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Abstract 
Biodiversity research is a key element in natural resource management and 

conservation, especially in large ecosystems such as biosphere reserves. In 

this context, the dynamics of changes in the plant species diversity on the 

territory of the Carpathian Biosphere Reserve were analyzed for 2010–

2023. The research aimed to study the impact of ecological networks on 

biodiversity and to identify their role in maintaining ecosystem stability 

and preserving the species composition in the studied area. The state of 

biodiversity in the Carpathian Biosphere Reserve was evaluated by using 

the Simpson, Shannon, Brillouin, evenness (Ewens or Pilkington), and 

restoration indices, which were calculated using the R program for the 

following plant species: Rhododendron myrtifolium, Leontopodium, 

Pulsatilla alba Reichen, and Erythronium dens-cani. The study of plant 

biodiversity in the Carpathian Biosphere Reserve showed the stability of 

species evenness indices over the years, which indicates the stability of the 

ecosystem. Positive growth dynamics of recovery indices for all studied 

species were also noted. The indicator increased from 0.7025 to 0.7323 for 

Rhododendron myrtifolium, from 0.6024 to 0.6551 for Leontopodium, 

from 0.5025 to 0.5682 for Pulsatilla alba Reichen, while it remained at 

0.7825 for Erythronium dens-cani. Biodiversity restoration strategies 

should be aimed at ensuring the sustainable restoration and preservation of 

plant diversity, which contributes to increasing the sustainability of 

ecosystems and preserving natural resources. The obtained data can serve 

as a basis for further academic research in the field of nature protection, 

ecology, and preservation of biodiversity. 
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Introduction  
 

Ecological networks are holistic systems of natural and semi-natural areas connected by 

ecological corridors. Their main goal is to preserve biodiversity, maintain ecological 

balance, and provide conditions for animal migration and plant distribution. Such 

networks are based on a combination of key protected areas (such as reserves or national 

parks), buffer zones around them, and restored areas that are gradually regaining their 

natural value. It is important that ecological networks not only encompass protected 

areas but also form connections between them, allowing for the preservation of 

ecological integrity in a broader landscape context. This ensures the sustainability of 

natural processes, contributes to the maintenance of the genetic diversity of species, and 

creates conditions for the adaptation of ecosystems to climate change and other external 

influences. 

 

Ecological networks play a significant role in preserving and restoring the biodiversity 

of natural ecosystems. By creating interconnected corridors and systems, also known as 

eco-corridors, these networks contribute to the restoration of the ecological, functional, 

and genetic unity of ecosystems. In turn, this helps to preserve the genetic pool of flora 

and fauna, which ultimately benefits human well-being. In addition, ecosystems help to 

connect habitats by supporting species migration, protecting rare and endangered 

species, providing ecosystem services, offering restoration opportunities, and promoting 

community engagement and collaboration. The significance of ecological networks and 

implementing measures to strengthen and expand them emphasises the importance of 

intensifying efforts to conserve biodiversity and ensure the long-term health and 

sustainability of ecosystems (Li et al., 2022; Yang et al., 2021). 

 

The legislation of Ukraine, in particular the Law of Ukraine “On the Ecological Network 

of Ukraine” and the Law of Ukraine “On the State Programme for the Formation of the 

National Ecological Network of Ukraine for 2000-2015”, lays the foundation for the 

creation of the National Ecological Network. These laws, along with other legal acts 

aimed at preserving biological and landscape diversity and international conventions, 

create a legal framework for regulating relations related to the formation, preservation 

and rational, inexhaustible use of the ecological network. The purpose of such 

programmes is to increase the area of Ukrainian lands with natural landscapes to a level 

sufficient to preserve their diversity, close to the natural state, and to form a territorially 

unified system that ensures natural migration and settlement of plant and animal species. 

In turn, this contributes to the preservation of natural ecosystems, species and 

populations of plants and animals, and also ensures their functioning within the Pan-

European ecological network (Špulerová et al., 2023; Strymets et al., 2018). 

 

Regional and local programmes and schemes for the formation of eco-networks, as well 

as measures to protect biodiversity and landscape diversity, are established by decisions 

of regional and local councils. These decisions resolve the issue of the creation of 

territories and objects of the nature reserve fund, protection of rare and endangered plant 

and animal species, other organisational issues, as well as financing of planned events at 

the regional level. Therefore, ecological networks make a significant contribution to the 

preservation and restoration of the biodiversity of natural ecosystems of Ukraine. The 

current legal framework and mechanisms of public administration support the formation 
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and maintenance of these networks, ensuring the preservation of biological resources 

and promoting sustainable development (Barry et al., 2019; Terpay, 2021). 

 

The relevance of ecological networks and their role in preserving and restoring the 

biodiversity of natural ecosystems is extremely high, especially in the context of modern 

environmental challenges. Preservation of natural diversity is a key task in the face of 

climate change, loss of natural environments, increasing anthropogenic pressure on 

ecosystems, and the threat of species extinction. This applies to Ukraine, which has a 

rich natural fund and where the creation and development of ecological networks is 

important for the preservation and restoration of the diversity of ecosystems, the 

protection of rare and endangered plants and animal species, as well as for ensuring 

sustainable development. The existing laws and public management systems help create 

and maintain these networks, which protect biological resources and encourage 

sustainable development.  

 

Ecological networks play a key role in the conservation and restoration of biodiversity 

in natural ecosystems. They provide the opportunity for species to migrate in response 

to changing climatic and environmental conditions, which allows for the maintenance of 

viable populations (Artemenko et al., 2021; Van Der Plas, 2019; Qiao et al., 2023). 

Researchers, including Bhatia et al. (2023), Bullock et al. (2011), and Genung, Fox and 

Winfree (2020), note that ecological networks include protected areas that serve as 

refuges for rare and endangered species. Hermoso et al. (2021) and Fischer et al. (2021) 

emphasise that the interconnectedness of natural habitats contributes to the maintenance 

of genetic diversity by ensuring the exchange of individuals between populations. Addy 

and Wilkinson (2021), Girardin et al. (2021) argue that ecological networks support the 

provision of ecosystem services, such as water purification, pollination, and carbon 

sequestration, which contribute to the conservation of biodiversity and the restoration of 

degraded environments. Correia and Lopes (2023), Hogan et al. (2022) indicate that 

networks prevent population isolation, promote habitat restoration, and protect rare 

species. Herrero-Jáuregui and Concepción (2023), Litvak (2014), and Yan et al. (2023) 

emphasise the positive impact of ecological networks on environmental quality, which 

is important for human health and ecosystem resilience. At the same time, as Ma et al. 

(2021) point out, the effectiveness of ecological networks depends largely on the 

availability of effective governance mechanisms, a legislative framework, and adequate 

financing. Gonzalez et al. (2020) and Rasshyvalov et al. (2024) emphasise the 

importance of increasing the area of ecological networks, avoiding habitat fragmentation 

and improving management practices. 

 

Ecological networks are, therefore, an extremely important tool for the conservation of 

natural diversity. Their effectiveness depends on an integrated approach that includes 

scientific justification, competent management, adequate financing and consideration of 

climate change. Further research and implementation of best practices in the field of 

ecological network management are necessary to preserve biodiversity in the face of 

increasing anthropogenic pressure. Given the importance of ecological networks in 

preserving and restoring biodiversity, research and implementation of new methods of 

managing ecosystems and regulating the use of natural resources are becoming an 

integral part of sustainable development. Such measures can help to strengthen 

ecological networks, improve the efficiency of their functioning, and ensure the long-
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term sustainability of natural ecosystems in the future. The research aims to study the 

role of ecological networks in preserving and restoring the biodiversity of natural 

ecosystems of Ukraine. The research includes the assessment of the impact of eco-

networks on the preservation of plant biodiversity: the analysis of the diversity of 

species, their evenness of distribution and restoration, as well as the development of 

strategies for the ecological restoration of plant populations. 

 

Methods and Materials 
 

The territory of the ecological network of the Carpathian Biosphere Reserve was chosen 

for the study, which was conducted during 2010-2023. This is one of the largest nature 

conservation areas in Ukraine, as it covers an area of 66,417.4 ha. The reserve is located 

in the Rakhiv, Tiachiv, Khust, and Vynohradiv districts of the Transcarpathian region 

(Figure 1). 

 

 

 
Figure 1: Map of the location of the Carpathian Biosphere Reserve 

 

Secondary data was used for the study of the Ministry of Environmental Protection and 

Natural Resources of Ukraine (2024) and the State Statistics Service of Ukraine (2024). 

The data on vascular plants from the Red Book of Ukraine (2024) were also used. The 

diversity of flora on the territory of the Carpathian Biosphere Reserve was determined 

by using the method of sample plots. A total of 10 sample plots were selected with an 

area of 100 m2 each. The following indicators were chosen for the research: species 

richness, species evenness, number of species, and genetic diversity. In particular, 

species richness and evenness were used to assess the diversity of plant communities, 

genetic diversity to identify unique or endangered species, and functional and 
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phylogenetic diversity to assess the role of different species in ecosystem processes and 

evolutionary history. 

 

Field studies were used to explore the diversity of the flora, which included direct 

observation and identification of the following types of plants: the Eastern Carpathians 

Rhododendron (commonly known as red rue) (Rhododendron myrtifolium), edelweiss 

(Leontopodium), alpine pasqueflower (Pulsatilla alba Reichen) and dog’s-tooth-violet 

(Erythronium dens-cani), listed in the Red Book of Ukraine (2024) in field conditions 

by route method. The data from the spatial monitoring and reporting system (SMART) 

were used for qualitative monitoring of the state of biodiversity in the Carpathian 

Biosphere Reserve. The system helps to collect, measure and evaluate biodiversity data 

effectively. The formulas were used to determine biodiversity indices, which were 

processed by a script written in the R programming language: 

 

The Simpson index is a measure of species diversity that takes into account the number 

of species (S) and the relative abundance of each species (p). It is calculated as: 

 Е = 1 / (Σ р^2),                                 (1) 

Where p — the share of individuals in the community belonging to species i. 

 

The Shannon Index — an indicator of species diversity that takes into account the 

number of species (S) and the relative abundance of each species (p): 

 S = –Σ p × log2 (p),                              (2) 

where p — the proportion of individuals in a community belonging to a species i. 

 

The Brillouin Index –a measure of species diversity that takes into account the number 

of species (S), the total number of individuals (N) and the number of individuals of each 

species: 

 H = ln (N!) – Σ (S × ln (ni) / N),                        (3) 

Where N — the total number of species, ni — the number of individuals of each species. 

 

Evenness index (Ewens Index or Pilkington Index) is a measure of the evenness of the 

distribution of species in the studied environment. Its value indicates how evenly 

distributed different species are in a given population or environment: 

 J=
Н

𝑙𝑛𝑆
,                                    (4) 

where J — the Evenness Index, H — Shannon Index (information entropy), which takes 

into account both the number of species and their relative frequency, S — the number of 

species, ln(S) — the natural logarithm of the number of species. 

 

The Restoration Index, which measures the degree of restoration of the ecosystem, is 

defined by the following formula: 

 I= 
𝐴

N
 × 100,                                  (5) 

where A = number of recovered species, N = the total number of target species. 

 

A script written in the R programming language was used to calculate the biodiversity 

indices of (Brillouin, Shannon, and Simpson) for 10 experimental plots of the data set: 

library(vegan) 2 

3# Calculate the indices for the first 10 rows of the data 
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4indices <- data.frame( 

5  Brillouin = sapply(1:10, function(i) { 

6    n <- apply(data[i,], 2, sum) # total number of individuals in plot i 

7    s <- sum(n > 0) # number of species in plot i 

8    N <- sum(n) # total number of individuals in all plots 

9    H <- sum(n * log(n) / N) # Brillouin index 

10    return(H) 

11  }), 

12  Shannon = sapply(1:10, function(i) { 

13    n <- apply(data[i,], 2, function(x) ifelse(x > 0, x, NA)) # relative abundance of 

species in plot i 

14    H <- diversity(n, index = "shannon") # Shannon index 

15    return(H) 

16  }), 

17  Simpson = sapply(1:10, function(i) { 

18    n <- apply(data[i,], 2, function(x) ifelse(x > 0, x, NA)) # relative abundance of 

species in plot i 

19    D <- diversity(n, index = "simpson") # Simpson index 

20    return(D) 

21  }) 

22) 

23 

24# Print the results 

25print(indices) 

 

Following this complex methodology with formulas makes the research systematic and 

quantitative. The results of the study can provide valuable information about the impact 

of ecological networks on the preservation and restoration of biodiversity in natural 

ecosystems, and also provide a basis for conservation and management strategies. The 

research results were processed using statistical methods. The value was set at p ≤ 0.05. 

For comparison with other biosphere reserves, an analysis of biodiversity data was 

carried out in the following reserves: Danube Biosphere Reserve (Romania), Slovenian 

Biosphere Reserve (Slovenia), and Pirin Biosphere Reserve (Bulgaria). 

 

A study of the experience of EU countries in the field of biodiversity restoration was 

conducted to analyse foreign practice, in particular: National parks and reserves of the 

USA, national parks and reserves of Australia, and national parks and reserves of 

Canada. 

 

Results 
 

The results of the study of biodiversity on the territory of the Carpathian Biosphere 

Reserve from 2010 to 2023 indicate important changes in the structure and dynamics of 

the vegetation cover. The analysis revealed the influence of ecological networks on the 

growth of plant biodiversity and showed their role in the preservation and recovery of 

species. The calculated biodiversity indices are all positive and range from about 2.6 to 

3.4 for the Brillouin Index, about 1.6 to 1.9 for the Shannon Index, and about 0.5 to 0.7 

for the Simpson Index. These values indicate that a moderate or high level of biodiversity 
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is observed at the ten identified sites (Table 1). Such results indicate the importance of 

preserving ecosystems and the natural environment of plants to maintain a high level of 

biodiversity and ensure balanced ecological sustainability. 

 

Table 1: Plant Biodiversity Index in selected areas 

Site Brillouin Index Shannon Index Simpson Index 

1 3.45 1.90 0.65 

2 3.044 1.81 0.60 

3 2.81 1.78 0.55 

4 2.6 1.66 0.51 

5 2.67 1.82 0.57 

6 2.94 1.67 0.61 

7 3.05 1.91 0.59 

8 3.21 1.95 0.55 

9 2.89 1.84 0.63 

10 2.96 1.88 0.58 

 

The spatial evenness index of the study species was calculated for each species 

separately, based on its distribution across plots in a given year, which allowed us to 

assess the stability of the spatial distribution of the species over time. Since not all 

species were present at each plot at the same time, we could not apply the classical 

approach at the group level. Based on the obtained evenness index data for each year 

and species, several conclusions can be drawn. In general, the evenness index for each 

studied plant species shows some stability over the years. It changes slightly from year 

to year, which may indicate the stability of the relative shares of each species in the 

vegetation cover of the study area. The evenness index shows that the distribution of 

species in the study plots is quite uniform. The index values for each species are 

relatively close to unity, which indicates a significant contribution of each species to the 

structure of the vegetation cover. When comparing evenness indices for different plant 

species in each plot to assess their contribution to the diversity and evenness of the 

vegetation cover, it can be argued that Leontopodium has higher evenness index values, 

which may indicate a more homogeneous distribution of this species compared to the 

others. However, this may also be due to the peculiarities of the ecology of each species 

(Table 2). 

 

Table 2: Evenness Index of studied plant species in the Carpathian Biosphere Reserve 

Year 
Rhododendron 

myrtifolium 
Leontopodium 

Pulsatilla alba 

Reichen 

Erythronium 

dens-cani 

2010 0.7025 0.7825 0.5025 0.6024 

2012 0.7257 0.7825 0.5413 0.6511 

2014 0.7293 0.7905 0.5488 0.6464 

2016 0.7274 0.7854 0.5621 0.6551 

2018 0.7323 0.7854 0.5682 0.6544 

2020 0.7286 0.7804 0.5694 0.6551 

2022 0.7270 0.7769 0.5615 0.6502 

2023 0.7229 0.7769 0.5635 0.6475 
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The obtained results of the Evenness Index indicate important aspects of the structure 

and dynamics of the vegetation cover in the studied territory of the reserve. First of all, 

the values of the index, which are close to one for most of the studied years and species, 

indicate a uniform distribution of plant species on the territory. This indicates that the 

different species coexist in relatively equal proportions, with no predominance of one 

species over the others. Furthermore, the stability of the values of the Evenness Index 

from year to year indicates the stability of the vegetation cover during the considered 

period. Changes in Evenness Index values from year to year can indicate the dynamics 

of vegetation cover and its response to external factors such as climate change or human 

activity. Such changes can affect the distribution of species and lead to changes in the 

evenness of the vegetation cover. 

 

The study established a growing trend of recovery indices for all studied species, which 

indicates the positive dynamics of the recovery of populations of these plant species in 

the studied territories. However, despite the general upward trend, the level of recovery 

may vary among species. For example, the indices restoration for Rhododendron 

myrtifolium increased from 43 to 62, for Leontopodium — from 46 to 76, for Pulsatilla 

alba Reichen — from 50 to 63, and for Erythronium dens-cani — from 49 to 56 for 

2010-2023. Leontopodium and Pulsatilla alba Reichen show greater growth compared 

to other species, which may indicate a different state and population dynamics of these 

species in the studied areas. Changes in recovery indices from year to year are quite 

insignificant, which indicates the stable nature of the processes of recovery of 

populations of plant species in the studied territories during the considered period 

(Figure 2). 

 

 
Figure 2: Recovery Index of studied plant species on average for all sites 

 

The general growth trend of recovery indices for all species indicates the positive 

dynamics of the recovery of plant populations in the studied area, which indicates the 

effectiveness of ecosystem protection and management measures. Recovery indices may 
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differ for different species, which may indicate a different degree of vulnerability or a 

different level of influence of external factors on the populations of these species. The 

Carpathian Biosphere Reserve is characterised by a high level of biodiversity, which is 

confirmed by the Brillouin, Shannon, and Simpson indices. This level of biodiversity is 

similar to that observed in the Slovenian and Pirin Biosphere Reserves. However, 

compared to the Danube Biosphere Reserve, the Carpathian Biosphere Reserve has a 

lower level of biodiversity. This may be explained by the unique characteristics of the 

reserve, such as geographical location or environmental conditions, which contribute to 

its excellent biodiversity profile (Table 3). Possible explanations for the differences 

between the Carpathian Biosphere Reserve and other reserves may be related to 

geographic location, environmental conditions, and conservation efforts. 

 

Table 3: Comparison of biodiversity indices in biosphere reserves 

Biosphere Reserve Brillouin Index Shannon Index Simpson Index 

Danube Biosphere 

Reserve (Romania) 

3.12 ± 0.25 2.01 ± 0.13 0.62 ± 0.06 

Slovenian 

Biosphere Reserve 

(Slovenia) 

2.85 ± 0.20 1.83 ± 0.10 0.55 ± 0.04 

Pirin Biosphere 

Reserve (Bulgaria). 

2.92 ± 0.22 1.92 ± 0.12 0.59 ± 0.05 

Source: World Commission on Protected Areas (2024) 

 

Table 4 demonstrates international experience in restoring biodiversity. Countries with 

developed systems of national parks and reserves, such as the United States, Australia, 

and Canada, are making various efforts to restore biodiversity. They focus on protecting 

endangered species, protecting unique ecosystems, mitigating the effects of climate 

change and managing invasive species. In Ukraine, the Carpathian Biosphere Reserve is 

one of the most important objects of the nature reserve fund, which needs special 

protection, preservation, and restoration. International experience in restoring 

biodiversity can be useful for Ukraine in developing its strategy for restoring biodiversity 

in the Carpathians, in particular, in developing a network of national parks and reserves, 

protecting the unique ecosystems of the Carpathians, mitigating the effects of climate 

change in the region, and managing invasive species. 

 

Table 4: International experience in restoring biodiversity 

Country 
National parks and 

nature reserves 
Biodiversity restoration efforts 

USA 

63 National Parks, 560 

National Wildlife 

Reserves 

Implementation of programmes for the 

preservation of rare species, restoration of 

ecosystems, fight against invasive species, 

creation of corridors for wild animals 

Australia 
685 National Parks, 274 

Nature Reserves 

Restoration of forests and grassland 

ecosystems, protection of wetlands, 

reintroduction of endangered species, and 

fire management 
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Country 
National parks and 

nature reserves 
Biodiversity restoration efforts 

Canada 

48 National Parks, 154 

National Wildlife 

Reserves 

Preservation and restoration of Arctic and 

boreal ecosystems, protection of marine 

ecosystems, integration of indigenous 

peoples into nature conservation projects 

Source: World Commission on Protected Areas (2024) 

 

So, the analysis of biodiversity indices in different biosphere reserves shows that the 

Carpathian Biosphere Reserve has a relatively high level of biodiversity, comparable to 

other European biosphere reserves. International experience in restoring biodiversity 

highlights the importance of protecting unique ecosystems, conserving endangered 

species, and managing invasive species. 

 

Discussion 
 

The ecological networks play a key role in the conservation of biodiversity, contributing 

to the protection of various species, including rare and vulnerable ones. Ecological 

networks provide connectivity between different parts of natural areas, allowing species 

to migrate, exchange genetic material, and maintain healthy populations. This increases 

the resilience of ecosystems to external influences, such as climate change and 

anthropogenic pressure. The study established that ecological networks contribute to the 

preservation of not only biodiversity but also ecological sustainability, which is critically 

important for the long-term preservation of natural resources and the provision of 

ecosystem services. 

 

The overall positive dynamics of restoration indices, obtained as a result of research on 

the territory of the Carpathian Biosphere Reserve during 2010–2023, indicate a positive 

direction of restoration of the plant population, which indicates the effectiveness of 

environmental protection and ecosystem measures. In addition to supporting species 

migration, ecological networks can also help to maintain genetic diversity within 

species. Ecological networks can facilitate gene flow and reduce the risk of inbreeding 

by connecting isolated populations. This is important for maintaining the long-term 

viability of populations and preventing the loss of genetic diversity. Ecological networks 

can also contribute to the restoration of degraded ecosystems. Ecological networks can 

help to restore ecological processes and functions by connecting fragmented 

environments, leading to biodiversity restoration. This is especially important in the 

context of changes in human land use, which often lead to fragmentation and degradation 

of the natural environment (Atkinson et al., 2022; Sudmeier-Rieux et al., 2021; Wang et 

al., 2021). 

 

According to the results of research by Solé and Levin (2022), there is a positive trend 

in increasing the number of rare plant species in the territories where ecological networks 

operate. One of the key factors influencing changes in biodiversity is land use change. 

The authors established that the regular reduction of the area of natural ecosystems as a 

result of land exploitation worsens the state of biodiversity. And ecological networks 

turn out to be an effective tool for preserving biodiversity, in particular, they contribute 

to the regeneration and preservation of natural ecosystems. The studies of different 
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scientists and researchers, as well as this research, emphasise that ecological networks 

are an important tool for preserving and restoring the biodiversity of natural ecosystems. 

Ecological networks can help to ensure the long-term viability of ecosystems and the 

species they support by providing connectivity between environments, supporting 

species migration, maintaining genetic diversity and promoting ecosystem recovery. 

Further research is required to better understand the impact of ecological networks on 

biodiversity conservation and restoration, and to develop effective strategies for the 

implementation and management of ecological networks (Ombashi and Løvschal, 2022; 

Nakamura et al., 2020). 

 

In addition, the conducted research is similar to the data of different researchers 

regarding a significant increase in the number of different plant and animal species in 

areas with ecological networks compared to control territories without protected areas. 

Ecological networks provide unique conditions for the preservation of the genetic 

diversity of plant populations, which is a key factor for their stability and adaptation 

(Mori et al., 2021; Memmott et al., 2006). Research by Markl, Hinneberg and Tarmann 

(2022) and Loreau et al. (2021) also confirmed that ecological networks contribute to 

the maintenance of genetic diversity in species populations by providing migration 

routes and genetic exchange between different populations. It was established that 

ecological networks contribute to increasing the functional diversity of ecosystems by 

creating diverse environments and conditions for different species and ecological 

functions. 

 

Another confirmation of the conducted research can be found in the works of the 

researchers who established that ecological networks contribute to the preservation and 

restoration of plant biodiversity. The study conducted by Niu et al. (2019) and co-authors 

showed that reserves and national parks that are part of ecological networks have a 

higher level of species diversity and more stable plant communities compared to 

territories that are not part of ecological networks. Another study by Rockström et al. 

(2021) and their colleagues confirmed these results, showing that ecological corridors 

that connect different protected areas facilitate the exchange of genetic material and the 

preservation of migratory routes for plants. So, the results of these studies reflect the 

importance of ecological networks in preserving plant biodiversity and maintaining 

ecologically sustainable landscapes. An analysis of foreign practices in the management 

of protected areas and sustainable tourism shows that protected areas in the United States 

are managed by the National Park Service, which has a decentralised approach to 

management. In Canada, protected areas are managed by Parks Canada, which applies a 

more centralised approach to management. New Zealand promotes sustainable tourism 

through the Tiaki Promise initiative, which encourages visitors to respect the natural 

environment. Costa Rica promotes sustainable tourism through the Certification for 

Sustainable Tourism (CST) programme, which recognises tourism businesses that meet 

certain sustainability standards. In Australia, public involvement is a key component of 

protected area management, where local communities are involved in decision-making 

and management processes. Public involvement is also important in South Africa, with 

an emphasis on benefit sharing and community-led conservation initiatives (Hermoso et 

al., 2021; Artemenko et al., 2024). 
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The Carpathian Biosphere Reserve could be improved by implementing a decentralized 

management approach similar to that used in the US. The reserve could also be improved 

by promoting a sustainable tourism economy similar to that used in New Zealand and 

Costa Rica. In addition, public participation is an important component of protected area 

management, and the Carpathian Biosphere Reserve could be improved by involving 

local communities in decision-making and management processes similar to those used 

in Australia and South Africa. This can increase the efficiency of reserve management, 

improve cooperation between local communities and authorities, and increase the 

economic benefits of tourism for local residents (Mori et al., 2021). Research results 

confirm that the ecological networks contribute to the increase of overall biodiversity in 

natural ecosystems, because ecological networks help to preserve and protect the 

diversity of species, including rare species that are of great importance for biodiversity 

conservation. The establishment of ecological networks also increases the resilience of 

natural ecosystems to external stressors such as climate change or anthropogenic 

pressure. So, the research results made it possible to make a more in-depth and 

comprehensive analysis of the impact of ecological networks on biodiversity, which 

opens up new prospects for further research and management of natural resources. 

 

These research results serve as the foundation for the development of a targeted strategy 

for the restoration of plant biodiversity in the Carpathian Biosphere Reserve, which 

includes the following steps: 

1.  Identification of priority species: carry out an assessment of the diversity of 

plant species in the reserve and identify those that are under threat or need 

special attention for recovery. 

2.  Restoration of the environment: carry out work on the restoration of the 

natural environment in the reserve area, including the restoration of forests, 

swamps, mountain meadows and other plant communities. 

3. Seeding and transplanting programmes: develop seeding and transplanting 

programmes of rare or endangered plant species in restored areas. Consider 

compliance with local conditions and the ecological needs of each species. 

4. Monitoring and evaluation: carry out continuous monitoring of plant 

populations and their environment in order to assess the effectiveness of the 

measures taken and to make adjustments to the recovery strategy. 

5.  Community and stakeholder engagement: involve local residents, 

researchers, environmental organisations and other stakeholders in the 

process of restoring plant biodiversity through awareness, education and 

collaboration. 

6.  Communication and education: conduct information campaigns and 

educational activities among the local population about the importance of 

preserving plant diversity and natural ecosystems in the reserve. 

 

This strategy is aimed at creating conditions for the sustainable restoration and 

preservation of plant biodiversity in the Carpathian Biosphere Reserve, taking into 

account the characteristics of its territory and ecological needs. In addition, the 

Carpathian Biosphere Reserve can be improved by implementing innovative 

technologies such as biodiversity monitoring using drones, satellite sensing and other 

technologies that can improve the monitoring and management of the reserve’s 

ecosystems. It is expected that the implementation of these measures will improve the 
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efficiency of management of the Carpathian Biosphere Reserve, increase economic 

benefits from tourism for local residents, and help to preserve the unique natural heritage 

of the Carpathian region for future generations. 

 

Therefore, the performed research corresponds to the set goal, and its results emphasize 

the importance of preserving the ecosystem for maintaining the biodiversity of plant 

communities. Recognition of the influence of ecological networks on the structure and 

functioning of plant ecosystems is a step towards ensuring the sustainable management 

of natural resources and the preservation of biodiversity for future generations. The 

results of this research emphasize the need to continue measures to expand and improve 

ecological networks, as well as to implement effective strategies for the management 

and protection of natural ecosystems. 

 

Research Limitations 
 

The study was conducted only on the territory of the Carpathian Biosphere Reserve, 

which may limit the general universality of the obtained results in the context of other 

regions or ecosystems. This is determined by the unique climatic, geographical and 

biological conditions of the reserve, which can differ significantly from conditions in 

other parts of the world. So, in order for the obtained data to be more widely applicable, 

additional research is needed in different regions and ecosystems, taking into account 

their specific ecological conditions and diversity types. 

 

Recommendations 
 

It is recommended to improve the system of monitoring and management of biodiversity 

in the reserve, in particular, to ensure more effective monitoring with the help of modern 

technologies, and to develop strategies for preserving the diversity of species. Based on 

the obtained results, it is recommended to develop programmes for the preservation and 

restoration of species diversity, in particular, to actively involve the local population and 

interested parties in nature conservation activities. 

 

Conclusion 
 

The study showed that the evenness indices for the studied plant species Rhododendron 

myrtifolium, Leontopodium, Pulsatilla alba Reichen and Erythronium dens-cani 

remained stable over the years, which indicates a uniform distribution of these species 

in the vegetation cover. The stability of these indices indicates the balance of the 

ecosystem of the Carpathian Biosphere Reserve in the period from 2010 to 2023. In 

addition, there is a general trend towards an increase in the recovery indices for all 

species, which indicates a positive dynamics of the recovery of populations of these 

species in the studied areas.To restore plant biodiversity in the Carpathian Biosphere 

Reserve, it is necessary to apply strategies that include the identification of priority 

species, habitat restoration, plant sowing and transplanting programs, systematic 

monitoring and assessment of the state of populations, as well as the involvement of 

local communities and stakeholders in these processes. These strategies are aimed at 

ensuring sustainable recovery and conservation of the plant biodiversity of the reserve, 

increasing the resilience of ecosystems and preserving natural diversity. 
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This research significantly contributes to understanding biodiversity by confirming the 

crucial role of ecological networks in preserving and enhancing plant species diversity 

in natural ecosystems, thereby supporting the development of effective conservation 

strategies.Research results can be used to improve reserve management strategies, 

develop species diversity conservation programmes, and support conservation decision-

making at the local and regional levels. 
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