 2.56 3.17 3.92
2020 3.75 3.67 3.17 3.43 4.07
2021 3.11 2.99 2.89 2.98 3.37
2022 4.13 3.91 2.88 4.36 5.30
2023 3.48 4.27 3.69 4.08 6.67
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Table 2. Share of fish in the control catch, %

Year Roach Bream Pike Cobn;géon Tench Total

2014 36.01 13.67 6.94 35.14 8.24 100.00
2015 41.80 15.17 5.88 32,51 4.64 100.00
2016 40.10 15.40 3.89 38.07 2.54 100.00
2017 35.92 24.35 3.45 34.54 1.73 100.00
2018 30.29 25.63 6.27 32.97 4.84 100.00
2019 37.48 21.26 6.29 31.70 3.27 100.00
2020 31.94 20.00 5.75 26.64 15.67 100.00
2021 28.38 19.03 7.03 29.26 16.30 100.00
2022 30.71 27.24 8.78 28.34 4,94 100.00
2023 45.39 21.05 4.28 28.29 0.99 100.00

Results

The results of the analysis shown in Figures 1-10, conducted using a Bayesian approach,
demonstrate changes in the average age of fish and the share of each species in the control catches
from 2014 to 2023. These data allow for the identification of key trends in fish populations and the
assessment of the impact of environmental factors on their distribution and age structure.
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The study produced regression lines that reflect the main trend in changes in the average age of
fish and the share of each fish species in the control catches. These indicators are independent, and
their mutual coincidence allows us to judge the consistency and accuracy of the control methods used
to monitor the state of fish populations. Analyzing trends for each of these indicators allows for a
deeper understanding of the dynamics of fish resources and the assessment of the effectiveness of
catch management.

Additionally, it is important to consider changes in the average age of fish, which should be within
the desired range to maintain ecosystem stability. This indicator also requires constant monitoring to
promptly identify possible deviations and adjust fishery management measures.

Table 3. Changes in regression line values by year

Fish type 2014 2023 Difference
Age Share % Age Share % Age Share %
Roach 3.19 36.01 3.55 32.88 0.36 -3.13
Bream 3.56 15.75 3.14 24.00 -0.42 8.25
Pike 2.95 531 2.89 6.35 -0.06 1.04
Common bass 3.07 35.82 3.52 27.21 0.45 -8.61
Tench 412 4.77 3.61 7.33 -0.51 2.56

In Table 3, a decrease in the share of roach and perch in the control catches can be observed, while
their age has also increased. This may indicate a decline in the population of these species in the water
body. At the same time, the indicators for bream, pike, and tench show a more positive trend: the
share of these species in the catch has increased, and their age in the control catches has become
younger. These changes may indicate improved conditions for these species in the water body and
more effective reproduction.

Discussion

The results of this study highlight the complexity of fisheries management, even with long-term
monitoring data. One of the key problems is the poor quality and incompleteness of the information
collected. Data on the abundance and age structure of fish populations often contain significant errors
and omissions, which significantly limits the ability to conduct accurate analysis. This, in turn, makes
it difficult to develop scientifically sound recommendations for catch management.

In addition, traditional methods of analysis are not effective enough to account for the complex
relationships between environmental factors and fish population characteristics. High uncertainty and
variability in natural conditions often mean that many key patterns remain hidden. For example,
existing data rarely allow direct assessment of the total volume of fish in a water body, which requires
more flexible approaches.

In this regard, the use of Bayesian analysis seems to be a promising method. This approach allows
for both uncertainties and complex relationships between variables, making it particularly useful for
assessing the state of fishery resources in conditions of incomplete data. The use of this method helps
to obtain more accurate and reliable results, which can significantly improve the efficiency of fishery
resource management.

Conclusion

The study analyzed the dynamics of fish populations in the Yesil River based on long-term data
on test catches and the age structure of fish. The Bayesian approach used allowed us to identify key
patterns in changes in the state of fish resources, as well as to assess the impact of various factors on
their numbers and age.
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The results of the analysis showed that for some fish species, such as roach and perch, there is an
increase in their age and a decrease in their share in catches, which may indicate a decrease in the
number of these species in the reservoir. At the same time, the improvement in indicators for Bream,
Pike and Tench, both in terms of share in catches and in age, indicates more favorable conditions for
these species. These data are important for developing recommendations for sustainable fisheries and
preserving water body ecosystems.

As part of the overall fisheries research in the Republic of Kazakhstan, it is necessary to determine
the optimal average age for each fish species depending on the conditions of the water body.

Thus, Bayesian analysis has proven to be an effective tool for assessing the state of fish resources
and monitoring their changes, as well as for identifying hidden patterns that would be difficult to
notice using traditional methods. The application of such methods in the future will allow for more
precise regulation of fish catches, which will contribute to maintaining the ecological balance in the
water bodies of Kazakhstan.
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