
Monitoring’2022   

 

 

XVI International Scientific Conference “Monitoring of Geological Processes 
and Ecological Condition of the Environment” 
15–18 November 2022, Kyiv, Ukraine 

 

Mon22-059 
Ecoregional biodiversity monitoring 

*L. Bilous (Taras Shevchenko National University of Kyiv), V. Samoilenko (Taras Shevchenko 
National University of Kyiv), P. Shyshchenko (Taras Shevchenko National University of Kyiv), 
O. Havrylenko (Taras Shevchenko National University of Kyiv) 

SUMMARY 

It is necessary to understand the place of the territory of Ukraine in the system of the world 
ecoregional order, the peculiarities of the territorial organization of habitats in the section of 
Ukraine ecoregions, the role and importance of cross-border cooperation for the creation of 
the Biodiversity Monitoring System (BMS). Ecoregions are areas of general similarity in 
ecosystems and in the type, quality, and quantity of environmental resources. They serve as a 
spatial framework for the research, assessment, management, and monitoring of ecosystems 
and ecosystem components. Habitat diversity, defined by the EUNIS classification system, is 
the basis for the division of ecoregions. 12 ecoregions were defined as existing on the 
territory of Ukraine (6 - terrestrial, 6 - freshwater, 1 - marine). For each ecoregion, an 
important issue is international cooperation on problems of biodiversity monitoring and 
protection. As part of such cooperation, it is necessary for each of the countries to carry out 
identification and inventory of habitats in terms of ecoregions. There are a number of 
methods of such an inventory. Field mapping, typically based on the mapping of habitat 
types. Remote sensing, a more recent, technologically sophisticated way to collect 
information on habitats is based on computer-aided interpretation and visualization of 
satellite imagery. The synthesis of information about the location of habitats can be carried 
out in the process of spatial analysis. The digital elevation model (DEM) is a source of 
information for the synthesis of a hierarchical territorial system of ecoregion habitats. We 
propose the method of standard deviation for classification of DEM in ArcGIS and modeling 
of the habitat “draw”. Priority regions for the organization of the BMS in Ukraine are the 
European-Mediterranean Montane Forests (the mountainous territories of the Crimean and 
Carpathian regions) and the Danube River Delta. The specified regions are part of the list of 
Global 200. The technique for territorial identification of habitats proposed by us will be 
particularly effective for the Danube River Delta region, which is part of the Dniester - Lower 
Danube ecoregion. 
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Introduction 
 
Changes in land and sea use, overexploitation of natural resources, climate change, pollution and 
invasive alien species are the five main direct drivers of biodiversity loss, causing nature to disappear 
rapidly. Biodiversity loss and ecosystem collapse are one of the biggest threats facing humanity in the 
next decade (World Economic Forum, 2020). The Intergovernmental Science-Policy Platform on 
Biodiversity and Ecosystem Services (IPBES) estimates that about 77% of the land and 87% of the 
ocean have been altered by humans, which has led to a loss of 83% of wild mammal biomass, and half 
of the world’s plant biomass. The IPBES also suggests that more than a million plant and animal 
species are currently threatened with extinction, potentially putting us on a path to what has been 
dubbed Earth’s sixth mass extinction (IPBES, 2021). In connection with the above, the issues of 
biodiversity conservation and biodiversity monitoring are acute and relevant in regional and 
transboundary aspects. A primary cause of the currently ongoing biodiversity crisis is the destruction, 
deterioration and fragmentation of habitats. As a result, an increasing number of studies and 
monitoring programs are focusing on changes in the quantity and quality of habitats at the global, 
regional, national and landscape levels. Monitoring of biodiversity at the level of habitats is becoming 
increasingly common. The regional level of biodiversity monitoring involves the study of habitats in 
terms of ecological regions (ecoregions). An ecoregion is a geographical area that has the same 
characteristics of climate, soil, water, native flora and fauna, as well as patterns of human-nature 
interaction that reflect the integrity of natural systems and the environment (Bailey, 2014). Ecoregions 
of the world defined by the conservation group World Wildlife Fund (WWF): 867 terrestrial 
ecoregions; 232 marine ecoregions of the coastal and continental shelf areas; 426 freshwater 
ecoregions. WWF has identified a list of Global 200 that contains 238 ecoregions (142 terrestrials, 53 
freshwaters, 43 marines) priority for the protection of their habitat diversity and biodiversity. More 
than half of these ecoregions are marked as endangered. It is necessary to understand the place of the 
territory of Ukraine in the system of the world ecoregion order, the peculiarities of the territorial 
organization of habitats in the section of Ukraine ecoregions, the role and importance of cross-border 
cooperation for the creation of the Biodiversity Monitoring System (BMS) in ecoregions. 
 
Method and Theory 
 
According to the definition of the WWF, an ecoregion is a territory or water area with a characteristic 
complex of natural communities and a corresponding composition of biota and a spectrum of 
ecological processes that exist in certain geographical conditions. Ecoregions differ in the 
composition of habitats and are organic territorial planning units for biodiversity protection systems. 
The selection of ecoregions is based on the habitat classification system. The European Union Nature 
Information System (EUNIS) is the result of the classification, identification and inventory of the 
habitats of the European Union countries. It is formed on the basis of: Palearctic classification of 
settlements within Europe; the list of land covers - CORINE Land Cover (CLC); systems of 
vegetation syntaxons (the European Vegetation Survey); systems of European forest typology 
(European Forest Types (EFTs); national habitat classification systems. Reports on projects leading to 
revisions of the EUNIS habitat classification, including detailed methodology, are available (EUNIS 
Reports, 2014 - 2022). Habitat diversity is an identifier of the system of ecoregions of the world and 
Ukraine. A significant amount of scientific research is devoted to the study and inventory of the 
habitat diversity of Ukraine. Ukrainian scientists are studying the features of anthropogenic 
transformation of the habitats of cities and regions (Bilous et al., 2021a, b; Havrylenko et al., 2020, 
2021 a, b; Samoilenko et al., 2020, 2021 a, b). Also, considerable attention is paid to issues of spatial 
analysis for the needs of modeling geotopes, and therefore habitats. Specialists of the M. G. Kholodny 
Institute of Botany of the National Academy of Sciences of Ukraine are actively engaged in the 
development of a national system of classification of habitats using the criteria of the scheme of 
European classifications. Certain experience in habitat classification was acquired in connection with 
the international project "Definition and classification of habitat types in Ukraine: introduction of 
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standards and methodology of the European Union (pilot project in the Ukrainian Carpathians, 2009 - 
2011)". The project was funded by the BBI MATRA program of the Ministry of Agriculture, 
Environment and Food Quality of the Netherlands. The Center for Innovation Development of 
Wageningen University (Netherlands), the State Museum of Natural History (Lviv) of the National 
Academy of Sciences of Ukraine, the Ukrainian branch of the Danube-Carpathian Program of the 
WWF (Lviv), the Orbikon company (Denmark), the Institute of Ecology Carpathians of the National 
Academy of Sciences of Ukraine (Lviv) and the I.I. Schmalhausen Institute of Zoology of National 
Academy of Sciences of Ukraine (Kyiv) participated in the project (Zingstra et al., 2012). Field 
mapping, typically based on the mapping of habitat types, vegetation, or plant associations, is the 
traditional way of obtaining information on habitats. Remote sensing, a more recent, technologically 
sophisticated way to collect information on habitats is based on computer-aided interpretation and 
visualization of satellite imagery over larger areas. The synthesis of information about the location of 
habitats can be carried out in the process of spatial analysis of the digital relief model (DEM). The 
results of the spatial analysis of the DEM for landscape and ecological needs are offered for review 
and implementation by many scientists (Bilous et al., 2020). The DEM is a source of information for 
the synthesis of a hierarchical territorial system of ecoregion habitats. Creating an effective the BMS 
in Ukraine is determined by understanding the object and subject essence of the activity. The object is 
determined by the spectrum of ecoregions and the hierarchical composition of their habitats. The 
subject is determined by the activity of ecoregion cooperation of the countries. 
 
Results 
 
Ecoregions are areas of general similarity in ecosystems and in the type, quality, and quantity of 
environmental resources. They serve as a spatial framework for the research, assessment, 
management, and monitoring of ecosystems and ecosystem components. They are effective for 
national and regional state of the environment reports, environmental resource inventories and 
assessments, setting regional resource management goals. Ecoregion-based conservation monitoring 
and planning can guide investments that simultaneously protect biodiversity at the species, 
community, and ecosystem levels, which is key to sustaining Earth's life support systems in the future. 
Ecoregions are distinguished within ecozones. Ecozones are defined as such by a team of scientists 
convened by WWF. Their selection is based on the mosaic of biogeographic kingdoms and biomes, 
the biogeographical systems of Pielou and Udvardy. The following are distinguished as ecozones: NA 
- Nearctic; PA - Palearctic; AT - Afrotropic; IM - Indomalaya; AA - Australasia; NT - Neotropic; OC 
- Oceania; AN - Antarctic. Differentiation of ecozones into terrestrial, freshwater, marine ecoregions 
is carried out in connection with the classification system of the respective habitats. Habitat diversity, 
defined by the EUNIS classification system, is the basis for the division of ecoregions. Formal 
definitions were developed for 199 habitats at Level 3 of the EUNIS hierarchy, including 25 
coastal, 18 wetland, 55 grassland, 43 scrubland, 46 forest and 12 man-made habitats (EUNIS, 2021-
2022). 12 ecoregions were defined as existing on the territory of Ukraine. The Central European 
mixed forests - PA0412 (Austria, Belarus, Czech Republic, Germany, Lithuania, Moldovia, Poland, 
Romania, Russia, Ukraine), the East European forest steppe - PA0419 (Ukraine, Romania, Moldova, 
Bulgaria, Russia), the Pontic steppe - PA0814 (Russia, Ukraine, Kazakhstan, Romania, Moldova, 
Bulgaria), the Crimean Submediterranean forest complex - PA0416 (Russia, Ukraine), the Carpathian 
montane forests - PA0504 (Czech Republic, Poland, Slovakia, Ukraine, and Romania), the Pannonian 
mixed forests - PA0431(Austria, Bosnia & Herzegovina, Croatia, Czech Republic, Hungary, 
Romania, Serbia, Slovakia, Slovenia, Ukraine) are terrestrial ecoregions in Ukraine. The Central and 
Western Europe - 404 (Austria, Belgium, Belarus, Czech Republic, Denmark, France, Germany, 
Guernsey, Jersey, Liechtenstein, Lithuania, Luxembourg, Netherlands, Poland, Russia, Slovakia, 
Switzerland, Ukraine, United Kingdom), the Dniester - Lower Danube - 418 (Austria, Croatia, Czech 
Republic, Germany, Hungary, Italy, Poland, Slovakia, Slovenia, Switzerland, Slovakia),  the Dnieper 
- South Bug - 425 (Ukraine, Byelarus, Russia), the Crimea Peninsula - 426 (Ukraine), the Don - 427 
(Ukraine, Russia) are freshwater ecoregions in Ukraine. The marine ecoregion plays an important role 



Monitoring’2022   

 

 

XVI International Scientific Conference “Monitoring of Geological Processes 
and Ecological Condition of the Environment” 
15–18 November 2022, Kyiv, Ukraine 

 

of the nature protection system of Ukraine. This ecoregion is the Mediterranean Sea. The Black and 
Azov seas belong to its composition. The habitats of two ecoregions from the Global 200 list are in 
Ukraine. These are habitats of terrestrial ecoregion the European-Mediterranean Montane Forests (the 
mountainous territories of the Crimean and Carpathian regions) and freshwater ecoregion the Danube 
River Delta. It is necessary to have information about the peculiarities of the territorial organization of 
the ecoregional habitats for creating the BMS of Ukraine. Structural-geomorphological and 
morphometric analysis of a digital elevatiom model (DEM) is an effective method of synthesis of 
ecoregional habitat models. This technique was presented in detail by us earlier (Bilous et al., 2020). 
We propose the method of standard deviation for classification of DEM in ArcGIS and modeling of 

the habitat “draw”. It is organic to 
apply this method to integral territorial 
entities, such as basin landscape 
territorial structures. The standard 
deviation classification method shows 
how much a feature's attribute value 
varies from the mean. The result of 
DEM-classification by the method of 
standard deviation is presented on 
Figure 1. The selected object classes 
correspond to certain habitats. These 
are Eluvial habitats (watershed-
altitude), Trans-Eluvial habitats 
(slopes), Eluvial-Accumulative habitats 
(terrace, floodplain), Alluvial-Deluvial 
habitats (ravines, beams, river valleys). 
The territorial differentiation of the 
selected habitats is determined by the 
intensity of the landscape processes 
within their boundaries. In our study, 
the average arithmetic value of the 
height (110 m.) divided the DEM data 
into 2 arrays. A clear boundary 
between the upland and low relief of 
the East European polygenic plain 
within the basin of the Ingulets River 
was "outlined" on the declassified 
DEM. This is the border between the 
Dnieper-Azov region of basement 

layered denudation uplands and layered accumulative elevated plains (I in Fig. 1), and the Black Sea 
region of layered accumulative and layered denudation lowland plains (II in Fig. 1). For the next stage 
of identification of habitats, all data of the DEM of regions I and II (Fig. 1) were also classified by the 
method of standard deviation. As a result, two arrays of DEM values were distinguished within region 
I. One of them corresponds to the Dnieper denudation-accumulative elevated plain, the other 
corresponds to the transitional plain. From the point of view of the natural zoning of Ukraine, these 
are, respectively, the habitats of the Southern region of the Dnieper Highlands and the habitats of the 
Southern Vidrogy region of the Dnieper Highlands. The DEM classification of upland areas made it 
possible to distinguish several groups of DEM values corresponding to habitat levels: eluvial 
watershed-highland denudationally dangerous; eluvial elevated-plain erosively dangerous; slope 
transeluvial-accumulative; alluvial-deluvial river-beam-valley-river. As a result of the application of 
the proposed method of spatial analysis, layers of habitats that can be defined as local objects of the 
BMS have been identified. 
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Figure 1 The DEM end habitats  
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Сonclusions 
 
The ecoregions of Ukraine are defined by the objects of cross-border cooperation in the field of 
environmental protection and biodiversity monitoring. For each ecoregion of Ukraine, a list of 
countries participating in cooperation on the organization of the BMS is proposed. Currently, in 
Ukraine, the issue of classification of habitats and justification of methods of their territorial 
identification is acute. Spatial analysis of a DEM is proposed as a technique for territorial 
identification of habitats. The results of its approval are offered. Priority regions for the organization 
of the BMS in Ukraine are the European-Mediterranean Montane Forests (the mountainous territories 
of the Crimean and Carpathian regions) and the Danube River Delta. The specified regions are part of 
the list of Global 200. The technique for territorial identification of habitats proposed by us will be 
particularly effective for the Danube River Delta region, which is part of the Dniester - Lower Danube 
ecoregion. 
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