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Abstract 

 

There is a rapid extension of the reserve network in Ukraine that implies an increase to 10.4% 

from existing 4.9% by 2015. Protected areas allocation in Ukraine is still based on historically 

inherited principles and approaches.  One of the main principles underlying the reserve 

selection process in the country is whether threatened species listed in the National Red Data 

Book or International lists of threatened species are present on the site. I apply a systematic 

conservation planning approach that has been widely used since the 90s as a method for 

designing and maintaining reserve networks. By applying this approach I aim to identify 

uncertainties and biases in conservation planning for Ukraine. First, I investigate publicly 

available data in the country and assess its suitability for systematic conservation planning.  

Then I apply a spatial prioritization tool Zonation to assess gaps and shortcomings in the 

Ukrainian data and finally I systematically examine biases and uncertainties in the data and 

their consequences they may cause. The results of the study show that the current data in 

Ukraine is inadequate and uncertain for systematic conservation planning. In order to illustrate 

how similar research could be done for Ukraine with better quality data I include an Australian 

case study from Mornington Peninsula that investigates a question relevant to Ukraine, namely 

the utility of listed species as surrogates in conservation planning. This study provides a 

protocol for application of systematic conservation planning in Ukraine as a novel and effective 

approach for reserve selection.  
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1 Introduction 

 

1.1 Systematic conservation planning under uncertainty 

 

In light of the ongoing extinction of biodiversity (MEA 2005), an important task for 

conservationists is to apply effective methods and approaches for its protection 

(Shraderfrechette and McCoy, 1994). The most effective way to conserve biodiversity is to 

conserve species in their native habitats (Rodrigues and Brooks, 2007). Accordingly, the 

establishment of networks of representative conservation areas is the cornerstone of 

biodiversity conservation (Sarkar et al., 2006).  

 

Since the early 1990s, the field of systematic conservation planning has emerged (Margules and 

Pressey, 2000). This field is an application of decision theory, a “framework within which people 

responsible for management attempt to achieve explicitly stated objectives” (Westphal and 

Possingham, 2003, Shea, 1998). The main objectives in systematic conservation planning are: 

representation, persistence and efficiency of the reserve system. Representation requires that 

all biodiversity features are adequately represented in a reserve network (Sarkar et al., 2006). A 

network of reserves or conservation areas should ensure the persistence and continued 

evolution of all features contained within (Moilanen et al., 2009). Efficiency (also referred to as 

economy by Sarkar et al. (2006) means that the best possible coverage is achieved by within 

limited resources (Margules and Sarkar 2007). Together with an approach software spatial 

prioritization packages like Marxan and Zonation (Moilanen, 2007, Ball and Possingham, 1999) 

were developed and  are now available for conservation planners. These packages allow 

different scenarios to be exploited for reserve allocation depending on the goals and objectives.  

 

However, stating the objectives does not exclude risks of making bad decisions based on poorly 

formulated goals or inadequate information. Application of risk and uncertainty analysis is 

beneficial as it can ascertain its influence on conservation decisions and identify the most 

influential parameters that need additional attention in conservation planning (Regan et al., 

2009).   
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Uncertainties can arise from different sources (Regan et al., 2002), but most of them lie in the 

data and information used for decision making (Wolman, 2006). In conservation planning, 

spatial data are generally used, typically species distribution data, in the form of points, ranges 

or predictive models. Point data represent localities where a species was observed (presence 

data) or was proved to be absent (absence data) or both (presence/absence data). 

Geographical ranges illustrate an area where a species is believed to occur and predictive 

models assume the presence of species on the basis of suitable environmental conditions 

(Rondinini et al., 2006a). Very often species distribution data is accompanied by other 

environmental data like land-use classes or climatic variations (Pressey, 2004). 

 

Consequently, uncertainties may take a form of spatial inaccuracies in habitat map 

classifications (Langford et al., 2006), or inaccuracy in data collection that can cause a 

commission or omission errors when species are mistakenly thought to be present or absent 

correspondingly (Rondinini et al., 2006a), or may take place because of scale at which data is 

collected (Ferrier, 2002), or use of model (Smith et al., 2008).  

 

Given these uncertainties, one question that arises is, are sources of uncertainty universal or 

specific for a particular country? Rigorous methods of identification as well as treatments of 

uncertainties for every country seem a crucial challenge (Harwood and Stokes, 2003, Shea, 

1998).  

 

1.2 Relevance of systematic conservation planning for Ukraine  

 

Approaches for designing and locating protected areas (PAs) differ from country to country.  

These approaches depend on legislative, economical, cultural and historical issues (Mace et al., 

2006). Ukraine is a country where on-the-ground conditions and constraints in conservation 

differ from those in Australia, Africa, America or Europe. Being a former USSR country, it 

inherited its approaches to conservation planning from its historical past and those approaches 

are still being applied. Depending on the category, reserves are managed by different 

institutions: ministries, regional councils, universities. This means that the data are quite 
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dispersed, making it difficult to prioritize conservation areas on a national level. Selection of 

reserves is primarily based on expert knowledge and preliminary surveys, but a key factor of 

reserve selection in Ukraine is whether threatened species listed in the National Red Data Book 

and/or International lists of threatened species, or in other words listed species, are present on 

the site.  

 

Protected areas in Ukraine cover 5.04% of the territory as of 2009 and there are governmental 

programmes (The Biodiversity and Protected Area Management Programme 2008 and 

Programme of Development of Ecological Network of Ukraine 2000) to extend those territories 

to 10.4% by 2015. In light of the rapid extension of protected areas in the country, quantity 

often prevails over quality and areas chosen do not represent and hence protect biodiversity to 

the full extent. Systematic conservation planning, with its well-developed principles, 

approaches and tools, has the potential to assist in a critical revision of the existing system and 

of reserve selection procedures and principles in Ukraine.  It can also help to reveal 

uncertainties in conservation planning specific for this region. Given that there have been no 

attempts to apply systematic conservation planning in the former USSR countries, a study that 

systematically identifies uncertainties and biases in conservation planning in Ukraine is 

therefore timely. 

 

1.3 Aims and Objectives 

 
The overall goals of the project were a) to identify sources of uncertainty in conservation 

planning for Ukraine, taking into account the real-life peculiarities of Ukrainian situations, and 

b) to investigate the effectiveness of using surrogate species in a country where priority setting 

is primarily based on the presence of threatened (i.e. listed) species. 

 

To do this, I chose Zonation as it is a high resolution tool that emphasizes connectivity and is 

designed to be used for large scale problems entailed by operating at a national level. 



15 

 

Detailed aims and objectives of the study were: 

 

1. To investigate publicly available current data in Ukraine and assess its applicability for 

systematic conservation planning by: 

a) collating and processing data, 

b) systematically examining biases and uncertainties in the data, 

c) applying the spatial conservation prioritization tool Zonation on Ukrainian data, 

assessing gaps and shortcoming in the data, and comparing the results with the 

current ecological network, 

2. To include the Mornington Peninsula, Australia case study as a similar research that 

could be done for Ukraine with  better quality data by: 

a) comparing performance of listed species and randomly generated subsets of species, 

using Zonation (Moilanen et al., 2005), 

b) conducting an analysis of the performance of different lists of threatened species with 

respect to each other.    

3. To develop a protocol for Ukraine in order to apply systematic conservation planning 

and prioritization tools in the country.  

 

According to the aims and objectives, the thesis is structured as follows: 

 

In the Background section (Section 2) I give an overview of the development of systematic 

conservation planning as an approach, its principles, concepts and tools. I then discuss kinds of 

uncertainties discovered in literature. 

 

The next section (Section 3), I dedicate to Ukraine where I explore the uncertainties and biases I 

came across during three stages: collecting, processing and application of Zonation.  

 

I include an Australian case study in the fourth section as the uncertainties that I identified in 

the Ukrainian data eliminated the possibility of meeting my goal of investigating the 

effectiveness of using listed species as well as different taxonomic groups as surrogates for 

conservation areas prioritization in Ukraine.  Instead, I present a similar investigation for an 

Australian case study that could be done for Ukraine if there were better quality data.  
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Afterwards, I develop a protocol for the application of systematic conservation planning in 

Ukraine (Section 5) that is based on the uncertainties found in Section 2 and results of the 

Australian case study in Section 4. I give my recommendations for future scientific work in this 

section. 

 

Finally, in the sixth and last section, I discuss results and limitations.  
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2 Background 

 

In this section, I review the field of systematic conservation planning, in particular the high-

resolution conservation prioritization software that might be used on a national level. I go on to 

discuss different kinds of uncertainties in conservation planning that are vital to address in 

decision making for conservation.  I then present a framework toolkit developed to identify 

uncertainties in conservation planning in order to avoid undesirable consequences.   

 

2.1 Reserve selection and systematic conservation planning 

 

Just under 12% of the terrestrial world is included within reserves (WDPA 2009), but there are 

concerns  that reserve systems throughout the world contain biased samples of biodiversity 

(Margules and Pressey, 2000, Rodrigues et al., 2004) and hence do not provide adequate 

protection for the most threatened ecosystems and species (Andelman and Willig, 2003, 

Rodrigues et al., 2004). The predominant reasons explaining this pattern are: a lack of biological 

data and knowledge of the natural world (Rodrigues et al., 2004) , historically established 

systems of reserves guided future decisions, and setting aside territories for conservation areas 

simply because they are not economically valuable (Pressey, 1994).  

 

In the early 1970s, the development of reserve networks was built on theory of island 

biogeography developed by MacArthur and Wilson (Diamond, 1976).  Nature reserves were 

treated as islands in the midst of anthropogenically modified landscapes  (Sarkar et al., 2006).  

Efforts to use detailed biogeographic distributional data in reserve selection replaced the 

theory of island biogeography in the 1980s (Sarkar et al., 2006). However, at that time, 

computational power was insufficient to process the huge volume of distributional data even 

though the attempts were made, for example, to apply mathematical programming (Cocks and 

Baird, 1989) or to solve complex tasks like selecting the smallest area in order to conserve 

maximum biodiversity features (Margules et al., 1988). Only in the last decade has 

computerized analysis become feasible and an increase of high-resolution GIS data has 

increased the demand for spatial analysis for conservation decision-making (Moilanen et. al. 
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2009). Out of these efforts and circumstances, the theory of systematic conservation planning 

has emerged (Sarkar et al., 2006).  

 

The three main objectives of systematic conservation planning are representativeness, 

persistence and economy (Margules and Pressey, 2000).  According to Margules and Pressey 

(2000), the first refers to the need of a conservation area to include as many biodiversity 

features as possible. The second, persistence, refers to the long-term survival of species over 

landscape. Both objectives are debated in the literature a lot as it is difficult to tackle in reality 

(Cowling et al., 1999, Pressey et al., 2007).  Finally, the third objective is efficiency (also referred 

to as economy), meaning that the optimal coverage needed to adequately represent 

biodiversity must be achieved at a minimum cost (Sarkar et al., 2006). It is estimated that $3–

11billion per year over the next 30 years will be required to maintain an ecologically 

representative reserve network (James et al., 2001, Pimm et al., 2001). As resources for 

conservation are quite limited the dilemma always exists as to how to invest limited funds more 

efficiently to maximize conservation benefits (Meir et al., 2004).  

 

Systematic conservation approaches require data and knowledge on the distribution and 

abundance of species. However, humankind does not have enough information of this kind 

(Rodrigues and Brooks, 2007), as biodiversity cannot be surveyed in full extent because of lack 

of knowledge as well as finances  (Reyers et al., 2000). Consequently, surrogates that are  

intended to represent biodiversity in general are used in conservation planning (Sarkar and 

Margules, 2002). Surrogacy is defined by Rodriguez and Brooks (2007) is an “extent to which 

conservation planning based on a particular set of biodiversity features (surrogates) effectively 

represents another set (targets).” There is no definitive answer as to which surrogate is best in 

conservation planning.  Surrogates might be individual species with an assigned conservation 

status, for example, endangered or threatened species (Sarakinos et al., 2001), assemblages of 

species (Oliver et al., 1998), or even environmental classes (like soil type, slope, elevation, etc.) 

(for a review of performance see (SARKAR et al., 2005).   As a rule, better known taxa, 

vegetation, land classes or environmental attributes are used as surrogates (Rodrigues and 

Brooks, 2007). At the global scale, the most attention for placement and designation of new 

protected areas is focused on the patterns of occurrence of threatened and endemic species 

(Bonn et al., 2002).  
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In many countries, Ukraine among them, a focus on species listed as threatened (hereafter 

referred to as listed species) continues, for example species listed in National and International 

Red Lists such as the IUCN.  Common or non-listed species and sites where they can persist are 

not taken into account (Franco et al., 2009). This emphasizes a more reactive approach to 

conservation, meaning that we take action only in the light of the impending extinction of 

species. Some common species like red squirrels and sparrows have already disappeared in the 

UK and the same fate can overtake some others.  In the Commonwealth of Independent States 

(CIS) countries (former Soviet states), species from international red lists are especially 

prioritized. However, nationally threatened species may not be threatened globally, while 

globally threatened species may not be amongst the most threatened nationally (Bonn et al., 

2002).   

 

2.2 Spatial prioritization tools  

 

 

Systematic conservation planning is associated with the use of software prioritization tools (for 

reviews see Margules and Sarkar 2007, Moilanen et al., 2009).  These tools incorporate spatial 

conservation prioritization algorithms to identify efficient conservation area networks for the 

representation and persistence of biodiversity features  and to identify locations for 

conservation investments (Sarkar et al., 2006). Among them are Zonation (Moilanen, 2007), 

Marxan (Ball and Possingham, 1999), ConsNet (Ciarleglio et al., 2009). The main concepts that 

are incorporated in these tools are representation, complementarity and irreplaceability, 

meaning that the sites should be selected in order to maximize the difference of their biotic 

content so that they will complement each other (Sarkar et al., 2006).  Those areas that can 

contain rare or unique species or features cannot be easily substituted by other areas and are 

thus considered irreplaceable (Margules and Sarkar 2007).  

 

Zonation (Moilanen et al., 2005) is a conservation planning software that is designed to identify 

networks of areas that are important for retaining habitat quality and connectivity for multiple 

species (Moilanen, 2007).  The algorithm used in Zonation can be described as a reverse 

stepwise heuristic (Moilanen et al., 2009). It hierarchically prioritizes landscapes based on 



20 

 

biological values of the site, accounting for the complementarity and connectivity (Moilanen et 

al., 2009).  To do this, it determines the proportion of the total population of each species 

summed across the study area that is contained within each grid cell and then iteratively 

discards locations (grid cells) of lowest fractional value across all species  

 

Even though the Zonation software has only been developed recently, it has already been 

successfully applied in large-scale conservation projects, including the identification of 

conservation landscapes in urban environment (Gordon et al., 2009),  conservation planning for 

priority species from several taxonomic groups in Great Britain based on Biodiversity Action 

Plan (Franco et al., 2009), planning of freshwater systems (Moilanen et al., 2008), forest 

planning in Fennoscandia (Finland, Sweden, Norway) (Mikusiński et al., 2007), and conservation 

prioritization and identification of optimal expansion sites in Madagascar (Kremen et al., 2008). 

The above-mentioned studies illustrate the potential of Zonation to be applied on large scale 

national projects with large datasets (Franco et al., 2009).  

 

2.3 Different kinds of uncertainty in conservation planning 

 

Decisions that are made in systematic conservation planning are based on information and data 

that is vulnerable to uncertainties and biases (Pressey, 2004). Uncertainties arise from a variety 

of sources that can influence planning processes differently (Regan et al., 2002). Regan et al., 

(2002) classify uncertainty into two broad categories epistemic and linguistic. Epistemic 

uncertainties (lack of knowledge about facts) incorporate limitations of measurement devices, 

insufficient data or information gaps, systematic errors and those associated with subjective 

judgment.  The authors also point out natural variations that occur in respect to time, space, 

and other variables in ways that are difficult to envisage. Model uncertainty (Regan et al., 2002) 

refers to the choice of the model as well as the way it will be used (Smith et al., 2008).  

Linguistic uncertainties arise from misunderstanding of words, or the use of different meanings 

when terms are not accurately defined (Regan et al., 2009).  

 

In conservation planning, distribution data are used as well as habitat models. Occurrences 

rather than presence/absence data are widely used as presence/absence data is quite difficult 

to collect.  Occurrence data are prone to commission errors when species are mistakenly 
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thought to be present when they are not and omission errors when species are mistakenly 

thought to be absent (Rondinini et al., 2006a). Point data with geographic coordinates can 

minimize commission errors but on the other hand, those collected from museum or herbarium 

collection would contain large omission errors as in most cases these are records of 

occurrences. Old herbarium and museum data can also incorporate commission errors as 

species can be deemed to be present when they have disappeared from an area (Rondinini et 

al., 2006a, Ponder et al., 2001). Geographic ranges generally provide a poor basis for 

quantitative analysis  in conservation planning (Rondinini et al., 2006a) ; different studies have 

shown that the value of an area can be underestimated (Rondinini et al., 2005)  or 

overestimated (Gaston and Rodrigues, 2003). Moreover, as ranges are very coarse occurrence 

data, their application is very much restricted to identification of large scale conservation areas 

(Rodrigues et al., 2004). As mentioned above, models might inherit a whole range of 

uncertainties that depend on who, how, and what models are used as well as interpreted. A 

range of detailed studies have investigated uncertainties associated with modeling, including 

variables included in the model, coefficients fitted for different variables (Moilanen and Kujala 

2006), the use of species occurrence data in the form of predicted distribution models 

(Rondinini et al., 2006a), and population models for the persistence of multiple species 

(Nicholson and Possingham, 2007). 

 

Although the consequences of uncertainties can influence conservation decisions greatly and it 

is obvious that they should be taken into account  for effective decision making, the detailed 

analysis of errors in conservation planning is almost never considered, although sensitivity of 

methods is sometimes measured (Langford et al., 2009).  One reason for this is the time 

consuming programming and coordination of different types of software that in most cases are 

not designed to work together (Langford et al., 2009). The Reserve Design Validation (RDV) 

framework (Langford et al., 2009) that was developed at RMIT University in Melbourne aims to 

explore the consequences of uncertainties for different conservation tools and strategies and to 

help conservation planners choose between different approaches in systematic conservation 

planning. The reserve design validation framework incorporates mechanisms for reiteration of 

experiments with multiple deterministic and stochastic variants that allows for the 

quantification of both error in results and sensitivity of the system to different input values 

(Langford et al., 2009).  
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3 Ukrainian case study 

 

In this chapter I seek to explore the nature of Ukrainian data and will look at peculiarities and 

uncertainties that arose during two stages of the study: data processing and application of 

Zonation. The main issue I explore is the possibility of the application of a conservation planning 

tool based on red listed species for reserve prioritization in Ukraine.  

 

3.1 Briefly about Ukraine and main conservation issues 

 

 

Ukraine covers 603,700 square kilometers and is the second largest country in Europe (World 

Factbook 2009). It can be divided into four ecological zones: forest (Polissya and Carpathian 

Mountains), forest-steppe, steppe, and sub-Mediterranean zones (Crimea Mountains). More 

than half of the territory of Ukraine (65%) is arable land and urban territories. Native vegetation 

covers 30% of the territory of Ukraine, 14% of which is forest (National Atlas of Ukraine 2008.)  

 

There are 177 species of mammals, almost 400 species of birds, 21 reptiles and 17 amphibia. 

Vegetation is represented by 3,500 associations (National Atlas of Ukraine 2008.) The 

biodiversity in Ukraine is recognized as globally significant at the international level; 141 

Important Bird Areas and 33 Ramsar sites are located in Ukraine, 541 plant and 382 animal 

species are included in National Red Data Book (National Red Data Book of Fauna 1994, and 

Flora 1996). 

 

The environment has suffered because of economic interests under Soviet times when nature 

and natural resources were over-exploited for the economic needs of the Soviet Union. Since 

independence, Ukraine’s national system of protected areas has doubled in size. The country 

developed national programs for biodiversity conservation that entails establishing an 

ecologically representative, effectively managed and financially sustainable protected area (PA) 

system (UNDP 2008).  

 

The National Protected Area System of Ukraine (called the Ukraine Nature Reserve Fund) 

comprises 11 types of protected areas that cover a range of different ecosystems, namely 
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meadows, steppes, forest-steppes, mountains, marshes and mixed forests.  Among the 11 

types there are Biosphere Reserves, Nature Reserves, National Nature Parks, Regional 

Landscape Parks, Zakazniks (wildlife reserves), Nature monuments, Protected sites, Botanical 

gardens, Dendroparks, Zoological parks, and City parks and recreation areas.  The Protected 

Area Network covers 5.04% of the territory of Ukraine as of 2009 and is planned to be extended 

to 10.4% (6,275,000 ha) by 2015. 

 

Ukraine has a well developed body of environmental laws and policies. The main legislative 

documents that regulate and guide biodiversity conservation and protected areas management 

are the Environmental Protection Act, Protected Areas Act, Action Program for Biodiversity 

Conservation and Protected Area Management in Ukraine through 2020, National Program for 

Establishment of the Ecological Network in Ukraine in 2000 –2015, Forest Code, Water Code.  

 

Land use is regulated by the Land Code of Ukraine (2003). According to the Land Code, there 

are several categories of land, namely forests, farmland, protected areas, housing etc. Common 

farmlands, forests, water basins belong to government and cannot be sold to private owners. 

Land that can be owned by citizens of Ukraine is as a rule for gardening and does not exceed 

1/10 ha. The central land cadastre is to be developed and there is a moratorium on land sales 

as for today. It means that it is prohibited to sell land although many people do by finding ways 

to evade the laws. Nature reserves cannot be on private property. In order to allocate a land to 

the reserve government does not buy the land but changes its status from whatever status it 

had, to being land of the Nature Protection Fund of Ukraine. Therefore costs associated with 

purchase of land for conservation purposes is not an issue in Ukraine as in most western 

countries. The costs in conservation then become ongoing maintenance rather than purchase 

costs.  

 

There are gaps between theory and practice of implementation of legislation in the country. 

And there are cases of purchase of forests by private owners. As an example, under Land Use 

Codex Article 60, 61 of Ukraine it is not allowed to build houses within a certain distance of 

rivers and lakes, depending on the kind of water body. However, because of corruption 

incidences exist of building on these territories. A system of reinforcement does not exist in the 
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country and the level of corruption is quite high; consequently attempts of conservation 

organizations to resist and defend nature are largely in vain.  

 

The National Program for Establishment of the Ecological Network in Ukraine in 2000 –2015 

(2000) (hereafter, EcoNet Program 2015) aims to establish an EcoNet in Ukraine by 2015 in a 

manner compatible with the pan-European EcoNet. The ecological network is defined to 

include not only protected areas, but also naturally valuable landscapes (yet without a 

protection status), as well as to some extent, recreational sites and water conservation zones. 

The EcoNetwork has 3 tiers – natural regions (which normally should have a protected area as 

their core), buffer zones, and corridors. Natural regions can be of international, national, or 

local significance (EcoNet Program 2000). 

 

One of the key objectives of the EcoNet Program is to extend the EcoNet coverage and thus 

maintain as much as possible of ecosystems in their natural condition, while allowing for 

sustainable economic activities (both within and outside of protected areas). The program aims 

to ensure higher protection of species during their migration and wintering, increase pathways 

for migrating species, maintain the highest possible level of biodiversity of plants, animals and 

phytocenosese and finally, measures to maintain the  integrity of natural habitats at their 

natural boundaries and human limits (such as roads). Another element of the program is the 

establishment and maintenance of transboundary sites in order to make the Ukrainian EcoNet 

one element in the overall European ecological network (EcoNet Program 2000). The effective 

realization of such an ambitious plan is doubtful taking into account the lack of finances as well 

as the human, planning and management capacity of different institutions involved in the 

implementation of the program (UNDP 2008).  

 

 

3.2 Nature of Data in Ukraine 

 

The main documents that represent data on Ukrainian flora are the National Red Data Book of 

plants (1996), Ecoflora of Ukraine (2000-2004), Green Book (1987), the map of vegetation of 

Ukrainian Soviet Republic, the map of vegetation included in National Atlas of Ukraine (2008), 

and research and theses of individual scientists.  The main scientific institution that works on 

Ukrainian flora is M.G. Kholodny Institute of Botany (http://www.botany.kiev.ua). 
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Fauna data is collected by two main zoological institutions: I.I. Schmalhausen Institute of 

Zoology of National Academy of Sciences of Ukraine (http://www.izan.kiev.ua/eng/index.htm) 

and Zoological Museum of National Natural History of Academy of Science of Ukraine 

(http://www.museumkiev.org/index main.html). There is no central repository of spatial data.  

Instead the data are distributed through the National Red Data Book of animals (1994), 

museum catalogues, as well as in dissertations and research of individual researchers, scientific 

articles, and individual publications. 

 

Most of the flora as well as fauna data does not exist in GIS format as far as geographical 

information systems are very rarely used by scientists in Ukraine. Moreover, GPS only became 

available for scientists in Ukraine a short time ago, hence, most of the data is in the form of 

approximate locations of species or communities. Coordinate data area very sparse and scarce 

and are the property of individual researchers or institutions and not available to the public. 

However, there are some attempts to make species distribution data publicly available, for 

example http://www.biomon.org/en/ - distributions of 4 rare species that are represented as 

point data on google earth maps.  There are also distributions of red book amphibians in 

Ukraine that are publicly available as point data maps in jpg format and 

http://museumkiev.org/cadastre/database en.html. Besides availability, another important 

issue is that existing species distribution maps are only available in very low resolution pdf, cdr, 

psd, jpg, bmp, tif formats (Fig.1, Fig.2).  It is important to note that this means that creating GIS 

layers from this data requires hand digitizing from the images or paper copies. 

 

 

Fig. 1. Example of species distribution data in (.pdf) and (.jpg) formats, Salamandra salamandra (Cadastre of 

amphiabia, Museum of Zoology 2005). 
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Fig. 2. Example of map from Ecoflora of Ukraine in (.jpg) format (Ecoflora of Ukraine 2000-2004) 

 

The new edition of the National Red Data book will be published shortly, but all the maps 

attached to the publication will be in (.jpg) and (.pdf) formats.  One of the objectives of the 

EcoNet Program 2015 is support for a state PA cadastre including costs for setting up 

computerized state cadastre software, setting up a single country-wide GIS system, and linking 

it with the state cadastre. Georeferencing of all existing fauna species is done by the Institute of 

Zoology and is not, and will not be, publicly available. The access will be provided only for those 

with special permission and rules are still to be developed. 

 

Vegetation maps that are publicly available are maps of the vegetation of Ukrainian Soviet 

Republic on a scale of 1:1,500,000 (paper-based) and the map of vegetation included in the 

National Atlas of Ukraine (2008) on a scale of 1:2,500,000 (paper-based and .jpg format).  

Comparing remote sensing images from Aster collection, resolution 15 meters (EROS 2007), 

with the vegetation map digitized from the National Atlas of Ukraine (2008) shows great 

mismatches even of well-discerned forest patches (Fig.3 a,b) 
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a)                                                                                                                  

 

b) 

          c) d) 

 

 

Fig.3. Comparison of Aster satellite image (2008) with map digitized from (.jpg) format vegetation map (National 

Atlas of Ukraine 2008). a) Fragment of the territory of Ukraine made by Aster satellite; b) digitized vegetation map 

of Ukraine; c) forests digitized from satellite image; c) overlap of forests with vegetation map. Orange areas in c) 

represent forests from a) image and are supposed to overlap with types of vegetation b). But d) illustrates that 

there is poor overlap of the forests and types of vegetation that occur because of the scale of the vegetation map. 
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Concerning the type of data, Ukrainian conservationists can expect presence data only.  

Presence/absence data does not exist at the scale of the whole country. Studies definitely exist 

on particular species with presence/absence data but finding it requires additional long-term 

research, work in national libraries, personal communications with local scientists and was not 

in the scope of the current study. For some taxa like birds, for the range of species is 

represented in the form of polygons. Unfortunately, for some of species this polygon covers the 

whole country.  

 

3.3 Method 

 

The main aim of the study was to identify sources of uncertainty in conservation planning for 

Ukraine. This entails the following stages: 1) data collection, preprocessing, and preliminary 

exploration, 2) application of Zonation with different sets of data and exploration of its effect 

on the output result, and 3) a comparison of the optimal solution proposed by Zonation with 

the existing ecological network in Ukraine.  

 

3.3.1 Data collection and processing 

 
For this study, I used data on all vascular plants species from the National Red Data Book of 

Flora (National Red Data Book 1996.)  Data for 439 threatened vascular plants (6231 entries) of 

the first, second, and third categories were used. The first category (threatened) includes 

species that are under risk of extinction. Their safety is under question if negative factors 

continue influencing these species. The second category incorporates species that could in the 

near future be transferred to the first category if threats are not eradicated. The third category 

of rare species comprises those with low population sizes that are not included into the first or 

second category, but are still under threat because of their low number (National Red Data 

Book 1996). Data deficient, less well-studied, and introduced species that correspond to 

4th,5th,and 6th categories were not included in this study.  

 

The only data available were point occurrence data in (.jpg), (.pdf), and (.cdr) formats both for 

flora and fauna species. The nature reserve layer of Ukraine was obtained from the World 

Dataset of Protected Areas (WDPA 2009) as both polygon (boundary) and point (geographic 
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location) shapefiles (.shp format). Vegetation data was digitized from the National Atlas of 

Ukraine (2008). The remote sensing images used were from the Aster collection, TerraLock 

resource with resolution 15 meters (EROS 2007).  

 

Existing data in (.jpg), (.pdf) and (.cdr) formats (Fig.4.) was scanned and points were 

georeferenced and digitized in ArcView 9.3, projection WGS 1984. Input files of 439 species 

distribution data of threatened vascular plants (6231 entries) were converted into raster and 

afterwards into ASCII format. Taking into consideration the coarseness of point data, 10 km 

round shapes were created around every point for every species that was based on the size of 

the point on the origin map.   

 

 

Fig.4. Example of species distribution data in (.jpg) formats , Juniperus excels (National Red data Book of Flora 

1996) 

3.3.2 Application of Zonation 

 

Zonation v.2.0 (Moilanen 2006) available on http://www.helsinki.fi/bioscience/consplan/ as 

free software was used for prioritizing conservation areas in Ukraine.  

 

As Zonation requires specific input formats, input files of 439 species distribution data of 

threatened vascular plants (6231 entries) were converted into raster and afterwards into ASCII 

format. Taking into consideration the coarseness of point data, 10 km buffers were created 

around every point for every species that was based on the size of the point on the origin map.  

All species were listed in separate species list file (.spp).   

 

There are four cell removal rules in Zonation. The core-area cell removal rule was chosen for 

this study. It means that the cell gets a high value if even one species has a relatively important 
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occurrence there. An important occurrence means that if that cell was removed, there would 

only be a small fraction of the all of that species’ occurrences left on the map.  If there would be 

a large fraction left for that species, then the cell is not considered to be particularly important 

to that species  (Moilanen et al., 2005, Moilanen, 2007). For every cell, the value is calculated 

and afterwards, the cell with the lowest value is removed. The process is repeated until all cells 

are removed.  For every cell, the number of the iteration in which this cell was removed is 

recorded.  This gives the possibility to afterwards, rank the importance of every cell for 

biodiversity conservation.  Thresholds can then be used to specify which cells to reserve, that is, 

only those with the rankings above the threshold (e.g. top 10% of cells).  

 

The removal index  or (minimum marginal loss of biological value) for each of the cells is 

calculated by the following formula (Moilanen, 2007): 

 

 

 

Where  is the proportion of the remaining distribution of species j located in cell i.   is the 

weight (or priority) of species j and  is the cost of adding cell i to the reserve network. is a 

parameter that characterizes location of the cell i against other cells occupied by species j. 

  

As Moilanen et al., (2006) suggest, the core-area cell removal rule is “most appropriate when 

there is a definite set of species all of which were to be protected and tradeoffs between 

species were discouraged and the hierarchy of solutions and easy weighting of species is 

desired.”   

 

There were four stages of Zonation application. During a preliminary pilot stage I adapted data 

to use in Zonation. The second stage incorporated prioritization on the basis of threatened 

species only. The third experiment was based on inclusion/exclusion cost analyses, where cities 

were excluded as least valuable for conservation, and existing reserve system in the country 
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were included. And during the fourth stage, both results were compared with the ecological 

network of Ukraine by calculating overlap.  

 

Given that different parameters as well as data format should be adjusted and collated, I 

started with the pilot experiments.  During this preliminary stage I observed that there is a 

maximum number of cells Zonation v.2. can operate with and it averages approximately 

930,000,000 cells. On this basis I chose a cell size that allowed downloading all 6231 points into 

Zonation.  Consequently, the planned cell size that was based on the size of the smallest 

reserve in Ukraine was doubled to 0.580x0.893km.   

 

The third stage of inclusion/exclusion cost analyses allowed the forcible exclusion of specific 

areas from the final reserve design (Moilanen 2006). I created a mask file for cities (ASCII file 

with all urban areas) and assigned a value of 2, meaning that those cells are to be removed first.  

The same was done for the reserve layer that was converted into ASCII format file. Having a 

special conservation value nature reserves should be deleted last, so they obtained a value 1.   

 

I compared results from stages two and tree with the planned and partly developed ecological 

network of Ukraine by calculating overlapping areas. For this purpose, a program in the Perl 

language was developed. 

 

3.4 Results 

 

The results section consists of 3 main parts. The first part deals with the preliminary exploration 

of the Ukrainian data during collection and processing stages to identify any underlying 

uncertainties. The second section identifies uncertainties pertinent to the application of 

Zonation and its output results. The comparison of the optimal solution proposed by Zonation 

software with a developing ecological network in Ukraine is in the final section.  



32 

 

 

3.4.1 Initial data exploration 

 

While collecting and preparing data I defined both epistemic and linguistic uncertainties (Regan 

et al. 2002). Epistemic uncertainties include measurement error, systematic error, information 

gaps, and the uncertainty associated with subjective judgment.  Linguistic uncertainties are 

originated from natural and scientific language causing ambiguity, vagueness or underspecifity. 

 

Epistemic uncertainty: 

 Information gaps arise from a lack of information or its unreliability. Abundance or density data 

is quite scarce in Ukraine and can only be obtained from the works or interviews with individual 

scientists. In the Red Data Book, data on species distribution is incomplete. Most data comprise 

incomplete point localities, which indicate presence but not absence, as they are not the result 

of systematic surveys. Contradictory information that I found in the Red Data Book indicates 

the incompleteness of data. For example, 8 points for Thymus littoralis, which is in the 1st 

(highest) category of threat, in comparison to only 6 points for Campanula carpatica that 

belongs to the 3rd category of threat, and 4 occurrences of Ornithogalum boucheanum, also in 

the 3rd category of threat. The question arises whether a species of the highest category of 

threat is simply studied more or is more abundant than other two of the lower category?  

Moreover, for some species, only one location in the whole country was recorded. Additionally, 

point localities were shown in the Carpathian Mountains for a species that is restricted to the 

Crimea.  Habitat maps do not exist and classification of habitat types by EUNIS classification by 

European Environmental Agency is under development in Ukraine.  Additionally, land use maps 

are not publicly available in the country for economic reasons, one of which is corruption, 

where much of land is sold illegally and making land use publicly available will reveal this 

information. 

 

As most of the data in Ukraine does not exist in GIS format, I manually georeferenced and 

digitized all points as well as ranges from (.jpg), (.pdf), (.cdr) formats. The maps from the Red 

Data Book differed from the projection I used (WGS 1984). A systematic error occurred as a 
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result of georeferencing all maps with the same parameters, meaning that one map was 

georeferenced first and the same parameters were loaded for the rest of the 438 species maps 

in batch mode.  

 

Uncertainty occurred as well due to the subjective judgments of experts e.g. inaccuracy of the 

location of species that occurred because of loose description of the location even when they 

do know the location with precision. A measurement or instrumental error also resulted from 

the scale of the map. Even though the location of species was known precisely by experts, the 

scale of the map (Fig.4.) was not adequate for precise location mapping.  An area of every point 

on the map was approximately 450 square kilometers (Fig.4a) (as calculated after 

georeferencing); the buffer size for species distribution data was chosen based on this figure. 

 

 

 

Fig.4a. Real size map scanned from paper based Red Data Book (1996). It does not exist in vector format but in a 

raster format only.  

 

Georeferencing the point localities of species was not precise as its quality depended on many 

factors, namely the quality of a digitized image, accuracy of digitizing device, operator’s skills.  

Some species data exists in the form of solid polygons that cover huge areas of the country. The 

measurement uncertainty as well as subjective judgment problem occurred here. The range of 

Emberiza schoeniclus, for example, covers the whole country. But significant part of the country 

are farmlands and this range does not mean that a species is present everywhere it only 

indicates that species is common and precise ranges are not known. Vegetation maps on a scale 
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1:1,500,000, 1:2,500,000 can be used for large-scale projects but are not appropriate for small-

scale projects.  

Uncertainty due to omission errors in classification is a widespread problem in Ukrainian data.  

Omission errors occur when species are mistakenly thought to be absent (Rondinini et al., 

2006a). Presence/absence data is hard to find is almost in Ukraine and often gaps on species 

distribution maps do not mean that a species is absent but rather that data was not collected 

there.  

Commission errors are defined to be cases when species are deemed to be present when they 

are not actually present (Ponder et al., 2001; Rondinini et al., 2006a).  This kind of error 

characterizes such sources as the National Red Data Book as well as herbarium or museum 

data. They contain quite old data that needs revision.  Additionally, these data can represent a 

unique event when it was collected, such as the dispersal of a species into an area due to 

drought (Lawes & Piper 1998).   

It is worth mentioning that another kind of commission error also occurred in Ukraine through 

the assumption that a plan of protected areas will be implemented immediately (Meir et al., 

2004), but in practice it takes years. During these years, changes can occur that render a site no 

longer valuable for species. The EcoNet Program 2015 was approved in the year 2000. The main 

purpose of it was to enlarge the total area of lands with natural landscapes appropriate for 

biodiversity conservation to 10.4% (6,275,000 ha) of the nation and to develop a spatially 

connected system that provides natural routes for migration of species. Nine years have passed 

since the approval of the Programme and hence, preliminary surveys of the territories.  The 

question arises whether planned areas are still relevant for allocation of a nature reserve or 

they should be moved to a different location? 

Following Meier et al. (2004), I would also emphasize the lack of knowledge about the 

contribution of the lands outside reserves in Ukraine even though they can contain important 

habitats and lands that provide essential ecosystem services. Most surveys in Ukraine are made 

inside reserves, revealing a strong bias for survey effort; there is a catalogue of all species in all 

PAs in Ukraine (Popovych 2002) but areas outside are not taken into account.  
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Linguistic uncertainty: 

Among linguistic uncertainties ambiguity is a case with Ukrainian data, as words can have more 

than one meaning and can be interpreted differently. For example, some data in the Museum 

of Zoology exists mostly in the form of descriptions. It means that most of the data should be 

digitized on the basis of descriptions with the help of gazetteers.  The descriptions are not very 

robust and are written in different formats and could be interpreted differently.  

 Additional uncertainty that is typical for Ukraine is a deliberate uncertainty in publicly-available 

data, for different reasons. In some maps in Red Data Book for Fauna, for example, scientists do 

not indicate an exact location of rare or valuable species in order to preclude poaching. 

Geological maps and geographical maps are deliberately drawn incorrectly for military reasons. 

From the Soviet times maps lower than 1: 200,000 are printed with falsifications, on the maps 

1:100,000 some layers and objects are missing, for example width of the riverbeds. Maps on a 

scale of 1:50,000 are publicly available only for two mountain regions in Ukraine (Cordee 2006). 

3.4.2 Application of Zonation 

 

I identified biological values of the landscape based on the different input data using Zonation. 

Fig.5 a) shows Zonation prioritization on the basis of 439 red listed vascular plants, b) Zonation 

prioritization on the basis of red listed species together with mask file of reserves, and c) 

inclusion of the urban areas mask file to the variant b.  Different colors indicate the biological 

value of the site, from red representing the best 2% of the landscape to the black that shows 

the worst 20%. 
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a)  

 

 

 

 

 

 

b)  

 

 

c)  

 

 

Fig. 5.  Zonation prioritization on the basis of different input data: a) Zonation prioritization on the basis of 439 

threatened vascular plants included into National Red Data Book (1996);  b) Zonation prioritization on the basis of 

439 threatened vascular plants species included into National Red Data Book (1996) together with existing reserve 

system in Ukraine; c) Zonation prioritization on the basis of 439 threatened vascular plants included into National 

Red Data Book (1996) together with inclusion cost mask of reserves and exclusion cost mask of urban territories.  

Colors indicate the biological value of the site (according to Moilanen et.al., 2006) 



37 

 

The maps (Fig. 5 a, b, c) show that 439 species is a quite small number for the scale of the 

whole country. Fig.6a illustrates Zonation solution for 439 species without information about 

reserves and urban areas. Fig.6b shows Zonation solution for the same species plus mask of 

natural reserves (Fig.6d). As it is seen from Fig.6b Zonation assigned to the reserves rank from 

0.9 to 0.95. A Zonation solution based of the exclusion mask of urbanized territories (Fig.6e) is 

illustrated on the Fig.6c. Urbanized territories break connectivity as well as exclude some 

valuable areas from the prioritization (Fig. 6c). In some cases cities coincide with occurrences of 

threatened species while there is no overlap of red list species with the existing reserves.  Such 

shortcomings arise because of a measurement error and more precisely instrumental error that 

refer to low resolution ratio of source data as well as subjective judgments of scientists on the 

stage of collecting and preliminary data processing. 

 

 

 

Fig. 6.   Ranking of the biological value of the sites by Zonation (fragments) 

a) with 439 vascular threatened plants, b) with 439 vascular threatened plants and existing system of nature 

reserve, c) 439 vascular threatened plants with existing reserves and excluding urban areas, d) location of reserves, 

e) location of cities.   
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There is another source of measurement/instrumental error here as a result of reducing the 

maps’ cell size to accommodate Zonation’s limitations. The reserves and cities layers were 

influenced by this error as some reserves and urban areas were smaller than the chosen cell 

size and so, were not taken into account during Zonation prioritization.  

3.4.3 Ecological network in Ukraine and Zonation prioritization 

 

In order to check the credibility of the data, I explored the Zonation rankings of cells that lie 

within the Ukraine Ecological Network.  I created 10 different reserve sets by thresholding the 

ranks of the cells in the Zonation solutions in 10% increments.  Fig.8 shows how much of the 

territory of EcoNet is included in Zonation solution. The best 10% Zonation solution (Zonation 

rank 0.9) included 8.26% of the EcoNet territory. Distribution of cells by rank is close to uniform 

(Fig.7 and 8) while I would expect the points with high rank should prevail. A red line on Fig.8 is 

a more desirable result when approximately 70% of the EcoNet is occupied by points from the 

best 10% (Zonation rank more than 0.9) Zonation solution.   

 

 

Fig. 7. Distribution of cells included into the Ecological Network by Zonation solution by different ranks.  
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Fig. 8. Overlap of Zonation solution with EcoNet. 

 

 

There are two immediately apparent reasons for the lack of overlap.  First, the ecological 

network was developed on the basis of data that is not publicly available and therefore, not 

available in the Zonation analysis.  Second, EcoNet was built with knowledge of rivers and 

forests, creating a connectivity among reserves that was not included in these analyses.  

 

Another possible reason for the lack of overlap is that I have assumed that Zonation has chosen 

the best reserves.  There is no guarantee of this and in fact, EcoNet may include expert-driven 

areas of high value based on information not available here.  This is unlikely given the 

haphazard way that EcoNet has been developed, but it is another possible explanation. 
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4 Australian case study 

 

As the current data in Ukraine was found inadequate for further analysis, I developed a case 

study of similar research that could be done for Ukraine with better quality data. Using data 

from the Mornington Peninsula near Melbourne, Australia,  I investigated a question that is 

relevant to Ukraine, namely, how threatened species included in different kinds of Red lists as 

well as different taxonomic groups perform as surrogates for reserve prioritization.  

 

 

4.1 Site description and nature of data 
 

The Mornington Peninsula is situated on the south-east of Australia, in the state Victoria and is 

bordered by three bodies of water, Bass Strait, Port Phillip Bay, and Western Port Bay.  

Approximately 18% of the peninsula is covered by native vegetation, much of which is 

fragmented.  This analysis used fauna surveys that were carried out over the whole peninsula 

by the Mornington Peninsula Shire. The first surveys were done 2007 and survey work is 

ongoing. The data was recorded in a geospatial format, ready for map production or analysis in 

GIS. Data collection excluded Mornington National Park and some private properties that were 

not accessible.  

 

4.2 Method 
 

The first part of the case study was dedicated to answering the question of whether subsets of 

species, chosen by either selecting listed species or by selecting certain taxa, are more effective 

as surrogates for biodiversity than subsets with the same number of randomly chosen species.  

 

The local council of Mornington Peninsula provided data on occurrences of species. Some of 

the records were abridgements or abbreviations of the same species.  After collation and 

correction of data, 213 (out of 224) species with a total number of 9614 records were left for 

the analysis. Georeferenced point data were downloaded into ArcGIS 9.3. Because only point 

data was available, a buffer with a radius of 500 meters around point locations was created for 
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every species. One buffer includes on the average 312 cells. The size of the buffer is an area of 

78 ha which is a reasonable daily range size for many of the species in the study area. The daily 

ranges sizes were not identified for every species because of time limits. Moreover, the main 

objective of this case study was to develop a method for the future similar analysis in Ukraine 

rather than to suggest a solution for reserve extension on Mornington peninsula.   

 

A single composite map the resulting 213 buffered species maps was converted into raster and 

then into ASCII format with a cell size of 50x50 meters for further analysis. 

 

Three listed species subsets were created based on Australian legislation, namely: 

1) Vic:  List of Threatened Vertebrate Fauna in Victoria 2007 (Vic),  

2)  FFG:  species listed under the Victorian Flora and Fauna Guarantee Act 1988 (FFG), 

November 2008, and   

3)  EPBC:  Species listed under the National Commonwealth Environment Protection and 

Biodiversity Conservation Act 1999 (EPBC).  

 

Vic and FFGA are state legislation while the EPBC Act is federal legislation.  

 

Species that are present on the Peninsula were compared with FFG, EPBC and Vic lists.  Species 

listed as Extinct, Critically Endangered, Endangered under EPBC; Extinct, Regionally Extinct, 

Extinct in the Wild, Critically Endangered and Endangered under Vic; and threatened under FFG 

were taken into account. Additionally, avian, amphibian and reptilian subsets were created 

(Annex 1, Table 4 and 5.) As a tool for conservation planning, I chose the same software that I 

used for Ukrainian case study, Zonation (Moilanen et al., 2005). 

 

I ran Zonation with the buffered point maps for all 213 species and generated a map that 

identifies the most biologically valuable cells (henceforth referred to as the 213sp map). 

Zonation parameters were the same as for the Ukrainian case study (see Methods section of 

Ukrainian case study). Then, in the same way, I generated a map using Zonation for the EPBC 

list and compared it with the 213sp map. I calculated the overlap of areas with the same 

Zonation rank. The higher the overlap value the more effective the subset as a surrogate. Rank 

in this study means the proportion of land that Zonation does not prioritize: 0.90 rank means 
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that 90% of the area was not prioritized and the remaining 10% represents the most 

biologically valuable sites (Moilanen 2006).  

 

Next I created 250 sets with the same number of species as in the EPBC list but chosen 

randomly from all 213 species. I will further refer to these subsets as random subsets. Random 

numbers were generated with use of the function rand in the Perl language. For each random 

subset of species, I generated solutions in Zonation and calculated an overlap with the 213sp 

map. I then calculated mean for all 250 overlaps.  I repeated the same procedure for FFGA, Vic, 

mammals, birds, reptiles and amphibians subsets.  

 

In order to compare the performance of listed species versus random species as surrogates of 

biodiversity I tested the null hypothesis: the results of the overlap of random maps with 213sp 

map (M1) are the same as performance of the listed species and taxonomic subsets (M0).  An 

alternative hypothesis is that the overlap of random maps with 213sp map (M1) is better by 

M0-Δ than the performance of the listed species subsets (M0), e.g. M1 > M0–Δ. To prove it, I 

computed for random lists a standard deviation (Sd), z statistics and p-value 

 

 

where n is the number of random subsets. 

 

Additionally, in order to evaluate the potential of each subset to act as a surrogate for the other 

subsets, I first compared a Zonation solution for the EPBC subset with occurrence maps of every 

species. The comparison was made at a range of Zonation ranks. A species is considered to be 

represented if it had more than 500 cells. 500 cells correspond to 1.25 square kilometers that I 

assume is enough for most species to pursue. For 70 out of 213 species there were only two or 

fewer points on the map meaning that these species had less than 625 cells of habitat in their 

habitat map as one buffered point includes in average 312 cells. The threshold of 500 was 

chosen in order to include these species in the calculation.  For species that have less than 500 

cells in their habitat map, 300 cells was chosen as a threshold. I then repeated this for all other 

subsets.    
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4.3 Results 
 

The results are divided into two parts. The first part deals with the testing the listed versus 

random species subsets, the second section presents the results of testing the performance of 

different species subsets against each other. 

 

Random versus listed species 

In the first part I aim to test whether subsets of listed species or random sets of species of the 

same size as the listed set are better surrogates for each other and for the full set of 213 

species.   

 

For each of the 250 random sets with the same number of species as in tested lists, I calculated 

the percentage of overlap with the 213sp map (Fig.9). The results of these calculations are 

shown in the Table 1.  

 

 

Fig.9. Distribution of percentage overlap of 213sp map with 250 maps. Each of 250 maps was generated by 

Zonation software on the basis of lists of 12 randomly chosen species. . For both the 213sp and the 12sp maps, 

conservation areas were selected by choosing locations in the Zonation solution that had rank greater than 0.90 

(i.e. top 10% of sites). 

 

I tested the Null hypothesis that listed species (M0) (Table 1) as surrogates of biodiversity will 

perform similar to random species subsets (M1) in conservation of common species. 
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Table 1.  Comparison of overlap of listed species and random subsets with 213sp map by different ranks. 0.90, 

0.91…ranks mean 10, 9…% correspondingly of biologically most valuable sites. 

 Surrogate list Random subsets 

Number Set (M0) 0.90 0.95 0.99 0.90 0.95 0.99 

8 Frogs 48.26 27.08 10.85 45.06 30.72 14.52 

10 Vic 36.5 34.12 17.03 46.78 32.24 16.10 

12 Epbc 47.39 30.63 18.44 47.76 32.70 17.16 

12 Ffga 35.97 38.75 24.35    
24 reptilian 49.63 37.85 21.46 52.62 38.88 23.58 

30 mammals 50.1 41.62 21.26 54.26 41.28 26.11 

75 -    64.91208 56.1382 44.13336 

144 Birds 78.48 69.07 65.18 81.56056 75.81524 65.22272 

 

 

As seen from Figure 10 and 11 six out of seven species subsets lie below the line that 

represents values from 0.90 rank for random subsets. Only frogs subset lie above random 

values. Highlighted cells in the Table 1 show that the overlap of frogs subset with 213sp map is 

48.26% while the result for the same number of random species is 45.06%. So, the overlap of 

frogs subset is 3.2% higher than the mean result for random lists for rank 0.90 (Fig.10, 11).  

FFGA from the Table 1 by rank 0.90 is 35.97% and overlap of the same number of random 

subsets reaches 47.76%.  Using a rank of 0.95 (Fig.12, 13) only FFGA and Vic lists results lie 

higher than random subsets. All other lists species and taxa subsets perform much worse. 

Listed subsets occur in ranges of random subsets. But in most cases listed ones give lower 

(Fig.12, 13) results than mean values of random subsets. Hence subsets of species generated 

using lists of threatened species and taxonomic groups have a similar performance as 

surrogates to random subsets. 
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Fig. 10. Line represents values from 0.90 rank from Table 1. Whisker boxes 

illustrate distribution of values for based on the 250 random subsets of species. 

Colored points show values of listed subsets and different taxa. 

 

 

 

              Fig.11. Enlarged part of Figure 10. 
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Fig. 12. Line represents values from 0.95 rank from Table 1. Whisker 

boxes illustrate distribution of values for based on the 250 random 

subsets of species. Colored points show values of listed subsets and 

different taxa. 

 

 

 

           Fig.13. Enlarged part of the Figure 12.  
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I generated maps with EPBC, FFGA, Victorian subsets, mammals, birds, reptiles, amphibians and 

compared them with the 213sp map. The EPBC subset consisted of 12 species, so the 

comparison was made with subset of 12x250 random species. The results of the comparison of 

213sp map, rank 0.90 with a subset EPBC subset, rank 0.90 gave an overlap  (MO) = 47.39%. 

Comparison of the 213sp map with the mean of 250 subset maps from 12 randomly chosen 

species gives an overlap (M1) =47.76. The standard deviation (Sd) for M1 = 3.38. If I choose Δ = 

5, n=250, and compute z-statistics:  z = 15.81*(47.76-(47.39-5))/3.38=25.12, p=0.00. The P value 

is much lower than 0.05 (Table 2), so I can reject Null hypothesis and make a conclusion that in 

most cases random subsets of species gave better results than listed or taxonomical subsets of 

species. The only case that has a higher p value is FFGA subset that performs more than 5 % 

better than a mean of random subsets.  

 

Table 2. Z-statistics and p value for all lists and taxa. 

Rank 0.90  0.95  0.98  

Lists  Z P Z P Z P 

Birds 35.05404 0.000 41.41066 0.000 22.43294 0.000 

Epbc 25.11825 0.000 29.33367 0.000 35.31789 0.000 

Ffga 83.47905 0.000 -4.31251 0.999992 0.388769 0.348712 

Frogs 7.340014 0.000 31.38739 0.000 35.03875 0.000 

mammals 48.47643 0.000 19.57017 0.000 25.45265 0.000 

Reptil 44.71637 0.000 23.26607 0.000 20.48443 0.000 

Vic 70.14348 0.000 11.20581 0.000 12.88293 0.000 

 

 

Comparison of different subsets of species 

 

For the second part of the research, I examined the case where the conservation areas were 

selected using one subset of species, and the performance of the selected areas were then 

tested with different subset. I calculated the percentage of species that are well represented 

(300 cells for species with have only one point and 500 cells for all the rest) in Zonation 

solutions for each list. The results of the Zonation optimization with a different subsets of 

species to the ones used evaluate performance is shown in Annex 1, Table 6, and corresponding 

Fig.14. The results in Fig.14 show that the Victorian subset is worst represented when 
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optimizing with the frogs subset and best by birds. Birds cover all other species quite well, with 

the exception of frogs.  

 

  

  

  

  

 

Fig.14.  Proportion (%) of well represented species by different Zonation solutions. a) By 213 species as the optimal 

solution, b) birds, c) EPBC, d) FFGA, e) frogs, f) mammals, g) reptiles, h) Victorian subset.  
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For rank 0.9 the best result is from the 213sp map (Fig.15). Birds are in second place with 93% 

of the well represented species that can be explained by the number of species in the set (144). 

The Victorian set covers only 74%. For 0.95 rank 213 decreased to 89%, while optimization by 

the frog subset performed the worst (65%). The highest result for 0.98 rank belongs to reptiles 

(68%), mammals (65%), and EPBC (61%). The 213 species optimization performed the worst 

(50%). The choice of the best subset to use on Mornington Peninsula depends on the targets 

the local council has. For conservation of bigger territories like 10% of the peninsula, the 213 

species optimization can be used as 100% of the species are covered. However, for smaller 

territories such as 2%, it performs much worse (only 50%), so reptiles or mammals would be 

good surrogates that cover 68 and 65% correspondingly.  

 

 

Fig. 15. Percentage of well represented species by Zonation solution by 0.9, 0.95 and 0.98 rank. 

 

 

 

4.4 Relevance for Ukraine 
 

These counterexamples of the Australian case study show that it is not always safe to use lists 

of threatened species or different taxa subsets as surrogates for prioritization of conservation 

areas, as those surrogates can leave locally endangered species without attention that can have 

undesirable consequences in the future. The more global a list is the less relevant it may 
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become for reserves prioritization on a regional or local level. Surrogate identification is a very 

sensitive question and generalizations from the “best practices” in the world can be quite 

dangerous. My investigation of performance of different subsets of species on the Mornington 

Peninsula illustrates that some of the chosen subsets could be used to partially protect other 

species, but it depends a lot on our target species and how they overlap with the surrogate 

species.  The choice of surrogates is likely to be specific for every area and should be identified 

in every individual case. In this regard the research of overlap between surrogates and targets 

could suggest a proper surrogate.   

 

Thus I would suggest that an underlying principles and concepts of reserve selection in Ukraine 

should be reconsidered. As guidelines for future scientific work I develop a protocol for 

conservation planning in the country.  
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5 Protocol for systematic conservation planning in Ukraine 

 

In this section I develop a protocol for the application of systematic conservation planning in 

Ukraine, following recommendations by (Knight et al., 2006, Margules and Pressey, 2000, 

Pressey et al., 2003, Pressey and Cowling, 2001, Noss, 2003). The protocol includes following 

components: 

1. The steps for undertaking conservation planning in Ukraine based on systematic 

conservation planning objectives and principles;  

2. Recommendations for the future scientific work in order to create a strong scientific 

background for effective conservation area planning, taking into account identified 

uncertainties;  

3. Suggestions on how to deal with uncertainties. 

 

Basic steps for conservation planning in Ukraine: 

 

1. Pursue goals of representation and persistence. 

 

The reserve network should represent the full variety of biodiversity that will persist over a long 

period of time. Representation ensures that the full spectrum of biodiversity features as well as 

environmental patterns are sampled comprehensively (Knight et al., 2006, Sarkar et al., 2006).  

Persistence infers retention of ecological and evolutionary processes that sustain and generate 

biodiversity (Cowling et al., 1999).   

 

2. Determine targets of conservation planning in the region. 

 

Those should be quantitative conservation targets, namely number of species, vegetation 

types, etc. Explicit targets are used to evaluate efficiency of conservation planning during the 

whole process from conservation assessment to monitoring (Knight et al., 2006).  
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3. Make a preliminary assessment.  

 

The adequacy of the existing conservation network should be evaluated (Pressey and Cowling, 

2001). In particular, does it correspond to the goals of representativeness and persistence. 

Network performance could be assessed based on the extent to which it samples the range of 

natural variations, for example in species, communities, environments, habitat types, 

vegetation in the region and whether these biotic features are likely to persist in the future 

(Margules and Pressey, 2000). As stated in the Action Program 2020 (2006), there are 220 

landscapes in Ukraine and not all of them are represented in the National system of protected 

areas. An analysis could be done similar to the one in Fandino-Lozano (1996), where the author 

looked at how well the country’s ecosystems were represented in the existing reserve network 

in Colombia (see Margules and Sarkar 2007 p.111 for a brief review).   Knight et al. (2005) also 

suggests making a preliminary assessment, as collecting data on places with rapidly increasing 

land-use pressure does not make sense for further conservation efforts. A rapid conservation 

assessment of key data layers in ArcView or any other package is more efficient strategically for 

conservation of priority areas (Knight et al. 2005). 

 

4. Identify areas for conservation. 

 

The preliminary assessment shows what additional steps should be done in order to achieve 

conservation goals and targets. The most convenient methods to select conservation areas 

involve algorithms that use explicit rules for reserve selection (Margules and Pressey, 2000). 

There are a range of algorithms that software tools identify preliminary sets of new 

conservation areas to expand an existing reserve system (Pressey and Cowling, 2001), among 

those are Marxan (Ball and Possingham, 1999), C-Plan (Pressey et al., 2009), ConsNet (Ciarleglio 

et al., 2009), SITES (Andelman et al., 1999), and Zonation (Moilanen, 2007). Each of these tools 

is dedicated to solve different tasks and problems and should be chosen accordingly.  

 

Additionally to the algorithms and tools local expert knowledge could apply for identification of 

potential conservation areas as they can direct conservation efforts and are crucial for mapping 

habitat transformation, land classes, environmental processes, etc. (Sarkar et al., 2006).  
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5. Provide transparency of scientific information for reserve selection. 

 

Transparency of scientific data and decision-making process is a precondition for development 

of a comprehensive reserve system.  Lack of transparency in Ukraine is a main obstacle for 

conservation planning. The decisions are made by politicians who hardly know what ecosystem 

is. For example, for the last 5 years 3 ministers of the Ministry of Environmental Protection 

were without any ecological or biological background.  The decisions should be guided by 

scientific evidence rather than political games and declared principles should become reality.  

Therefore, a dialog between scientists and policy-makers is an integral part in conservation 

assessment and planning  where science is called upon to review the effectiveness of political 

processes for achieving stated biodiversity goals, as well as to provide scientific background to 

direct those decisions (Margules and Pressey, 2000).  

 

6. Involve public in conservation planning process and raise awareness.  

 

It is vital for effective conservation that we raise awareness and convince people that 

conservation is not for the government but for them.  People in Ukraine have become used to 

the top-down decision making where public opinion was not taken into consideration.  

 

As funds and scientific personnel are not sufficient for data collection and processing, one of 

the solutions that can speed up the process is the involvement of academic institutions and the 

public.  It is significant that one person made 9614 records in two years (starting from 2007) for 

213 mammals species on Mornington Peninsula with an area of 600 square kilometers. While in 

Ukraine, with an area 603 000 square kilometers, data on common species is scarce or absent 

and on the red listed vascular plants there are only 6231 occurrences for 439 species.     

 

I would recommend developing a program where every region with a regional council on the 

top will be responsible for biological data collection. The main purpose is to collect data and 

transfer it to the general database or cadastre. I would first organize the nature schools among 

local people similar to the Field Studies Council (http://www.field-studies-

council.org/biodiversity/) UK, a school where data are collected by amateurs under supervision 
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of a professional. Data is passed afterwards to the general cadastre of the county, and after 

approval transferred to the cadastre of the country. I would also involve schools through 

teachers of biology and universities, namely students from natural sciences departments.  

 

Recommendations for future scientific work: 

 

“Effective conservation planning combines biological survey, mapping, statistical modeling, geographic 

information system analysis, algorithms and experience in on-the-ground implementation, policy development, 

legislation, and political tactics” (Pressey and Cowling, 2001). 

 

I will discuss here the scientific background of conservation planning that should precede the 

implementation stage. 

 

1) Biological survey and monitoring. 

 

Many of the uncertainties in Ukrainian data arise from the insufficient survey efforts and 

subjective judgment of experts. Collecting only presence data is common practice among 

Ukrainian scientists, but in this way omission errors can occur, where a species is assumed 

absent when it is there (Rondinini et al., 2006a). Therefore I would recommend collecting not 

only presence but also absence data.  There is a range of studies on survey efforts to detect 

absence; for example (Garrard et al., 2008)  suggests a method for estimating detectability of 

flora species that can be used to inform minimum survey requirements; similar work has been 

done for fauna (Wintle et al., 2005). Methods of designing an effective monitoring program 

with a realistic chance of detecting changes are recommended by Field et al. (2007). To deal 

with the subjective judgment of uncertainties, Regan et al. (2002) proposes assigning a degree 

of belief about an event in the form of a subjective probability. 

 

Herbarium and museum data that is widely used in conservation in Ukraine is prone to both 

omission and commission errors (Rondinini et al., 2006a). Before using collections for 

conservation assessment I would suggest reviewing required parts of herbarium and museum 

data.  Among others, assessing the likelihood of the distributions obtained from museum 
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collection records representing true distributions (Ponder et al., 2001) could be an effective 

starting point.  

 

The current condition of Ukrainian herbarium and museum data allows us to use it only as a 

starting point in conservation assessment (Willis et al., 2003). Of course, such data give us 

understanding of historical and current distributions of species and can help in making 

conclusions of current and future changes (Willis et al., 2003), but there are limitations that 

restrict us from drawing ultimate conclusions.   These include incompleteness, a lack of current 

data, linguistic uncertainties in describing location or habitat, and epistemic uncertainties 

(those that can be measured) that are resulted from methods of observation, sampling or 

analysis of existing data.  To deal with the pitfalls of herbarium and museum data I would 

recommend: 1.Collecting material more regularly and purposefully, meaning that in addition to 

detecting presence or absence of species, estimates of parameters like population size, habitat 

requirements that are important for future conservation assessment and planning should also 

be collected. 2. Avoiding linguistic and epistemic uncertainties by development of standardized 

habitat descriptions. 3. Making data more accurate by using GPS records. 4. Development of 

publicly accessible electronic databases.  

 

As it is impossible to collect all the data on biodiversity features (Rodrigues and Brooks, 2007) 

planning process as a rule requires the use of sets of the surrogates. It could be a set of species 

(for example taxonomic sets), species assemblages, environmental classes (soils, vegetation) as 

well as combination of surrogates (Margules and Sarkar 2007). Some studies report inadequacy 

of using taxonomic sets as surrogates (Jaarsveld et al., 1998) or species assemblages (Araujo et 

al., 2004), while others report successful attempts (Moritz et al., 2001, Oliver et al., 1998).For a 

good overview on the efficiency of surrogates see (Rodrigues and Brooks, 2007). I recommend 

first to use expert knowledge to identify potential surrogates before using subsets of species as 

surrogates. And second, to investigate a performance of different surrogates. As an example to 

investigate the performance of different sets of data that can be treated as surrogates for 

biodiversity is presented in Australian case study (view Section 5 for details) or in other works 

mentioned above.  
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2) Mapping and geographic information system analysis. 

 

Absence and unreliability of Ukrainian digitized data is the main barrier for spatial conservation 

prioritization.  There is a governmental project to develop a centralized digitized database for 

fauna as well as flora species but its implementation is dependent on available funds and 

human resources.  

 

Data can be in a form of geographical ranges, point localities or predicted distribution data. All 

of them have their strengths and weaknesses as well as biases that are thoroughly discussed in 

(Rondinini et al., 2006a). There is no a single recommendation what type of data is better to use 

and it should be decided on every individual case. Table 3 below summarizes findings of 

Rondinini et al.(2006) on trade-offs of different types of species occurrences data. 

 

Table 3. Summary of trade-offs of different types of species occurrences data (Rondinini et al., 2006a) 

 

Kind of data Strengths Weaknesses 

Point locality data  - Availability through online 

databases, 

 - Easy to use, 

 - Lack of commission error if data is 
precise, 

  
 - Reduction in errors associated 

with data manipulation 
  

 - Commission errors if there is 
inaccurate recording of geographic co-
ordinates or taxonomic errors, 

  
 - Omission errors as sites where a 

species is absent are not recorded, 
  
 - No information on abundance or 

density, 
  
 - Spatial bias towards places that are 

easily accessed,  
  
 - Taxonomic bias towards species that 

are relatively conspicuous,  
  
 - Temporal bias, due to irregular 

recordings over time, 
  
 - Ignorance of the dynamic nature of 

species distributions (data from 
herbariums and museums). 

  

Geographic ranges  - Reduction of geographical biases 
and filling the gaps that point data 
has, 

  

 - Presence-absence indication of the 
distribution of a species, 
 

 - Inclusion of outliers increases 
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 -  Lack of potential errors occurring 
while generating predicted 
distribution models. 

  

 the risk of selecting sites that do not 
contain the species of interest, 
 

 - High commission error,  
 

 - Overestimation for uncommon 
species, 

 

 - Poor basis for quantitative analyses in 
conservation planning as based on 
expert knowledge. 
 

Predicted distribution data  - Possibility to use incomplete data,  

 - Explicit probability of species 
occurrences and abundance, 

  
 - Prediction of changes in species 

distributions associated with 
changes in land use and climate. 

 - Not all variables are taken into 
account, 
 

 - Limited to the relationships between 
species and the environment, 
 
- Lack of attention to historical and 
biogeographical factors. 
 
 

 

In order to overcome uncertainties I would suggest working with maps in one projection 

accepted in the country. If paper based maps are used they should be scanned in a maximum 

resolution and georeferenced by a skilled person in order to prevent an error that can occur by 

erroneous digitizing of hundreds of maps in a batch mode. While using digitized point localities 

or geographical ranges in a future analysis a confidence interval should be reported as a 

measurement of instrumental error as typically occurs by digitizing such kind of data (Regan et 

al., 2002). 

 

By digitizing museum or herbarium data from descriptions I would recommend using standard 

gazetteers and to develop a common system of digitizing. For example, if a village is indicated 

as the sole locality of a species, typical steps could be the identification of its typical habitat, 

finding the closest locality with suitable habitat to the stated village on the map, digitizing it, 

and filling in the attribute table as stated in a description. That may help scientists be aware of 

a potential measurement/instrumental error. The confidence intervals should be stated as data 

of such kind is prone to linguistic as well as measurement errors (Regan et al., 2002).  
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3) Statistical modeling.  

 

I would also recommend a predictive modeling as distribution data is always incomplete 

(Burgman et al., 2005).  The models represent areas where a species is likely to be present 

inferring suitable environmental conditions (Guisan and Zimmermann, 2001). Models are prone 

to model errors that arise from a choice variables  that are regarded as relevant and from the 

way those variables are used in a model (Regan et al., 2002). There are no general rules for 

treatment of model uncertainties although there are many treatments of uncertainty are 

recommended in literature. (Burgman et al., 2005) suggest how to deal with uncertainty in 

predicted probabilities of occurrence, while (Elith and Graham, 2009) investigate of different 

performance of species distribution models.  

 

4) Algorithms for identification of areas for reserve allocation. 

 

Zonation software that I used in this study is a high resolution tool that emphasizes 

connectivity, and is quite useful on national level (view Methods for further details.)  While 

using Zonation its technical limitations should be taken into consideration, namely number of 

pixels it can operate with (approximately 930,000,000). The next version Zonation v.3 that 

becomes publicly available in spring 2010 will operate with larger volume of data.  

Species distributions patterns of species richness are sensitive to scaling (Rondinini et al., 

2006a, Araujo et al., 2005). In order to include all the existing reserve system into the analysis I 

would recommend using a 100x100 m cell size as that is a size of the smallest reserve. In this 

case all the reserves will be taken into consideration. But such cell size could be used only if 

data is precise enough. If a vegetation map is used as a planning unit a scale of 1:100,000 is a 

good solution for small-scale projects. 
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6 Discussion 

 

It is vital to understand uncertainties in conservation as they deeply affect decisions (Harwood 

and Stokes, 2003, Regan et al., 2009). There are many methods for decision making and tools 

for assessing and dealing with uncertainty, and such a risk assessment is an important part in 

any conservation project. However, few conservation practitioners think about uncertainties 

that can have a substantial impact on conservation outcomes (Harwood and Stokes, 2003).  

 

The study reveals the uncertainties in Ukrainian data that have not been taken into account by 

Ukrainian scientist for years.  While in the past it has been done through ignorance, scientist 

nowadays should consider this aspect in their researches and studies.     

 

There are efforts in the literature to categorize uncertainties by its source such as Regan et al. 

(2002) and Kwan et al. (2008). Scientists have explored different aspect of uncertainties and 

ways to deal with them as, for example (Nicholson and Possingham, 2006) investigate 

uncertainties that arise from failing to specify objectives; (Gaston and Rodrigues, 2003) 

examine kind of species data that is used in reserve design; (Burgman et al., 2005) suggest that 

uncertainty arises from the modeling frame; and (Cabeza and Moilanen, 2003) look at how 

unreserved areas influence reserved areas.  Just as important, is the fact that uncertainties 

depend on the peculiarities of the political, geographical, economical and cultural situation of 

every country. 

 

Ukraine is a very specific country in the way it practices conservation in general and reserve 

allocation in particular, as it inherited a system and principles from the Soviet system and still 

applies most of them. Scientists of the new generation who try to apply new approaches and 

methods to the existing system encounter different shortcomings that must be overcome in 

order to practice conservation more effectively.  

 

Ukraine was always quite active in conservation activities, although the Soviet regime 

influenced much the attitude of people to nature conservation.  In the past resources were 
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over-exploited even the logo of that time was “Nature serves people.” However, the first 

nature reserve was created in the beginning of the 20th century and the development of the 

network of reserves continues today. It was mostly done by individual leaders in conservation, 

for example Dokuchaev in the past Boreyko in nowadays, who felt responsibility to protect our 

nature for future generations. Public was not much involved into conservation as the 

economical situation in the country in the past as well as today make people think more on 

how to feed their families rather than birds. Biological school that was always one of the 

leading schools in Europe disappeared because of lack of funding after the collapse of the 

Soviet Union and the new generation of scientists prefers to leave science as salaries are low, 

level of corruption is high and young scientists should overcome a lot of obstacle before they 

can defend their thesis. Conservation as a science has never existed in Ukraine and most of 

work is done by biologists who as a rule are not equipped with knowledge and skills in 

conservation.  

 

Systematic conservation planning has the potential to provide a robust and transparent 

framework for the expansion of the protected area network in Ukraine; it has been applied 

worldwide quite effectively (Lochner et al., 2003, Cowling and Pressey, 2003, Franco et al., 

2009, Gordon et al., 2009, Kremen et al., 2008, Younge and Fowkes, 2003), has well-developed 

principles (Margules and Pressey, 2000) and tools (Sarkar et al., 2006, Ciarleglio et al., 2009, 

Moilanen, 2007, Possingham et al., 2000) and facilitates a transparent  and  inclusive decision-

making process (Game and Grantham 2008).  

 

In assessing the applicability of systematic conservation approach in Ukraine, I investigated 

sources of uncertainties in conservation planning that are typical in the country. This allows to 

understand what steps should scientists take in order to adapt existing data in Ukraine and 

embed an approach that is widely considered as “best practice” in conservation (Game and 

Grantham 2008). Currently there is lack of information in a scientific world on conservation 

efforts in the former USSR countries.  In particular, from the beginning of the development of 

systematic conservation approach, no attempts have been made to incorporate into the 

approach the peculiarities and uncertainties in decision-making for conservation of the former 

USSR part of the world.  
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This thesis presents a first attempt to assess the applicability of systematic conservation by 

collating and processing data and then by applying a prioritization tool, Zonation,  and by 

systematically examining the uncertainties, using the comprehensive taxonomy of uncertainties 

suggested by Regan et.al (2002) and Rondinini et al. (2006).  From the results, it is clear that 

current data in Ukraine is not adequate for a systematic conservation planning approach as the 

type of spatial data that is needed for conservation planning is very much biased or does not 

exist at all in Ukraine. The main type of uncertainty that has been recorded is epistemic 

uncertainty, that is, uncertainty in things that can be measured (Harwood and Stokes, 2003) 

(Regan et al., 2002).  Primarily, this is in the form of information gaps, for example absence of 

habitat maps and data outside reserves.  Insufficient data on species distribution outside 

reserves leaves potential areas for protection without attention.  

 

I found that because of the format of Ukrainian data, its application in a spatial prioritization 

tool does not give reliable results.  First, there is measurement error and more precisely, 

instrumental error, that refers to low resolution ratio of source data, for example point 

localities of species, and maps of vegetation types. Coarse vegetation maps can be used for 

more global scale but for small scale projects, they are not appropriate.  Second, uncertainties 

associated with subjective judgment on data can bring undesirable outcomes, for example, 

using approximate locations for species when exact coordinates are not known. That intersects 

with commission and omission errors (Rondinini et al., 2006b) as well as linguistic uncertainties 

(Regan et al., 2002).   In our case, these mostly refer to herbarium, museum, and National Red 

Book sources that contain quite old presence only data. 

 

Comparison with the ecological network of Ukraine Zonation solutions (Fig.7, Fig.8) confirms 

the unreliability of data, in particular, from the Red Data Book for spatial conservation planning. 

It brings up two questions of transparency of data and effectiveness of the EcoNet. Assuming 

that the ecological network was developed on the basis of spatial data means that credible data 

is available for closed circles of scientists and publicly available ones could not be effectively 

used. However, a real deficiency of data means that the EcoNet was developed based on expert 

opinion without transparent justification for decisions, such as following rivers or forests that 

were supposed to create connectivity between reserves. My findings illustrate that scientist in 

Ukraine have never though and took into consideration any of those uncertainties. 
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One of the major shortcomings in Ukraine is a lack of transparency. Land-use data, for example, 

is not publicly available because of financial reasons.  Similarly, GIS files of reserves are not 

available at the Ministry for Environmental Protection of Ukraine. This is unfortunate as 

transparency increases accountability and credibility of the conservation and decision-making 

(Game and Grantham 2008).  

 

Among publicly available data, the Red Data Book is the key source for conservation decision 

making in the country. The main principle in Ukraine in reserve allocation is to choose areas 

where threatened species included in the National Red Data Book or International Red Lists are 

present. Common species are not taken into consideration. However, those species extant 

worldwide can be endangered somewhere else (Gardenfors, 2001) and prioritizing listed 

species does not necessary mean that  not-listed species are protected. 

 

The intention to investigate the effectiveness of lists of threatened species and different taxa 

for conservation of common species in Ukraine was not fulfilled because of the inadequacy of 

data.  Instead I used an Australian case study as an example of similar research that could be 

done for Ukraine with better quality data. The first example on performance of random versus 

listed species showed that listed species not necessarily good surrogates for other species; in 

our particular case on Mornington peninsula randomly chosen species performed similar to the 

listed species.  The same has been confirmed for endemic and threatened species in South 

Africa, Lesotho (Bonn et al., 2002).  When comparing different subsets of species against each 

other I found that some subsets can partially cover other subsets. Results are likely to vary in 

other areas (Rodrigues and Brooks, 2007), therefore careful investigation of possible surrogates 

is vital as it is a very sensitive question and should be decided in every individual case. The 

method presented in this study can be used for examining of performance of different species 

quite easily. Other methods could apply as well (Franco et al., 2009, Gaston and Rodrigues, 

2003).  

 

The study shows gaps and uncertainties in the data in Ukraine and the most influential among 

those are measurement errors, systematic errors, uncertainties occurred because of the lack of 

information and subjective judgments. Systematic conservation planning approaches is a 



63 

 

potential framework that could be adopted in Ukraine in order to review existing approaches in 

conservation in the country and to develop the new ones. The main principles in Ukraine 

namely conservation areas allocation based on the presence of listed species or taxonomic 

groups is quite doubtful. An Australian case study presents an example of an analysis that could 

be done for Ukraine in case of adequacy of data and illustrates that this principle should be 

examined.  By analysis of big volumes of data it is efficient to apply spatial prioritization 

software. A Zonation software is a potential tool to use on the national level as it makes an 

emphasis on connectivity and can work with massive volumes of data that is essential on the 

national level. It was found that the current data in Ukraine is inadequate for spatial 

conservation analysis and as a preliminary step forward and an important contribution I 

developed a protocol for conservation planning in Ukraine that could be used either by 

Ukrainian scientists or international researchers. The protocol includes initial steps that should 

be considered in conservation planning. It includes also recommendations for future scientific 

work to overcome uncertainties in order to practice effective conservation. 
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Annex 1 
 

Table 4. Subsets of the Mornington Peninsula species that are included into Australian legislation, namely  

Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC), Flora and Fauna 

Guarantee Act 1988 (FFGA) and DSE's Advisory List Of Threatened Vertebrate Fauna in Victoria 2007 (Vic) 

 

Ffga Epbc Vic 

Common Bent-wing Bat, 

Miniopterus schreibersii 

Black-browed Albatross, 

Thalassarche melanophris 

Black Falcon,  

Falco subniger 

Eastern Wallaroo,  

Macropus robustus robustus 

Brown Thornbill,  

Acanthiza pusilla 

Black-browed Albatross, 

Diomedea melanophris 

Great Egret,  

Ardea alba 

Buff-banded Rail,  

Gallirallus philippensis 

Grey Goshawk,  

Accipiter novaehollandiae 

Grey Goshawk,  

Accipiter novaehollandiae 

Cape Barren Goose, 

Cereopsis novaehollandiae 

Hardhead,  

Aythya australis 

Hooded Plover,  

Thinornis rubricollis 

Common Wombat, 

Vombatus ursinus 

Hooded Plover,  

Thinornis rubricollis 

Lewins Rail,  

Rallus pectoralis 

Crested Shrike-tit, 

Falcunculus frontatus 

Powerful Owl, 

Ninox strenua 

Powerful Owl,  

Ninox strenua 

Emu,  

Dromaius novaehollandiae 

Royal Spoonbill,  

Platalea regia 

Rufous Bristlebird,  

Dasyornis broadbenti 

Golden Whistler, 

Pachycephala pectoralis 

Southern Toadlet, 

Pseudophryne 

semimarmorata Swamp Skink,  

Egernia coventryi 

Grey Fantail,  

Rhipidura fuliginosa 

Swamp Skink,  

Egernia coventryi 

White-bellied Sea-Eagle, 

Haliaeetus leucogaster 

Rufous Bristlebird, 

Dasyornis broadbenti 

White-bellied Sea-Eagle, 

Haliaeetus leucogaster 

White-browed Treecreeper, 

Climacteris affinis 

Southern Boobook,  

Ninox novaeseelandiae 

 

White-footed Dunnart, 

Sminthopsis leucopus 

Wedge-tailed Eagle, 

Aquila audax 
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Table 5. Subsets of the Mornington Peninsula species classified by taxa 

 

Birds 

Antarctic Prion 

Arctic Jaeger 

Australasian Gannet 

Australasian Grebe 

Australian Hobby 

Australian King-Parrot 

Australian Magpie 

Australian Owlet-night 

Australian Pelican 

Australian Pratincole 

Australian Raven 

Australian Shelduck 

Australian White Ibis 

Australian Wood Duck 

Barn Owl 

Bassian Thrush 

Bell Miner 

Black Falcon 

Black Swan 

Black-browed Albatross 

Black-faced Cuckoo-shrike 

Black-shouldered Kite 

Brown Falcon 

Brown Goshawk 

Brown Thornbill 

Brown-headed Honeyeater 

Buff-banded Rail 

Cape Barren Goose 

Cattle Egret 

Chestnut Teal 

Clamorous Reed Warbler 

Collared Sparrowhawk 

Common Blackbird 

Common Bronzewing 

Common Myna 

Common Starling 

Crescent Honeyeater 

Crested Pigeon 

Crested Shrike-tit 

Crimson Rosella 

Dusky Moorhen 

Dusky Woodswallow 

Eastern Rosella 

Eastern Spinebill 

Eastern Yellow Robin 

Emu 

Eurasian Coot 

European Goldfinch 

European Greenfinch 

Fairy Martin 

Fan-tailed Cuckoo 

Flame Robin 

Galah 

Golden Whistler 

Golden-headed Cisticola 

Great Cormorant 

Great Egret 

Grey Butcherbird 

Grey Currawong 

Grey Fantail 

Grey Goshawk 

Grey Shrike-thrush 

Hardhead 

Hoary-headed Grebe 

Hooded Plover 

Horsfields Bronze-Cuckoo 

House Sparrow 

Lathams Snipe 

Laughing Kookaburra 

Lewins Rail 

Little Black Cormorant 
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Little Corella 

Little Eagle 

Little Grassbird 

Little Pied Cormorant 

Little Raven 

Little Wattlebird 

Magpie-lark 

Masked Lapwing 

Mistletoebird 

Musk Lorikeet 

Nankeen Kestrel 

Nankeen Night Heron 

New Holland Honeyeater 

Noisy Miner 

Olive-backed Oriole 

Pacific Black Duck 

Pacific Gull 

Pallid Cuckoo 

Peregrine Falcon 

Pink Robin 

Powerful Owl 

Purple Swamphen 

Purple-crowned Lorikeet 

Rainbow Lorikeet 

Red Wattlebird 

Red-browed Finch 

Rock Dove 

Royal Spoonbill 

Rufous Bristlebird 

Rufous Fantail 

Rufous Whistler 

Sacred Kingfisher 

Satin Flycatcher 

Scaly-breasted Lorikeet 

Scarlet Robin 

Shining Bronze-Cuckoo 

Silver Gull 

Silvereye 

Singing Honeyeater 

Skylark 

Southern Boobook 

Spiny-cheeked Honeyeater 

Splendid Fairy-wren 

Spotted Pardalote 

Spotted Turtle-Dove 

Straw-necked Ibis 

Striated Pardalote 

Striated Thornbill 

Sulphur-crested Cockatoo 

Superb Fairy-wren 

Swamp Harrier 

Tawny Frogmouth 

Varied Sittella 

Variegated Fairy-wren 

Wedge-tailed Eagle 

Welcome Swallow 

Whistling Kite 

White-bellied Sea-Eagle 

White-browed Scrubwren 

White-browed Treecreeper 

White-eared Honeyeater 

White-faced Heron 

White-fronted Chat 

White-naped Honeyeater 

White-necked Heron 

White-plumed Honeyeater 

White-throated Needletail 

White-throated Nightjar 

White-throated Treecreeper 

Willie Wagtail 

Yellow-faced Honeyeater 

Yellow-rumped Thornbill 

Yellow-tailed Black-Cockatoo 

Mammals Agile Antechinus Black Rat 
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Black Wallaby 

Cat feral 

Chocolate Wattled Bat 

Common Bent-wing Bat 

Common Brushtail Possum 

Common Ringtail Possum 

Common Wombat 

Dusky Antechinus 

Eastern False Pipistrelle 

Eastern Grey Kangaroo 

Eastern Wallaroo 

European Rabbit 

Goulds Long-eared Bat 

Goulds Wattled Bat 

House Mouse 

Koala 

Large Forest Bat 

Lesser Long-eared Bat 

Little Broad-nosed Bat 

Little Forest Bat 

Long-nosed Bandicoot 

Red Fox 

Short-beaked Echidna 

Southern Forest Bat 

Sugar Glider 

Swamp Rat 

White-footed Dunnart 

White-striped Freetail Bat 

Reptiles 

Blotched Blue-tongued Lizard 

Common Blue-tongued 

Lizard 

Common Long-necked 

Tortoise 

Delicate Skink 

Desert Skink 

Eastern Brown Snake 

Eastern Small-eyed Snake 

Eastern Three-lined Skink 

Garden Skink 

Glossy Grass Skink 

Highland Copperhead 

Lowland Copperhead 

Marbled Gecko 

McCoys Skink 

Metallic Skink 

Southern Grass Skink 

Southern Water Skink 

Swamp Skink 

Tiger Snake 

Tree Dragon 

Tree Goanna 

Weasel Skink 

White-lipped Snake 

Whites Skink 

 

 

Frogs 

Common Froglet 

Plains Brown Tree Frog 

Southern Brown Tree Frog 

Southern Bullfrog 

Southern Toadlet 

Spotted Marsh Frog 

Verreauxs Tree Frog 

Victorian Smooth Froglet 
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Table 6. Percentage of well represented species by different Zonation solutions. a) By 213 species as an 

optimization solution, b) birds, c) EPBC, d) FFGA, e) frogs, f) mammals, g) reptiles, h) Victorian subset.  

 

a) Optimization: 213 

Spp_set/rank 0.90 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 

213 100 100 100 100 100 89.67 67.61 59.62 49.76 34.27 

Birds 100 100 100 100 100 90.28 68.06 58.33 47.22 32.63 

Epbc 100 100 100 100 100 91.67 41.67 41.67 41.66 41.66 

Ffga 100 100 100 100 100 83.33 41.67 25 25 0 

Frogs 100 100 100 100 100 62.5 62.5 62.5 62.5 50 

mammals 100 100 100 100 100 93.33 73.33 70 63.33 46.66 

reptileee 100 100 100 100 100 100 75 70.83 58.33 33.33 

Vic 100 100 100 100 100 70 20 20 20 0 
  

b) Optimization: birds 

Spp_set/rank 0.90 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 

213 93.42 92.95 92.95 92.48 91.54 91.54 91.07 78.87 55.39 37.08 

Birds 100 100 100 100 100 100 100 83.33 54.16 34.02 

Epbc 100 100 100 100 100 100 100 83.33 41.66 41.66 

Ffga 75 75 75 75 75 75 75 50 25 0 

Frogs 62.5 62.5 62.5 62.5 62.5 62.5 62.5 62.5 62.5 50 

mammals 83.33 83.33 83.33 83.33 83.33 83.33 80 76.66 66.66 56.66 

Reptile 91.66 91.66 91.66 91.66 87.5 87.5 87.5 83.33 62.5 37.5 

vic 

 
90 90 90 90 90 90 90 50 20 0 

  

c) Optimization: EPBC 

Spp_set/rank 0.90 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 

213 79.34 77.93 77.46 75.58 72.76 72.30 69.95 65.72 60.56 49.29 

Birds 79.86 78.47 77.77 75.69 72.91 72.22 68.75 63.19 57.63 47.91 

Epbc 100 100 100 100 100 100 100 100 100 100 

Ffga 58.33 58.33 58.33 50 33.33 33.33 33.33 33.33 33.33 8.33 

Frogs 75 62.5 62.5 62.5 62.5 62.5 62.5 62.5 62.5 62.5 

mammals 86.66 86.66 86.66 83.33 80 80 80 76.66 76.66 63.333 

Reptile 83.33 83.33 83.33 83.33 79.16 79.16 79.16 79.16 66.66 50 

Vic 50 40 40 40 30 30 30 30 30 10 
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d) Optimization: FFGA 

Spp_set/rank 0.90 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 

213 75.58 75.11 75.11 74.64 74.17 74.17 69.95 65.25 57.74 39.43 

Birds 74.30 74.30 74.30 73.61 72.91 72.91 67.36 62.5 54.16 36.80 

Epbc 75 75 75 75 75 75 75 75 66.66 58.33 

Ffga 100 100 100 100 100 100 100 100 100 50 

Frogs 62.5 50 50 50 50 50 50 50 50 50 

mammals 90 90 90 90 90 90 90 83.33 76.66 56.66 

Reptile 83.33 83.33 83.33 83.33 83.33 83.33 79.16 79.16 75 41.66 

Vic 80 70 70 70 70 70 70 70 60 20 

 

e) Optimization: Frogs 

Spp_set/rank 0.90 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 

213 75.58 73.23 71.36 69.48 67.13 65.25 61.97 56.33 51.64 37.08 

Birds 76.38 72.91 70.83 68.05 65.27 63.19 60.41 56.25 50.69 34.72 

Epbc 66.66 66.66 66.66 66.66 66.66 66.66 66.66 58.33 50 41.66 

Ffga 33.33 33.33 25 25 25 25 16.66 16.66 8.33 0 

Frogs 100 100 100 100 100 100 100 100 100 100 

mammals 83.33 83.33 80 80 80 80 73.33 60 60 46.66 

Reptile 66.66 66.66 66.66 66.66 62.5 62.5 58.33 54.16 45.83 29.16 

Vic 40 40 30 30 30 30 20 20 20 10 
 

f) Optimization:  mammals 

Spp_set/rank 0.90 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 

213 81.22 80.28 79.34 78.87 76.52 75.11 72.30 69.48 65.25 37.08 

Birds 80.55 79.16 77.77 77.08 73.61 71.52 67.36 64.58 59.72 32.63 

Epbc 75 75 75 75 66.66 66.66 66.66 66.66 66.66 50 

Ffga 75 66.66 66.66 66.66 66.66 66.66 66.66 50 50 16.66 

Frogs 62.5 62.5 62.5 62.5 62.5 62.5 62.5 62.5 50 50 

mammals 100 100 100 100 100 100 100 100 100 63.33 

Reptile 83.33 83.33 83.33 83.33 83.33 83.33 83.33 75 70.83 37.5 

Vic 50 40 40 40 40 40 40 40 40 0 

 

g) Optimization: reptiles 

Spp_set/rank 0.90 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 

213 83.56 82.15 81.22 79.81 78.87 77.93 74.17 71.83 67.60 48.35 

Birds 81.94 80.55 79.86 78.47 77.08 76.38 72.22 68.75 63.88 43.75 

Epbc 75 75 75 75 75 75 66.66 58.33 58.33 50 

Ffga 33.33 33.33 33.33 33.33 25 25 25 25 25 0 

Frogs 75 75 75 62.5 62.5 62.5 62.5 62.5 50 50 

mammals 86.66 86.66 86.66 86.66 86.66 83.33 76.66 76.66 73.33 56.66 

Reptile 100 100 100 100 100 100 100 100 100 79.16 

Vic 50 40 40 40 30 30 30 30 30 10 
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h) Optimization: Vic 

Spp_set/rank 0.90 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 

213 74.17 73.23 72.76 72.76 72.30 71.83 68.54 62.91 53.99 35.68 

Birds 73.61 72.22 72.22 72.22 71.52 70.83 67.36 61.80 52.77 34.72 

Epbc 66.66 66.66 66.66 66.66 66.66 66.66 66.66 58.33 58.33 41.66 

Ffga 58.33 58.33 58.33 58.33 58.33 58.33 50 50 50 8.33 

Frogs 62.5 62.5 62.5 62.5 62.5 62.5 62.5 62.5 62.5 50 

mammals 80 80 80 80 80 80 80 73.33 60 46.66 

Reptile 83.33 83.33 83.33 83.33 83.33 83.33 79.16 75 66.66 33.33 

Vic 100 100 100 100 100 100 100 100 100 40 

 


