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Abstract. Inadequate planning of transport and spatial infrastructure significantly contributes to biodi-
versity loss through increased habitat fragmentation and wildlife mortality. In alignment with the EU Bio-
diversity Strategy for 2030, Serbia must harmonize infrastructure development with nature conservation
principles. This paper presents a refined methodological approach for identifying and integrating ecologi-
cal corridors into spatial and infrastructure planning, developed within the ConnectGREEN project. Using
the case study of Derdap National Park, the paper outlines steps taken to define, protect, and manage
ecological corridors for large carnivores in Serbia. The results provide strategic recommendations and par-
ticipatory planning insights that could inform sustainable development policies across the region.
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Introduction

The planning and management of ecological corridors, as key components of green infrastructure,
play a crucial role in maintaining ecological connectivity — the degree to which the landscape
facilitates movement of species and the flow of ecological processes. While green infrastructure
represents a broader network of natural and semi-natural features (including forests, wetlands,
rivers, and green urban spaces) (EC, 2013a), ecological corridors specifically refer to spatially con-
nected linear features that enable the movement of species between core habitats, ensuring their
survival and maintaining genetic exchange (Jongman et al., 2004; Bennet & Mulongoy, 2006; CBD,
2006; Hilty et al., 2006; COE, 2010, EC & Trinomics , 2016).

Ecological connectivity relies on the preservation or restoration of natural corridors, which
facilitate species migration, adaptation to climate change, and the maintenance of ecosystem
services such as pollination, soil preservation, and regulation of water streams and water bodies
(Hilty et al., 2020).

Over time, uncoordinated spatial development and increasing pressure from urbanization,
industrialization, and transportation infrastructure have led to substantial habitat fragmentation,
which specifically refers to the process of breaking large and continuous habitats into smaller, iso-
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lated patches. This differs from landscape fragmentation, a broader concept that reflects the dis-
integration of ecological, visual, and functional unity of the landscape (EEA & FOEN, 2011). Both
forms of fragmentation severely impact biodiversity and ecosystem resilience.

To mitigate the adverse consequences of habitat fragmentation, nature conservation experts
emphasize enhancing ecological connectivity (Debinski & Holt, 2000; Hilty & Jodi, 2006; Hilty et al.,
2020). Ecological corridors support species migration, adaptation to climate change, and mainte-
nance of key ecosystem services such as pollination, water regulation, and soil conservation. Wild-
life corridors, in particular, are defined as ‘landscape elements that connect historically connected
habitats’ (Bennett, 2003), and are essential not only for animal populations but also for ensuring
the functional coherence of protected area networks.

The expansion and modernization of transportation networks, particularly roads and railways,
have intensified the fragmentation of ecosystems and natural landscapes in Europe and Serbia
(Brooks, 2003; Linnell et al., 2007; Hlavac et al., 2019; Spanowicz & Jaeger, 2019). These newly
constructed linear barriers hinder wildlife mobility, increase the risk of collisions with vehicles,
and reduce habitat quality and viability for numerous species.

Increased human activities, such as the construction of roads, railways, settlements, and in-
dustrial zones, have broken up continuous ecosystems into smaller, isolated patches, negatively
impacting biodiversity. Habitat fragmentation leads to the reduction in the size and quality of hab-
itats, disables species movement and migration, reduces genetic diversity, and increases the risk
of extinction for many threatened species.

In recent decades, anthropogenic changes and rapid landscape modifications have had sub-
stantial cumulative impacts, often disregarding the characteristics and values of these landscapes.
Decision-making in spatial, urban, and infrastructure planning has frequently neglected the impor-
tance of biodiversity and landscape character. The expansion and modernization of transportation
networks across Europe have particularly intensify landscape fragmentation, limiting the move-
ment and genetic exchange of wildlife species (Debinski & Holt, 2000). These newly constructed
barriers along traditional wildlife corridors also increase the risk of vehicle collisions, further com-
plicating the conservation of species (Brooks, 2003; Hlavac et al., 2019).

European countries have responded to these threats through integrated planning and legisla-
tive instruments. The EU Biodiversity Strategy for 2030 aims to expand the EU’s network of protect-
ed areas and create a Trans-European Nature Network, reinforcing ecological connectivity through
the development and restoration of green infrastructure and ecological corridors (EC, 2020). For
example, countries like Germany ( luell et al 2003; BfN, 2018), Austria (Kohler & Plassmann, 2006),
and the Netherlands (Jongman & Pungetti, 2004) have long experience in integration of ecological
corridors into their spatial planning systems, using national ecological networks to reconnect hab-
itats fragmented by transport infrastructure.

Despite these progressive examples, many countries in Southeast Europe, including Serbia,
are still in the process of integrating such approaches. Serbia’s commitment is formalized through
its ratification of the Carpathian Convention, particularly Article 4, which emphasizes the integra-
tion of biodiversity and landscape protection into sectoral policies (Carpathian Convention, 2003).
However, inadequate spatial and transport planning remains a key driver of habitat fragmentation
and species decline.

Non adequate planning of transport infrastructure is the main cause of the drastic decrease
in the number of species due to fatal outcomes on the Serbian, and European roads in general.

The lack of ecological considerations in infrastructure planning, especially in areas of high bio-
diversity, such as Serbia’s Derdap National Park (located in the Eastern Serbia), continues to disrupt
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wildlife migration routes and contribute to roadkill mortality. These challenges necessitate urgent
integration of ecological corridor planning into formal planning instruments.

Recent conservation efforts, particularly through the INTERREG DTP 2 ConnectGREEN project
“Restoring and managing ecological corridors in mountains as the green infrastructure in the Dan-
ube basin”, have provided a structured methodology for the identification and management
of ecological corridors in Serbia and other Carpathian countries. One of the project’s pilot area
— Derdap National Park — demonstrates how science-based tools and participatory processes can
be used to harmonize infrastructure development with biodiversity goals. Together with the WWF
Romania as a leading partner, and 12 other institutions in the field of nature protection and spatial
planning from 5 countries (Austria, Czechia, Hungary, Slovakia and Serbia), Institute has devel-
oped the methodology for the identification of migratory corridors of large mammals (wolf, lynx
and bear) in Derdap National Park, established a geodatabase and defined the Strategy on the Iden-
tification, Preservation, and Management of Ecological Corridors.

This paper presents the outcomes of the ConnectGREEN project, with emphasis on the appli-
cation of the newly developed methodology in Serbia. It aims to clarify the conceptual distinction
between green infrastructure and ecological corridors, and to offer planning recommendations
that can enhance ecological connectivity, mitigate habitat fragmentation, and support sustainable
spatial development across the region.

Application of the proposed methodological approach along with the set of measures (in-
cluding reducing habitat fragmentation and constructing green overpasses/bridges that facilitate
the safe movement of animals) will provide new insight into existing practice in infrastructure
planning. These efforts will contribute to sustainable development while supporting biodiversity
conservation.

This paper will present results of the project and give strategical guidance for future steps in in-
frastructure planning towards better protection of endangered species in Serbia.

Theoretical and strategical background

The strategic importance of integrating ecological connectivity into spatial and infrastructure plan-
ning has been increasingly recognized across Europe in response to growing habitat and landscape
fragmentation. The European Union’s policy framework strongly emphasizes the need to preserve,
restore, and enhance functional ecological networks, especially through the protection and plan-
ning of ecological corridors. While the EU Green Infrastructure Strategy (EC, 2013a) provides a gen-
eral framework for embedding nature-based solutions into land use systems, the implementation
of ecological corridors remains a challenge, particularly in areas undergoing rapid infrastructure
development.

One of the primary goals of the strategy is to create a cohesive ecological network that sup-
ports biodiversity across Europe. This includes expanding the Natura 2000 network of protected
areas (EC, 2013b), as well as developing new, innovative approaches to land use that prioritize
the protection and restoration of natural ecosystems. Ecological corridors, such as wildlife over-
passes, underpasses, and green bridges, are crucial elements of this vision. These corridors allow
species to safely traverse fragmented landscapes, reducing the risk of mortality due to road traffic,
while also promoting gene flow between isolated populations.
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The European Commission’s Green Infrastructure Strategy (EC, 2013a) promotes cross-sectoral
integration, encouraging Member States to adopt green infrastructure solutions across various
sectors.

Incorporating green infrastructure into transportation networks, for example, can help to re-
duce habitat fragmentation caused by roads and railways. Creating green corridors alongside trans-
port routes, or building wildlife passages such as tunnels or bridges, can help wildlife safely navi-
gate through otherwise inhospitable landscapes.

This strategy aims to make the protection, restoration, creation, and enhancement of green
infrastructure an integral part of spatial planning and territorial development. Its primary objec-
tive is to ‘preserve, restore, and enhance green infrastructure to halt biodiversity loss and ensure
ecosystems continue to provide essential services to humans.” The Green Infrastructure Strategy
serves as a framework for the development of the Trans-European Network for Green Infrastruc-
ture (TEN-G) (EC, 2016).

The Natura 2000 network (EC, 2013b) forms the cornerstone of the EU’s green infrastruc-
ture, aiming to ensure the long-term survival of Europe’s most valuable and endangered species
and habitats, as outlined in the Birds Directive (EC, 2009) and the Habitats Directive (EC, 1992).
This network plays a vital role in maintaining Europe’s biodiversity by linking protected areas across
the continent.

Looking towards the future, one of the primary long-term goals outlined in the first draft
of the Global Biodiversity Framework post-2020 (EC, 2021; UNEP, 2022) is to increase the area,
connectivity, and integrity of natural ecosystems and habitats by 2050. Specific targets for 2030
include expanding the land area covered by spatial plans, preserving existing intact areas and wil-
derness, and revitalizing degraded ecosystems to improve their connectivity. The framework envi-
sions that by 2030, at least 30% of the Earth’s surface will be protected through a well-connected
and effective system of protected areas and conservation measures.

Practical experiences from countries such as Germany, Austria, and the Netherlands have
demonstrated how ecological networks and corridors can be systematically integrated into spatial
planning systems. Germany has established a national biotope network supported by legal obli-
gations for wildlife crossings; Austria has operationalized connectivity objectives through regional
land use plans under the Alpine Convention; the Netherlands’ Ecologische Hoofdstructuur (EHS)
is a pioneering example of embedding ecological connectivity into national policy frameworks
(Jongman & Pungetti, 2004; BfN, 2018).

All of presented strategies and policies on the EU level have common goals which are: integra-
tion and promotion of green infrastructure in various sectoral policies, such as land-use planning,
planning of transport infrastructure, territorial development, agriculture, forestry, water manage-
ment, and urban development. Integrating green infrastructure into these frameworks can help
mitigate the impacts of urbanization and industrialization by providing natural solutions to envi-
ronmental challenges, such as reducing the urban heat island effect, improving air quality, and in-
creasing the resilience of cities to climate change, all while promoting biodiversity. Active man-
agement efforts provided within these documents will be necessary to facilitate wildlife recovery,
protect species, and reduce conflicts between citizens and wildlife.

In Europe, most of these strategies are adequately implemented, although the level of imple-
mentation is not the same.

In contrast, countries in the Carpathian region face heterogeneous implementation levels.
The ConnectGREEN project has documented both institutional strengths and gaps across five par-
ticipating countries: Czechia, Slovakia, Hungary, Romania, and Serbia. While some have legally
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(through regulations and laws) recognized ecological corridors as spatial planning elements, others
rely more on ad hoc or project-based approaches (Okanikova et al., 2021).

Czechia has long-standing practice of recording ecological corridors along and adequate strate-
gic and legislative framework as well as defined a national network of wildlife ecological corridors.
That is the reason why Czechia has long tradition in building green bridges for different animal
species as the part of a good practice. Hungary has also long tradition of designing green bridges
for wildlife crossings and EU harmonized strategic and legislative framework, as well as nation-
al ecological network and Natura 2000 (EC, 2013b) are integrated into spatial planning systems.
Slovakia on the other hand has significant conflicts between construction and nature protection,
while Romania has adopted the practice of building green bridges for wildlife crossing and EU
harmonized strategic and legislative framework (Okanikova et al., 2020). In Serbia, efforts to es-
tablish a national ecological network have been formalized through the Regulation on the Eco-
logical Network (RS, 2010a), but the operationalization of ecological corridors remains limited.
Sectoral fragmentation, lack of coherent spatial data, and weak intersectoral cooperation continue
to hamper progress. Furthermore, while planning documents often reference green infrastructure,
the concept of ecological corridors is either poorly defined or insufficiently integrated into plan-
ning instruments.

It can be observed that countries in the Carpathian region have similar challenges in managing
ecological corridors and addressing habitat fragmentation for wildlife as Serbia. Each of these coun-
tries uses indicator systems to identify ecological networks and corridors, based on methodologies
developed for the Natura 2000 sites and the Pan-European Ecological Network. However, there
is significant variation in the indicators used across these countries, as well as in their respec-
tive levels of importance. This inconsistency is largely due to differences in national data systems
and legislative frameworks, which hinder the effective systematization of data at a broader, trans-
national level. This disparity in data and regulatory structures presents a challenge for coordinating
efforts across countries and for addressing ecological connectivity in a holistic manner (Simonovic
Alfirevic et al., 2024). Also, an adequate strategic and legislative framework, as well as the national
ecological network and Natura 2000 (EC, 2013b), should be better integrated into spatial planning
systems.

Ecological connectivity and habitat fragmentation in Serbia:
challenges and solutions for biodiversity conservation

In Serbia, ecological connectivity is a critical but under-addressed aspect of biodiversity conser-
vation and spatial planning. Despite the country’s rich natural heritage and diversity of protected
areas, habitat fragmentation continues to intensify, primarily due to unchecked urban expansion,
infrastructure development, agriculture, and forestry. This type of fragmentation in Serbia refers
to the process in which formerly continuous habitats are divided into isolated patches, reducing
the ability of species to move, reproduce, and maintain viable populations, especially in the part
of Carpathian region in Eastern Serbia. In contrast, landscape fragmentation reflects the broader
disintegration of the landscape’s visual, ecological, and structural cohesion (EEA & FOEN, 2011).
Key biodiversity areas in Serbia, including national parks and nature reserves, are increasingly
threatened by intersecting roads, railways, and expanding settlements. Species with large territori-
al ranges — such as large carnivores - brown bears, wolves, and lynxes — are particularly vulnerable,
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as their habitats are being reduced in size, degraded, or severed. Roadkill mortality and loss of ge-
netic exchange between isolated populations are growing concerns. Smaller, fragmented habitats
often cannot sustain viable wildlife populations, leading to local extinction.

Efforts to counteract this trend include the establishment of ecological corridors that connect
fragmented habitats and support species movement. These corridors — whether riparian zones,
forest strips, or engineered wildlife crossings — are essential for maintaining ecological integri-
ty and increasing landscape permeability. The goal is to create a network of connected habitats
that allows species to move freely across the landscape, improving their chances of survival and re-
production.

Moreover, Serbia is working to integrate ecological connectivity into its broader environmental
and spatial planning policies. This includes efforts to link protected areas, such as national parks
and nature reserves, through ecological corridors, and to promote sustainable land-use practices
that reduce habitat fragmentation. The Natura 2000 network (EC, 2013b) aims to protect the most
valuable natural habitats and species across Europe, including in Serbia, which has committed
to aligning its conservation efforts with EU standards.

Despite these efforts, challenges remain in achieving effective habitat defragmentation. One
of the major obstacles is the lack of comprehensive data on the distribution of wildlife and habitats
on the whole territory of Serbia, as well as the insufficient coordination between environmental,
urban, and transportation planning authorities. Furthermore, there is a need for greater public
awareness and engagement in conservation efforts, as well as increased funding for habitat resto-
ration projects.

Also, the management of ecological corridors has not been comprehensively integrated
into spatial planning methodologies, nor is it adequately addressed within infrastructure corridor
planning. Achieving a balance between socioeconomic growth, particularly in infrastructure devel-
opment, and environmental conservation demands a coordinated approach. This approach should
be based on the analysis of various data sources, including scientific research, analytical docu-
mentation, and data-driven methods, combined with responsible spatial planning that accounts
for the long-term environmental impacts on a larger scale.

At the national level, Serbia lacks a systematic identification of ecological corridor networks.
The Emerald (COE, 2022) and Natura 2000 networks (EC, 2013b) are recognized as isolated areas
rather than as interconnected corridor systems. The framework for establishing an ecological net-
work in Serbia is defined by the Regulation on the Ecological Network (RS, 2010a).

Between 2009 and 2012, an ecological network was developed and mapped across the terri-
tory of Autonomous Province Vojvodina (northern part of Serbia), and this information is available
on the website of the Provincial Institute for Nature Protection. This mapping allowed for the iden-
tification of key elements of the network in Vojvodina and facilitated its integration into spatial
plans at both the regional and local levels. This integration aids in the formulation of spatial de-
velopment goals that balance the protection of natural resources with the growth of settlements
and infrastructure.

However, these efforts have not been extended to the rest of the country. While some progress
has been made in identifying ecological corridors, detailed mapping and comprehensive identi-
fication of these networks have not been completed. The absence of clear obligations to define
and protect ecological corridors contributes to the further degradation of existing corridors, which
raises the costs of future restoration efforts. This, in turn, leads to irreversible genetic and land-
scape changes, making it difficult to restore these corridors for future generations.
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Current legal frameworks remain partially operational, with unresolved legal ambiguities. Fur-
thermore, supporting strategic documents such as action plans and strategies remain insufficient-
ly implemented. The lack of effective law enforcement is further intensified by conflicts arising
from activities in other sectors like forestry, agriculture, and water management, all of which have
significant impacts on landscape structure. To address these issues, Serbia needs to align sectoral
legislation with international agreements, such as the Bern Convention (COE, 2021) and the EU’s
Habitats Directive (EC, 1992).

Despite adopting several laws and regulations in line with the Carpathian Convention, Serbia
has not fully embraced its recommendations. A significant gap is the failure to properly identify,
assess, and protect ecological networks at the national level, a process which should be incor-
porated into national policies and strategies for nature and biodiversity conservation. Only two
national strategies reference ecological networks: the Biodiversity Strategy of the Republic of Ser-
bia (2011-2018-outdated) and the National Strategy for Sustainable Use of Natural Resources
(2012-outdated), alongside the Nature Protection Program (2021-2023-outdated). However, none
of these documents offer detailed guidance on integrating ecological networks into other sectors,
beyond nature conservation. Also, another key constraint is in the lack of consistent data and mon-
itoring especially outside major protected areas. Although some monitoring exists for flagship
species such as large carnivores, it is fragmented and not systematically linked to planning tools.
Additionally, financial resources and technical expertise remain limited.

In Serbia, the identification of ecological networks is based on the identification of critical animal
habitats (especially for species like bears, lynxes and wolves) and the recognition of human-altered
landscape features (such as shelters, canals, and embankments) that function as habitats or eco-
logical corridors. The presence of human-made barriers, including infrastructure corridors, as well
as settlements, fences, etc. is also taken into account. The quality of ecological networks is primarily
measured by the diversity and structural variety of habitats and corridors, the presence of protect-
ed species, and the temporal and spatial permanence of the network elements in the landscape.

The main obstacles to properly identifying ecological corridors are a lack of comprehensive
data on wildlife populations, including habitat maps and sectoral plans, insufficient financial sup-
port, a shortage of expert personnel, and a failure to implement previously outlined measures
from legislative and strategic frameworks. Since ecological corridors are not well-defined, they
are often overlooked as constraints in development planning documents.

While there is some monitoring of animal habitats (especially for species like brown bears,
wolves, and Eurasian lynx), this monitoring is not continuous or conducted nationwide. Giv-
en these gaps in scientific research and practical approaches to defining ecological corridors, it
is essential to establish a methodology for identifying wildlife corridors, which would contribute
to the conservation of species and reduce wildlife mortality rates caused by poorly designed trans-
portation infrastructure. The reduction of wildlife populations often results from habitat fragmen-
tation due to infrastructure projects that do not take ecological corridors into account.

To move forward, Serbia must establish a coherent, nationwide ecological network, supported
by huge databases with spatial data and other statistical data, cross-sectoral cooperation, and legal
enforcement. The integration of ecological connectivity into planning instruments must become
a binding criterion for infrastructure development and decisions in spatial and planning of trans-
port infrastructure. In this regard, the ConnectGREEN project has provided a valuable framework
for identifying corridors, assessing barriers, and proposing realistic mitigation measures based
on ecological modeling and participatory validation. These efforts now need to be pushed into na-
tional and regional planning practice.
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Inovative methodology in planning infrastructure corridors

In the context of Serbia, ensuring the continuity and integrity of ecological corridors is key to ad-
dressing the pressing issue of habitat fragmentation (Simonovic¢ Alfirevi¢ et al., 2024). As urbaniza-
tion and infrastructure development accelerate, especially in terms of construction new highways,
many natural habitats are divided, severely compromising the biodiversity of the region. The im-
plementation of ecological corridors as part of new methodology in spatial planning is one effective
strategy to mitigate these issues, connecting fragmented habitats and reducing barriers to wildlife
movement. These corridors are essential for safeguarding ecological integrity and for ensuring
the long-term sustainability of natural resources, which benefit both wildlife and human popula-
tions alike.

However, the successfulimplementation of these ambitious goals in faces numerous challenges.
Habitat fragmentation continues to increase, intensifying the decline in biodiversity, and reducing
the effectiveness of existing protected areas.

The situation is particularly urgent in regions like the Serbian part of Carpathian Mountains,
where the construction of infrastructure corridors within nature protected areas has led to the iso-
lation of wildlife populations.

One significant initiative addressing these issues is the INTERREG DTP2 ConnectGREEN project,
a collaborative effort involving countries from the Carpathian region, including Serbia, Romania,
Slovakia, Hungary, and Czechia. The project focuses on restoring and managing ecological corri-
dors in mountain areas of the Danube Basin. The project developed a Methodology for identifying
ecological corridors in the Carpathian countries by using large carnivores such as the Eurasian lynx,
grey wolf, and brown bear as umbrella species (with possibility of extension on red deer in future
elaboration) (Okanikova et al., 2021; Vlkova et al., 2023). These species are highly sensitive to hab-
itat fragmentation, making them ideal for measuring the effectiveness of ecological corridors. Be-
side newly proposed methodology, the project also introduced practical Guidelines on how to use
spatial planning tools in Integrative Management of Ecological corridors and Recommendations
developed together with spatial planners to avoid/minimize fragmentation of ecological corridors
caused by the new infrastructure pathways in protected areas and created the CCIBIS database —
Carpathian Countries Integrated Biodiversity Information System (CCIBIS, 2025), an information
system for biodiversity in the Carpathian region.

The work carried out under the ConnectGREEN project emphasizes the importance of cross-bor-
der cooperation in addressing ecological fragmentation.

In Serbia, the project involved the Institute for Architecture and Urban&Spatial Planning of Ser-
bia and Derdap national park (Fig. 1), which developed a methodology for identifying and mapping
ecological corridors in Serbian part of Carpathian region. Institute of Architecture and Urban&Spa-
tial Planning of Serbia was in charge for defining existing and planned infrastructure corridors
within the area of the DPerdap national park that can cause serious habitat defragmentation
and also breaking of the existing ecological corridors.

This methodology helped to identify wildlife migration corridors and recognize migration
barriers, such as roads and other infrastructure. It also provides recommendations for mitigat-
ing these barriers, including the construction of wildlife crossings like eco-ducts or green bridges,
measures to prevent animals from entering transportation corridors, and strategies to alert drivers
of animal movement.
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Figure 1. Position of National Park Derdap in Serbia
Source: authors and the Spatial Plan for the Special Purpose Area of Derdap National Park (RS, 2022).

The methodology also defines a series of measures to reduce barriers and wildlife mortality:
measures for safe infrastructure crossings (eco-ducts/green bridges) in Serbia, measures
to prevent animals from entering infrastructure corridors, measures to warn animals of transport
infrastructure, and measures to alert drivers to the approach of animals or risky sectors. Increased
fragmentation is caused by the growing number of migration barriers. Migration barriers are one
of the main topics when determining wildlife corridors and migratory routes. The large number
of barrier types and their diverse impacts on ecological connectivity often hinder the consideration
of all possible variations in the field and prevent the identification of simple solutions with general
application methods.

The methodology was developed in multiple phases, which involved including various stake-
holders and interest groups in the decision-making process. To collect the base data for the green
corridorsissue in Serbia, three national workshops were organized through the project, with the ac-
tive participation of over 50 participants — representatives from ministries, local governments,
public enterprises, institutes, scientific institutions, interest groups, and non-governmental organi-
zations. The workshops aimed to facilitate expert exchanges of views in the fields of nature protec-
tion, infrastructure planning, and spatial planning through a participatory planning process. These
conclusions were intended to serve as input for the draft Carpathian methodology for identifying
key areas and ecological corridors in Serbia used by large carnivores.
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Based on the inputs provided, a document titled ‘Strategy for the Identification, Conserva-
tion, and Management of Ecological Corridors in the Carpathian Countries’ was created, along
with ‘Guidelines for the Use of Planning Tools in Integrative Management of Ecological Corridors’
and Decision-Support Tools (DST). Additionally, several different documents were developed: Da-
tabase and Maps of Significant Areas and Ecological Corridors of Large Carnivores of Transnational
Importance in the Carpathian Ecoregion - Carpathian Countries Integrated Biodiversity Information
System (CCIBIS, 2025) and an International Action Plan on conservation of large carnivores and en-
suring ecological connectivity in Carpathians (and in Derdap National Park). All these documents,
which resulted from participatory planning, have been published as publications or distributed
online.

The results of the analysis served as the basis for defining the content of the methodology
and modeling ecological connectivity. The methodology was implemented through several phases
of ecological connectivity modeling (Fig. 2).

A. CARPATHIAN LEVEL
1. HABITAT SUITABILITY MODELING
Data collection and preparation for input

Development of the habitat suitability model

Definition of favorable habitats attached to primary habitats and other favorable habitats

Eall el

Expert discussion/check of the favorable habitat layer by national and local experts and finalization of the model
2. CONNECTIVITY MODELING
Preparation of resistance surface model, including barriers

N

. Modeling connectivity — corridor network (and connecting zones, stepping stones)

3. Expert discussion/check/completion of the connectivity model (by national and local experts) and finalization
of the model

3. CRITICAL ZONES

1. Identification of barriers and critical zones

2. Expert discussion/check of critical zones, adoption, and integration of verified critical zones into the model
4. DEFINITION OF ECOLOGICAL NETWORK FOR LARGE CARNIVORES
3. Synthesis of separate results — proposal for the ecological network map for large carnivores

4. Expert discussion/check of the proposed ecological network map for large carnivores — national and local ex-
perts

5. Finalization of the ecological network map for large carnivores in the Carpathians
B. PILOT AREA LEVEL
6. Desktop (laboratory) verification of corridors and critical zones

7. Field verification

8. Finalization of the ecological network model for the pilot areas

Figure 2. Phases of ecological connectivity modeling
Source: authors own elaboration.

International experiences served as a basis for comparing the results of the research conduct-
ed in the Republic of Serbia and enabled direct application at the pilot area level of the Derdap
National Park. All the mentioned phases were followed by expert discussions and reviews, in which
has participated large number of experts from the fields of spatial and infrastructure planning
and nature conservation, both from the country and abroad.

After the synthesis of the results was completed, work began on creating the ecological net-
work map for large carnivores in the Derdap National Park area, based on detailed field research.
The mapped areas of large mammal habitats, as well as ecological corridors, were also integrated
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into the CCIBIS portal . Also CCIBIS maps have taken into account the existing and planned roads
and other infrastructure barriers that needs to be overcome on the Serbian part of Carpathian
region (Fig. 3).

Carpathian Integrated a
\™\ Biodiversity Information System

Thematic Map View: Ecological Corridors

[ carpathian ecoregion =l

[ ravorable and suitable habitat
[ wigration zone-corridor

[ stepping stone

[ critical connectivity zone

L. wm““""\/_/

Figure 3. Modelled ecological corridors and critical zones in Derdap National Park, based on habitat suitability,
resistance, and connectivity analysis within the ConnectGREEN project
Source: CCIBIS (2025).

Figure 3 presents the final result of the corridor identification and modeling process conducted
within the Derdap National Park. The map reflects the cumulative outcome of the multi-step meth-
odology applied in the ConnectGREEN project, including:

1. habitat suitability analysis,
2. resistance surface modeling based on anthropogenic and natural barriers, and
3. connectivity modeling verified through expert discussion and fieldwork.

The visualized ecological corridors and critical zones were derived from the integration of spa-
tial data and expert knowledge collected during the three national workshops in Serbia. In partic-
ular, the map highlights the spatial conflicts between ecological corridors and existing/planned
infrastructure (e.g. state road IV category, tourist development zones), and served as a basis
for proposing mitigation measures such as wildlife crossings and buffer zones. As such, the figure
is not merely illustrative but instrumental in demonstrating how the methodology was translated
into planning decisions and regulatory provisions adopted in the Spatial Plan for the Special Pur-
pose Area of Derdap National Park (RS, 2022).

The maps were created based on the availability of occurrence data, ecological variable data,
data collection on the occurrence of individuals, barrier inventory (railways, roads, fences, wa-
tercourses, deforested areas, and built-up areas) in corridors and critical zones (which were con-
ducted through field research in the Derdap National Park during 2020, 2021, and 2022). Based
on these databases, critical zones were assessed, and corridors and actual migratory paths used
by animals were defined.
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This research served as the basis for defining guidelines and measures to ensure connectivity

and reduce the barrier effect, which include:
¢ A. Measures that enable and facilitate safe passage across infrastructure (wildlife crossings).
¢ B. Measures to prevent animal mortality and human casualties:

1. Measures that prevent animals from entering infrastructure,

2. Measures that alert animals to transport infrastructure or approaching vehicles,3. Measures
that warn drivers of approaching animals or of sections with a collision risk (warning signs,
speed limits, animal detection warning systems).

The implementation of all these measures can drastically reduce the mortality rate of animal
species in a given area.

All of these measures were implemented not only in the final version of the Spatial plan
of the special purpose area of Derdap National Park (RS, 2022), but also in the different documents
on the local and regional level in Serbia (detailed regulation plans, general regulation plans, gener-
al urbanistic plans, and other documents that have the occurrence of possible habitat fragmenta-
tion due to construction of the road infrastructure).

The methodology was tested in Serbia on the Derdap National Park area but can also be applied
to protected areas allover Serbia (Favilli et al., 2013). The methodology may require adjustments
due to the occurrence of different species with specific characteristics, but the guidelines for mod-
eling ecological connectivity can be adapted. Thus, this methodological approach can be applied
not only to other areas with the dispersion of observed species (wolf, lynx, bear) but also in cases
of other animal species.

After the methodology was developed, experts defined guidelines for its application in plan-
ning documents in Serbia.

Based on the analyzed issues, the application of the Methodology for Identifying Ecological Cor-
ridors for Large Mammals in the Carpathian Countries and the results of its application in the pilot
area of the Derdap National Park, it was possible to identify preserved and endangered existing
ecological corridors and their spatial conflicts with existing construction areas of tourist complexes
and settlements. In the next methodological step, planners have proposed alternative solutions
for the preservation and reconstruction of existing corridors and the creation of new ecological
corridors in relation to other uses in the protected area. All proposed alternative solutions involved
the same locations for the animal crossings over the state road.

A participatory approach was necessary in order to achieve coordination and address existing
and potential conflicts, which involved key stakeholders in nature protection, tourism, and spatial
planning at both national and local management levels. After several iterations, planers selected
a compromise solution to reconcile the planned development with the preservation of existing
ecological corridors and the formation of several new ones, while limiting the expansion of con-
struction areas for tourist complexes and settlements in relation to the designated corridors. The
chosen planning solution enabled the adequate protection and improvement of ecological corri-
dors and strengthened their role in connecting Derdap National Park with protected areas of natu-
ral values in the surrounding area —the Homolje Mountains in Serbia and the Portile de Fier Nature
Park in Romania.

In addition to this planning document, the methodology was applied in the form of conditions
defined through the Rules for Planning and Construction for Public Areas and integrated into Spa-
tial Plans for Special Purpose Areas (SPSPA) and Detailed Regulation Plans (DRP), four of which
have been adopted, in accordance with the Regulation on Special Technical and Technological Solu-
tions that allow for the unhindered and safe communication of wildlife (RS, 2010b).



Identification of ecological corridors for the large carnivores as an important input 17
for infrastructure planning in Serbia — Case study of National Park Derdap

Considering the fact that Serbia has this regulation that enable unhindered and safe commu-
nication of wildlife whose application is currently insufficient and inadequate, the proposed meth-
odological approach could serve as input for updating this document.

This would significantly improve planning practices regarding transportation infrastructure
planning in line with nature protection requirements.

Conclusion

Based on the Methodology for Identifying Ecological Corridors for Large Mammals in the Carpath-
ian Countries, and its implementation in the pilot area of Derdap National Park, it was possible
to identify preserved and endangered ecological corridors within the Spatial Plan for Special Pur-
pose of Derdap National Park (RS, 2022). This included conflicts with existing construction areas
for tourist complexes and settlements, as well as with the Category IV state road that runs longitu-
dinally through the entire protected area.

Despite the progress made in this project, there remains a need for comprehensive nation-
al strategies to ensure the continued development of ecological corridors in Serbia and across
the countries of Carpathian region. Effective management and monitoring systems must be put
in place to track the health of these corridors and to ensure that they function as intended. This
includes further integrating ecological considerations into spatial and infrastructure planning
and aligning national legislation with international environmental agreements, such as the Bern
Convention and the EU Habitats Directive.

In conclusion, ecological corridors represent a critical tool in the fight against habitat frag-
mentation. Through effective planning, cross-border cooperation, and the implementation of na-
ture-based solutions, it is possible to enhance ecological connectivity, protect biodiversity, and sup-
port the sustainable development of both human and wildlife populations. However, this requires
ongoing commitment and action at the national and international levels, ensuring that ecological
corridors are not just preserved but actively integrated into the landscape for the benefit of all
species.

Ecological connectivity and habitat de-fragmentation are vital for ensuring the long-term sur-
vival of Serbia’s biodiversity. Continued efforts are needed to strengthen ecological corridors, im-
prove habitat restoration initiatives, and integrate conservation priorities into national policies
and planning frameworks. By addressing habitat fragmentation, Serbia can safeguard its natural
heritage and contribute to broader efforts to protect biodiversity in Europe.

That is the reason why Institute of Architecture and Urban&Spatial Planning of Serbia, along
with several different infrastructure planning institutions are trying to define guidelines and meas-
ures for overcoming problems in potential habitat defragmentation caused by the construction
of new infrastructure corridors — main and regional roads, highways and railways in Serbia. This
approach to integrating new planning practices into established design methodologies may pro-
mote broader and more impactful implementation, while also facilitating the expedited adoption
of strategic frameworks that institutionalize such practices as standard requirements.
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