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Abstract. The high growth rate of consumption of natural resources by people in
the last century have seriously and negatively affected ecosystems and led to the loss of bio-
diversity. At present, it is important to take the necessary measures to ensure sustainable de-
velopment and biodiversity conservation. Ecological networks play an important role in main-
taining and controlling the stability and balance of communication between ecosystem com-
plexes. For this purpose, the possibility of creating an ecological network that includes core
areas, buffer zones, ecological corridors and restoration areas in the section of Shamakhi dis-
trict of the Shahdagh National Park was explored. The designated buffer zone of the national
park includes 14 villages and 1 settlement type administrative unit. Mountainous landscapes
predominate in the area, and the absolute height ranges from 500-200 m. Riverbeds, inter-
mountain depression, mountain passes, trails and forests which should be planted in the areas
we offer, were considered as main factors during the construction of ecological corridors in
the national park and the buffer zones. The materials obtained from the literature and our field
studies, also, vector and raster data were used during the site identification. The data was pro-
cessed in software such as ArcGIS 10, ERDAS Imagine, Global Mapper, Google Earth, etc.
Existing ecosystems were identified, and areas were calculated in separate elements of the eco-
logical network in the study area.
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AHHOTanms. Beicokne TeMnsl pocTa moTpebiieHus NMPUPOIHBIX PECYPCOB JNIOJBMHU B
MIPOLJIOM BEKE OKa3aJld 3HAuMMOE HEeraTHMBHOE BO3JEHCTBME Ha SKOCHCTEMBI M IPUBEIU K
yTpaTe OuopazHooOpasus. B Hacrodiee BpeMs Ba)XHO NMPHUHATH HEOOXOIMMBIE Mephl IS
o0ecriedeHNsl YCTOIHUMBOTO Pa3BUTHSI M COXPAaHEHUSI OMOpa3HO0Opasus. DKOJIOTHYECKUE CeTH
UTPArOT BAXHYIO POJIH B MOJICPKAHUU M KOHTPOJIE CTAOMIBHOCTH M OajlaHca CBSI3H MEXIY
9KOCHCTEMHBIMU KOMIUTeKcaMu. C 3TOH LeJIbl0 M3y4YeHa BO3MOXKHOCTb CO3JaHHsI DKOJIOTHYE-
CKOM CeTH, BKJIIOYAOLIEH OCHOBHBIC TEPPUTOPUU, Oy(EepHBIC 30HBI, FKOIOTUUECKUE KOPHUIO-
pBl U 30HBI BOoccTaHOBJIEHUA Ha ydacTke IllemaxuHckoro paiiona Illaxgarckoro HaruoHab-
Horo mapka. Obo3HaueHHas OyQepHas 30Ha HAMMOHAIBFHOTO MapKa BKIOYaeT 14 nepeBeHb
1 agMUHHUCTPATUBHYIO €IUHHMILY MMOCEIKOBOTO TUMA. 3/1eCh MpeoliagatoT ropHble JaHamad-
ThI, a0COIIIOTHAS BBICOTA KOTOPBIX Konebnercs B mpenenax 500-200 m. Pycna pek, Mexrop-
HBIC BIIaIUHEI, TOPHBIC TIEPEBAJIBI, TPOIIBI H JIeca, KOTOPhIe JODKHEI OBITH 3aca)XEHBI Ha Mpe-
JIaraeMbIX TEPPUTOPUAX, PACCMATPUBAINCH KaK OCHOBHBIE (DaKTOPHI PU CO3JAHUU IKOJIOTH-
YEeCKUX KOPHUIOPOB B HAITMOHATIBHOM INapke U OydepHbIx 30HaX. [Ipn unentndukanuy ygact-
Ka HCTIOJE30BaHbl MaTepHabl, TIOyYCHHBIEC U3 JTUTEPATYPhl B COOCTBEHHBIX MTOJICBBIX HCCIIE-
JIOBaHUH, a TaK)Ke BEKTOPHbIE U pacTpoBble JaHHble. OOpabOTKa JaHHBIX OCYLIECTBISIACH B
ArcGIS 10, ERDAS Imagine, Global Mapper, Google Earth u nap. CymecTByroiue 3K0CH-
CTEMBI MICHTU(HUINPOBAHBI, a IUIOMIAIN PACCUNTAHBI B OTAEIBHBIX JJIEMEHTAaX SKOJOTHUC-
CKOM CETH B palilOHE MCCIEAOBAHHUS.

KurroueBble ¢JIOBA: 3KOJIOTUYECKASI CETh, IKOJIOTMYECKHE KOPUIOPHI, Oy(hEpHBIE 30HBI,
skocucteMbl, [llaxqarckuii HAMOHANBHBIN MapK, A3epOaiikaH

HUctopusi crarbm: moctynuiaa B penaknuio 01.03.2020; npuHATa K MyOJUKAIHH
20.05.2020.
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Introduction

The high rate of growth using of natural resources by the human in the last
century have seriously negatively affected ecosystems and led to the biodiversity
loss [1]. Strengthening ecological coherence and sustainability as a prerequisite
for biodiversity conservation and sustainable development is currently increasing
its relevance. Ecological networks have been developing for over 40 years as
a model in order to preserve the integrity of environmental processes. Since
the 1980s, several national environmental programs have been developed in Cen-

3AIIATA OKPYXXAIOIIEN CPE/JIbI 93


https://orcid.org/0000-0001-9391-4319

Jabrayilov E. RUDN Journal of Ecology and Life Safety. 2021;29(1):92—102

tral and Eastern Europe based on the concept of a “polarized landscape” [2] by
Russian geographer Boris Rodoman. In most other regions of Europe, the ecolo-
gical network model is based mainly on MacArthur and Wilson’s Theory of Is-
land Biogeography [3]. Since the 1990s, regional and national programs aimed
at expanding and coordinating protected areas have been accelerated in the coun-
tries of Western Europe, North America, Latin America and Australia.

Generally, these approaches, which are classified as ecological networks
share two common goals: preserving ecosystems to facilitate the protection of
species and the environment and reducing the impact of human activities on bio-
diversity by promoting sustainable use of natural resources or increasing the value
of managed landscapes [4]. Ecological networks represent a general approach to
how they can be applied at the local level by distributing specific functions in va-
rious fields, depending on their environmental value and their potential [5].

Protected areas are essential for protecting biodiversity and supporting envi-
ronmental processes [6; 7]. It is highly advisable to plan ecological networks in
protected areas that play a special role in maintaining environmental integrity.
In practice, due to different land ownership and management forms, it is possible
for ecological networks to cover some or all of the protected areas. The differenti-
ation of protected areas in terms of type, purpose, and use requires that manage-
ment mechanisms should be organized according to local conditions.

The Shahdag National Park, which studied in the article, is the largest na-
tional park in the South Caucasus and covers mainly the middle and high moun-
tains of the Greater Caucasus in Azerbaijan. The current territory of the national
park, created in 2006, is 130,508.1 hectares. The main goals of the establishment
of the national park are restoration and management of mountain ecosystems, pro-
tection of endemic and endangered species, carrying out scientific research, envi-
ronmental education of the population, development of ecotourism and so on'.
The territory of the national park, combining the important and unique mountain
landscapes of the country, begins at an altitude of 1000 m above sea level and
continues to the highest peaks (Bazarduzu mt, 4466 m; Shahdagh mt, 4243 m; Tu-
fandagh mt, 4191 m; Bazaryurd mt, 4126 m; Yaridagh mt, 4116 m) of the coun-
try. The national park, which borders the Russian Federation from the north, co-
vers the mountainous parts of six administrative regions of Azerbaijan — Oghuz,
Gabala, Ismayilli, Shamakhi, Guba and Gusar. There are two main highways from
the capital towards the national park. One of them in the direction of Baku,
Shamakhi, Ismayilli, Gabala and Oghuz regions, and another one towards Baku,
Guba, and Gusar regions.

Defining and establishing an ecological network in the park is essential for
the development of the national park, including the protection of the environment
and biodiversity, reducing the impact of human activities and ultimately ensuring
sustainable development of ecosystems.

! Regulation on Shahdag National Park of the Republic of Azerbaijan. 2008. Available from:
http://www.e-qanun.az/framework/16011 (accessed: 22.02.2020).
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Materials and methods

Study area. The study area is part of the Shahdag National Park within
Shamakhi District and its surrounding areas (Figure 1). Coordinates: 40°41° —
40°50°N; 48°28° — 48°42°E. The designated buffer zone of the National Park in-
cludes 14 villages and 1 settlement type administrative unit. The creation of this
protected area dates back to 1968. The Pirgulu State Nature Reserve, established
at that time, played an exceptional role in the protection of mountain landscapes,
vegetation, soils, and valuable fauna. Since 2006, the nature reserve has been part
of the Shahdagh National Park.

\ 1:100,000
" N : 4 2 0 4 8 Km

Figure 1. Field of study, Shamakhi section of Shahdag National Park

Methodological approach. The conceptual model of the research used the eco-
logical network model [1]. Literature and field research materials, vector and raster
data were used in the analysis. Topographic maps, satellite images (from Sentinel 2
and Landsat 8), such as raster data, were used to obtain information about the area,
boundaries, and infrastructure of the park. The vector data was included in the de-
velopment of ecological network elements. ArcGIS 10, ERDAS Imagine 15, Global
Mapper, Google Earth software programs were used during data processing.

Analysis and discussion

Natural resources. As in other sections of the Shahdagh National Park,
the study area which is included in the Shamakhi region has a complicated moun-
tainous terrain. The mountainous landscape is predominant in the area and the ab-
solute height varies between 500-2200 m above sea level (Figure 2). The main
mountain systems are Mount Pirqulu, Girkhbulag, Gart, Alifdagh and Jangi.
Aghsuchay river and its tributaries Kirkhbulag, Avakhil, Marmarakhar, Sis and
others, and Pirsaatchay river with its Janut (Mustafalichay) tributary is the base of
the river network in the area. On the banks of Janut river, there is a forest of Ta-
xus. Here the forests are of two tiers. While oak, maple, and ash-trees are over in
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the first tier, the second half contains the taxus forests [8]. There are landslides
and slides on the mountain slopes. The area is more widespread with oak-horn-
beam, beech-hornbeam, beech-oak forests at the middle uplands, and forest-steppe,
steppe and subalpine meadows at the low highlands.
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Figure 2. Hypsometric map of the study area

The mountainous relief of the area is one of the key factors affecting climate
formation. Here the temperature and precipitation indicators vary depending on the alti-
tude. The average annual temperature in the Pirgulu stationary is 8 °C. The average
temperatures in January and July are —4 °C and 19.7 °C, respectively. Annual precipita-
tion varies between 600 and 900 mm depending on the altitude. Spring and autumn
precipitation become more intensive and stronger. July and August are the dryest peri-
ods. Heavy rains occur frequently and cause the soil to wash and eroded [9; 10].

The relief and climatic conditions of the national park also contributed to
the enrichment of biodiversity. Iberian and eastern oak, eastern beech, Caucasian
hornbeam, ash-trees, maple and taxus, and types of shrubs, including hawthorn,
medlar, blackberries, rose hips, etc., predominate in the forests. Among the spe-
cies of animals — brown bear, deer, wild boar, wolf, eagle, fox, badger, jackal,
rabbit; poultry, pheasants, quail, woodpecker, etc., settled here.

Legislative base. Relevant legislative acts adopted to protect these and other
beauties of nature are very important elements in this area. Thus, the basis of this
legislative framework is the laws of nature protection and ecology adopted in
the country, a number of international conventions and protocols that have been
ratified. Examples of these laws, currently in force at the local level, are the Law
of the Republic of Azerbaijan on Environmental Protection (1999), the Law on
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Environmental Security (1999), the Low on Specially Protected Nature Territories
and Objects (2000), the Low on Ecological Education and Awareness (2002).

At the international level, such documents as the Ramsar Convention (1971),
the Bonn Convention (1979) and the Berne Convention (1979), and the Conven-
tion on Biological Diversity (1992) were signed. The Ramsar Convention is the first
major international agreement in this regard. This agreement marks the first time
a major and significant step towards international protection of wetlands such as
brooks, rivers, lakes, and springs [11]. The convention, signed in Bonn, aims
at the protection of migratory species, while the Berne Convention provides for
the protection of fauna and flora within international cooperation. Although
the Convention on Biological Diversity?, adopted in 1992 in Rio de Janeiro, does
not play a direct role in the creation of ecological networks, it is a universal doc-
ument with two important provisions. The first is that the law recognizes sove-
reignty within each state with respect to biodiversity, and the second is the decla-
ration of state responsibility for the protection of biodiversity.

Each of the aforementioned international documents has been ratified by
the legislature of the Republic of Azerbaijan. It is important to take into account
such environmental-oriented legislations when establishing an ecological network,
including its elements in national parks.

According to the Article 10—1 of the law of the Republic of Azerbaijan on
Specially Protected Natural Territories and Objects’: “The sanitary protection zone
of protected areas (equivalent to a buffer zone) shall be established within 3,000 m
of the entire perimeter of the land and water boundaries of protected natural areas”.

According to this law, a number of admissible activities, as well as prohibi-
tions, apply in these areas. Scientific-research activities, environmental monitoring
and control of ecosystem changes, fire protection and maintenance of forest areas,
use of land for economic purposes, as well as grasslands and pastures, restoration
of biodiversity and natural ecosystems activities, recreational purposes, use of mi-
neral water and other therapeutic resources, sport and amateur hunting of fish and
other aquatic bioresources are types of activities with permitted. But otherwise,
construction of new settlements, placement, and operation of enterprises that cre-
ate environmental hazards, including chemical, nuclear energy, and metallurgical
industries, geological exploration, extraction and processing of minerals, use of
forests, using of agrochemicals and pesticides, introduction of species not compa-
tible with local fauna and flora, and activities that violate the hydrological regime
of the area and affect the soil fertility are prohibited.

Article 29 of the Law on Wildlife of the Republic of Azerbaijan* states that
individuals and legal entities must ensure the protection of the habitat, breeding
conditions and migration routes of animals when carrying out any activities that
may have a detrimental effect on the state of wildlife. According to the law, there

2 Convention on Biological Diversity, United Nations, June 5, 1992. Available from:
https://www.cbd.int/doc/legal/cbd-en.pdf (accessed: 22.02.2019).

3 Law of the Republic of Azerbaijan on Specially Protected Natural Territories and Objects.
2000. Available from: http://www.e-qanun.az/framework/617 (accessed: 22.02.2019).

4 Law of the Republic of Azerbaijan on Wildlife. 1999. Available from: http:/www.e-
ganun.az/framework/3850 (accessed: 22.02.2020).
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should establish and implement measures designed to protect the habitat, repro-
ductive conditions and migration routes of fauna species when designing and im-
plementing human-designed activities (settlements, businesses, installations, pipe-
lines, transport routes, etc.). Operation of such facilities and the application of
technology without the protection of animals and their habitat are prohibited.

Elements of the ecological network in the national park. The creation of
an ecological network in the national park, along with the rationale for the legis-
lation, must also be analyzed with the elements of the network. Such elements in-
clude core areas, ecological corridors, buffer zones, and recreational areas.

Core areas are landscapes, species and ecosystems that are protected and
have particular value. Such areas are defined by landscape diversity, existing eco-
systems and surface cover configuration. The development of these parameters
also leads to an increase in species. The larger the area and the greater the envi-
ronmental conditions, the lower the risk of species depletion. Wide range of core
areas results in better conservation of biodiversity in the region, leading to higher
migration activities of the species.

The area covered by the national park is designated as a core area (Figure 3).
The total area of the core area is 5896 ha, most of which is covered by oak-
hornbeam, beech-hornbeam, beech-oak forest ecosystems of low and middle up-
lands (Table 2). As a protected area, human activities in core areas are governed
by relevant legislative acts. Since the territory has the status of a national park,
in accordance with the regulation there is possible to create zones as follows
to ensure the functioning of the national park: zones where special legal protection
regime is applied, tourism and recreation zones, service zones for tourists and
others, economic and production zones. The distribution of the territory of the na-
tional park by zones of protection with special regimes is defined by the Cabinet
of Ministers of the Republic of Azerbaijan based on the presentation of the Minis-
try of Ecology and Natural Resources of the Republic of Azerbaijan.

Ecological corridors, as key elements of ecological networks, play an ex-
tremely important role in facilitating the migration of animals and plants in special-
ly protected areas. In today’s rapid population growth, ecological corridors are es-
sential for the long-term survival and sustainable development of biodiversity [12].

Increasing human exposure to nature also leads to an increase in the number of
depleted species. For one reason or another, the migration process is disrupted, which
leads to the depletion of species of animals and plants that correspond to local condi-
tions, and the inability to return to the process at a later stage. This tendency can be
effectively prevented by protecting nature and restoring ecological corridors.

During the construction of the ecological corridors in the Shahdag National
Park, riverbeds, intermountain depressions, mountain passes, trails, and forests,
which should be planted in the proposed areas, were taken as a basis (Figure 3).
Physiognomicly, all three types of ecological corridors [13] were applied in the study
area, taking into account the presence of lines, steppe-stones, and landscapes. Line
corridors have been identified along the 200 m width and 72 km length of the ri-
ver beds. The type of stepping-stone corridors facilitates the establishment of in-
terconnection between the core areas through planting trees and greenery. For this
purpose, this type of ecological corridors has been identified in four different di-
rections. The landscape type of ecological corridors has been proposed for the or-
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ganization of communication between core areas and linear corridors near the Sis
and Kaleybugurt villages, covering relatively large areas.

The ecological corridor features play a role in the linking of species habitat
and restoration of natural biological migration. Since the selection of species as
a target during corridor identification is required, we have focused on mammalian
species such as brown bears, roe deers, wild boars, badgers and rabbits living in
the park. Because these animals prefer moving in the forest and vegetated green
areas, their lifestyle is also considered in the study. The habitats of such animals
are suitable sites for the development of ecological processes, with the role of mi-
gration “sources” [14].

Buffer zones are areas that are responsible for maintaining and protecting
the core areas or are particularly important for maintaining balance in geosys-
tems [15]. Functionally it divided into protective and geosystem buffer zones.
Buffer zones serve to improve ecosystems, preserve and enhance the geosystem
balance, and neutralize the environmental impacts between agricultural and pro-
tected areas in the ecological network.

The buffer zone of the study area was set at 3,000 m along the border of
the core area with the admission of the relevant article of the Law of the Repub-
lic of Azerbaijan “On Specially Protected Natural Areas and Objects”. The total
area is 19 400 hectares. The main ecosystems are mountain-forests, mountain
meadow, forest-steppe, subalpine meadows and seliteb zones. This zone includes
14 villages and 1 settlement (Table 1). In the ecosystems located here, it is only
possible to engage in economic and other activities in the manner prescribed by
the legislation we have analyzed above.

Table 1
List of settlements in the buffer zone
No. Settlements (villages) No. Settlements (villages)
1 Damirchi 9 Kechmaddin
2 Archiman 10 Galadarasi
3 Avakhil 11 Ahmedli
4 Yusif Mammadaliyev s. 12 Talishnuru
5 Chukhuryurd 13 Dadagunash
6 Nagharakhana 14 Chaghan First
7 Sis 15 Chaghan Second
8 Galeybughurd

Restoration areasare created for the restoration of biological or geomorpho-
logical conditions of the territory. Typically, such zones are areas that are not
profitable, despite the various efforts and methods used, or have greatly deterio-
rated as a result of anthropogenic impacts. Therefore, the restoration is inevitable
to the recovery of such soils and saving the ecosystems. Such areas may become
core areas or buffer zones at the next stage.

A number of problems or questions may arise during the design of the resto-
ration areas. One of the problems may be against the interest of any stakeholder in
the selection of such areas and in making decisions for the common good. Coor-
dination of rehabilitation activities, effective use of resources for positive results,
and decision-making based on the advice of scientific researchers and experts du-
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ring implementation are basic terms. These conditions have been taken into ac-
count when determining the restoration areas around the national park in the study.
Such areas have been identified along the northern and southern boundaries and
within the interior structure of the national park, especially in areas where natural
ecosystems are essential for restoration (Figure 3). Over time and the recovery
process, showing positive results, the boundaries of the national park will also be
expanded at the expense of such areas.

Table 2
Ecological network elements and ecosystems in the study area
Network elements Area, ha Ecosystems
Oak-hornbeam, beech-hornbeam,
Core area 5896 beech-oak forests ecosystems
of low and medium highlands

Ecological corridors:
- linear 1437 Mountain forests, mountain meadows,
- stepping-stone 64 river ecosystems
- landscape 648
Buffer zone 19400 Mountain forests, mountain meadows,

forest-steppe, subalpine meadows, seliteb zones

Mountain forests, mountain meadows,
forest-steppe, mountain steppe

Restoration areas 2550

48°30'0'E 48°35'0"E 48°40'0"E
! ! !

Legend

- Core areas
D Buffer zone

| Restorvation zones

40°50'0"N

T
40°50'0°N

Corridors

“ Stepping stone corridors
@8 Lanoscape corridors
@0 Linear corridors

ﬁ Villages

Rivers

Roads

Borders of districts

40°45'0°N
T

40°45'0"N

1:100,000

-_—
0 075 1.5 3 4.5 6

1 T T
48°30'0"E 48°35'0"E 48°400"E
Figure 3. Ecological network model of the study area

Proposals

Ecological networks as a model represent an ecosystem approach that pro-
motes the conservation of biodiversity and the sustainable use of natural re-
sources. The basis of this approach is that economic development is not possible
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without the effective management of ecosystems for the benefit of society [16].
The involvement of various sectors of the economy and society in the manage-
ment of ecosystems is an important factor for the implementation of the approach.
Proposals for the study area to address such issues are as follows:

1. The management of ecosystems, including all elements of the ecological
network, should be centralized and the impact of adjacent ecosystems should be
taken into account.

2. Reduce economic activity, which negatively affects biodiversity in the
development of ecosystem management programs, and promote the conservation
and sustainable use of biodiversity.

3. To achieve the integrity of the ecological network, long-term goals should
be set, and scientific approaches, knowledge of local communities and all forms
of information should be taken into account.

4. Measures aimed at the protection and sustainable use of natural complex-
es require a broader and more comprehensive approach. Therefore, there is a need
to develop additional activities and ecosystem services in residential areas. Fruit
and its processing, expanding beekeeping, collecting medicinal herbs, selling local
crafts, handicrafts, and stimulating activities for local businesspersons will lead to
improved living standards and at the same time protecting biodiversity.

5. During the implementation and execution of this approach, scientific in-
stitutions such as geography, zoology and botany, the relevant executive govern-
ment authorities, Ministry of Ecology and Natural Resources, as well as environ-
mentally-oriented public associations, NGOs, and local businesspersons, stake-
holders should be actively involved to the programs.

Conclusion

The paper proposes an environmental network model in the study area, for
the first time in Azerbaijan, which selected as a pilot site. Core area and buffer
zones were determined following the legislation, and ecological corridor types
and restoration areas have been identified taking into account natural conditions in
this study. An electronic map was developed for the network model, and the area
of each network element was calculated within the relevant ecosystem.

It became clear that the theoretical part of the research, connectivity of eco-
systems and natural habitats play an important role in sustainability. Therefore,
relevant legislative and strategic documents and programs should be developed to
integrate environmental networks into public policy at the national level. Since
this approach does not require large financial resources, it is advisable to apply it
in the future to the whole country.

The ecological network model presented in the article will help to conserve
biodiversity, reduce anthropogenic impacts, eliminate environmental barriers, and
promote appropriate forms of land use. However, the more sophisticated optimum
configuration of the environmental network to promote regional sustainable de-
velopment can be determined by future research.
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