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Annotation. The article presents an analysis of the world experience in the use
of digital technologies in the accounting of game animals. Key approaches are
considered, such as the use of geographic information systems (GIS) to analyze the
suitability of habitats and the potential number of mammals and birds, automated
systems for monitoring and accounting of animals using unmanned aerial vehicles
(UAVs) and camera traps. Examples from various countries are analyzed, where the
digitalization of monitoring and accounting of animal communities has increased the
accuracy of the data obtained, which has reduced the impact on ecosystems and
improved the management of hunting resources. The possibility of adapting these
technologies to the conditions of Kazakhstan is considered, with an emphasis on the
need for an integrated approach to monitoring to ensure the sustainable development of
the hunting industry and the preservation of natural heritage in the face of global
environmental challenges. The presented results can be used to develop effective
strategies for the digitalization of wildlife monitoring in Kazakhstan and other countries
with similar natural and climatic conditions.

Keywords: digitalization of animal accounting; unmanned aerial vehicles
(UAVs); geographic information systems (GIS); camera traps; remote sensing;
Biodiversity monitoring.

Introduction

Kazakhstan, with its unique natural conditions and rich biodiversity, is faced
with the need to introduce modern accounting methods to ensure the sustainable
development of the hunting industry. Global experience in this area shows that
digitalization contributes to environmental and economic efficiency, which is especially
important in the face of global challenges such as climate change and biodiversity loss.
Research show that the use of unmanned aerial vehicles (UAVs) significantly improves
the effectiveness of monitoring wildlife, especially nocturnal species that live in hard-
to-reach areas. They allow for accurate population counts and analysis of animal
behavior, minimizing stress and impact on their natural habitat. Satellite monitoring is
particularly useful for large-scale research and monitoring of anthropogenic impacts,
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and GIS is used for habitat analysis, modeling migration routes, and creating ecological
corridors.

The problem of modern research is the need to improve the accuracy and
efficiency of accounting for game and commercial animals to ensure sustainable
management of natural resources. Traditional accounting methods are often
accompanied by difficulties, such as high labor intensity, limited ability to process large
amounts of data and insufficient efficiency in obtaining up-to-date information. In
addition, many countries, including Kazakhstan, are facing problems of poaching,
ecosystem degradation and changes in the number of animal populations. This requires
the introduction of innovative approaches for accurate monitoring and rational
management of hunting resources.

The objects of research in this article are modern methods of accounting for
game and commercial animals using digital technologies.

The purpose of the article is to analyze and systematize the world experience of
using digital technologies in the accounting of game animals, as well as to develop
recommendations for adapting these technologies to the conditions of Kazakhstan. The
research aims to identify the benefits of digitalization in the hunting industry, including
improving monitoring accuracy, improving resource management and reducing the
impact on ecosystems.

Materials and methods of research

A literature review was conducted using the scientific databases MDPI, Scopus
and eLIBRARY to analyze digital technologies for recording game animals. Twenty-
four sources were included in the review, covering studies from 2002 to 2025. The
focus was on papers that examined the use of unmanned aerial vehicles (UAVS), camera
traps, and geographic information systems (GIS) in wildlife monitoring. The analysis
covered both methodological aspects of the technologies and practical results of their
application in different natural and climatic conditions.

For comparative analysis of the effectiveness of the methods, a table was
compiled, indicating the types of equipment, target animal groups and main results of
the research. The following criteria were used as criteria for comparative assessment:
accuracy of population counting, scale of territory coverage, impact of the method on
animal behavior, cost and labor intensity of application.

As a result, the key advantages and limitations of each method were highlighted,
which allowed to substantiate the prospects of their integrated application in Kazakhstan
for monitoring of game species.

Research results

Use of UAVs with thermal imaging sensor

Traditional methods of counting game animals, such as winter route counting,
counting in places of concentration of animals, questionnaire method, face a number of
restrictions. These challenges include low accuracy, high labour intensity, data
subjectivity and inability to cover large or hard-to-reach areas. Modern technologies,
including thermographic surveying, the use of drones, geographic information systems
(GIS) analysis and satellite monitoring, can significantly improve traditional methods,
eliminate their key disadvantage and expand their capabilities.

477



WAMp

{3
A8
PN BKY Xa6apuubicbi
ESS Becram 3KY 3(99) — 2025

The use of UAVs with a thermal imaging sensor can transform wildlife
monitoring, contributing to the effective tracking of animal populations over large areas.
UAVs have established themselves as a universal tool for observing animals in their
natural environment, especially in hard-to-reach and remote regions. They are
successfully used to observe large mammals, birds, reptiles and even small animals. For
example, in the open landscapes of Canada, the use of drones with thermal imagers
made it possible to count coyotes, foxes and skunks. The researchers conducted more
than 200 flights at night, detecting the animals with to their heat signatures. This made it
possible not only to confirm the presence of species, but also to assess their activity and
population density [1, 2].

In waterfowl wetlands, the use of UAVs with high-resolution cameras has
proven to be effective in counting populations. In one research, drones were used to
monitor nesting birds, such as gulls and ducks, allowing for an accurate record of them
without disturbing the animals. While traditional methods, including ground surveys or
manned flights, often lead to stress in birds, which can skew data on their abundance
and behavior. In contrast, the use of drones allows for aerial surveying, minimizing any
negative impact on communities [3].

Some African countries and Sumatra are now using drones to monitor large
mammals such as elephants and giraffes. This research helped to assess the state of their
populations, determine the main routes of their migrations and habitats. Through the use
of multispectral sensors mounted on drones, researchers have been able to analyze
vegetation cover and water availability, which is critical for the survival of these
animals in arid climates [4, 5].

Thermal imaging cameras integrated into UAVs provide unique capabilities for
detecting animals in low-visibility conditions. They allow you to record thermal
radiation, which is especially useful for working at night or in dense vegetation. This
makes them indispensable for counting nocturnal species of animals or those that are
invisible to observers. In Canada, such cameras have been successfully used to detect
the heat signatures of medium-sized mammals such as coyotes and foxes, confirming
their versatility. Thermal imaging cameras also find applications in agricultural areas,
where they are used to identify animals in fields before harvesting to prevent them from
dying [2].

Multispectral cameras allow not only to record animals, but also to analyze the
state of their habitat. These sensors provide data on vegetation, soil conditions and
water availability, which is particularly important for assessing the ecological health of
an area. For example, in national parks in Africa, drones with multispectral cameras are
successfully used to analyze the ecological environment of landscapes and identify
areas with the most suitable habitats for large mammals.

One of the most significant advances in the accounting of game animals is
associated with the automation of the analysis of data obtained from UAVs. Collecting
a huge number of images creates the need for efficient processing, and this is where
deep learning algorithms come in. For example, algorithms such as Faster R-CNN and
YOLO demonstrate high accuracy in recognizing objects in images. Faster R-CNN
provides accurate species recognition, whereas YOLO stands out for its speed of
analysis, which is especially important when processing large amounts of data. In South

478



WAMG,
AV
,‘@ o) e BKY Xa6apLubicbl
EES  Becrnuk 3KY 3(99) — 2025

Korea, deep learning algorithms were used to analyze images collected from drones in
order to take into account the number of birds. With the help of images taken from a
height of 100 meters, databases were created, including thousands of images, which
were then automatically processed. This approach not only improves the accuracy of
accounting but also significantly reduces the analysis time compared to manual methods

[3].

In Greenland, the use of UAVs has proven effective in monitoring species such
as the white-fronted goose Anser brachyrhynchus and the ringed pin Charadrius
hiaticula. Studies have shown that RGB cameras installed on drones are able to capture
birds on glaciers and coastal areas, providing highly detailed images. These devices
made it possible to identify hidden birds' nests, which were invisible due to their natural
camouflage coloration. For example, the thermal radiation of the body of a nesting
ringed plover against the background of the cold surface of stones allows it to be easily
identified on thermograms. This made it possible not only to count the number of
nesting birds, but also to study the distribution of their nesting territories, which is key
for the conservation of these species [6].

Thermographic sensors are widely used in research not only in the Arctic, but
also in other difficult climatic conditions. An important feature of thermal cameras is
their ability to record the thermal radiation of the body of animals, which makes them
indispensable for night monitoring or work in conditions of poor visibility. In
Greenland, thermal cameras have been shown to be effective in studying bird nesting
grounds, and in marine mammal studies, they have been able to determine the condition
of animals, including the thickness of the fat layer, which is important for assessing the
adaptation of species to environmental changes. This is especially true for species such
as seals, whose survival is closely tied to changes in temperature and food availability.
In Korea, the use of drones with thermal sensors made it possible to observe the lesser
spoonbill (Platalea minor) in conditions where human presence was impossible. These
observations confirmed the effectiveness of such technologies for working in difficult
environmental conditions, allowing the protection of rare species without the need for
their immediate concern [6, 7].

In Scotland, UAVs with high-resolution cameras have proven successful in the
study of grey seals (Halichoerus grypus) and grey seals (Phoca vitulina). The survey
from a height of 30-50 meters made it possible to identify individual individuals by
patterns on the skin, as well as measure their size, which is critical for assessing the
health of animals and their adaptation to climate change. These data were obtained
without physical contact with the animals, which minimized stress for them. The studies
also found that the reaction of seals to drone flights varied depending on their
characteristics. Less noisy models, such as Cinestar 6, caused minor behavioral changes,
even when approaching at a distance of about 30 meters, while noisier vehicles, such as
Vulcan 8, sometimes caused the animals to go into the water [7].

In the process of wildlife monitoring, the drone's customized flight path, which
reflects the topographic features of the land cover, greatly improves the success rate of
animal detection and maximizes the efficiency of the UAV use. Thermal imaging
drones detect heat sources based on body temperature and offer superior operational
flexibility and detection speed compared to drones with an RGB camera, as they can

479



WAMG,
AV
,‘@ o) e BKY Xa6apLubicbl
EES  Becrnuk 3KY 3(99) — 2025

operate both during the day and at night. The use of thermal imaging drones to detect
wildlife has significant potential to accurately assess animal populations over large
areas in a relatively short period of time. UAVs with thermal imagers can detect the
location of wildlife in real time, identify individual species and count their numbers,
leading to more accurate estimates of their numbers [8].

Compared to the use of UAVs, ground-based surveys of both birds and
mammals are time-consuming and can disrupt and affect the results of their spatial
distribution, while visual monitoring and daylight counting limits the detection of
nocturnal and visually difficult to detect species. The use of unmanned aerial vehicles
makes it possible to simultaneously study several parameters, such as behavioral
responses, accounting for the number and gender ratio in communities. In addition,
UAVs have better detection capabilities for some species and are more efficient in terms
of survey time compared to other methods. Several studies have found that the use of
drones had more accurate and efficient results compared to traditional ground-based
methods of counting birds [8-10].

Monitoring populations using UAVs with a thermal imaging camera is
especially effective in recognizing and counting medium and large nocturnal mammals
in open fields. In the study of colonies of the black-tailed prairie dog (Cynomys
ludovicianus), remote sensing using UAVs was used together with Al. The paper
demonstrated that deep-processed, high-resolution aerial imagery is a powerful potential
tool not only for mapping colonies, but also for characterizing heterogeneity within and
between colonies, providing detailed information on individual burrow locations [11].

In the hunting grounds of the Kemerovo region, the use of combined imagery
using unmanned aerial vehicles (UAVs) with conventional and thermal imaging
cameras was used to monitor the number of game animals. The results of the study
showed that the use of digital counting methods makes it possible to identify deviations
in the number of animals by 30-50 % compared to the traditional method of winter
route counting. At the same time, long-haired animals, characterized by a lower
intensity of thermal radiation, are identified and recognized in the images. The use of
UAVs has proven to be particularly effective for large animals (elk, maral, roe deer),
while the identification of small animals and birds requires further technological
improvements [12].

Thus, it can be concluded that in environmental monitoring, the use of UAVs
has a number of advantages over traditional methods. This method is more effective for
counting the number of birds, terrestrial and marine mammals due to the possibility of
its use in hard-to-reach places and at night, relatively silent operation of drones and
covering large areas of the study area.

Use of GIS systems

In terrestrial ecosystem monitoring, GIS is most often used to analyze the
suitability of habitats for different animal species based on the characteristics of
vegetation cover, the presence of tree stands, water bodies, anthropogenic structures,
and the area of settlements. An example of the use of GIS systems is the creation of
"wildlife corridors”. On the basis of high-resolution satellite images, it is possible to
visualize the current state of ecosystems, the availability of suitable habitats for certain
species of animals, the degree of degradation of natural landscapes as a result of
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anthropogenic activities. Based on this and the actual presence of wild animals, it is
possible to predict their distribution and potential abundance in the study area [13-15].
At present, as a result of the use of high-resolution satellite images and topographic
maps, it is possible to identify important ecological features in the habitats of rare and
endangered species and to locate potential ecological "corridors” between animal
communities. The creation of ecological "wildlife corridors” through GIS is becoming
more common to allow different animal species to move more easily between their
habitats. These "corridors™ allow for increased genetic diversity between populations
and reduced negative interactions between wildlife and humans [16].

Monitoring with camera traps

In recent years, the use of camera traps to monitor wildlife populations has
become increasingly popular due to the cost-effectiveness of this approach, the wide
range of species observed and the absence of negative effects on animal behavior.
Camera trap imagery offers the ability to collect continuous time series of biodiversity
data, allowing for real-time monitoring [17]. With the development and improvement of
machine learning algorithms, especially in the field of image processing, automatic
detection and identification of species from imagery has become accessible and widely
used. When using camera traps, it is possible to collect time series of data on the
presence of herbivores or predatory animals. When combined with satellite imagery of
vegetation cover, it can create a scalable, cost-effective and replicable wildlife
monitoring system [18].

The use of camera traps offers significant advantages over traditional monitoring
methods. First, the real-time processing of such data allows for continuous monitoring
of the presence of species in a particular habitat, which allows for highly adaptive
management of animal resources. Secondly, this method is cost-effective and
convenient for the researcher, reducing dependence on time-consuming and expensive
aerial surveys. At the same time, local data processing also reduces the need to upload
images, which is ideal for remote areas. Thirdly, the use of camera traps for monitoring
the animal population is possible in any habitat, both with a limited water level and in
places where there are permanent watercourses.

Modern research using camera traps is actively developing two key areas:
biodiversity monitoring and estimation of animal population density.

In the field of population estimation methods, a new approach was proposed
based on the frequency of camera traps. It allows you to calculate the number without
the need for individual identification of individuals. The method was tested on four
tropical species: red-necked wallaby (Macropus rufogriseus), Chinese water deer
(Hydropotes inermis), muntjac (Muntiacus reevesi) and mara (Dolichotis patagonum).
The new approach demonstrated high accuracy in estimating population density
depending on the frequency of camera traps and showed similar abundance values in
comparison with the previously known abundance of these species [19]. Later, in the
mountains of Tanzania, the effectiveness of using the frequency of camera traps as an
index of population density was confirmed on the example of one model species -
Harvey's duiker (Cephalophus harveyi). Using the number of camera traps as an
indicator of abundance has been shown to be a promising and cost-effective way to
quickly estimate the number of animals in remote areas [20]. In the Italian Apennines, a
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comparative analysis of three methods for estimating the population density of the
European roe deer (Capreolus capreolus) was carried out. In this study, the method of
analyzing camera trap actuations was compared with route counting and the method of
counting fecal groups. The results showed relatively similar values of roe deer
population density by these three methods, while counting with camera traps is
characterized by an average level of accuracy and the least labor intensity. In general,
the conclusions in this work confirmed the high accuracy of the use of camera traps
with appropriate data calibration and noted the effectiveness of an integrated approach
to improve the reliability of monitoring [21]. In Northern Sweden, studies were
conducted to compare the methods of photographing and recording excrement in
estimating the population density of roe deer and elk (Alces alces). The results showed
that the use of camera traps could be a viable alternative compared to classical
monitoring methods and could be particularly useful for monitoring multispecies
communities [22].

As part of the monitoring of biodiversity in the Republic of Belarus, the
effectiveness of using camera traps for the long-term study of badger (Meles meles)
settlements was demonstrated on the territory of forestries. This made it possible to
identify seasonal features of behavior and the structure of social groups without
interfering with the natural environment [23]. In China, in the Guanyinshan Nature
Reserve (Shaanxi Province), camera traps with infrared cameras were used to assess
species diversity. In July 2009, 18 camera traps were installed in the reserve, which
made it possible to collect 2115 images and identify 27 species of wild animals in the
period from August 2009 to July 2011. Among the recorded species were such key
representatives of the fauna as the red panda (Ailurus fulgens), Berezovsky's musk deer
(Moschus berezovskii) and the Asiatic badger (Meles leucurus). The work demonstrated
the high efficiency of using camera traps to monitor fauna in hard-to-reach mountain
ecosystems and emphasized the importance of a long period of data collection to ensure
the representativeness of the results [24].

Thus, the results of modern studies demonstrate the high prospects of digital
accounting methods, especially camera traps and remote sensing, for improving the
accuracy of monitoring the number, population structure and biodiversity of game and
rare animal species.

Comparative characteristics of digital methods of animal counting

To generalize and systematize the world experience in the use of digital
technologies in the monitoring of hunting and other animals, a comparative analysis of
the studied literature was carried out. The table presents the key studies, which indicate
the methods and equipment used, the animal species studied, as well as a brief summary
of the main results of each of the studies carried out. This makes it possible to visually
assess the variety of approaches, their effectiveness and applicability to different
monitoring conditions.
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Table - 1 - Comparative analysis of digital methods of animal counting
Authors (eql\l/JI?;rr]r?ednt) Species under study Key findings
Common wildlife | UAVs are recognized as
(Chabot & | UAV  (review | groups  (ungulates, | effective  for  monitoring
Bird, 2015) | article) birds, marine | wildlife in large and hard-to-
mammals) reach areas
_ Fox (Vulpes vulpes) UAVs made it possible_to
UAVs with ' | accurately assess the location
(Bushaw et L raccoon (Procyon
al., 2019) thermal imaging lotor), coyote (Canis and abunc_iance __of
cameras latrans) mesopredators in the prairies
of Canada
The use of deep-learning-
based bird detection
UAV with RGB Blac_k Mallard (Anas techniques in combination
poecilorhyncha), . .
cameras _ Common Teal (Anas with aer_lal ph_otogra}phy from
(Hong et | combined with a .| UAVs is quite suitable for
. Crecca), Great White ! . . .
al., 2019) deep  learning- Egret (Ardea alba) detecting birds in various
based bird Grey Heron (Ardea; conditions. The Faster R-
detection method cinerea) CNN model is the most
accurate, and the YOLO is
the fastest model
The use of UAVs with
White-fronted Goose | thermal imaging cameras can
(Anser be successfully wused to
. brachyrhynchus), observe animals in the
(Lee et al., aL:]'S‘VS Wlttuer\r)rcn;elﬁ Ringed Goose | extreme conditions of
2019) imaging cameras (Charadrius Greenland and in the
hiaticula), Little | protected area of the
Spoonbill  (Platalea | Republic of Korea, as well as
minor) to search for hidden nests of
waders in coastal shoals
The use of UAVs caused
Grey seal glifferent behavioral re:\actions
(Pomeroy et | UAV with video | (Halichoerus n se_als dur!ng breeding and
al., 2015) surveillance grypus), grey seal molting. I.t 'S noyed that the
N L drone's flight altitude above
(Phoca vitulina) LT
50 m minimizes the stress of
seals during observations
Optimization of  flight
UAV with | River rabbit | parameters has increased the
(Burke et . . .
al., 2018) thermal infrared (Bun(_)Iagus_ eff_|C|ency pf counting
' cameras monticularis) animals with thermal

imagers. With the help of
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UAVs, for the first time in
the study area, a rare,
endangered  species  was
discovered - the river rabbit

(Burke
al., 2019)

et

UAVs with
thermal imaging
cameras

Borneo orangutan
(Pongo pygmaeus)

With the help of UAVS, 41
orangutans and a group of
proboscis  monkeys  were
successfully detected in the
rainforest. The  potential
advantages and limitations of
UAVs with thermal imagers
in comparison with other
methods are discussed

(Dunstan
al., 2020)

et

Combining
UAVs
underwater
photography

and

Green sea turtle
(Chelonia mydas)

A comparison of three
methods for observing green
turtles on the Rhine Island
(Australia) is given. The
results showed that the use of
UAVs is more efficient in
terms of time  spent,
personnel engagement and
weather resilience

(Kearney
al., 2023)

et

UAV with deep
learning
algorithm

Black-tailed prairie
dog (Cynomys
ludovicianus)

Using UAVs together with a
deep learning algorithm can
accurately detect the burrows
of prairie dogs. At the same
time, scaling from individual
burrows to entire colonies is
possible, but requires further
research

(lvanova
Prosekov,
2024)

&

UAV with
conventional and
thermal imaging
cameras

Elk (Alces alces), red
deer (Cervus elaphus
sibiricus), roe deer
(Capreolus
pygargus) and other
species

The use of a combined
approach (with conventional
and thermal imaging
cameras) effectively registers
all species of game animals.
Such  remote  monitoring
makes it  possible to
formulate algorithm
conditions  for automatic
species detection

(Danks
Klein,
2002)

&

GIS modeling

Musk ox
moschatus)

(Ovibos

GIS Models Successfully
Used in Study to Predict
Suitable Habitat for Musk
Oxen in Alaska
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Based on GIS, a predictive
spatial model of the habitat of
the red-headed bristlebill was
developed. Correlations were
(Gibson et _ Rt_ad-hegded _ found betwe_en the presence
al., 2004) GIS modeling bristlebill _(Dasyornls of the species an(_JI altitude
' broadbenti) above sea level, distance to
the stream, distance to the
coast and the level of
development of shrub
vegetation
Koala The OzTrack online platform
OzTrack online (I?hascolarctos offers a set of reliable _and
platform for cinereus),  southern al_‘ford_aple tools for processing,
(Dwyer et . cassowary visualizing and analyzing data
sharing GPS data . . 4
al., 2015) on animal (Casuarius on the location of animals.
location tracking casuar!us), saltwater | OzTrack uses free and open-
crocodile source  software available
(Crocodylus porosus) | online

GIS modeled the likely routes
of tigers between Kanha and

é:?ag(l)olr;) ot GIS modeling tTgl]?Fsr) (Panthera Pench National Parks and
N identified potential migration
corridors
. New databases (GPS, camera
. Overview of new
(Hartig et . traps) open up new prospects
al., 2023) approaches_ to | Different types forp )ecglogicgl andp sgatial
data processing .
analysis
With the help of the spatio-
temporal animal monitoring
Camera traps system, accurate data on the
(Weber et | and satellite | Different Species of | population density of herbivores
al., 2025) images of | Herbivores were obtained in real time,
vegetation cover which allows for targeted
population management and
promotion of savannah recovery
(Rl\;la::r'ggﬁgd wallaby Ankapp_f[oach Ifn Iprct)posetc_i th?t
. . makes it possible to estimate
_ \r,\lj;f[)egrrlseus), Ch'gisei the der_lsity of the population
(Rowcliffe . ) of animals based on the
et al., 2008) Camera traps (Hydropotester_mls), frequency of images with
:Eg\r/](?;(): ( unt'r?](;lﬁz camera traps, wit_hOL_Jt_ the
(Dolichétis need N for_ _ |_nd|V|duaI
patagonum) recognition of individuals
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Blue Duiker It is shown that the
. frequency of camera trap
(Philantomba .
. . | shooting (the number of
monticola), Suni ) .
(Neotragus photographs per unit of time)
(Rovero & h g can be a reliable indicator of
Marshall Camera tra moschatus), th lation density of th
, ps e population density of the
Bushbuck X .
2009) species under study. This
(Tragelaphus .
. .. | method has great potential
scriptus),  Harvey's for standardizing monitorin
Duiker (Cephalophus g mc I 19
harveyi) programmes, especially in
remote, hard-to-reach areas
The results showed that the
camera trap method s
applicable to estimating the
(Marcon et Roe deer (Capreolus | population density of roe deer.
al., 2019) Camera traps capreolus) At the same time, it has an
average level of accuracy and
requires the least effort from
the counters
Using camera traps, a model of
random encounters was tested,
without the need to recognize
(Pfeffer et Camera traps | Moose (Alces alces), | individual individuals. The
al., 2017) and  excrement | roe deer (Capreolus | results showed that when
B accounting capreolus) monitoring ungulate
communities, camera traps can
be a reliable addition to
traditional counting methods
(Smolyarko On the example of a local
y settlement of badgers, the sex
& Badger (Meles .
Y . Camera traps and age structure, reproduction,
ushkevich, meles) . - : )
2025) daily activity and interaction
with other species were studied
Takin (Budorcas
taxicolor), ~ common
goral - (Naemorhedus With the help of camera
goral), crested deer A
traps and population indices
(Elaphodus . X
. Camera traps in the Guanyinshan Nature
(Liu et al.,| . . cephalophus), golden :
2013) with infrared heasant Reserve (China), data on the
cameras P number of species, their

(Chrysolophus pictus),
wild boar (Sus scrofa),
Sumatran buffalo
(Capricornis
sumatraensis)

dynamics and daily activity
were obtained
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Analysis of the presented data shows that each of the digital methods of
accounting has its own advantages and limitations in monitoring game animals. UAVs
with thermal imaging and RGB cameras have demonstrated high efficiency in the
operational accounting of medium and large mammals, especially at night and in hard-
to-reach regions. GIS technologies make it possible to carry out spatial modeling of the
habitat and design ecological corridors, which is important for the preservation of
migration routes and support for populations of rare species. Camera traps have proven
their value as a cost-effective tool for long-term monitoring of biodiversity and
estimation of community numbers with minimal interference with animal habitats. The
most effective for sustainable management of hunting resources is the combined use of
all three approaches: UAV counting, spatial modeling using GIS and constant
monitoring of the number using camera traps.

Prospects for the implementation of digitalization in Kazakhstan for the
accounting of hunting and commercial species

The territory of the north-east of Kazakhstan, in particular the Pavlodar region,
has significant potential for the development of digital technologies for monitoring
hunting and commercial species. At present, there is an acute lack of comprehensive
information on the number, distribution and dynamics of wildlife populations, which
limits the possibilities for effective management of hunting resources. Existing
scientific research on medium and large mammals is fragmentary and does not cover the
territory of the north-east of Kazakhstan in full.

The introduction of modern digital methods, such as aerial photography using
unmanned aerial vehicles (UAVS), automatic monitoring using camera traps and spatial
data analysis in geographic information systems (GIS), will qualitatively change the
approach to the accounting of hunting species. The use of thermal imaging and
multispectral sensors on UAVs will ensure high-precision recording of animals even in
hard-to-reach and poorly studied areas, and camera traps will provide continuous data
on seasonal activity and the sex-age structure of communities.

The introduction of digital technologies will make it possible to improve the
accuracy of accounting, reduce labor costs, minimize the stress impact on animals and
allow you to quickly respond to changes in the number of game species. In addition, the
creation of integrated databases and models of the spatial distribution of communities
will contribute to the development of science-based recommendations for the regulation
of hunting, biodiversity conservation and sustainable nature management.

Conclusion

Based on the analysis of literature sources in the field of application of modern
methods of accounting for hunting and commercial species of animals, the following
conclusion can be made. The use of UAVs makes it possible to carry out an absolute
count of the number of mainly large and medium-sized animals, to identify the features
of biotopic distribution, nesting, behavior, aggregation of waterfowl in molting sites,
and also allows you to assess the ecological state of habitats and migration routes. When
using camera traps, it is possible to assess not only the species composition, but also the
population density of game animals based on the frequency of camera operation, to
identify daily activity, sex and age composition of populations, behavioral
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characteristics and interaction with individuals of other species. In addition, unlike the
use of UAVs, camera traps are less expensive and allow long-term monitoring over
large areas. GIS technologies based on geoinformation mapping and modeling make it
possible to visualize the spatial distribution of animals in the areas under study, as well
as to predict changes in their ranges as a result of remote monitoring data. These
methods of counting can be recognized as an alternative to traditional ground-based
methods of counting, they allow for accurate, prompt and minimally invasive
monitoring of populations, which is especially important in the context of growing
anthropogenic pressure. However, the use of digital technologies in monitoring the
animal population does not exclude ground-based methods of counting, and their
integrated use makes it possible to obtain more accurate data on the number and
population parameters of hunting and commercial mammals and birds. International
experience confirms that the integrated use of digital technologies and ground-based
accounting methods contributes to optimizing the management of animal resources and
reducing the risks of loss of biological species. For Kazakhstan, the digitalization of
accounting is a strategically important area that ensures scientifically based regulation
of hunting, the restoration of natural ecosystems and integration into global biodiversity
conservation programs.
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Cepraszunosa 3.M., Makapos A.B., Marzamos A. E., Buminsa b.1.,
KanuneBa A. b.
AHIIBUIBIK-KOCHIIIJIIK ’)KAHYAPJIAP/IbI ECEIIKE AJIY/1bl
HUDPJIIAHJABIPY: 9IEBHU IOJY

AHHOTauMA. Makanaja aHIIBUTBIK-KOCIMIILIIK >KaHyapiaapAbl ecemke amyaa
IUGPIABIK  TEXHOJOTHsUIApAbl  HalJalaHyIblH  QNeMJIK  ToxipubeciHe —Tanjay
YCBIHBUIFAH. TipUIUIK €Ty OPTACHIHBIH KapaMJbUIBIFBIH JKOHE CYTKOPEKTLIep MEH
KYCTapAblH BIKTHMaJ CaHBIH Tayijay YUIH TreoakmapaTteik kyienepai ([AXK),
YIIKBIIICHI3 YIITy anmnaparrapbl (YIIKBIIICHI3 Iy anmaparTapbl) MEH (OTOTY3aKTap/bl
maiianasa  OTBIpBIN,  >KaHyapiapAbl — Oakpllay  MEH  €CelKe  allyJbIH
ABTOMATTAHBIPBIIFAH KYWETIEPiH KOJIaHy CUSKTHI HETI3Tl TOCUIIEp KapacThIPhLIAIbL.
Kanyapnap KaybIMIACTBIFBIHBIH MOHUTOPHMHIT MEH eceOiH Uu(pIaHIblpy ajbIHFaH
JEepPEeKTEepAiH AQJMAITIH apTTHIPBIN, HSKOXKYHEJIepre ocepiH a3aiTyra >KoHe aHIIBLIBIK
pecypcTapabl 6acKapy bl JKaKcapTyFa MYMKIHJIIK OepreH apTypii elaepaiH Mblcalaapbl
TaJIJaH](bl. AHIIBUIBIK CaJaCHIHBIH OPHBIKTHI JJAMYBIH KaMTaMachl3 €Ty jKoHe skahaHIIbIK
HKOJIOTHSUIBIK ChIH-KAaTepiiep >KarJaiiblHaa TaOUFU MypaHbl CaKTay YIIiH MOHUTOPHHTKE
KEIICH I Ke3Kapac KaXeTTiIirine 6aca Ha3zap ayaapa OTBIPBIN, OChl TEXHOJOTHSIIAP/IbI
Kazakcran sxarmaitnmapbiHa OeiliMaey MYMKIHZITT Kapaiabl. ¥CBIHBUIFAH HOTHIKEEp
Kazakcranna »xoHe TaOWFU-KIMMATTBIK JKaFaiyapbl yKcac Oacka enaepiae skadaifbl
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(ayHaHBIH MOHHMTOPUHTIH HHUQPIAHABIPYABIH THIMII CTpaTerHsUIapblH d3ipJey YIIiH
naiananbuTy bl MYMKIH.

KinT ce3nep: xanyaprmapasl ecenke anmyasl HUQPIAHABIPY; YIIKBIIICHI3 YITY
ammapartapbl (YIIKBIIICHI3 VIIYy amnmapartapbl); reoakmapatTeik kydenep ([TAX);
($OTOTY3aK; KAIIBIKTBIKTaH 30HATAY; OHOATYaHTYPILTiK MOHUTOPHHT.

Cepraszunona 3.M., Makapos A.B., Marzamos A. E., Buminsa b.1.,
KanneBa A. b.
HU®POBU3ALUSA YUYETA OXOTHHUYBE-ITIPOMBICJIOBbBIX
’KUBOTHBIX: IUTEPATYPHBIN OB30P

AHHoTanms. B crarbe mpencTaBiieH aHAlU3 MUPOBOTO OIBITa MCIOJIb30BaHUS
IU(PPOBBIX  TEXHOJOTMH B ydeTe  OXOTHHUYbE-TPOMBICIOBBIX  YKHBOTHBIX.
PaccmarpuBaroTcst KIItOYEBBIE MOIXObI, TAKUE KaK MPUMEHEHHE reOnH(OpMaIIMOHHBIX
cucreM (['MC) nans aHanmuM3a TPUTOAHOCTH MECTOOOMTAHHM W TMOTCHIUATbHOU
YHCICHHOCTH MJICKOMUTAIOIINX M MTHULl, aBTOMATH3UPOBAHHBIX CUCTEM MOHMTOPUHIA U
yueTa )KHBOTHBIX C HCIIOJIb30BaHUEM OSCITUIIOTHBIX JieTaTebHbIX ammnapaToB (BILJIA) u
¢doronopyiek. [IpoaHanu3upoBaHbl MPUMEPHI U3 PA3TUYHBIX CTPaH, Ilie HU(poBU3aLUs
MOHUTOpPUHIAa M Yy4YeTa >XHUBOTHBIX COOOILECTB IOBBICHJIA TOYHOCTH IOJyYEHHBIX
JAHHBIX, YTO IIO3BOJWJIO CHHM3UTh BO3JCHCTBME HA HKOCUCTEMBl U YIIYULIHTbH
yIpaBJIeHuE OXOTHUYBUMH pecypcamu. PaccMoTpeHa BO3MOXKHOCTh aJaNnTalliy JaHHbBIX
TEXHONOTUH K ycnoBusiM Kazaxcrana, ¢ akIleHTOM Ha HEOOXOJUMOCTh KOMIUIEKCHOTO
MOJX0/1a K MOHUTOPHHTY MJisi OOECleYeHUs YCTOWYMBOIO Ppa3BUTHS OXOTHHYBEH
OTpAaciH U COXPaHEHUS MIPUPOTHOTIO HACTEIUS B YCIOBHUIX TTTOOATBHBIX 3KOJIOTHYECKUX
BbI30BOB. [IpescTaBiieHHBIE pe3ysbTaThl MOTYT OBITH HCIIOJIB30BaHBI JJIS pa3pabOTKU
3G PEeKTUBHBIX CTpaTeruil HU(PPOBU3AIMHY MOHUTOPUHTA AUKOH (ayHbl B Kazaxcrane u
APYTUX CTpaHaX C aHAJIOTUYHBIMH MPUPOTHO-KIUMATHUECKUMH YCIOBUSAMHU.

KiawueBble ciaoBa: 1uQpoBU3aIMsa  yueTa IKUBOTHBIX; OECHWIOTHBIC
neratenbubie  ammapatel  (BIUIA);  reowndopmarmonnsie  cuctembl  (I'MC);
(OTONOBYIIKH; TUCTAHIMOHHOE 30HIUPOBAHIE; MOHUTOPUHT OMOpa3HOOOpa3usl.
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