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SUMMARY 

Purpose of the work was to generalise the experience of GIS-technologies use to establish an effective 
system for visualisation and analysis of study results of the unique Island Zmiinyi in the northwestern 
Black Sea (NWBS). Methodology of the data analysis and processing included bathymetric surveys 
using sonar and ArcGIS software for Digital Elevation Model (DEM) development and mapping of the 
main characteristics of the island and coastal ecosystems. Results. The DEM of the Zmiinyi Island and 
the adjacent shelf was based on the “Zmiinyi Island” GIS-system comprising the blocks of: (i) 
information accumulation, processing and management, (ii) archives of maps and measurement data, 
(iii) visualization and preparation of cartographic material, as well as (iv) updatable set of thematic 
maps (layers). The results of comparison between the available cartographic material and the developed 
bathymetric maps demonstrated good convergence with the 1:50000-scale map and significant 
disagreements at generation of the larger scale raster maps. Some examples of thematic maps (layers) 
development were presented. Conclusions. Use of GIS technologies for analysis of monitoring data on 
the ecosystems of Zmiinyi island and adjacent shelf increase significantly the speed and quality of data 
analysis and their representativeness and highly recommended for other areas of NWBS.  
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Introduction  
The issues of European marine territories spatial planning resulted at adoption of a targeted Directive 
(MSPD, 2014) based on the achievements of Geoinformatics, which was described as “the science 
and technology dealing with the structure and character of spatial information, its capture, its 
classification and qualification, its storage, processing, portrayal and dissemination, including the 
infrastructure necessary to secure optimal use of this information” (Raju, 2006). For effective marine 
resources management and marine ecosystems protection in Europe the approaches based on the 
DPSIR (Drivers-Pressures-Status-Impact-Response) and the Marine Strategy Framework Directive 
requirements (MSFD, 2008, 2018) are used, in accordance with which the results of long-term studies 
and integrated monitoring of marine environment and adjacent land areas (Kovalova et al., 2010, 
2021; Medinets, 2014; Medinets et al., 2020a,b), as well as geomorphological characteristics of 
coastal zone and marine shelf (Cherkez et al., 2020a; Kozlova et al., 2020) are the main database for 
objective assessment and forecast of marine biocoenoses state and coastal territories development 
(Medinets et al., 2020c). The studies of the Ukrainian Black Sea (UBS), embracing a large area of 
northwestern part (NWBS), scaled back significantly in the past decades. The shallow NWBS makes 
16% of water area (68390 km2) and 0.7% of water volume (3555 km3) (Ivanov and Belokopitov, 
2011), where the main biological, hydrocarbon and mineral resources are concentrated. Last decades, 
integrated marine studies within the NWBS on a regular basis have been performed only at the coastal 
stations of the Hydrometeorological Service as well as at the Research Station “Zmiinyi Island” of 
Odesa National I.I. Mechnikov University (ONU) by the Regional Centre for Integrated 
Environmental Monitoring and Ecological Studies (RCIEM) since 2003. The necessity of collection, 
processing, mapping and analysis of the accumulated data has given rise to the task of using the GIS 
technologies for spatial analysis of the data both from the island and the adjacent Black Sea shelf. At 
that, it should be mentioned, that several stages of this task resolving have been partially outlined by 
authors earlier (e.g. Gazyetov, 2010, 2014 and references therein). Purpose of the work was to 
generalize the results of the GIS technologies application to create an effective system of visualization 
and analysis of the study results of the unique Zmiinyi Island area in the Black Sea.  
 
Data & Methods 
The Quickbird space image (Figure1), bathymetrical surveys results (2004-2011) with echo-sounding 
profiles horizontal density of 50-100 m (Figure 2) and map data provided by the SO 
“Derzhgidrografiya” in 2002 (Map, 2008) were used as primary data on the detailed features of the 
Zmiinyi Island micro-relief, its coastline and seafloor in the island coastal zone.  
 

  
Figure 1 Space image of the Zmiinyi Island 
(Quickbird 10.04.2007 - 005664215030). 

Figure 2 Scheme of bathymetrical surveys 
performed in 2004-2011 

 
Sonars Lowrence LCX-15CT and SeaCharter 640cDF were used to perform the bathymetrical survey. 
Tidal and surge phenomena resulting at insignificant amplitude of sea level fluctuations were taken 
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into account by means of daily sea level measurement, while waves were neglected as echo-sounding 
was performed only at practically no heaving (<0.5 m). Identification of topographic features and geo-
referencing of coastline was also done. Altogether 1500 measurements were taken on the island and 
ca. 25000 in the coastal zone. Primary processing of the echo-sounding data was done in MS Excel 
and the final processing – in ArcGIS by using the ‘Topo to Raster’ tool in the ANUDEM software 
(Hutchinson et al., 2011).   The GIS-system “Zmiinyi Island”, the 1st version described by Gazyetov 
(2010), at present consists of 4 main blocks: information accumulation, processing and management; 
archives of maps and measurement data; visualization and preparation of cartographic material; and 
updatable set of thematic maps (layers). The layers included: infrastructure of the Zmiinyi Island 
(permanent constructions, berthing facilities, paths, water-supply and fuel-supply pipes, electrical 
grid); geological features (rocks, tectonic faults and rock outcrops); local pollution of the island (oil 
spots, dumpsites of domestic wastes); boundaries of the National Zoological Protected Area “Zmiinyi 
Island”; habitats of the Red Data Book flora and fauna species; soil cover of the island; bottom 
substrates; stations of in-situ regular observation on the island and in the coastal zone (points of 
meteorological, astronomical and biological observations; archaeological excavations; soil pits; 
morphological characteristics of the coasts; hydrological, hydrochemical etc.)  
 
Results 
The bathymetrical maps (Figure 3 and 4) built by using our results from bathymetric surveys 
demonstrated good convergence with the available 1:50000-scale map (Map, 2008) and significant 
disagreements (up to several meters in depth) at generation of larger scale raster maps (Figure 4).   
 

 
Figure 3 Comparison of bathymetrical maps: 
existing (hatched line; Map, 2008) vs this 
developed in this study (solid line) 

Figure 4 Differences in depths between existing 
raster map (Map, 2008) and this study data 

 
Analysis of the DEM of the island and adjacent sea shelf (Figure 5), which we have developed, 
revealed an elongated gently sloping structure of seafloor to the west and south-west from the island 
and a sharper descend in the southern and south-eastern parts of the shelf. At that, due to high 
resolution we found more complicated structure of seafloor relief compared to the maps published 
earlier, with numerous local depressions and rock elevations. Quality of the developed seafloor DEM 
was improved using the methodology proposed by Tarboton et al. (1991). The DEM-based “Zmiinyi 
Island” GIS-system enabled us visualize and simplify analysis not only for the features of relief but 
also for all the accumulated data on the island and coastal marine ecosystems state. The thematic 
maps of soil cover (Figure 6) and botanical characteristics (Figure 7) based on the results of the 
studies performed in 2003-2009 are presented as the examples.  
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Figure 5 DEM of the Zmiinyi Island and adjacent Black Sea shelf: with infrastructure (а), with shelf 
depths (b) 

 
Specifically, the soil cover layer helps to visualize 19 physicochemical, agrichemical and agronomic 
characteristics, as well as location of point rock emersions and linear rocky ridges. Flora and fauna 
layers contain information on location and characteristics of Red Data Book plant species and habitats 
of Red Data Book animal species. The information resulted from the studies performed in 2003-2008 
and the data are stored in the archives. Figure 7 illustrates the map example for the Red Data Book 
species distribution on the island. 
 

  
Figure 6 Soils of the Zmiinyi Island  Figure 7 Red Data Book flora species  
 
Conclusions 
Use of GIS technologies as the basic tool to accumulate, visualise and analyse the monitoring data and 
information on the ecosystems of the Zmiinyi Island and the adjacent shelf helped us increase 
significantly the speed and quality of data analysis and their representativeness for stakeholders. The 
approach described for “Zmiinyi Island” GIS-system development seems to be useful for application 
in other valuable protected areas under risk in the northwestern Black Sea.  
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