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Abstract: The article presents a scientific and spatial approach to the
conservation of rare species in the North Kazakhstan region. The study is
aimed at systematizing data on rare and endangered species of flora and
fauna in the region, as well as a comprehensive analysis of anthropogenic
and natural threats affecting their numbers and range. In the course of the
work, a review of literary sources, regulatory documents, and existing
conservation initiatives was conducted, which made it possible to identify
species identified as priorities for conservation. An interactive database
has been developed containing information on the biological
characteristics of species, their conservation status, species distribution in
the region, main threat factors, and conservation measures. Particular
attention is paid to data visualization: users can view a map of the habitat
and distribution of species in the region and track changes in distribution
patterns. The examples include the White-tailed eagle, Pine marten and
Lilium martagon, which are endangered. To assess the spatial distribution
of species, the methods of geoinformation analysis and comparative
research were used, which made it possible to clarify the distribution
boundaries of the studied species. The results of the study have high
practical significance: they can be used in the development of regional
environmental protection strategies, zoning of protected natural areas, as
well as in educational activities. The interactive database is a tool for
monitoring biodiversity and making informed decisions in the field of
environmental protection at the regional level.

Keywords: rare and endangered species, North Kazakhstan region,
database, Internet resource, biodiversity, White-tailed Eagle, Pine marten,
Lilium martagon, overview map.

1. Introduction

Increasing anthropogenic pressures combined with changing
climatic conditions are shaping a new ecological reality in which more
and more species of native fauna are threatened by unsustainable
development and climate change. This in turn has serious implications for
food chain dynamics and biogeochemical processes in the environment
and requires increased attention from the scientific community (Naderian
et al., 2024). In this regard, active work is underway to compile the [UCN
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Red List (https://www.iucnredlist.org/) and Red Books of various countries, aimed at monitoring the
state of populations, developing conservation measures, educating the public, and attracting public
attention to biodiversity issues. The key factors that have a negative impact on wildlife remain the
destruction and transformation of natural ecosystems, illegal removal from the natural environment,
commercial exploitation, the impact of natural disasters and climate change, as well as the
consequences of armed conflicts (Shydlovsky et al., 2023).

The North Kazakhstan region (NKR) is a unique ecosystem complex characterized by a high
diversity of natural landscapes, including steppe landscapes, forests, and lake ecosystems (Dmitriyev
et al., 2024; Dmitriyev et al., 2023a; Nazarova et al., 2019).

The region is characterized by a high level of biological diversity, acting as a habitat for a
significant number of species of flora and fauna, which creates favorable conditions for the study of
ecosystem diversity and ecological relationships (Dmitriyev et al., 2023).

In recent decades, significant changes in natural landscapes have been observed in the Oblast
due to the intensification of agricultural activities, climatic changes, and a number of other
environmental factors (Pashkov & Vilkov, 2017). These changes contribute to the reduction of some
species, the extinction of others, as well as the emergence of new, more ecologically plastic species
that successfully adapt in the region as a result of the expansion of their geographical range (Gashev
et al., 2018). In this case, biodiversity conservation involves maintaining the stability and integrity of
historically established ecosystems that ensure the existence of various groups of living organisms,
including rare and endangered species. On this basis, there was a need to analyze and systematize
data on biological species of the study region (Zhilenko et al., 2021). However, existing methods
often involve the need for extensive manually collected training data and also require expert
knowledge of different environmental conditions. This limits their use in regions where data are
scarce and in situations where rapid mapping and regular monitoring are required (Zhou Tao et al.,
2025).

The creation of databases is one of the promising aspects used in modern research of different
scientific fields and has direct utility for validating modeling and forecasts (Sorensen et al., 2024).
Databases in the form of Internet resources are already freely available, for example, GBIF, Biodat
(GBIF) (https://gis-lab.info/qa/gbif-intro.html), (Biodat) (https://biodat.ru/db/vid/index.htm).
Software is used to create databases, including for posting as an Internet resource (Observation.org)
(https://observation.org), (iNaturalist) (https://www.inaturalist.org/observations). In the current
conditions of digitalization of environmental research, such resources become not just data
repositories, but complex platforms that provide prompt access to relevant information and
integration with various analytical tools. The development of these technologies contributes not only
to improving the efficiency of scientific research but also to creating a more accurate and informative
basis for decision-making in the field of nature conservation.

Geographic information systems (GIS) and remote sensing technologies significantly expand
the possibilities of research and monitoring of ecological processes, both at the local and global levels
(Hambardzumyan, 2024). GIS-technologies allow not only to determine the habitats of rare species,
but also to analyze the spatial relationships between various environmental parameters. This is
especially important for identifying areas with increased risk of species extinction and forecasting
changes in their populations. The possibility of combining cartographic data with other parameters,
such as climatic factors, the level of anthropogenic pressure, and historical trends in habitat change,
will significantly expand the analytical capabilities of databases and Internet resources (Lukashik &
Alekseev, 2024; Pekishev & Kovalenko, 2025).

Modern surveying, mapping, and geoinformation technologies are actively used to study natural
resources, ecological conditions, and distribution within regions, which in turn provides visualization
of the spatial distribution of rare species, making research results more visible and accessible to both
specialists and the general public (Gui et al., 2019). In addition, such resources can include
mechanisms for updating data in real time, which increases their relevance and value for biodiversity
monitoring. In the future, further development of databases and Internet resources integrated with
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GIS will make it possible to create more accurate predictive models, take into account the dynamics
of change and develop effective strategies for the conservation of ecosystems and individual species.

The study aimed to create a specialized Internet resource based on the prepared database,
designed to systematize information on rare and endangered species of flora and fauna of the region.
Creating a database of the studied species offers a cost-effective way to assess the biodiversity of
individual territories, making it an important tool in conservation activities. The data of the prepared
resource are focused on the accounting of rare and endangered species, which allows timely
identification of changes, as well as the development of measures to conserve biodiversity (Zmihorski
et al., 2012). The Internet resource based on the database combines information on the biological
characteristics of species, their current state, threats, and necessary measures for their conservation.
The interactive format of the database will provide access to up-to-date scientific information for
specialists, researchers and ecologists, as well as become an important tool for monitoring and
coordination of conservation measures.

The creation of an interactive database for monitoring endangered species of animals and plants
in the North Kazakhstan region represents an important step in the conservation of the region's
biodiversity. Perhaps, it will provide a comprehensive analysis of population changes and allow
timely identification of potential threats (Ravkin et al., 2024). The obtained results have both
theoretical and practical significance. The research results can be applied in conservation activities,
as well as in the educational process (Korchagina, 2023; Nikolaeva & Dubinina, 2022). Regular
monitoring studies and real-time updating of the Internet resource data will improve the reliability
and relevance of information necessary for sustainable development.

2. Materials and methods

A collection of materials was carried out within the framework of the analysis of available
literary and scientific sources containing information about rare and endangered species of flora and
fauna of the North Kazakhstan region. As the main sources were used data presented in the Red Book
of the Republic of Kazakhstan, publications of scientific journals, methodological manuals of
scientists dealing with the problem of biodiversity and conservation of biological species (The Red
Data Book of the Republic Kazakstan; The Red Book of the Republic of Kazakhstan «plants»; Vilkov
& Zuban, 2013; Yavorskaya, 2008; Nekrasov et al., 2007).

The methodological basis of the study includes systematization and comparative analysis of
available data in order to identify the main factors affecting the state of populations of rare and
endangered species. Retrospective analysis of statistical data and scientific materials was used to
identify the status and dynamics of species. When processing information, special attention was paid
to «Category», the residence status of mammal and bird species, ecological and anthropogenic threats
that can harm the conservation of species. The data components that are part of the database are shown
in Figure 1. By «Category» in this study, we mean the status of a species within our region, reflecting
its degree of vulnerability and need for protection. The residency status of mammals and birds reflects
the nature of their presence within our area and is presented as part of the database in Figure 2. The
following categories of stay status are distinguished: sedentary species that inhabit the area all year
round; nesting species that breed here during the warm season; migratory species that occur during
seasonal migrations; stray species that appear sporadically outside their normal range; nomadic
species that make irregular movements in search of food; and wintering species that remain in the
area during the cold season. Species whose residency status in the study area is unclear have been
identified. Such species include, for example, the European Mink, Mustela lutreola. There is a
hypothesis of displacement of this species by the American Mink, Neogale vison, introduced into the
region for economic purposes. Having been released from the artificial habitat, the American Mink
successfully acclimatized to the natural environment, spreading throughout the water bodies of the
region. With its competitive advantages, it may have contributed to the decline of the European Mink
species. Fragmentation or lack of comprehensive studies on many of the studied species is noted.

Based on this, an attempt was made to classify the study species based on the results of available
studies. The classification included the following categories: endangered, rare, and a few species of
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plants and animals in our area. Thus, by rare species we mean species with very species of low
population density, occurring only in some places. At the same time, species of low population density
are highlighted as species with small numbers, occasionally occurring in a biotope. Also included in
the proposed categories were species listed in the Red Book of the Republic of Kazakhstan that occur
in the territory of the North Kazakhstan region. Their status reflects the degree of threat to their
existence at the national level, but in our study, they are considered by taking into account their
distribution within the region.

The most relevant data available in the [IUCN and the Red Book of Kazakhstan (The Red Data
Book of the Republic of Kazakhstan), (IUCN) (https://www.iucnredlist.org/) were taken to assess the
status of the species under study in the region. In addition, general materials and information on
species diversity for the region were used, including data for the period since 2007 (Nekrasov et al.,
2007) and data from scattered studies (Berezovikov & Erokhov, 2000; Zuban & Vilkov, 2012; Vilkov
& Zuban, 2012) and others. Although full application of the IUCN Red List Criteria (A-E) was not
feasible due to the limited availability of quantitative field data (such as exact population size, rate of
decline, or degree of fragmentation), the general framework of these criteria was considered during
the classification process. The IUCN criteria include objective measures such as population
abundance, geographic range, and observed population trends, which serve as a foundation for
standardized conservation assessment. Incorporating these principles enhances the objectivity,
consistency, and reproducibility of the species categorization used in this study.

WIX MySite3 v  Opportunities v  Hire a specialist  Help ~ o Q ‘ v 4 ai
CMS Plants classified as rare and en... Actions  ~
Default... B Tabnuua ~ Manage fields Sorting ! Filter Reflect on the site

® T'View LASTuRt FRAGMENT Al T Parent full name T Category T Type Category T View Description T F
Alpine aster Astra / Aster / Kawkapryn... Category Arare species View Description A per
Belladonna (belladonna) Beauty / Latin. Atrépa / E... Category Arare species View Description Apar
Swamp whitefly Calla Lily, or Calla / Akgan... Category Arare species. Listed by t... View Description Aper
Black-leaved birch (Dauri.. Birch / Bétula / KaiieiH / Bi... Category Arare species. Listed inth... View Description The tt
Blood-red hawthorn Hawthorn / Crataégus / D... Category Small number type View Description Ashry
Cowberry ordinary Vaccinium / Vaccinium / K... Category A rare species. Listed inth... View Description Asen
Valerian officinalis Valerian, Valerian root / Va... Category Arare species. Listed by t... View Description Valeri
Siberian cornflower Psephellus / Latin. Pseph.. Category Avrare species View Description A per
Trehlistnaya Watch Watch / Menyanthes / Su... Category Rare species. Listed by th... View Description Aper
Common heather Heather / lat. Calluna / en... Category Rare species. Listed by th... View Description An ev
Anemone forest Anemone, or Windflower, ... Category Endangered species View Description Peren
Vodokras lyagushachy Water lily, Frog lily / Hydro... Category Endangered species. Liste... View Description A plar
Ordinary water paint Water lily, Frog lily / Hydro... = Category Endangered species. Liste... ~ View Description Aper

Figure 1. Screenshot of the Internet resource of the developed database

To create the Internet resource the WIX website builder was used, which is based on the
database with content management components. The peculiarity of this constructor is the creation of
Internet resources in Russian, in the future it is planned to create an Internet resource in English. This
allowed to systematize and display information about rare and endangered species of flora and fauna
of the North Kazakhstan region (Figure 2).
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Figure 2. Screenshot of the internet resource of the developed database

The method of geoinformation analysis was used to identify the locations of rare and
endangered species. The cartographic method was used to visualize the obtained data, ranges, meeting
places, etc. (Sarychev et al., 2015). Overview maps of the distribution of the studied species of flora
and fauna of the region were prepared using GIS technologies. The final results of the prepared
overview maps were entered into the database (Badalova et al., 2024), designed to monitor the status
of rare and endangered species of the North Kazakhstan region. The database, presented as an Internet
resource, will make it possible to obtain changes as a result of monitoring studies, as well as using it
for planning measures for the protection and restoration of biological species and sustainable
development of the study area.

3. Results

Currently, 258 species of plants, mammals, and birds are registered in the region, which are
rare, scarce, or endangered, and this indicator is constantly changing under the influence of natural
and anthropogenic factors. According to the results of the analysis of the obtained data, it was revealed
that 212 species of the study region are listed in the [UCN. In the course of the study, information on
the status of these species was collected. Thus, 30 species of mammals and birds were identified out
of the total number of registered rare, minor, and endangered species. Their species are included in
the database section: «Species of animals from RBRK on the territory of the North Kazakhstan region
(mammals and birds)». 24 species of plants are included in the section: «Species of plants from RBRK
on the territory of the North Kazakhstan region». In addition, 105 species of mammals and birds are
categorized as rare and few within our region and are included in the corresponding section of the
database. Of this number, 57 species were categorized as rare and 48 species were categorized as few
in number. Ninety-nine plant species were categorized as rare and low-abundance. This number
includes 50 plant species that we categorized as few in number, 38 plant species were categorized as
rare, and 11 plant species are endangered on the territory of our region. The researched species are
entered into the created database of the Internet resource.

3.1 Content of the Internet resource structure
3.1.1 Example structure of the online resource based on three endangered species

As an example of the content of the Internet resource structure, 3 endangered species are
presented in this paper: White-tailed Eagle Haliaeetus albicilla, Pine marten Martes martes and
Lilium martagon Lilium martagon. These species were chosen for several reasons. First, the species
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under study are endangered and listed in the Red Book of the Republic of Kazakhstan, which
emphasizes their importance for the study and conservation measures. The White-tailed Eagle is one
of two species of eagles in the fauna of Kazakhstan, and its numbers are declining due to habitat loss
and pollution of aquatic ecosystems. The pine marten is facing population declines due to forest
ecosystem degradation and hunting. The Lilium martagon is threatened with extinction due to climate
change and anthropogenic impacts on natural habitats. Second, the selected species fulfill key
functions in the ecosystems in which they live. The white-tailed eagle, being a top predator, regulates
the number of other animals, which helps to maintain ecological balance. The Pine marten plays an
important role in maintaining the health of forest ecosystems as it regulates rodent numbers and feeds
on carrion, making it a forest sanitizer. The Lilium martagon is a plant that attracts many pollinators,
which helps to maintain and increase biodiversity. Third, the study of these species provides unique
opportunities to investigate ecological processes and develop effective conservation strategies. The
analysis of their behavior, adaptation and interaction with the environment allows for a deeper
understanding of ecosystem functioning, as well as the identification of optimal conservation
measures for rare and endangered species (Meredov et al., 2024).

Thus, the selection of the above-mentioned species is conditioned by their ecological
significance, vulnerability to anthropogenic and natural factors, as well as the need to develop
effective measures for their conservation. Consideration of these species in the context of the study
allows not only to identify key threats to the biodiversity of the region, but also to emphasize the
implementation of a strategy for the conservation of rare and endangered species.

In order to understand the status and role of species in ecosystems, it is important to
characterize each of the selected study sites in detail, based on the proposed database structure. This
will help to systematize the data and provide an integrated approach to the study of species in the
region. For example, some bird species have positive dynamics of abundance, while the majority of
species. But despite the protective measures taken, the condition of populations continues to
deteriorate. This is due to the combined impact of both natural and anthropogenic factors (Sandakova
et al., 2024). A unique biological species found on the territory of the region is the White-tailed Eagle.
This is one of the most vulnerable representatives of the fauna of the region, information about which
is presented in the structure of the prepared database, which formed the basis of the created Internet
resource.

3.1.2 White-tailed eagle: an example of how the species is represented in an Internet resource

White-tailed eagle - Haliaeetus albicilla

Division: Accipitriformes / Accipitriformes

Family: Accipitridae / Accipitridae

Genus: Haliaeetus / Haliaeetus

Category of species: Rare. Listed in the Red Data Book of the Republic of Kazakhstan - III
category: rare. Listed in the [UCN List - LC (increasing)

Species occurrence status: Nesting, migratory and partially wintering species.

Species description: One of the largest birds of prey, reaching 70-90 cm in length with a
wingspan of 200-230 cm and a mass of 4-7 kg. A distinctive feature is the short, wedge-shaped tail.
Adults have brown plumage, while the head and neck are distinguished by a light yellow hue. The
white tail contrasts with the rest of the coloration, and the powerful, light yellow beak emphasizes the
predatory appearance of the bird. The iris of the eyes is also light-colored. Unlike the Golden Eagle
Agquila chrysaetos, the feet of the White-tailed Eagle are uncovered with feathers up to the toes. Young
birds are darker, with brown plumage and a dark gray beak. During the molting process, which lasts
up to five years, they gradually acquire an adult appearance. Females are noticeably larger than males.
In flight, the eagle keeps its wings almost straight, which distinguishes it from many other raptors
(Birds of Europe) (https://www.ebirds.ru/vid/90.htm).

Peculiarities of biology: reproduction. Eagles favor nesting near large bodies of water,
choosing tall trees or sturdy shrubs, and avoiding anthropogenic disturbance. Pairs persist for life,
often returning to the same nests or using 2-3 nests alternately. A nest 1-1.5 m (up to 2 m) in diameter
and 0.5-1 m (sometimes more than 2 m) high is built from branches and lined with soft materials. It
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is placed at a height of 4-22 m, less often on bushes, rocks or abandoned buildings. Before nesting,
the pair performs complex mating maneuvers. The clutch contains 1-3 eggs and incubation lasts 37-
40 days. The female incubates eggs longer than the male during incubation. During this time, the
male brings prey. Eagles are sensitive to human presence and may leave the nest. Chicks begin to fly
by the 10th week (Ryabitsev, 2008).

Nutrition. The diet is based on fish, preferably dead fish and carrion, and less frequently on
weakened birds and small mammals. Prey is scouted from the air or roosts, sometimes taken from
small predators, gulls and crows (Ryabitsev, 2008).

Distribution and abundance in NKR: widespread in the North Kazakhstan region during
migration and summer migrations, occurring throughout the region. A small number of wintering
individuals were noted. Nesting sites are concentrated mainly in the northern and north-western part
of the region, affecting the territories of state wildlife sanctuaries, part of the State National Nature
Park «Kokshetau» and adjacent forest areas, including mixed forests suitable for breeding, and on the
territories of aquatic ecosystems. Winter sightings were recorded in Zhambyl district, Shal akyn
district, Esilsky district in the territory of the State Institution for the Protection and Reproduction of
Wildlife «Krasny Bor» and Smirnovsky State Nature Reserve, as well as in Kyzylzhar district. This
can be seen in the overview map presented in Figure 3. Thus, 5 nests were found and surveyed in
Zhambyl district in the period from 2008 to 2013, and nesting is also known in Mamlyutsky, Esilsky,
M. Zhumabayeva districts. According to our estimates, 15 to 20 pairs nest in the region. During the
fall migration, the number of White-tailed eagles increases. Thus, from September 27 to October 16,
2011, 49 individuals were recorded in 10 districts of the region, including 35 young and 14 adults.
The highest concentrations were recorded on September 27 at Balykty lake (Akkaiyn district, 10
individuals) and on October 4 at Sarykol lake (Esilsky district, 7 individuals). In July 2013, a large
aggregation of non-breeding birds (about 40) was observed on Lake Maibalyk (Zhambyl district)
(Vilkov & Zuban, 2013). Since the main breeding grounds of the White-tailed eagle are mostly
associated with protected areas, this contributes to the conservation of the species population. White-
tailed Eagle is a migratory species in our region, so the migration flow is directed through the whole
territory of the region.

Habitats. The main habitat is the vicinity of water bodies rich in fish. As a rule, it builds its
nests on the edges of mature floodplain forests or on freestanding trees in close proximity to water
bodies, not further than 0.5 km away.
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Figure 3. Overview map of distribution and nesting of White-tailed eagle in North Kazakhstan region

Ecological and anthropogenic threats affecting the conservation of the species:

o Pollution of water bodies and leakage of oil products, which negatively affect the population of
fish and waterfowl.

. The formation of biotopes under the influence of hydrological regime and plant communities
determines the structure of the fauna of a given area, but changes in these conditions create
ecological and anthropogenic threats (Stasyukevich & Grichik, 2024).

. Deforestation along rivers and lakes deprives eagles of nesting sites.

. Poaching and illegal hunting.

. Disturbance from tourists and people interfering with nesting and food extraction.

Strategies and actions to ensure conservation of the species:

Nesting monitoring. Using modern remote observation technologies and photo and video
recording equipment, nesting sites can be identified and nest locations can be recorded. This will
allow assessment of the current state of the population and its dynamics.

Habitat protection and anthropogenic impact mitigation. Potential nesting areas are identified
and protected. In order to minimize disturbance to birds, tourist flows are redistributed to other areas,
which provides favorable conditions for breeding success.

Establishment of protected forest areas. Organization of protected forest areas to prevent the
cutting of forest areas containing nesting sites of birds of prey.

Reducing mortality on power lines. Incentivize owners of power lines to install bird-protective
devices to prevent the death of birds of prey, which will significantly reduce the risk of their injury
and death.

Environmental Education. Use registration of cases of eagle deaths due to anthropogenic factors
through mass media to attract public attention to this problem, which will contribute to the formation
of environmental responsibility.

3.1.3 An example of the structure of an Internet resource database based on the description of a Pine

marten

The class of mammals in this paper is represented by the species, Pine marten. The information
characterizing this species is given according to the structure of the created Internet resource.
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Pine marten - Martes martes

Division: Carnivora / Carnivora

Family: Mustelidae / Mustelidae

Genus: Marten / Martes

Category: rare. Listed in the Red Data Book of the Republic of Kazakhstan - III category: rare.
Listed in the IUCN List - LC (stable)

Residence status of the species: sedentary species.

Description of the species: the animal has a broad and elongated muzzle with powerful jaws
and sharp teeth. The ears are triangular, large relative to the muzzle, with rounded tops and yellow
edging. Dark eyes at night acquire a copper-red tint, and the nose is also dark. The body is oblong,
the legs are short, and the feet are covered with wool. Males are larger than females; the animal's
weight varies from 0.8 to 1.8 kg. Body length is 45-58 cm, tail is 16-28 cm, and fluffy, which helps
to keep balance when climbing. The coat is chestnut or dark brown with a yellow spot on the throat.
In summer, the coat is shorter and stiffer, in winter it is long and silky (Monakhov & Hamilton, 2020;
Monakhov, 2022).

Peculiarities of biology: reproduction. Polygamous. Mating takes place in mid-summer, but
pregnancy begins later, as the seed is preserved in the body of the female. The offspring are not born
until April. There are usually three cubs in a litter. During the first eight weeks, they remain under the
care of their parents. After sixteen weeks, they become independent, but sometimes, until the next
spring, are still accompanied by their mother. Sexual maturity occurs in the second year of life, though
they usually mate for the first time in the third year.

Nutrition. Omnivorous. Main targets are small mammals (e.g., vole mice) and, in spring and
summer, birds and their eggs. May eat reptiles, frogs, snails, insects and even carrion. In late summer
and fall, it can create food reserves for the cold season.

Distribution and abundance in NKR: The main habitats of the Pine marten are concentrated
in the northern, north-western and southern parts of the region, mainly in areas of high forest cover
near the borders with the Russian Federation. These habitats are included in the system of specially
protected natural areas. Thus, the species was recorded in the Sogrovsky, Smirnovsky and
Mamlyutsky State Nature Reserves. In addition, the species is found in the territories of the State
National Natural Park «Kokshetau» and the State Institution for the Protection and Reproduction of
Wildlife «Krasny Bor». The presence of the species in protected areas, where there is no human
economic activity, contributes not only to its conservation but also to the positive dynamics of its
reproduction. Figure 4 shows the distribution of the species across the region. The highest abundance
was detected in M. Zhumabayeva, Kyzylzhar, Mamlyutsky, Zhambyl and Shal akyn districts. Peak
abundance occurred in the late 1990s and early 2000s, when an average of 3-4 tracks were counted
per 10 km of route, and density ranged from 0.1-0.3, more rarely 0.5-0.6 individuals per 10 km? of
forest (Vilkov & Zuban, 2013).

Habitats. Inhabits a variety of forest habitats with pronounced undergrowth and understorey.
Climbing and jumping well, covering distances up to 4 meters. Shelters in hollow trees, in piles of
brushwood, or use nests of raptors and birds of prey. It is predominantly solitary.
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Figure 4. Overview map of Pine marten distribution in North Kazakhstan region

Ecological and anthropogenic threats affecting the conservation of the species:
Deforestation leading to habitat loss.

Hunting and poaching due to valuable fur.

Competition with invasive species such as the American Mink.

Pollution of forest ecosystems and loss of forage resources (Vladimirova, 2013).

Strategies and actions to ensure conservation of the species:

Restriction of hunting. In most regions, hunting of the Pine marten) is strictly prohibited, which
helps to reduce anthropogenic pressure on this species. Such legislative measures play a key role in
the conservation of the species, allowing martens to reproduce and occupy stable ecological niches.

Forest conservation. One of the main conditions for the survival of martens is the presence of
extensive forest areas. Therefore, it is necessary not only to protect existing forests from logging, but
also to actively restore forest ecosystems by creating new forest plantations. Mature and overmature
forests are particularly important as they provide suitable conditions for breeding, and the presence
of trees with hollows for brood shelters should also be taken into account.

Environmental cleanup. Environmental pollution should be minimized to ensure favorable
habitat conditions. Controlling toxic emissions and litter reduces the risk of martens and their prey
base being exposed to harmful chemical compounds, which directly affects their health and survival.

Education outreach. An important aspect of Pine marten conservation is environmental
education of the population. Informing the public about the importance of this species in ecosystems
and the measures that each individual can take to protect it raises the level of environmental
responsibility. The awareness campaign conducted in schools, mass media and public organizations
contributes to the formation of a sustainable ecological culture.

Establishment of protected areas. Organization of specially protected natural areas will provide
legal protection of Pine marten. Hunting, logging and other activities threatening the conservation of
the species are prohibited in such areas. This will contribute to population stabilization and growth.

Importance of mature forest condition. The survival of martens is closely linked to the presence
of mature and overmature forests where they find shelter, food and breeding sites. Trees with hollow
trees play a key role by providing safe havens for broods, especially during the breeding season.
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Conservation of such forests should be a priority for conservation efforts (Vladimirova &
Mozgovaya, 2010).
3.1.4 Example of Internet resource structure: Lilium martagon as an object of protection

The representative of the flora considered in this study is Lilium martagon. We present data
characterizing this species according to the structure of the created Internet resource.

Lilium martagon, the martagon lily or Turk's cap lily - Lilium martagon

Order: Liliales / Liliales

Family: Liliaceae / Liliaceae

Genus: Lilium / Lilium

Category: Rare species. Listed in the Red Data Book of the Republic of Kazakhstan - II
category. rare species. Listed in the [UCN - LC (decreasing).

Description of species: Perennial herbaceous plant 60-120 cm high (sometimes up to 200 cm).
Bulb up to 8 cm in diameter, with fleshy scales. The sturdy stem is covered with reddish spots. Leaves
are lanceolate, up to 15 cm long and 5 cm wide, gathered in whorls. Flowers are drooping, purple
with dark purple spots, about 3-4 cm long, clustered in clusters of 5 to 10 pieces. Blooms in June-
July. The fruit is a hexagonal boll. Seeds are triangular, light or dark brown, with filmy edges
(Senchugova et al., 2016).

Distribution and abundance in the NKR: Lilium martagon has a limited distribution in the
region, growing in ecosystems with favorable soil and climatic conditions. On the territory of the
region it is found in Serebryany Bor, on Voroniy ostrov, along the whole valley of the Esil River. The
species was also recorded in specially protected natural territories - Sogrovsky and Smirnovsky State
Nature Reserves, where optimal conditions for its growth are preserved. The overview map in Figure
5 shows these encounters. The occurrence of the plant is conditioned by its high demand for humidity
and shading, which limits its distribution outside natural forest areas.

Habitats. Tt grows in forest edges, glades and meadows. Occurs sporadically in mixed, broad-
leaved and small-leaved forests, on rich medium-moist soils (Yavorskaya, 2008).
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Figure 5. Overview map of distribution of Lilium martagon in North Kazakhstan region
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Significance and application: use in folk medicine. Lilium martagon is used as a medicinal
plant in folk medicine in China, Tibet, Mongolia, Buryatia, Yakutia, Siberia and the Far East. The
juice of the bulbs is used as a wound-healing agent, and the infusion is used for toothache.

Nutritional value. The plant is eaten raw, boiled, fried, dried and as a seasoning. Bulbs are eaten
raw, cooked baked in ashes, or boiled with milk and cow's butter. Dried onions are used by Yakuts in
cooking milk porridge, and Kyrgyz put them in sheep cheese for seasoning. The bulbs can also serve
as a surrogate for coffee.

Veterinary use. Veterinarians add bulbs to pet food to increase lactation and milk fat content.
However, they are toxic to cats.

Other uses. Fabrics were dyed black by adding the iron salt of lily bulbs.

Ecological and anthropogenic threats affecting the conservation of the species:

o Loss of natural habitats due to deforestation and agricultural expansion.

o Collection for ornamental and medicinal purposes.

o Construction of infrastructure in growing areas, which disrupts ecosystems

o Alteration of hydrological regime, negatively affecting wet forest areas (Specially protected
territories of Yugra) (https://ugraoopt.admhmao.ru/redbook/74077/2537927/).

Strategies and actions to ensure the conservation of the species:

Cultivation. Cultivation of the plant for ornamental purposes in garden plots and plantations.
Moist, fertile soils rich in organic matter with semi-shade or sunlight are recommended. This will
help to reduce pressure on natural populations (The Red Book of Russia)
(https://cicon.ru/lilium_martagon.html).

Controlled collection. Impose strict restrictions on harvesting lilies in the wild. Prohibition of
bulb digging and flower cutting. Industrial collection is allowed only if natural populations are
conserved.

Habitat protection. Protect the natural habitats of Lilium martagon by establishing and
maintaining protected areas, including reserves and sanctuaries. This also includes preventing
degradation of these areas.

Exposure conservation. The use of technologies such as seed storage in specialized banks and
cell culture to preserve the genetic material of a species outside the natural environment (Chanotey
& Osipenko, 2022).

International cooperation. Participation in international programs and projects to coordinate
efforts to protect Lilium martagon. Especially in regions where its real crosses the borders of several
countries.

3.2 SWOT-analysis of the internet resource: identification of strengths, weaknesses, opportunities and
threats

Thus, the conducted research allowed the creation of an Internet resource, which is based on a
structured database, including information about rare and endangered species of flora and fauna of
the North Kazakhstan region. On the basis of the conducted research, the SWOT-analysis was
prepared, which allowed to identify strengths and weaknesses, opportunities and threats for the
created Internet resource and is presented in Table 1. In our opinion, this is a prerequisite for further
possible adjustment of the content of its structure, as well as for improving the system of creating
databases of rare and endangered species.

Undoubtedly, the strengths of the created Internet resource are explained by the necessity of its
creation and its practical orientation. Improvement and modification open up opportunities for its use
in educational, scientific, cognitive, and informational purposes. But the modern threat to any created
Internet resource in today's world is cyber threats, which can lead to both loss of functionality and
complete destruction of the created product. Nevertheless, despite the possible negative
consequences, the created Internet resource allowed to collect scattered scientific materials and data
on rare endangered species of the North Kazakhstan region and is a modern means of information
transfer.
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Table 1. SWOT-analysis of the Internet resource on rare and endangered species of the North
Kazakhstan region

Strengths
Scientific reliability - data is systematized
and based on current research.
Interactivity - information can be updated
and accessed in real time.
Geo-information analysis - use of spatial
analysis techniques to assess species
distribution.
Multitasking - the database is useful for
specialists, ecologists, researchers and
government agencies.
Data visualization - the availability of
species distribution maps improves the
perception of information.

Weaknesses
Dependence on updates - data must be
updated regularly to remain reliable.
Lack of field data - the database is based on
available sources, which may limit its
accuracy.
Need for technical support - ongoing
administration and software enhancements
are required.

Opportunities
Integration into regional conservation
programs - use the database to improve
biodiversity conservation strategies.
Extension of functionality - ability to add
modules to collect data from users and

Threats
Cyber threats - risk of data loss due to
hacker attacks or technical failures.
Low awareness - if the database is not
widely known, its potential may remain
untapped.

environmental organizations. J Legal restrictions - it may be difficult to
. Educational value - use as a tool for access some data due to legislation.
training.

4. Discussion

The results of the study demonstrate the significant role of the proposed approach in the analysis
and interpretation of the phenomenon under study. The data obtained indicate the presence of stable
patterns, which confirms the relevance of the chosen method and its compliance with modern
scientific concepts.

The analysis of the relationships between the key parameters revealed important aspects of their
influence, which opens up new prospects for further research. The development of methodological
approaches and the clarification of the influence of individual factors are of particular interest to the
scientific community and practitioners. The results obtained allow us to propose new directions for
optimizing the studied processes and improving their assessment methods.

The practical significance of the research lies in the possibility of its use in professional
activities. The developed recommendations can help improve the effectiveness of management
decisions and strategies in relevant areas, providing more accurate forecasting and optimization of
processes. But despite the significance of the findings, the study has certain limitations. Firstly, the
specifics of the analysis methods used impose limitations on the interpretation of the results, which
requires caution when extrapolating them. Secondly, the nature of the sample may limit the
generalizability of conclusions, which highlights the need for further research on a broader empirical
basis.

Thus, the conducted analysis confirms the importance of the studied factors and their influence
on the studied process. Future research may be aimed at expanding the empirical material, applying
new analytical techniques and in-depth analysis of the revealed patterns, which will increase the
reliability of the conclusions and strengthen their applied significance.

S. Conclusion
On the example of 3 species of flora and fauna, represented on the territory of North Kazakhstan
region, general morphological and ecological characteristics of species, peculiarities of area, as well
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as frequency of occurrence, which are included in the created database, are considered. Cartographic
material, included in the database, provides a visual representation of the distribution and boundaries
of habitats and meetings of species. The use of GIS technologies allows for detailed data on species
localization under the influence of natural and anthropogenic factors. For each species, the database
provides separate information on taxonomic affiliation, morphological features, biotopes, main
threats to extinction, and measures to conserve the species. In addition, the database has a function of
downloading and displaying map schemes of species distribution, which contributes to a more
accurate analysis of their spatial distribution.

Undoubtedly, this study is not complete, as the study of rare and endangered species is a
continuous process of monitoring research, which is in constant dynamics. At the same time, the
created database is an interactive product, reflects the specifics and allows to make changes in its
content, which is an important condition for such scientific research. Thus, placement of the database
in the Internet space provides accessibility of information for researchers, specialists of environmental
organizations and management bodies in the field of biodiversity, ecology and sustainable
development.
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Oco0eHHOCTH CO31aHHMS HHTEPHET-pecypca PpPeAKHX W HCYe3AIHUX BHIOB
Cesepo-Ka3zaxcranckoi od1acTu

AnHa Yepnuxona, Ilaen /ImurpueB, UBan 3y0anb, Caaranar Hcmarysnosa, Kanaiibim
Hypxan

AHHOTaNUA. B cTaTbe IpencTaBiIeH Hay4HbIN U IPOCTPAHCTBEHHBIN MOAX0/ K COXPAaHEHUIO PEAKUX
BuoB CeBepo-Ka3zaxcranckoit obnactu. McecnenoBanue HalpaBieHO HAa CUCTEMATU3ALUIO JJAHHBIX O
peAKuX M Hcyesarlux BUAax (Jopsl U (payHbl peruoHa, a TakKe Ha KOMIUIEKCHBIN aHalu3
AHTPOIOTEHHBIX U MPUPOIHBIX YIPO3, BIUSIONIMX HAa UX YUCIEHHOCTH U apeai. B mporecce paboTsl
IpoBeJeH 0030p JUTEpaTypHBIX HCTOYHUKOB, HOPMATUBHBIX JOKYMEHTOB, CYLIECTBYIOIIHUX
IIPUPOJLOOXPAHHBIX MHUIIMATHUB, YTO MO3BOJIWIIO BBIIBUTH BHJbI, HYKIAIOIIMECS B IPUOPUTETHOU
oxpaHe. Pa3paboraHa mHTepakTHBHas 0a3a JaHHBIX, COJEprKallas CBEIEHUS O OMOJIOTMYECKHX
XapaKTepUCTHKAaX BHUJIOB, UX IMPHUPOJOOXPAHHOM CTaTyce, PaclHpOCTpaHEHWH BUAOB B 00JACTH,
OCHOBHBIX (pakTopax yrpo3 u mMepax no coxpaneHutro. Ocoboe BHHUMAaHUE YEIEHO BU3yalU3aluu
JAHHBIX: TTOJIb30BaTENIM MOTYT IPOCMATPUBATh KapTa-CXeMbl OOMTAaHUS U PaCIPOCTPAHEHUS BUJIOB B
pervoHe, OTCIIEKUBaTh M3MEHEHHUs. B kauecTBe NMpHMEpPOB pacCMOTPEHBbI OENOXBOCTBHIA OpJaH,
JECHasl KyHHUIA W JIWINAA KyJApeBaTas, HaxOIsLIMECs IOJA yrpo30d HCYe3HOBEHHA. i1 OLIEHKH
MIPOCTPAHCTBEHHOT'O DACIpENEIeHUs] BUAOB OBbUIM NPUMEHEHBl METO/Abl T'€OMH(POPMAIMOHHOTO
aHaJIn3a U CPaBHUTEIBHOIO MCCIEA0BAaHUsS, NO3BOJIMBIIME YTOUYHUTH I'PAHUIBl PaCIpOCTPAHEHUS
uccienyeMbIXx BUJIOB. Pe3ybTarhl HccneaoBanus 001a/1at0T BEICOKON MPAKTHUECKON 3HAUUMOCTBIO:
OHU MOTYT OBITh HCHOJB30BAHBI NMPH Pa3zpadOTKe PErMOHAIBHBIX MPUPOIOOXPAHHBIX CTPATErHi,
30HMPOBAHMUU OXPAHHBIX MPUPOJTHBIX TEPPUTOPHUH, a TakkKe B 00pa3oBaTENbHOM IESTETbHOCTH.
WuTepakTuBHass 0a3a JaHHBIX NpPEACTaBIseT COOOH WHCTPYMEHT JUIi  MOHUTOPHUHIA
O01opa3zHo00pa3usl U MPUHATUS 00OCHOBAHHBIX pElIeHU chepe OXpaHbl IPUPO/Ibl HA PpETHOHAIBHOM
YPOBHE.

KiroueBble cjioBa: PCAKHUC U UCUC3AOIIUC BUIHI, CeBepo-Ka3aXCTaHCKa51 O6J'IaCTB, Oaza JaHHBIX,

HWHTEpHET-Pecypc, OrnopazHooOpas3ue, opiaaH-0eT0XBOCT, JIeCHAs KyHHIIA, JIJIUS KyApeBarasi, KapTa-
cxema.

325


https://doi.org/10.1088/1755-1315/848/1/012161
https://doi.org/10.1016/j.isprsjprs.2025.02.008
https://doi.org/10.3161/000164512X653953

A.H. I'ymunes amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Dxorozus cepuscol, 2025, 151(2)

Couarycrik Ka3zakcran 00JbICHIHBIH CHPEK Ke3/IeCeTiH KIHe KYPbINl KeTy KayIi
TOHI'€H TYPJIePiHiH HHTEPHET-PECYPChIH KYPY epeKIeaiKTepi

AnHa Yepnukosa, IlaBen [mutrpues, UBan 3y0anb, Caaranatr blcmaryioBa, 7Kanaiibim
Hypkan

Anganrta. Makanaga Conryctik Kazakctan o01bIChIHIAFBI CUPEK KE3/IeCeTiH TypJepii CaKTaybIH
FBUIBIMHU-KEHICTIKTIK Tociai OepinreH. 3epTTey OHIpHAEri CUpEK Ke3/IECETiH KOHE KOWBLIBII KEeTy
KayIi TeHTeH ¢uiopa MeH (ayHa TypJepi Typaibl IepeKTEP/Il KyhHeaeyre, COHIali-aK 0JIapbIH CaHbI
MEH Tapajy aiiMarplHa ocep €TeTIH aHTPONOTCHJIK oHE TaOWFM KarepiepAl KemeHJi Talaayra
OarpITTasFaH. JKyMpIc OaphIChIHIA OIPIHII KE3EKTET1 KOPFayabl KAKET €TETiH TypJep/al aHbIKTayFa
MYMKIHJIK OepeTiH o1e0u IepeKKe3aepre, HOPMATHBTIK KY>KaTTapra, KOJJAHBICTAFbl SKOJIOTHSUITBIK
Oacramanapra ImIONy Kacanibl. TypiaepIiH OHOJOTHSUIBIK EpEeKIIeNiKTepl, ONaplblH CaKTaly
KaFaalbl, TYpJACpAiH aiiMaKTarbl Tapajybl, HETI3rl Kayill (akTopiapbl JKOHE CakKTay MIapayiapbl
Typaiabl MOJIMETTepAl KaMTUTBIH WHTEPAaKTHBTI JAepekrep 0Oa3zacel o3ipienni. Jlepekrepai
BH3yaM3alysuIayFa epeKine KoHUT OeiHemi: maigalaHymbuiap aiiMakTarsl TYPIEpIiH MEKEHICY
opTachkl MEH Tapally KapTajapblH Kaparl, e3repicrepi Oakbuiail anaabl. Mpican peTiHAe KOWbUIBIT
KeTy KayIli aKKYHPBIKTHI CYOYPKIT, OpMaH cycapbl xoHe Oyiipa jraiaryi KapacTeIpbiiaasl. Typriepain
KEHICTIKTE TapalyblH Oaraiiay YIIIH Ie0aKapaTThIK Tajaaay ’KoHE CaJbICThIpMabl 3epTTEY IiCTepi
KOJIJIAHBUIIBI, OYJI 3epTTENICTIH TYPJIEPIiH Tapaly IIeKapalapblH HAKThIIAyFa MYMKIHIIK Oepii.
3epTTey HOTHKEIEPiHiH )KOFaphl MPAKTUKAIBIK MAaHBI3BI Oap: o1apbl KOpILIaFraH OPTaHbl KOPFayIblH
aliMaKTBIK CTpaTErHsUIapbIH d3ipliey/le, €peKIle KOpFalaThlH TaOWFM ayMakTapIbl aiMakTapra
Oenyne, conpaii-ak OimiM Oepy ic-lapanapblHaa naigananyra Oomnanbl. IHTepakTUBTI JepekTep
0a3achl aliMaKTHIK ACHIeH 1€ OMOIOTHUSIIBIK SPTYPIIUTIKTI OaKblIay )KoHE TAOMFATTHI KOpFay cajlachlHa
HeTi3/Ie/reH menimaep KaObliaay Kypajibl O0JIbIN TaObUIabl.

Tyiiin ce3mep: cupek Ke3[eceTiH *oHe KOMbLIbI Oapa xatkaH Typnep, Contycrik Kazakcran

0OJIBICHI, MANIMETTEp 0azachl, HHTEPHET-PECYpC, OMOIPTYPIUIIK, aKKYHPBIKTBI CYOYpPKIT, OpMaH
cycapsl, Oyiipa janaryi, KapTa-cxema.
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