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1.  INTRODUCTION  
 
 
The activities of man and particularly the construction of a transport infrastructure are 
splitting the landscape up into ever smaller units. This phenomenon, referred to as the 
fragmentation of the landscape, is a serious and also highly complex problem of nature 
conservation and in the future may have catastrophic consequences for flora, fauna and 
ecosystems. Therefore efforts are being made to use a variety of legislative tools to protect the 
integrity of valuable territories, not only at the national level, but also currently at the Europe-
wide level with the introduction of the NATURA 2000 system.  

Landscape fragmentation, however, does not only concern the nature conservation. It is also 
of crucial importance for the life of man in the landscape, for ensuring mental well-being, a 
sense of home, as well as opportunities for rest and relaxation. A landscape which is splitted 
into small segments by settlement and transport, with the stress from noise and emissions this 
entails, loses this potential. It is no accident that the first works dealing with fragmentation 
were drawn up to assess the recreational opportunities of the area. It is therefore clear that the 
interests of the protection of man and the protection of wildlife go hand-in-hand, so it is 
necessary to focus intense attention on this issue at a conceptual and landscape-planning level. 
Any attempt to find a practical solution is complicated by the fact that fragmentation is hard 
to define and quantify in exact terms. Which areas are excessively fragmented and which are 
not? How does one measure the degree of fragmentation and how to assess the impact future 
measures might have? If we realize that the landscape is inhabited by hundreds of different 
species of wildlife, all with different ecological needs, it is obvious that there is no clear-cut 
answer to this question. Nevertheless, certain quantification is necessary in order to judge the 
effects different concepts and plans will have. Therefore there is no other possibility but to 
use partial schematization and simplification.  
This guide describes one of the methods enabling a practical description of the problem. The 
proposed procedure defines those areas which are considered to be still unfragmented, and 
assesses the quality of these areas. These designated areas (referred to as UAT polygons) may 
then be approached as specific precious components of the landscape which must be 
preserved. These can be drawn onto maps, confronted with a variety of plans, while practical 
methods can be proposed to preserve their integrity. This procedure then becomes applicable 
in landscape-planning, nature conservation, and when assessing different investment schemes. 

Transport constructions, motorways, roads and railways are some of the principal factors 
behind landscape fragmentation, and it is these structures this guide is aimed at. However, it 
would be extremely shortsighted to limit the problem of landscape fragmentation simply to 
the construction of a transport infrastructure. Fragmentation is also greatly influenced by the 
construction of new communities in rural areas, industrial zones, mining of mineral raw 
materials, intensive industrial agriculture, etc. Therefore the core of this method lies in a 
general fragmentation assessment algorithm, from which a specific procedure for 
fragmentation caused by traffic is derived. This procedure may also be applied to other 
fragmentation phenomena and various groups of organisms. 
Landscape fragmentation caused by traffic is a highly dynamic and variable phenomenon. 
New roads are continually being built; traffic intensity is rising, thus changing the degree of 
landscape fragmentation. To make it possible to pin down this development whilst ensuring 
that the output is continually accessible to architects, town-planners, ecologists, state 
administration officials and all who work in the landscape, the following procedure was 
adopted: 
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• This guide wants to explain the procedure applied and offers samples of the map outputs 
produced with the knowledge available in 2005. It is a guide on how to make practical use 
of the results. 

• The results themselves will be in the form of maps presented on the Ministry of the 
Environment’s map server, and will be updated every six months. Any user may thus 
search the current maps for areas of interest and may work with them as required. A 
description of the updated information will be available on the websites of the Czech 
Ministry of the Environment (www.env.cz) and EVERNIA Ltd. (www.evernia.cz).  

This guide was prepared at the request of the Ministry of the Environment, initiated by      
vice-minister RNDr. Ladislav Miko, PhD. It was drawn up by the firm of EVERNIA Ltd. in 
February 2005. Its principal purpose is to support the incorporation of the issue of landscape 
fragmentation into all decision-making processes in the landscape-planning and nature 
conservation sectors and to assess the impact of concepts and plans on the environment. 
 
Structure of the guide 
The actual structure of the guide is as follows: 
After this introductory chapter 1 there follows a general analysis of the issue of landscape 
fragmentation and an explanation of the theoretical ecological roots and ties to practical 
solutions to questions of environmental protection (chapter 2). Chapter 3 describes the 
procedure used as one of the possible means of description and quantification of the 
fragmentation caused by traffic. In chapter 4 this procedure is applied to the territory of the 
Czech Republic and the maps which follow give an overview of the risk of landscape 
fragmentation in different parts of the country. Thus they may be used as the basis for 
assessing the territory they cover. The means of applying this procedure and the results at 
various levels of landscape-planning and other applications is dealt with in chapter 5. The 
conclusion is in chapter 6. The guide ends with a glossary of terminology (chapter 7) and a 
list of reference literature used (chapter 8). 

 
Relation to other methodological guides 
In 2001 the Agency for Nature Conservation and Landscape Protection of the Czech Republic 
issued a methodological guide to providing free-living wildlife with a means of crossing 
motorway routes. This guide also dealt with the issue of landscape fragmentation caused by 
roads, thus giving rise to the question of what relationship is shared by both guides. The 
newly published guide theoretically expands upon the guide from 2001. However, while the 
2001 guide dealt mostly with specific measures to reduce the barrier effect of motorways and 
high-speed roads, the current guide assesses the features of the land affected by 
fragmentation. Both materials are therefore mutually complementary. 
 
 
The importance of the fragmentation issue will continue to increase in the future. Not only as 
a result of direct pressure from the construction of traffic routes and communities, but also 
due to indirect effects such as the overall climatic changes. Although today it is very difficult 
to predict how this will develop, it can be assumed that the size and location of current 
habitats will change and that there will be a shift in the expansion of individual species of 
organisms and their populations. In this situation, with the cumulative action of other 
anthropogenic factors, it will be extremely important to allow sufficient migration of the 
organisms and to provide the corresponding means of traversing the landscape. The aim of 
this material is to help to implement the necessary measures in this direction.  
 

http://www.env.cz
http://www.evernia.cz
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2.  ANALYSIS OF THE ISSUE 
 
2.1. Definition of basic terms 
2.2. Ecological aspects 
2.3. Relationship between landscape fragmentation and the law 
2.4. Principal risk activities 
2.5. Traffic routes as barriers 
2.6. Methods of assessing fragmentation 
 
 
2.1.  DEFINITION OF BASIC TERMS 
The term fragmentation comes from the Latin word fragmentum, meaning fragment, fraction, 
and piece. Fragmentation is therefore the process by which a whole is split (broken up, 
separated) into component parts or pieces. Here fragment is seen as certain debris which does 
not retain the full value of the original whole. 

The process of fragmentation is the same in the landscape. It is a process where landscape 
units (biotopes) are separated into different parts by the creation of a barrier; these parts 
gradually lose their potential to fulfill their original function. The fragmentation process thus 
involves a gradual reduction of quality.  
When describing fragmentation we come up against three basic subjects. These are: 
• Biological system assessed – the biological system at the level of a population, society or 

ecosystem which is the subject of assessment as regards fragmentation. Most often 
fragmentation is judged for selected species, i.e. at the population level. Significant is also 
the fragmentation assessment of habitats and their complexes. Basic features of a 
biological system are its affinity to biotopes and the ability to migrate. These features then 
define which qualitative territory attributes and which barrier permeability are to be 
assessed. 

• Area of interest – the part of the earth’s surface on which the phenomenon being 
monitored (e.g. a particular biotope) occurs. The basic characteristics of the area of 
interest are the coverage and distribution of biotopes. 

• Fragmentation barrier – an obstacle dividing the original territory into parts in such a way 
that the movement of organisms is no longer sufficient for the territory to be considered as 
a whole. The fragmentation barrier may be a continious belt of habitat, which is 
unfavourable for a particular species, or a motorway construction or noise burden which is 
so intense as to repel wildlife, etc. The basic characteristics of the barrier are its length and 
permeability. 

When resolving any kind of fragmentation-related situation it is therefore necessary to assess 
all three subjects on a separate basis: the biological system, area of interest, fragmentation 
barriers. 
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Diagram 1: Subjects of fragmentation  

 
 
 
2.2.  ECOLOGICAL ASPECTS 
The theoretic background for the assessment of landscape fragmentation stem from the 
general ecology and the ecology of the population. Fragmentation is one of the most 
significant problems which have a negative effect on the character of the landscape and the 
free-living wildlife population. It leads to the break-up of dependant habitats and habitat 
complexes into smaller and more isolated units. The individual fragments of the original 
habitat are generally divided either by linear barriers or larger areas of environment which are 
unfavourable for the species and which may also represent a barrier. 
Each cultural landscape is divided into a series of heterogeneous segments. The key question, 
however, is their connection and thus the overall connectivity of the landscape. The impact of 
existing fragmentation is given by the permeability of the barriers created. This is also an area 
for the adoption of practical measures. 

When describing fragmentation the impact on the population of free-living wildlife is most 
often assessed (biological system, see above). The overall effect of fragmentation on the 
population always stems from specific conditions, although the basic negative effects are the 
same.  

The basic problem for any barrier isolated population is the restriction of movement 
(emigration and immigration). For an organism movement is often a question of survival. 
Individuals move for a number of reasons (e.g. food, local growth or decline in numbers, 
destruction of the environment, disturbance, the presence of predators, breeding, etc.). Any 
interruption to these migratory flows may thus have serious consequences for the population.  
The following theoretical procedure contributes to an overall understanding of the complex 
process of colonization and extinction of populations in the landscape. 
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Concept of “islands”, metapopulation theory 
The Concept of “islands” in the landscape derives from the theory of island biogeography.   
This theory is based on studies carried out on sea islands and archipelagos. The studies 
focused particularly on the patterns of island colonization by new species, on the species 
diversity of the islands, extinction, etc., all depending on the size of the island and the 
proximity to surrounding islands. These principles were then transferred to the general 
landscape, where areas of the habitat suitable for a particular species are seen as islands. In 
practice this concept has been used, for example, as a theoretical basis for designing territorial 
system of ecological stability of landscape. 

In a fragmented landscape there are individual “islands” with a favourable environment for 
the local population, with regular migration between these areas thus ensuring the exchange 
of genes. A group of these locally interconnected populations are known as a metapopulation. 
The metapopulation theory distinguishes between two basic population types (i) source 
population (the natality exceeds the mortality) and (ii) sink (the mortality exceeds the 
natality). A sink population is then dependant upon the flow of individuals from a 
source population.  
In a fragmented environment it is only natural barriers (mountain ranges, large rivers, etc.) 
which do not usually bring about any sudden changes in the distribution of individuals from 
the local population. Colonising these territories has respected the natural barriers and also 
migration routes have long been adapted to these barriers. If the local population were to die 
out, that locality would usually be quickly resettled.  

The natural flow of genes between source and sink populations may, however, be restricted or 
completely cut off by a barrier. If this happens, the sink population loses the influx of new 
individuals inevitable for its survival, which may then lead to fatal genetic problems (greater 
occurrence of inbreeding, greater likelihood of harmful mutations, etc.) or even extinction. 
Generally said, the overall fitness of the population sinks with the reduction of its size and of 
the frequency of contact with other populations. 

Another problem of populations weakened in this way is that in the long term it can reduce 
their ability to adapt to destructive influences and environmental changes. In contrast to 
interconnected populations, isolated populations are therefore more susceptible to any 
variation in the environment, temporarily negative conditions or natural disturbances. In 
environment where there is regular migration of individuals from the source to the sink, all 
the individuals removed during the fluctuation can be replaced without difficulty, but in 
places with fragmentation barriers it can have catastrophic results. 
This theory may be used to determine the effects of fragmentation on wildlife populations and 
to create a strategy to save these populations. From a practical viewpoint natural 
recolonization is much cheaper and more effective than artificial reintroduction and also 
supports the landscape’s ability for functional regeneration. 
 
Susceptibility of species to fragmentation 
Individual species of wildlife have varying susceptibility to the impact of fragmentation of 
their habitats. It is, however, very difficult to assess the impact for specific species or 
populations, and would require extensive surveys of these areas. Generally species with 
limited mobility, species requiring a great deal of living space or species with a strong 
dependency on a particular type of environment are influenced hardest by the loss or isolation 
of their biotope. It must also be remembered that landscape fragmentation is only one of the 
negative factors and that the resulting effect depends on a combination of other influences 
such as direct monitoring, chemicalization of the environment, the artificial introduction of 
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other species, etc. Therefore what will always be fundamental here are the specific conditions 
in which a particular species is found, i.e. the current state of the population in question, the 
state of the useable environment and the type and nature of the barrier limitting that species 
or population. Each problem therefore requires an individual approach.  
The need to always make an individual assessment of a specific situation means that if we are 
talking about the general susceptibility of species to fragmentation, these classifications must 
be made very carefully. Considering this limitation, the species most threatened by the 
fragmentation are for example the brown bear, elk, or European souslik. In contrast, only little 
threatened the common deer, wild boar or common squirrel.  

The issue of fragmentation is specific for each species, group of species or habitat, and should 
be resolved individually. However, this is not possible if they are to be incorporated into 
nationwide and regional concept materials. Here it is necessary to work with a particular 
model group of organisms. As regards these practical aspects, for many reasons, big mammals 
are most suitable for this. Big mammals have big habitats, they often migrate long distances, 
they are well “visible” in the landscape, their collisions with traffic are important from a road 
safety aspect and our knowledge of their biology is generally good. Their spatial requirements 
for land coverage (generally hundreds of sq km) and the size of the passages over and under 
motorways have an acceptable and understandable dimension as regards the perception of 
man. When conditions for large mammals are met it automatically covers the requirements of 
most of the other, smaller species. Overall, pre-fragmentational landscape protection from the 
viewpoint of large mammals also conforms to man’s requirements for an unfragmented 
territory. Therefore, from a practical aspect large mammals are particularly suitable as a 
model group.  
 
Section conclusion: When assessing the issue of fragmentation it is always necessary to start 
from the individual conditions of the population under assessment. From a practical aspect 
large mammals are a suitable model group. 
 
 
2.3.  RELATIONSHIP BETWEEN LANDSCAPE FRAGMENTATION AND THE LAW 
The issue of landscape fragmentation merges with the all activities affecting the structure of 
the landscape. If we approach the issue from a wider viewpoint, we can see that a series of 
efforts are being made to preserve parts of the landscape which are typified by certain features 
untouched and to protect their space and integrity. Examples of various protected features of 
in the landscape are: 
• rare ecosystems – protection through specially protected areas, including the NATURA 

2000 scheme; 
• framework of the landscape – protection through a territorial system of ecological 

stability; 
• character of the landscape – protection by means of national parks; 
• historic character of the landscape – protection through landscape monumental zones; 
• low noise burden – creation of silent zones. 
In all these cases the integrity of the landscape is protected to preserve a particular 
phenomenon which would be seriously threatened by the fragmentation and in most cases 
lead to its disappearance. Although each category protects the landscape from a different 
aspect, one may generalise and say that all the cases are the same. It is a matter of protecting 
"natural" (or rather “close to natural”) landscapes against the expansion of the anthropogenic 
landscape. From the wildlife point of view landscape fragmentation follows the same course.  
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In addition to these traditional aspects we need to add a new dimension to the problem which 
is expected in the near future. Principally this concerns climatic changes, which are clearly 
going to result in shifts in the spread of particular species, changes in the distribution and area 
of ecosystems, etc. With the current level of anthropogenic pressure many species of plants 
and animals will face stressful situations and the importance of communication amongst 
individual populations will continue to rise. The overall connectivity of the landscape will be 
one of the basic factors which will decide whether these species will survive. This 
connectivity must be ensured especially with regard to road building and in advance, which 
means already now. 
 
Diagram 2: Tools for the landscape integrity protection 

 
 
From a practical viewpoint the basic tool is landscape planning, which uses zoning to divide 
up space for different uses of the land. Therefore the introduction of the issue of landscape 
fragmentation into all levels of landscape planning is a key task. 
Regarding legislation, there are three basic areas coresponding the three areas of 
fragmentation solution: biological species, area of interest, fragmentation barrier (chap. 2.1.): 
(1) Judging a plan from the nature conservation aspect – process governed by Act              
No. 114/1992 Coll. as subsequently amended. This law covers the protection of the basic 
subject of the issue of fragmentation i.e. biological species. It includes a range of means to 
protect individual species as well as their biotopes. This particularly concerns: 
• protection of specially protected species of plants and animals, 
• specially protected area (including NATURA 2000 scheme), 
• territorial system of ecological stability of landscape, 
• significant landscape components. 

In relation to the above mentioned law and as part of the biodiversity protection, separate 
rescue plans of endangered species may be implemented and may have a fundamental 
importance in finding a solution to the issue of fragmentation. It must be said, however, that 
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the law on nature and landscape protection does not recognize the term landscape 
fragmentation and presents no direct solution to this issue; it would be advisable to include 
this matter. 

(2) Judging a plan from the landscape planning aspect – process governed by Act             
No. 70/1975 Coll. (Building Act), including related laws. This deals with the area in which 
fragmentation occurs, i.e. the area of interest. The issue of fragmentation must be part of all 
hierarchical levels of planning materials: 
a) nationwide – resort policy (e.g. Transport Policy) and other conceptual materials used as 

groundwork for lower level plans, 
b) regional – this means regional departmental policies and their projection into large land 

units, 
c) local – municipal land plans. 
All three hierarchical levels have their own crucial place; the actual content will mostly be 
based on the biology of the species under threat from fragmentation which is being resolved. 
E.g.: 
• Fragmentation of the populations of large mammals must be tackled principally at a 

nationwide level (road planning) and at the level of large units of land (ensuring 
throughput of migration corridors). 

• Fragmentation of the populations of smaller mammals (e.g. the European souslik) is 
resolved mostly at the level of municipal land planning, where the local population may be 
divided by housing and the accompanying infrastructure. 

 
(3) Project preparation of plans and assessment of effects on the environment – process 
governed by Act No. 100/2001 Coll. as amended by law no. 93/2004 Coll. (EIA). This 
process deals with the effects of certain concepts and plans from the viewpoint of barrier 
fragmentation. The process is divided into two basic directions: 
a) Assessing concepts (strategic EIA, or SEA) – relates to conceptual materials at a 

nationwide and regional level and to town plans. The criteria for assessment must include 
the landscape fragmentation aspect. The SEA should ensure that land development 
concepts do not cause excessive and especially unnecessary fragmentation of the land.  

b) Assessing plans (project EIA) – assessment of the effects of specific plans, structures and 
activities on the environment. This relates to plans which lead to the creation of individual 
barriers (e.g. motorways, rail corridors). The measures must include proposals which (i) 
avoid unnecessary fragmentation of the land, (ii) actively reduce its impact. In particular 
this means the creation of sites which permit the migration of animals and increase the 
throughput of the barrier. 
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Diagram 3: Landscape fragmentation and the law 

 
 
 
Section conclusion: The current legislation may be said to provide a range of tools to resolve 
the issue of fragmentation; the condition for this, however, is the combination of all available 
procedures and the subsequent use thereof. The legislation concerning conservation of nature 
and the landscape should define this issue in greater detail. 
 
 
2.4.  PRINCIPAL RISK ACTIVITIES 
Landscape fragmentation has accompanied man throughout his history. The first fundamental 
phase was the Neolithic revolution together with the rise of agriculture, the deforestation of 
vast areas and the establishment of permanent settlements. It is agricultural activities and the 
construction of towns and villages that have divided the landscape into separate, isolated 
segments. This phenomenon was exacerbated by the mining of mineral raw materials, the 
development of industry, and road and rail transport. As with all phenomena based on 
ecological principles the key problem is not fragmentation as such, but is a question of its 
level of sustainability.  

At present the main risk activities are: 
q Agriculture – extensive chemically-treated weedless monocultures, emerging grazing 

grounds, fencing of land, etc. 
q Industry – construction of industrial complexes (often outside existing urban 

communities), mining of mineral raw materials, etc. 
q Construction of residential estates and accompanying infrastructure - individual 

buildings as well as complete satellite towns, commercial zones, etc. (often outside 
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existing urban communities). Generally the problem of new building works does not lie in 
the buildings themselves, but in the infrastructure they bring to the landscape. 

q Transport infrastructure – construction of new motorways, roads and railways. 

Here one must be aware that in priority areas (residential construction and transport 
infrastructure) the CR is lagging far behind the EU standard and this pressure will rise in the 
future. In its State Environmental Policy the Czech Republic has signed up to the principles of 
sustainable development and so it is essential to find a balance between its economic, social 
and environmental bases. Landscape is the area where the individual conflicts of interest are 
most clearly evident. 

The principal cause of fragmentation is considered to be road building, as it forms long lines 
across the landscape which animals are unable to avoid. As this guide focuses particularly on 
fragmentation caused by traffic, this effect is described in a later subsection. 
 
 
2.5.  ROADS AS BARRIERS 
As already mentioned, the fundamental negative impact on the population of free-living 
wildlife in the landscape comes from man-made barriers which the individual species cannot 
cope with or adapt to. In particular it is very busy roads such as motorways and high-speed 
roads, the density of which is increasing, that present major and often unsurpassable barriers 
impeding the movement of many species of animals. 

This topic has been covered separately by a number of specialised articles and publications, 
both at the national (e.g. Eriksson, Skoog, 1996; Müller, Berthould, 1997; Hlaváč et Anděl, 
2001, etc.), as well as at the international level (e.g. Iuell et al., 2003). The following text 
therefore gives just a basic overview of this issue with references to the specialised literature.   
 
Target species 
Essentially all land-based animals are affected, from vertebrates to insects, as well as many 
species of birds and bats. Species of animals requiring a large area, species with low 
settlement density, species in decline and with a high death rate due to traffic or other serious 
threats react the most susceptibly (e.g. Eurasian otter, Eurasian badger, etc.). However, so far 
little research has been done into the specific effects that traffic has on individual populations.  
 
Impact of traffic on the population  
The most serious impacts of traffic are generally seen as: (i) loss of biotope, (ii) fragmentation 
of biotopes, (iii) mortality caused through collisions with vehicles, (iv) disturbance (of the 
creatures' environment and living conditions). 
 
(i)  Loss of biotope  
Loss of biotope through the construction of transport infrastructure is seen as the most 
fundamental problem at a local level; at the regional and national level greater significance is 
attached to other uses of the land (predominantly residential buildings). Even in countries 
with a very dense network of roads (Holland, Belgium, Germany) the total area covered by 
infrastructure is estimated to be less than 5 – 7% (Trocmé et al., 2003).  
 
(ii)  Fragmentation of biotopes 
The effects of fragmentation, or the division of land into smaller units, have been covered in 
previous chapters. As already mentioned, due to their linear nature roads are seen as the most 
serious cause of landscape fragmentation. The principal problem of fragmentation by traffic 
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infrastructure lies in countries with a very dense network of roads (Holland, Belgium, 
Germany, etc.). The Czech Republic, with a density of 0.7 km of roads and motorways per 1 
sq km is classed as one of the foremost in Europe. These, whoever, are generally more minor 
roads, which are easy to cross for the majority of animals. The density of motorways in the 
Czech Republic is so far much lower than the Western European average. Yet rapid 
development in this area can be expected in the future. 
  
(iii)  Mortality  
Mortality caused by animals colliding with vehicles is probably the most visible effect that 
traffic has on free-living species of animals. Each year millions of creatures die on the roads 
and even more are seriously injured. 

There are many factors which may influence the overall mortality rate. The ones most often 
cited are the way roads are designed (width, crash barriers, etc.), the age of roads, traffic 
density, vehicle speed, type and attractivity of related biotopes, animals’ motivation to get 
across roads, etc. (Müller, Berthould, 1997; Pfister, Keller, 1999; Iuell et al., 2003, etc.). 

An important question is which part of the population is especially affected by mortality on 
the roads. The published data greatly varies depending on the actual location of the survey. 
E.g. Iuell et al. (2003) and Trocmé et al. (2003) state that up to 5 % of the populations of 
common species (fox, roe deer, wild boars) are killed by traffic. A Swiss survey (Righetti et 
al., 2003) focusing on the demise of the common roe deer and red deer (data from 1999) says 
that mortality caused by traffic is by far the most frequent cause of death for both species (roe 
deer 49.3 %, red deer 33.2 %). Therefore it is likely that findings should be based on the 
situation in a particular area.  
 
(iv)  Disturbance and pollution  
The most serious types of disturbance are classed as (a) chemical pollution – exhaust fumes, 
road dust, salt, etc., (b) noise and vibration, (c) lighting and visual disturbance. In Europe 
noise is generally seen as the main factor polluting the environment. The topic which is 
probably the most frequently discussed is the effect of noise on species of nesting birds. 
Extensive surveys carried out in many Western European countries (e.g. Reijnen, Veenbaas, 
Foppen, 1995; Brotons, Herrando, 2001; Forman, Reineking, Hersperger, 2002; Bautista et 
al., 2004, etc.) have focused particularly on the relationship between traffic-generated noise 
and distance from roads. The authors agree that noise has a negative impact on birds nesting 
alongside roads, although the actual results vary according to the intensity of the traffic and 
the species of birds which were surveyed.  

With large mammals, their ability to adapt to these disturbances is always important. It has 
been said that most common species of mammals (e.g. roe deer) are able to quickly become 
accustomed to the noise.  
The intensity of the disturbance, e.g. noise, greatly influences the width of the fragmentation 
barrier. Although a motorway may be some 30 m wide, the belt in which the noise intensity 
may prevent the occurrence of certain species can be much wider, up to hundreds of metres. 
 
The overall barrier effect of a particular road depends on a combination of the negative 
impacts of traffic already mentioned – the physical impermeabilityty of the route (the general 
way the road is designed – crash barriers, fences, ditches, etc.), the intensity of use together 
with the mortality rate and disturbances (noise, pollution, etc.). These individual negative 
impacts and thus the overall barrier effect may be alleviated through a variety of mitigation 
measures.  
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box  1 
Example: Eurasian  otter 
The otter currently inhabits almost half of the total area of the CR, with its population estimated at approx. 1700 
- 2000 specimens (diag. 1: Map of distribution).   

Diag.  1: Distribution of the otter in 2003 (Roche, 2004) 
   

 
The otter is one of the species which at the present time is hardest hit by the development of transport (diag. 2: 
Otter on the road). In the Czech Republic many tens of otters die on the roads each year. Losses caused by 
vehicle use in certain parts of Europe exceed the birth rate and traffic is thus becoming the main threat to the 
existence of this species. 

Diag.  2: Otter on the road (photo V. Hlaváč)  

 
 
Diag.  3: Otter crossing through a culvert (photo V. Hlaváč) 

 
 
The main victims of traffic are adult mammals, which often migrate great distances. Otters don’t usually cross 
under bridges where water covers the entire area – i.e. where it reaches from one buttress to the other with no dry 
bank. In such a case most animals prefer to run across the top on the road. These are frequent accident spots. 
Dangerous bridges can be made easier to cross by installing simple benches as a substitute for dry banks. (see 
diag. 3). In some cases this can also be achieved using a special “otter tunnel” – a culvert 30 cm in diameter 
situated above the surface of the water parallel to the impassable bridge.   
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Categorization of animals 
As discussed earlier, the issue of landscape fragmentation must always be resolved with 
specific measures for a particular species and its population. However, when drawing up 
specific mitigation measures on roads and motorways it is best to simplify matters using 
categorization, which then facilitates communication between ecologists, engineers and other 
parties in the investment process. The following chart depicts 5 categories, showing the 
designation, working name, brief characteristics and basic nature of the measures. The first 4 
categories (A – D) show the individual species of animals, while the fifth category (E) is a 
comprehensive one which includes the entire ecosystem. 
 
Table 1: Categorization of wildlife 
Category Species Characteristics Technical solution 
A – big 
mammals and 
species with 
more 
demanding 
crossing 
requirements 
(working name 
deer) 

red deer, lynx, 
brown bear, 
wolf, elk 

The basic migration type is linear 
long-distance nationwide and 
European migration; crossing for 
this type should be created on 
proven long-distance migration 
routes where the corresponding 
quality of the environment around 
the crossing is ensured, with no 
disturbing anthropogenic factors. Of 
these species the red deer is so 
widespread that crossings for red 
deer should be considered in 
mountain and forest areas to allow 
these animals to move freely 
through the countryside. 

This category must comply with the 
most demanding technical 
parameters, both as regards size as 
well as accompanying components. 
The optimum solution rests in the 
natural bridging of deep valleys or 
special ecoducts. In flat areas the 
implementation of an effective 
category A migration profile is 
extremely difficult and often 
problematic. 

B – medium-
sized 
mammals, 
ungulates 
(working name 
roe deer) 

roe deer, wild 
boar (there are 
more derivative 
species, it is 
simply a 
question of 
varying the 
range of game 
animals, the 
protection of 
which is not in 
the social 
interest) 

The basic migration type is local 
migration, which comprises routes 
between sources of food, water and 
rest points. These are used 
particularly by local populations 
which are well adapted to the local 
conditions. With wild boars it is 
necessary to consider longer, more 
irregular movements of individuals 
as well as entire herds. 

Partly with regard to the size of 
these animals and partly for reasons 
of the adaptation of the local 
population, the technical 
considerations of these crossings 
need not be as demanding as those 
in category A. On the other hand 
they must be more numerous. 
Animals in this category can use 
category A migration profiles 
without difficulties. 

C – medium-
sized 
mammals, 
carnivores 
(working name 
fox) 

fox, badger, 
otter, small 
mustelids 

The basic migration type is local 
migration, which comprises routes 
between sources of food, water and 
different parts of the habitat 
territory. Account must also be 
taken of the migration of isolated 
individuals with their young which 
are looking for new territory. With 
otters there is also the migration of 
adult males, which often roam over 
great distances. These are used 
predominantly by the local 
population, which is able to adapt to 
specific conditions. These species 
are not particularly sensitive to 
anthropogenic disturbances and are 
also frequent the vicinities of urban 
areas and industrial sites. 

With regard to the fact that these are 
animals which are accustomed to 
moving through burrows, size is not 
the main factor here. What is more 
important is to achieve a sufficient 
number of migration profiles, with a 
distance of 500 – 1000 m 
considered to optimum. This can be 
achieved by using and modifying a 
series of pipe culverts, where a 
sufficient strip of land must be 
provided (min. 1 m) along the water 
course. At the same time animals in 
this category can use category A 
and B crossings without difficulties. 
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D – amphibians 
(working name 
frog) 

frogs, newts, 
salamanders 

This is predominantly special 
seasonal territorial migration 
between wintering points and 
breeding grounds (in spring) and the 
areas of their territory where they 
spend the rest of the year (summer). 
These routes are generally well 
known and often used by the 
animals in great numbers. Migration 
routes may be expected near every 
permanent area of water which is 
suitable for amphibians to breed. In 
addition to this one should also 
consider the scattered migrations of 
young animals, which leave the 
water to roam the landscape and 
settle new suitable localities. 

The technical solution here 
comprises a combination of 
crossings below roads and the 
barriers preventing access to roads. 
In many cases a suitable solution 
would be to build substitute water 
areas for breeding, which would be 
situated in front of the road in the 
direction of the spring migration. 
 

E – ecosystem  If a barrier divides a specific 
ecosystem (wetlands, peat bogs, 
moorland, grassland, etc.) we must 
take into account the need to ensure 
conditions allowing for the 
connection of whole communities. 

In practice this means that the 
connecting element must share the 
same pedological, hydrological and 
lighting conditions as the ecosystem 
it connects. This is the only way to 
ensure the creation of the same plant 
communities that the invertebrates 
and small ground-based vertebrates 
depend on. The best connecting 
element will generally be a 
sufficiently wide overpass – an 
ecoduct, which, unlike bridges, is 
not screened by road structures and 
the good light condition ensure 
optimum vegetation development. It 
is only when converting water and 
wetland ecosystems that a 
sufficiently large “underpass” is 
required, whereas a bridge will 
generally span an entire valley.  

 
Mitigating measures 
In most Western European countries (especially those with a very dense road network -
Holland, Belgium, Germany, France) the priority is to mitigate the impact of traffic on 
animals in the countryside using various optimalisation measures. These measures should (i) 
directly increase the ability of animals to cross individual roads (migration passages), and (ii) 
reduce the death rate on the roads, thus contribute to an overall increase of road safety 
(fencing, etc.).   

One must be aware that both requirements for mitigating measures are often mutually 
counterproductive. The best way to reduce mortality on the roads would theoretically be the 
complete isolation of the road (impassable fences, walls). On the other hand, however, this 
increases the isolation and thus the fragmentation of the population. When seeking the 
optimum solution both procedures must thus be combined, i.e. propose a sufficient number of 
crossings and fence off the remaining sections.    

The procedure for reducing the barrier effect when building new roads and motorways for the 
CR is tackled by a handbook “On the permeability of roads for wildlife” issued by the Agency 
for Nature Conservation and Landscape Protection of the Czech Republic (Hlaváč et Anděl, 
2001). In 2003 a collective guide was published for Europe. 
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The practical measures for the construction of new motorways and high-speed roads can be 
summerized in two main groups: 
a) selecting the road route – attempt to route new roads and motorways so as to minimize 

the destruction of precious biotopes and limit the impact on the main migration routes. 
b) technical measures on the route – this is mostly a combination of fencing along 

motorways and suitable migration passages, i.e. underpasses and overpasses for animals. 
The frequency of these passages, the size, design, vegetation modifications, connecting to 
the surrounding area, measures to prevent noise, light, and other factors must be planned 
to suit the specific conditions.  

A concise classification of optimisation measures is given in the following table. Examples of 
selected migration points are shown in photographs 1 – 10.  
 
Table 2: Classification of optimisation measures (Hlaváč et Anděl, 2001; Iuell et al., 2003) 
 
 
 

MIGRATION 
PASSAGES 

 
 

Underpasses 
 

 
Culverts 

Tube culvert 
Framed culvert 

 
Bridges on road 

Multipurpose bridge 
Special bridge 
Large bridge, natural 

 
Overpasses 

 

Bridges over the road Multipurpose bridge 
Special bridge - ecoduct 

Tunnels Special tunnel - ecoduct 
 
 
 
 

REDUCTION IN 
MORTALITY 

 
Specific measures 

Fencing 
Artificial deterrents 
Warning signs and systems 
Road traffic noise reducing barrier 
Artificial lighting, etc. 

 
Modification of biotope 

Removal of vegetation 
Planting of vegetation (hedges) 
Choice of plant species 

 
photo 1:Underpass, Belgium (photo P. Anděl)  photo 2: Modification of underpass 
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photo 3: Underpass, R 35 road, Olomouc –   photo 4: Underpass, D 0804 at Lovosice (photo 
Lipník nad Bečvou (photo P. Anděl)   P. Anděl)  

 
 
photo 3: Terlet ecoduct, A 50 motorway, Holland  photo 4: Modification of  ecoduct Terlet, A 50 
motorway (photo P. Anděl)       (photo P. Anděl)     

 
 
photo 5: Woeste Hoeve ecoduct, A50   photo 6: Modification of ecoduct Woeste Hoeve, 
motorway, Holland (photo P. Anděl)   A 50 motorway, Holland (photo P. Anděl) 
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photo 7: Ecoduct, R 35, Olomouc – Lipník nad       photo 8: Ecoduct arrangement, R 35 (photo P.  
Bečvou (photo P. Anděl)                   Anděl)            

 
 
 
 
 
 
 
 
 
 
 
 

 
A suitable basis for designing migration crossings is the categorization of the territory of the 
CR according to distribution and migration of big mammals and the recommended parameters 
for each individual category of land and category of animals (diag. 4). However, this basis 
must be further specified for a particular locality by a detailed zoological survey. 
 
Diagram 4: Categorization of the territory of the Czech Republic according to distribution and migration 
of large mammals 

 
 
The creation of migration passages is a costly matter and therefore the efficiency and 
effectiveness of each passage must be assessed. The migration potential theory can be used 
for this purpose (Anděl et al., 2000, Hlaváč et Anděl, 2001). Migration potential is defined as 
the probability of migration profile functionality. A migration profile is functional if it is 
used by animals and if it provides them with a safe means of migration across land-based 
traffic routes. 

The functionality of a migration profile is determined by two factors: 
1. Ecological - expressed as the Ecological Migration Potential (MPE). This is determined 

by the properties of the migration route prior to the road construction. Its future use must 
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be considered with a view to the development of the larger region. MPE gives the 
probability of use of the migration route in the so-called zero event, i.e. then no road is 
built. It is a model of total migration pressure of the area. 

2. Technical – expressed as the technical migration potential (MPT). This is determined 
by the properties of the migration passage, its design, dimensions and other aspects. MPT 
gives the probability of full use of the migration construction by the animals, i.e. the 
probability that the original extent of migration will be maintained after the road 
construction.  

The total migration potential (MP) is defined as the multiple of the ecological and technical 
migration potential: MP = MPE . MPT. The resulting value can help when deciding whether 
to build the site and when optimizing the economic aspects of a plan. It provides a model 
assessment of how a change in size or design which will affect the cost of the passage would 
be reflected in its functionality. 

The optimal solution is to take measures to reduce the barrier effect right at the planning stage 
of new roads and motorways, as they can be naturally integrated into the design. We can say 
that the cooperation of ecologists and technicians have succeeded in ensuring that all new 
planned motorways and high-speed roads now feature the required measures and it can be 
assumed that here the barrier effect will be at an acceptable level upon implementation. The 
situation with roads that are already in place is a more complicated matter. These will be more 
difficult to resolve. A proposal for one of the most severe sections of the D1 motorway is 
given in the following example.  
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box  2 
Example: Motorway D1 (stretch between Humpolec – Jihlava, km 90 - 112) 
  
The D1 motorway in the stretch between Humpolec – Jihlava is a completely impassable barrier for free-living 
animals. The entire route includes only a few underpasses and overpasses in forested areas; these points, 
however, may only be used as crossings for animals up to the size of the fox and the badger (despite intensive 
monitoring neither a roe deer nor a wild boar has been seen to cross here). The motorway bisects here also large 
tracts of woodland which are part of the major nationwide migration link between the Jeseníky region (this 
region is still migratory connected with the Beskydy region and then the Carpathian mountains) and the regions 
of Czech Canada and Třeboň, with links to the Bohemian Forest and other mountain complexes along the 
southern and western borders of the country. In terms of migration this is a point of exceptional national 
importance. Large species of mammals, except wild boar and roe deer, do not occur here constantly, although the 
land is used for regular migrations of red deer, as well as occasionally by elk and lynx. 

The impassability of this section has been confirmed, e.g. in June 2001, when a three-year-old bull elk (diag. 1) 
migrating from Poland stopped on the D1 motorway. For several days it roamed the motorway and was unable to 
cross as the design of the existing bridges and underpasses was unsuitable. In the end it had to be put to sleep 
and taken to the other side of the motorway so as to prevent the potentially serious traffic accident which might 
have been caused through its attempt to cross over the top of the motorway.  

Diag.  1: Bull elk (photo V. Hlaváč) 

 
 
Making this section of the motorway permeable for free-living animals has been assessed in a separate study 
(Anděl et al., 2004). A detailed ecological analysis of the territory was carried out; the optimal solution to the 
situation is to construct two ecoducts at 94.7 km (at Humpolec) and 110.0 km (at Jihlava). Both localities are 
highly significant for migration and it is the crossing point for an ultraregional biocorridor. The terrain 
conditions allow the structures to blend into the landscape.  

Diag.  2: Proposed ecoduct, km 94.7      Diag.  3: Proposed ecoduct, km 110.0 

 
 
The creation of these two points would greatly help to improve migration throughput, not only within the Czech 
Republic but also in the European context. 
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Section conclusion: It is very difficult to assess the overall impact that fragmentation caused 
by roads has on the local wildlife populations. The effects of fragmentation depend on many 
factors which must be included in the assessment (specific species, size of barrier, quality of 
surrounding biotopes, size of isolated area, etc.). Any assessment of the impact of roads must 
in addition always be related to the broader area of interest and to the entire infrastructure 
network to which that particular road belongs.  
 
 
2.6.  METHODS OF ASSESSING FRAGMENTATION 
Methods for the assessment of landscape fragmentation can be divided into two basic groups: 
(a) methods demarcating territory, (b) methods setting numerical indices of fragmentation. 

a) Methods demarcating a particular territory – this procedure marks out a particular section 
of territory following set features. The advantage of this method is that the result is a certain 
area of territory which can be mapped out and which shares the other limits in the landscape 
planning, such as nature reserves, belts protecting water sources, protected resource-bearing 
land, monumental reservations, etc. This can easily be tackled with a variety of development 
plans. 

One representative of these methods is determining areas which are not fragmented by traffic 
(UAT – unfragmented area with traffic according to Illmann, Lehrke et Schäfer ed., 2000; 
Gawlak, 2001; Binot-Hafke, Illmann, Schäfer et Wolf ed., 2002). This procedure is also 
adopted in this guide. 

b) Methods setting numerical indices of fragmentation – these are procedures which quantify 
the extent to which a particular territory has been fragmented, using a numerical index. These 
are particularly suitable for monitoring development over time and comparing the effects of 
different planning alternatives. 

One representative of these methods is determining the effective mesh size (meff) (Jaeger, 
2000; Esswein, Jaeger, Schwarz von Raumer, 2003). The method is based on probability 
calculation that two randomly selected points are not separated by a barrier. The method has 
given very good results in the long-term assessment of vast areas fragmentation. 

There is the option to combine the advantages of both methods. The UAT method can be used 
to precisely demarcate the land designated for protection, while the method meff quantifies the 
risk of further fragmentation. (see chapt. 3.4.2.) 
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3.  PROCEDURE 
 
3.1. General principles 
3.2. Assignment (Phase - A) 
3.3. Analysis of territory (Phase – B) 
3.4. Analysis of the quality of individual unfragmented areas (Phase – C) 
 
3.1.  GENERAL PRINCIPLES 
 
Principles of applying the procedure 
Fragmentation of environments and populations is a highly complex ecological problem. It 
arises from the great number of species of organisms it affects, a variety of fragmentational 
influences, specific local conditions, etc. To avoid practical problems at the planning and 
strategy level a certain degree of formalization is required in order to allow general 
conclusions to be drawn. Simplifying the problem so as to achieve strategic targets, however, 
brings the risk of dogmatic interpretation, which should always be consequently avoided. To 
take proper advantage of the submitted procedure the following principles must be followed: 
• Individual approach – this procedure comprises basic principles, yet when assessing any 

particular plan the specifics of both the biological conditions and the assessed solution 
must be respected. 

• Expert approach – this method cannot be applied mechanically. Each assessment must 
be performed comprehensively by the appropriate experts. There must be an expert for 
each species or group of species, as well as one for each type of fragmentation barrier. A 
particular solution must be the result of their cooperation; the ecological and the technical 
aspects are equal. 

• Stochastic approach – the parameters of a biological system together with landscape 
fragmentation are variable and are influenced by a series of internal and external factors. 
Therefore any assessment of the impact of fragmentation will only be of a stochastic 
character. We speak about the fragmentation risk and the final interpretation must comply 
with this, including consideration of the uncertainty of our knowledge. 

• Complex approach – solutions of specific problems must be schematised and simplified 
in a way. Numerical indicators are suitable for this purpose. It must be emphasised, 
however, that all indicators used are there only to aid the decision-making process and are 
not decisive limits. Decisions may only be taken after complex assessment of the problem.  
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Diagram 5: General algorithm of fragmentation assessment 

 
 
Generalization of the method 
The subject of this guide is the assessment of the effects of landscape fragmentation caused 
by traffic. Analysis of the issue, however, shows that there is whole range of other major 
fragmentational influences which share a great many features. A general algorithm was 
therefore created to assess unfragmented areas (MUA – method for evaluation of 
unfragmented areas). A concrete procedure of how to assess landscape fragmentation caused 
by traffic is the basic application.  

At the same time, however, it is clear that a general algorithm can also be used to assess other 
forms of landscape fragmentation. Despite the possible problem with input data, a general 
chain of thought is the first step not only to systematic filling of gaps in our knowledge, but 
also to practical solution proposals. In the following chapters therefore, description of each 
methodical step is always divided into: 
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(a) general characteristics;  

(b) application to the assessment of fragmentation by traffic – this is based on the assignment 
of this guide and describes the method used to create the resulting maps; 

(c) commentary – a discussion on the given topic and any potential means of further 
application. 

 
Classification of the procedure 
The procedure comprises two sections: (i) the first part assesses the initial quality of the 
territory as regards fragmentation, (ii) the second part deals with the assessment of the effects 
that the concepts and plans will have on an unfragmented area. The overall classification is 
given in the following table. 
 
Table 3: Breakdown of the procedure 
subject of  
assessment 

phase characteristic 

state of area of 
interest in terms 
of fragmentation 

A Assignment definition of initial data and targets 
B Analysis of territory designation of unfragmented areas 
C Analysis of unfragmented areas assessment of quality of unfragmented 

areas 
D Categorization  of territory processing of basic material on state of 

territory in question 
effect of plans on 
fragmentation 

E Assessment of effect on unfragmented 
areas and proposal of measures 

assessment of effect the plan has on 
unfragmented areas 
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box  3 
Example: Lynx (Lynx lynx) 
  
The lynx was originally a native of the Czech lands, although it was eradicated here in the middle of the 
nineteenth century. A reintroduction program in the nineteen eighties successfully managed to return this species 
to our countryside. 

Diag.  1: Lynx  

 
 
At present the lynx inhabits three to four isolated areas in this country. The most extensive of these is the 
Bohemian Forest, where a successful reintroduction program led to a prospering population which is spreading 
into adjacent areas in Southern and Western Bohemia. Another permanent occurrence has been recorded in the 
region of Labské pískovce (although it now seems the population has once again disappeared) and in 
the Jeseníky. Populations from Slovakia reach into the Beskydy region. Individual migrating animals also appear 
in other regions, especially in the Bohemian-Moravian highlands (diag. 2: Map showing distribution of the lynx). 

Diag.  2: Map showing distribution and migration of the lynx 

 
 
The lynx is a typical inhabitant of mountain forests, although in recent years it has also spread to larger wooded 
upland complexes. It lives a solitary life; the average size of its home range is 264 sq km for males and 168 sq 
km for females. Young animals are pressed into new, unoccupied territories, often in areas as yet unsettled by 
that species.  

The lynx is thus an example of a species requiring extensive unfragmented wooded areas for its existence. The 
mutual isolation and low numbers of our four populations require their migration capacity to be preserved in all 
areas where it currently or might potentially occur in the future. Motorways and busy first-class roads, like vast 
unforested areas, are obstacles that are very difficult to cross for the lynx. 
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3.2.  ASSIGNMENT (PHASE – A) 
 
(a)  General characteristics 
The aim of this phase is to precisely delimit and define the problem to be resolved. In 
particular it comprises the following facts:  
• final output required and the means by which it is expected to be used,  
• delimitation of the area of interest under assessment, 
• species, group of species, type of habitat to which the assessment relates, 
• factor or factors which lead to fragmentation, 
• time available, financial burden, means of funding, 
• technical aspects – terrain work, software, 
• availability of data. 
The output of this phase is the assignment of the task. 
 
(b) Fragmentation caused by traffic 
The task assigned is to assess the impact that traffic has on landscape fragmentation. Big 
mammals in great need of measures which ensure that road and motorway barriers are 
crossable have been chosen as the model group. This concerns category A (the red deer, elk, 
lynx, brown bear, wolf). The fragmentation factors under assessment are transport routes, 
particularly motorways, high-speed roads and multi-track railways. 
 
(c) Commentary 
It is often difficult to give an exact definition of fragmentation factors, particularly when 
applied to other species of organisms and other types of fragmentation. Determination with 
linear barriers is relatively simple. What is much harder to grasp (i.e. to draw on a map) is a 
situation where a barrier comprises merely the existence of an unattractive environment. 
Amphibians, for example, are able to roam agricultural land; if, however, they do not come 
across a suitable aquatic biotope, the landscape they normally use becomes a migration 
barrier. The same applies to European souslik. Woodland is certainly a barrier, but it is 
accustomed to using fields. If, however, the fields do not contain the biotopes suitable for the 
souslik´s existence, then also this kind of landscape above a certain size doubtlessly becomes 
an obstacle. What is essential, therefore, is not only the qualitative aspect (type of biotope), 
but also its quantitative characteristics (surface area, proximity to the nearest suitable biotope, 
etc.). 
 
 
3.3.  ANALYSIS OF TERRITORY (PHASE – B) 
 
(a) General characteristics 
The aim of this phase is to collect and process data to be used for demarcation of the 
unfragmented areas in the area of interest. This procedure consists of the following basic 
steps: 
• Setting the limit size of the territory – based on knowledge of the biology of the species in 

question and the practical experience from the assessed area, the limit size of the area must 
be estimated. When in doubt a more conservative procedure should be adopted, i.e. greater 
land value. 

• Setting the limit intensity of the fragmentation factor – depends on the type of barrier. The 
value must be selected so as to allow it to be marked on the map. 

• Demarcation of unfragmented areas: 
- barriers with excess intensity are marked on the map, 
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- closed polygons are created, the sides of which are formed by barriers with excess 
intensity, 

- the area of these polygons is determined, if larger than the limit size of the area; a polygon 
is considered an unfragmented area (UA), 

- for practical implementation the use of GIS software is appropriate. 

Note: the text contains two similar abbreviations: 
- UA – unfragmented area – used where the general assessment of fragmentation and of 

various fragmentation factors is important, 
- UAT – unfragmented area with traffic – used where the fragmentation factor is traffic. 

This abbreviation is used by the founders of this method (see below). 
 
(b) Fragmentation caused by traffic 
In the sense of the work-derived definition (Lehrke et Schäfer ed. 2000, Gawlak, 2001; Binot-
Hafke, Illmann, Schäfer et Wolf ed. 2002) a UAT polygon (unfragmented area with traffic) is 
defined as part of the landscape which simultaneously fulfills these two conditions: 

a) It is bounded either by roads with a traffic intensity of more than 1000 vehicles/day or 
multi-track railways (= limit intensity of fragmentation factor). 

b) It covers an area greater or equal to 100 sq km (= limit size of the area). 
 
Diagram 6: Unfragmented area with traffic (UAT) 

 
 
Data on the road network and intensity of traffic for the purposes of this analysis was 
provided by the Road and Motorway Directorate of the Czech Republic. 

The result of this analysis is a map of UAT polygons. Each polygon is the subject of a 
separate analysis (chapt. 3.4.). 
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Notes regarding the procedure, problematic areas: 

(1) Data on traffic intensity. The intensity of traffic was only assessed on roads for which a 
nationwide traffic census is performed. This procedure may not include lower-category roads, 
where the intensity of traffic might be higher. This methodical limit is acceptable at a 
nationwide level and the procedure used in Germany also takes account of this. Specification 
may be made at the regional and local level in the form of fractional traffic studies and 
models. 

(2) Railways as a traffic barrier. The original procedure includes all the railway lines within 
the borders of the barrier. Considering that a standard single-track line does not present any 
great barrier for large mammals, after consultation with the Ministry of the Environment only 
multi-track railway lines have been included in the UAT delimitation. This procedure is also 
supported by the fact that the CR contains a great many local, infrequently used lines, which 
would distort the issue if they were included. 

(3) Roads with an intensity exceeding 1000 vehicles, ending in a polygon. These roads 
may enter polygons and can be classed into two groups: (i) roads ending here, (ii) roads 
crossing the entire polygon but whose traffic intensity is below the limit from a certain point 
(fewer than 1000 vehicles/day). This problem is taken in account in two ways:  

a) following the basic method: if a road with excess intensity enters 2/3 of the polygons or 
more, the polygon is divided, 

b) following the assessment of polygon quality: this also assesses any future risk of further 
fragmentation. This procedure takes also all excess sections of roads entering a polygon in 
account.  

(4) Diverse limit size of territory and of the traffic intensity. For the basic assessment used 
in this method a territory limit size of 100 sq km and a traffic intensity of 1000 vehicles/day 
was chosen. However, for special analysis of smaller land units one can expect both of these 
values to decrease (e.g. to 50 sq km and 500 vehicles/day), or that the analysis be done in 
different variations.  
 
(c) Commentary 
When applying these methods one must realise that setting limit values for the size of the 
territory and limit values for the fragmentation factor greatly simplifyes the situation in the 
countryside. The limits given for territory size cannot be identical to the coverage of 
population areas, while the limit for the fragmentation factor does not represent the value of 
the impassable barrier. Instead, these are practical values which also correspond to the 
requirements for landscape fragmentation. A commentary on the various species of animals is 
given in box no. 4. 
 
box  4 
Example: Animal territories 
 
The use of the environment by different species of animals involves a number of specifics. While some 
populations are concentrated in plentiful colonies, others live in pairs or permanent familial clans, with yet others 
living alone, marking out their territory to keep out other members of the same species. Here we must distinguish 
between the terms “home range“, the region the animal uses regularly, and “territory”, as the area the animal 
protects against others of the same species. There are some species which defend part of their home range as if it 
were their territory, while some only behave in a territorial manner during the mating season or when bringing 
up offspring; with some species it is only the males which are territorial, yet in other cases it is both. Some 
species behave in a territorial manner for part of the year and for the remainder live together in groups (packs or 
herds).  
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Migration plays a major role in the use of the environment, where some animals stop behaving territorially and 
roam over great distances. These migrations can be either regular (e.g. the familiar passage of caribou), when the 
animals return to their original home ranges, or random, when the animals move without any apparent direction, 
usually with the aim of finding new, unoccupied territory. Migration is also there to ensure the essential 
exchange of genes between individual populations. As regards the conditions for the survival of the species, they 
greatly depend on the size of the territory which can provide a home to the species population with a view to its 
long-term existence. At the same time one must also consider the minimum number of animals in the population 
required to ensure sufficient genetic transfer (this should generally be several hundredindividuals). Whilst with 
smaller mammals such a population may exist over a few hectares of suitable biotope, with the lynx it is a 
question of thousands of square kilometres. 
 
Examples: 
Eurasian badger (Meles meles) – this is a socially-living animal. The members of its society live together on 
land covering an average of up to 2 km from the main sett. The size of its home range correspond to the 
carrying-capacity of the land; an area of 400 - 500 ha has been recorded in this country. The young begin to 
leave the group in autumn. The greatest migration activity can be seen in the spring, however. In these 
migrations young animals may travel several tens of kilometres. 

Eurasian otter (Lutra lutra) – in comparison with predator species of a similar size, the otter is much more 
mobile. Telemetry has been used to record daily movements of up to 30 km. The average distance an otter will 
travel in one night has been determined as 7.5 km under the conditions of the Bohemia-Moravia highlands. Most 
of these movements have been within its permanent home range. For part of the year the otter is a territorial 
species, particularly during winter, although males also travel long distances similar to migrations. The great 
majority of these movements revolves around water-courses, including the smallest of tributaries. In a cultural 
landscape with a dense roads network migrating animals are forced to cross a great many obstacles in the form of 
bridges, culverts, etc. It has been confirmed that the otter does not usually cross bridges where the whole area 
between the buttresses is covered by water, long, dark bridges, or culverts. While local animals often gradually 
learn to cross at these points, migrating animals do not trust these bridges and generally cross over the top, i.e. by 
running across the road. If the road is a very busy one there are repeated collisions with passing vehicles at these 
points. An inappropriately designed crossing of a river and a road can become a major obstacle to migrating 
animals.  

Red fox (Vulpes vulpes) - this is a territorial species with a highly variable territory size, from 20 to 2000 ha. The 
territories of males generally include the territories of greater numbers of females. Movement increases during 
the mating season and when young leave to find new homes; these generally occupy an area within a radius of 
up to 15 km. Distant migrations have not been observed under the conditions in this country. 

Wolf (Canis lupus) - The size of a single unit’s hunting territory (i.e. that of a pair or pack) ranges between 900 
– 1200 sq km (Finland), 50 – 700 sq km (the Ukraine), 70 – 200 sq km (Italy), and 60 – 70 sq km (Bulgaria). 
The size of the territory depends on the availability of food, so in summer it is much smaller than in winter. 
When roaming wolves are able to run as much as 60 km per day; when tracking their prey distances of up to 200 
km have been recorded over 24 hours. The roaming of individual animals often has the nature of migrations 
several hundred kilometres in length. 
Lynx (Lynx lynx) – the average size of the home range is 264 sq km with males and 168 sq km with females. 
Young animals are pushed into newly occupied territories, often previously unsettled by that species. The mutual 
isolation and low numbers of our four populations (see page 22) require that the migration capacity of potential 
migration corridors should be preserved.  

Wild cat (Felis silvestris) – this is a solitary species with markedly fixed territories covering only a few dozen 
hectares. The low numbers recorded in the east of the country near the Slovak distribution area testify to the 
relatively low migration capabilities of this species. 

Brown bear (Ursus arctos) - this is a solitary species inhabiting territories covering 58 - 225 sq km for males 
and 128 - 160 sq km for females. The high density of the Slovak population results in frequent migrations which 
can cover several hundred kilometres and are mostly oriented in a westerly or southwesterly direction. The 
number of these migrations is on the increase. 

Wild boar (Sus scrofa) - this is a highly mobile species and does not keep to a particular fixed territory. It moves 
in family herds and can travel up to 40 km in a single night. These migrations are not directional and are focused 
particularly on sources of food. Considering these facts this species frequently falls victim to traffic.  

Roe Deer (Capreolus capreolus) – this is a species with a wide range of social behaviour. It is in November that 
the first signs of winter grouping generally appear. The areas occupied by the herds cover 40 to 800 ha and are 
usually made up of sugar beet plantations, winter crops and lucerne.  
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The herd begins to break up in the middle of March. The size of the territory depends on the quality of the 
environment and in woodland covers from 3 to 7 ha and in fields from 3 to 40 ha. The home ranges they can 
cover are much bigger, the size depending on major seasonal changes. With field ecotype roe deer the size of the 
herd’s home ranges has been recorded at between 40 and 800 ha, during the break-up of the herd from 25 to 400 
ha, and when creating territories and giving birth, from 6 to 30 ha. Unlike the populations in other parts of 
Europe no migration tendencies have been observed under our conditions.  

Red Deer (Cervus elaphus) - this is typically a socially-living species. During the year there are more or less 
seasonal changes in the make-up of the groups and the relations between individual social categories. In July the 
females and kids begin to form groups. The male part of the population keeps in separate groups outside of the 
rutting season; these groups generally occupy a different area to the area of does and kids. The males begin to 
group up after the rutting season.  
Deer usually make two types of regular movement: 
a) seasonal migration for nutritional reasons,  
b) shifts during the rutting season. 
In both cases these migrations usually cover distances of several kilometres, although shifts of 50 – 60 km have 
also been observed. In addition to regular migrations one must also consider cases where the deer leave a 
densely-populated area and move to new grounds. It is probably due to these migrations that all the permanent 
habitats are interconnected. 

European souslik (Citellus citellus) – this species lives in established colonies containing from several dozens 
to hundreds of animals. The size of the colony varies from 1 ha to tens of hectares. A proportion of the young 
make up for the colony’s losses, while a smaller proportion migrates over larger distances. In the past the 
number of sousliks depended on regular swings, like outbreaks. Nowadays migrations are much more frequent.  

 
 
3.4.  ANALYSIS OF THE QUALITY OF INDIVIDUAL UNFRAGMENTED AREAS (PHASE – C) 
The aim of this phase is to make a complex assessment of individual UA in terms not only of 
their current situation but also from a future perspective.  
In the previous section UA polygons were defined only on the basis of their size and 
boundary barriers. Their quality has not yet been assessed, particularly the presence of the 
biotopes and habitats is crucial to the existence of a certain species. Likewise, it is important 
to assess the future perspective of a polygon, particularly which seeds of further 
fragmentation it contains today (e.g. partial unconnected excess barriers). Therefore any 
assessment of the quality of a UA also must comprise an assessment of the land and of the 
barriers. Combining both viewpoints allows us to define the overall quality of the polygon. 
An optimal synthesis, especially on the detailed study level, is a SWOT analysis.  
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Diagram 7: Quality of UAT polygons 

 
 
 
3.4.1.  Analysis of biotopes 
 
(a) General characteristics 
The basic attributes of a polygon are (a) size, (b) presence of suitable biotopes.  
a) size – it is generally true that the bigger the surface area of a polygon, the better its quality. 
The size of polygons is limited from the bottom by a predefined limit size of the area, yet as 
they move upwards the sizes can vary markedly. The classes given in the following table are 
suitable for categorization. 
 
Table 4: Categorization of biotopes in terms of size 
qualitative 
category 

range  
(% of the limit territory 
area) 

characteristic 

A excellent 500 and more highly perspective 
B very good 200 – 499  
C good 100 – 199 risks for future, bisection means end to UA 
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Diagram 8: Acceptability for species 

 
 
 
b) presence of suitable biotopes – a completely fundamental factor, without which the 
assessment is of little practical value. It is clear that when a polygon does not contain any 
biotopes suitable for a particular species, its size is meaningless. The details of any 
assessment of suitable biotopes depend on the details and targets of the study as a whole. 
Basic options: 
i. division of biotopes into suitable and unsuitable – the procentual presence of suitable 

biotopes is a factor; 
ii. division of biotopes into suitable – interim - unsuitable. This is better suited real situation 

than the (i); 
iii. classification of all types of biotopes – each type is assigned a quality index in the interval 

[0; 1]. The following tables give the basic “calibration” values. Otherwise, in practice any 
values in the interval [0; 1] may be used. This assessment results in a particular model 
expression of quality – see below. 

 
Table 5: Quality index of biotopes 

no. k characteristics of the affinity of species to biotopes 
1 0.0 completely unsuitable biotopes; their presence precludes the existence of a given species 
2 0.25 rather unsuitable biotopes; the species would probably avoid them 
3 0.5 average biotopes; may supplement priority biotopes 
4 0.75 very good biotopes; suitable for the existence of the species 
5 1.0 priority biotopes; the species is bound to them, it seeks them out and prefers them over others 

 
Brief assessment of the biotope size and quality (a + b) 
The previous paragraphs described the separate assessment of both basic UA attributes; 
however, it would be best to assess these attributes together. This can be achieved by 
computing the “effective area”. 
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Computing the effective area (EA) 
The “effective area” – EA (sq km) was established as the model variable which includes 
both of these factors. The effective area represents the area inside the polygon which can be 
used by the given species. 
Computation procedure: 
• The UA polygon is divided according to the presence of various biotopes into the section 

part. The sum of the areas of each section gives the overall area of the polygon. 
• For each section part (each biotope) a semiquantitative estimation of its quality for the 

existence of the species under assessment is performed. The estimation is performed on a 
scale at the interval from 0.0 – quality completely preventing existence, to 1.0 – ideal 
quality for the existence of the species. When complete, the estimation is labelled as a 
quality index (k) (see tab. 5). 

• The effective area is computed using the equation: 
EA = Σ  ai . ki    (sq km) ai ... total area of all surfaces of i-th biotope in UA (sq km) 
    ki ... quality index of i-th biotope (in closed interval 0;1) 
Interpretation:  
The effective area models the extent of the actually useable area. Assessment is possible: 
• in absolute values (sq km) – the basic reference variable is the limit area of the territory. 

The optimal situation is when the EA is larger or equal to this limit value, 
• in relative numbers (% of total UA area). 
 
(b) Fragmentation caused by traffic 
A model variable of the effective area (EA) was calculated for each polygon. The values of 
the quality index used correspond to the scales of ecological stability (SES) used while 
preparing the territorial system of ecological stability and are given in table. 
Data on the division of biotopes was provided by the Ministry of the Environment.  

The following categorization of biotopes and indices was used for the assessment: 
Table 6: Categorization of biotopes and quality indices  

no. k biotopes 
1 0.0 places of business, industrial complexes, mining of mineral raw materials 
2 0.1 fields 
3 0.2 gardens, water-courses, aquatic areas 
4 0.5 meadows 
5 1.0 forest, peat bogs 

 
The result of the calculation is a model variable which can be interpreted as representing the 
area inside the UAT polygon which can actually be used by large mammals. E.g. if the EA = 
25 sq km, it means that the actual useable area is much smaller than the defined UAT limit 
size (= 100 sq km). The practical quality of such a polygon is then relatively low. On the other 
hand, as the calculation takes account of the overall UAT area, the effective area with 
polygons can be of excellent quality, even several times higher than the required 100 sq km. 
These polygons can be classed as excellent quality. 

One must remember that this is a simplified, model procedure and that the acceptability of a 
territory involves a host of other factors, e.g. the uniformity of the distribution of various 
types of habitat, their distance from each other within the polygon, etc. 
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(c) Commentary 
When applying this method for various species of animals the affinity of these species to the 
individual biotopes may vary greatly. A discussion and examples on this topic are given 
in box no. 5. 
 
box  5 
Example: Affinity to biotopes 
The needs of individual species of animals as regards the quality of their environment vary greatly. While some 
species are able to make use of virtually all types of contemporary landscapes (red fox, roe deer), others are 
bound to a specific biotope. If the biotope of the species is placed at risk, the species disappears from 
the landscape. 

Lynx – the range of biotopes as regards the needs of this particular species is very simple. The lynx exclusively 
prefers forest biotopes, while stands of mountain woods difficult for man to access are of increased significance 
(overgrown rocky ravines, large thickets, steep hillsides, vegetation with regulated visits). Areas that are 
completely unsuitable are urban districts, areas less than 100 m from the edge of structures and aquatic areas. All 
agricultural land is rather unsuitable. “Average” - supplementary biotopes are transition areas, e.g. overgrown 
pastures, bushy slopes, etc). 

European souslik - biotopes that are completely unsuitable are urban districts, wooded areas and aquatic areas. 
Rather unsuitable is intensively farmed land (normal farm land, including fields, was until recently the main 
habitat for this species. The situation changed with gradual intensification, i.e. the disappearance of relatively 
low and rare areas of vegetation with frequent weed growth). An good example of an average area is a cultivated 
vineyard. At the present time suitable biotopes are areas with a low growth of grass (e.g. pasture land, golf 
courses, airfields, etc.). The most precious biotopes are natural areas of short grassland. 

Roe deer – this species has a very broad ecological quantivalence. Virtually the only environment it does not use 
is built-up land, aquatic areas and the highest mountain regions. It is fully suited to contemporary farm land, 
wooded areas, including mountain forests, as well as all types of transition points  
 
 
3.4.2.  Analysis of barriers 
 
(a) General characteristics 
Barriers are the cause for fragmentation, so any analysis of the number and distribution of 
barriers is also an analysis of future risk. As described in chapt. 3.3., a series of barriers of 
different lengths enter the UA polygon both excess and sub-limit. These barriers (a) reduce 
the utility of the existing UA and in extreme case may practically eliminate it, (b) present a 
focal point of potential fragmentation for the future. Where there is already the basis for a 
barrier, it can be expected that they will spread with greater ease. Therefore this fact must be 
included in any assessment of quality. Another potential focal point for future fragmentation 
is the UA polygon shape itself. If the shape features a number of narrow points where the 
outer borders are close to each other, these form the points for a possible future connection 
(see diag. 8). One can therefore consider the risk from internal and external barriers.  
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Diagram 9: Risk of future fragmentation 

 
 
The basic attributes of barriers are their length and intensity of effect, which is reflected in 
their permeability. The basic methods of assessment are also based on this: 
a) length of excess barriers in the UA – per 1 sq km of area (km/sq km) 
b) assessment of permeable and impermeable barriers – in many cases it can be difficult 

to estimate the level of permeability, although in relation to the predefined limit intensity 
of the fragmentation factor it is possible to at least make a semiquantitative estimate of the 
risk of impermeability. Generally it can be based on the characteristics in the following 
table. 

 
Table 7: Characteristics of  barrier impermeability  risks 

no. r characteristic of risk of impaermeability of barrier 
1 0.0 barrier is completely permeable, risk of fragmentation is zero 
2 0.25 barrier is easily permeable, risk of fragmentation is low 
3 0.5 permeability of barrier is medium, risk of fragmentation is real 
4 0.75 permeability of barrier is low, risk of fragmentation is high 
5 1.0 barrier is impermeable, risk of fragmentation is very high, (fragmentation certain) 

 
Overall assessment of barrier length and permeability (a + b) 
Computation of potential barrier (PB) 
The variable potential barrier – PB (km) was used as the model value for the quantification 
of the future risk from traffic; this comprises an assessment both of the length and 
permeability of barriers. Using the previous analysis potential barriers may be divided into 
internal (i), external (e) and total (t). 
 
1.  Potential barrier internal (PBi) 
Computation procedure: 
• barriers inside the polygon are divided according to the risk of fragmentation into several 

categories (depending on real situation), 
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• for each class its risk index of further fragmentation is defined as the value at a closed 
interval [0; 1], (see tab. 8), 

• in each polygon the lengths of barriers are added up, 
• the subsequent PBi value is computed using the equation: 
PBi = (Σ di . ri) / P (km/sq km) di ... overall length of roads in given category in UAT  

(km) 
 ri ... risk index of given category 

     P ... area of polygon (sq km) 
Interpretation: 
The result of the computation is a model value which expresses the length of impermeable 
barriers inside the polygon per 1 sq km.  
 
2.  Potential barrier external (PBe) 
This assesses the shape of the polygon based on the definition of barriers with excess 
intensity. It models the situation when the external borders get close to each other and there is 
the risk of them connecting. Generally it can be said that the smaller a polygon is and the 
more irregular its shape, the greater the risk of critical points.  
Computation procedure: 
• input data is the perimeter (c) and area of polygon (P), 
• these are excess barriers, so the risk index = 1, 
• the subsequent PBe value is computed using the equation: 
PBe = c/P   (km/sq km) c ... perimeter of UA polygon UA (km) 
     P ... area of UA polygon (sq km) 
Interpretation:  
The result shows the length of the polygon's border which falls into an area of 1 sq km. The 
higher this value, the greater the vulnerability of the polygon.  

As an additional aid to relative comparison the results acquired may be compared with the 
perimeter of the circle. Of all the geometric shapes the circle has the smallest perimeter/area 
ration. The actual perimeter of the polygon can be compared with the theoretical perimeter 
which a circular polygon of the given size would have: 
R = c/o = c/2√(π.P)    ( - )  c ... perimeter of UA polygon (km) 
     o ... perimeter of circle with same area (km) 
     P ... area of polygon (sq km) 
Interpretation: 
The result shows how many times the actual perimeter is longer than the “ideal” perimeter of 
the circle. 
 
3.  Potential barrier total (PBt) 
Computation procedure:  
Sum of internal and external potential barriers: 
PBt = PBi + PBe (km/sq km) 
 
Interpretation: 
The result shows the model length of all excess barriers (external and internal) falling into an 
area of 1 sq km of the polygon. PBt is the total model value for assessing the vulnerability of 
the polygon.  
Note: 
Other methods could also be used to assess the risk of further fragmentation. For example 
there is the calculation of the value meff (effective mash size) for each polygon. As partial 
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barriers one could assess roads with a traffic intensity of approximately half the limit value 
(i.e. 500 vehicles/day).  
 
(b) Fragmentation caused by traffic 
To assess the risk of fragmentation caused by traffic the variable ‘potential barrier internal’ 
was used for each UA polygon. The risk index values used for the computation are given in 
tab.8. 
Table 8: Road categories and risk indices 

no. traffic intensity 
(veh./day) 

risk 
index 

definition 

1 more than 1000 1.0 roads with excess intensity entering UAT 
2 800 – 1000 0.8 roads intensity of which approaches the limit 
3 500 – 800 0.5 low-intensity roads, risk in long term 

 
The result of the computation is a model value which can be interpreted as the length of roads 
with an excess burden of traffic (i.e. over 1000 vehicles/day) falling into 1 sq km of the 
polygon. E.g. PBi = 0.1 means that each square kilometre of the UA polygon contains 0.1 km, 
i.e. 100 m of roads with a higher than limit intensity. This value is easy to conceive in 
practice. 
The resulting values were divided into three categories according to the expected quality 
(excellent – very good – good) and marked in colours on the appropriate map. 
 
(c) Commentary 
In connection with the definitions of potential barriers it is appropriate, particularly for other 
types of application, to bear in mind the close relationship between the quality of biotopes 
(described by the effective area parameter) and the barriers, particularly where the barrier is 
an unsuitable structure in the landscape. This applies for the souslik, amphibians, and many 
other species. If the UA contains many average biotopes, paradoxically these average 
biotopes may also act as a barrier. For amphibians meadows are certainly a useable biotope, 
in fact they need them, yet large areas of grassland with no water become barriers. It is very 
difficult to set the limits for each individual species. Seasonal biotope development, crops 
grown, etc., play a role here, thus making the system extremely complex.   
 
 
3.4.3.  Synthesis of overall quality 
 
(a) General characteristics 
Combining the results of the analysis of suitable biotopes and the analysis of barriers as 
potential focal points of fragmentation determines the overall quality of each UA polygon. As 
a basic method one can use a matrix of the three quality categories classed by biotopes and 
three by barrier. The resulting allocation of the overall quality values in the categories 
excellent – very good – good can be seen in table no. 9. 

(b) Fragmentation caused by traffic 
The following procedure was used to determine the overall quality of the polygon: 
• using EA values polygons were allocated to one of three classes (excellent, very good, 

good), 
• using PB values polygons were allocated to one of three classes (excellent, very good, 

good), 
• the resulting quality was determined on the basis of the combination matrix given in the 

following table, 
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• each UA polygon was allocated to one of the three overall classes: excellent, very good, 
good. 

 
Table 9: Overall quality of polygons 

Overall quality of polygons potential barrier (PB) (km/sq km) 
excellent very good good 

less than 0.06 0.06 – 0.12 more than 0.12 
effective 
area (EA) 
(sq km) 

excellent greater than 100 excellent excellent very good 
very good 50 – 100 excellent very good good 
good less than 50 very good good good 

 
Assessment of the polygon quality gives additional data for demarcation purposes. Already 
the mere existence of an area which fulfills the conditions for a UAT is a positive value as 
regards landscape fragmentation. Therefore when using words to class polygons by their 
quality, polygons with “the worst” quality are assessed as “good” when compared to the 
others. Unsatisfactory are those territories which do not meet the definition of a UAT. These 
areas are marked in white on the maps. 
 
(c) Commentary 
Generally, other, more complex procedures can also be used to determine the overall quality 
of UA polygons. However, estimating the overall quality of a polygon is completely essential 
information which greatly broadens the applicability of the unfragmented areas method. 
 
 
3.4.4.  SWOT analysis 
 
(a) General characteristics 
The effective area (EA) and potential barrier (PB) provide very useful information about UA 
polygons and their greatest utility lies in processing vast territories using GIS methods. For 
detailed studies at the level of landscape planning or management of the localities of 
endangered species it is essential to make a more detailed expert assessment which gives a 
comprehensive description of the entire situation. A suitable unification tool is a SWOT 
analysis.  

A SWOT analysis is divided into 4 parts: 
• S (Strengths):  description of all the features in a polygon which are possitive and make it 

significant, focused on its current state. 
• W (Weaknesses): description of weak points where the features of the polygon are 

inadequate, focused on its current state. 
• O (Opportunities): focused on the future, description of the features which provide a basis 

for positive development in the future. 
• T (Threats): focused on the future, description of the features which could in the future 

have a negative impact on the existence of the polygon. 

Assessment of strong (S) and weak (W) points focuses on the current state and both 
assessments complement each other. The criteria are therefore also the same and their specific 
state decides whether a phenomenon falls under strong or weak points (e.g. high percentual 
ratio of suitable biotopes in the territory is one of the polygon’s strengths, while a low ratio is 
a weakness). 
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(b) Fragmentation caused by traffic 
SWOT analysis is designed to assess UAT polygons at the detailed study level, e.g. as part of 
the planning process for large units of land. It therefore requires a great deal of time and 
source information and may only be carried out where a relatively low number of polygons is 
assessed (approx. 20 – 30). It is not performed at the nationwide level, where the number of 
polygons exceeds 200. The procedure is described in greater detail in the following section.  
 
S, W strengths and weaknesses 
Assessment of land: 
• size of polygon, 
• presence of suitable biotopes – detailed description, 
• effective area (EA), 
• spatial distribution of biotopes, 
• relationship with neighbouring polygons (ties, isolation, part of large UA group, etc.). 
 
Assessment of barriers: 
• description of main barriers, 
• potential barriers (PB), 
• critical points as regards external and internal barriers, 
• ties to barriers in surrounding territories (barriers of a regional nature), 
• accumulation of barriers. 
 
O, T opportunities and threats 
Assessment is based on the current state and specifies the factors which could influence 
further development. Both assessments again complement each other and are based on the 
same criteria. 
• existence of legislative protection (whether the polygon is part of any specially protected 

area), 
• positive or negative development on surrounding territory, 
• anthropogenic pressure – proximity of densely populated areas,  investment risk, 
• expected development of main fragmentation factor (e.g. increase in traffic congestion of 

roads). 

The assessment and its formulation must be performed so as to provide a suitable basis for the 
proposal of measures and for conclusions. 
A graphical summary of the SWOT analysis is given on 1 upright A4 page divided into four 
parts – from top left S –W, bottom O - T. 
 
(c) Commentary 
There is no natural issue that can be summed up using merely numbers, which is why a verbal 
assessment is of fundamental importance as part of a SWOT analysis. This requires that the 
person responsible is sufficiently erudite and well-informed, not only as regards the biology 
of a particular species, but in the broader terms of ecology and territory. A SWOT analysis is 
based on all the data previously acquired and it forms the basis for the proposal of measures. 
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3.5.  CATEGORIZATION OF TERRITORY (PHASE – D) 
 
(a) General characteristics 
Categorization of territory completes the first section of the method used to assess the quality 
of the territory. In the previous section the individual UA were assessed, providing the basis 
for the assessment of the issue across the entire area of interest. The first step is to categorize 
it. On the basis of the results from the assessment of territory and assessment of barriers it is 
necessary to make an overall categorization of polygons into three basic classes: excellent – 
very good – good. The classification intentionally does not include degrees of the lowest 
quality (bad, unsatisfactory) as in comparison with another highly fragmented landscape even 
the worst polygons have a certain positive potential.  
Overall assessment of territory must take account of: 
• representation of UA polygons and their quality, 
• mutual ties between polygons, 
• spatial distribution of perspective and endangered polygons. 
 
(b) fragmentation caused by traffic 
The results of the categorization of individual UAT polygons (see chapt. 3.4.3) by overall 
quality have been transferred to a map of the entire Czech Republic and this map provides the 
basic groundwork for further assessment. 
 
 
3.6.  INFLUENCE OF PLANS ON FRAGMENTATION (PHASE – E) 
 
(a) General characteristics 
In this phase, a new subject enters the assessment, namely the concept or plan which is to be 
assessed as regards its potential influence on landscape fragmentation. As unfragmented areas 
in this method are understood to mean the framework of an unfragmented landscape, the 
assessment focuses on the impact a plan will have on an unfragmented area. 

If the existing unfragmented area is crossed by a new fragmentation line it can generally result 
in three cases: 
• Division into two UATs - i.e. both newly created parts have a greater area than the limit 

area for the given fragmentation factor. For fragmentation caused by traffic this is 100 sq 
km.   

• Reduction in the UAT area – i.e. the smaller section has an area of less than 100 sq km.  
• Disappearance of UAT – i.e. both subsections are smaller than 100 sq km. 
 
The general preferences when comparing the effects are in the following order: 
• no interference on the unfragmented area, 
• partial interference leading to small reduction in UA area, 
• division of UA into two separate unfragmented areas (both fulfill the parameters), 
• dissolution of the UA. 
All cases, however, must be based on the specific situation and its broader relations. 
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Diagram 10: Assessment of road with a traffic intensity of more than 1000 vehicles/day interference to the 
polygon 

 
 
(b) Fragmentation caused by traffic 
The fragmentation factor assessed comprises linear structures which, with regard to the high 
number of UATs in the CR will almost always collide with some UAT polygons. The 
following characteristics are particularly suitable for assessment: 
a)   number of UATs affected, their quality,  
b)   number of defunct polygons, their quality, 

 c)   overall reduction in UAT territory in area of interest after interference. 
Assessment should take account not only of the effect on each individual UAT, but also of 
their spatial distribution. 
The assessment must include proposals for optimization measures. These proposals are drawn 
up separately for these branches: 

• protection of territory – minimization of further fragmentation, improvement of biotopes, 
etc., 

• permeability of barriers – increased permeability or elimination of barriers. 
The way in which the conclusion is drawn up depends on the original targets and assignments 
of the study, and particularly on the degree of investment preparation at which the study was 
made. Their factuality then develops from this. 
 
(c) Commentary 
All the previous sections have only been the preparation for the final phase, which is the 
proposal of measures. As this entire procedure is focused on a practical solution, great 
attention must be devoted to this phase.  
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4.  CATEGORIZATION OF CR TERRITORY 
 
4.1. Summary of preliminary data 
4.2. Delineation of UAT polygons 
4.3. Assessment of polygon quality 
4.4. Contact with other nature conservation categories 
4.5. Relationship between spatial requirements and migration of large mammals 

 
The results are summarized in the form of maps, shown in the appendix. The maps can be 
divided into five groups: (I) summary of preliminary data, (II) delineation of UAT polygons, 
(III) assessment of UAT polygon quality, (IV) contact with other categories of protection, (V) 
assessment of the migration of large mammals. 
 
 
4.1.  SUMMARY OF PRELIMINARY DATA 
Overview of the preliminary data, on which the following parts base, is given on maps no.: 
1. Road and rail network of the CR 
2. Roads network with traffic intensity  
3. Categorization of biotopes on the basis of the CORINE Land Cover of the Czech  
      Republic database 
 
 
4.2.  DELINEATION OF UAT POLYGONS 
The basic result of this method is the delineation of UAT polygons. They are summarised 
with their numerical designation on map no.: 
 
4.   Summary of UAT polygons with numerical designation 
 
A total of 227 polygons were delineated, their overall area amounting to approx. 70 % of the 
area of the CR. The absence of UAT polygons clears marks out those areas where landscape 
fragmentation caused by traffic has reached a high level. These are particularly the principal 
industrial and residential areas and their environs. 
 
 
4.3.  ASSESSMENT OF POLYGON QUALITY 
An assessment of polygon quality is given on maps no.: 
5.   Categorization of UAT polygons by size 
6.   Categorization of UAT polygons by size of effective area 
7.   Categorization of UAT polygons by length of potential barriers 
8.   Overall categorization of UAT 
The overall categorization shows that 37.3 % of polygons fall into the excellent category, 36.8 
% into the very good category, and 25.9 % into the good category. 
 
 
4.4.  CONTACT WITH OTHER NATURE CONSERVATION CATEGORIES 
As regards the likelihood of the continued protection of the UAT against future fragmentation 
there is the important question of whether the UAT concurs with other categories of nature 
conservation – particularly protected territories and ultraregional elements of Territorial 
System of Ecological Stability (TSES). Considering the fact that with UAT one does not 
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count their legislative protection, those polygons which are overlapped by other categories of 
protection will have a greater probability of future survival.  
Examples are given on the following maps no.: 
 
9. Contact of UAT polygons with national parks and CHKO (Protected Landscape 

Areas) 
 
From the maps one draws the following conclusions: 
• All national parks and the majority of CHKO are covered by the UAT. 
• Exceptions are CHKO Litovelské Pomoraví, Poodří, Moravský kras and partially Pálava, 

České středohoří, Český kras, Bílé Karpaty.  
• as regards UAT approx. 30 % of polygons are in contact with large zones of specially 

protected area. 
 
10.   Contact of UAT polygons with ultra-regional TSES elements 
 
Considering the extent of the TSES network it is not possible to make a simple overall 
assessment. In total some 70 % of ultra-regional biocentres lie within UAT polygons. In terms 
of the UAT approx. 90 % of polygons are in contact with ultra-regional biocentres or 
biocorridors, which is dependent on the density of the TSES network. 
 
 
4.5.  RELATIONSHIP BETWEEN SPATIAL REQUIREMENTS AND MIGRATION OF LARGE 
MAMMALS 
Large mammals were the model group for this study. Considering the fact that the assessment 
of the territory of the CR with respect to the occurrence and migration of large mammals has 
been covered by certain earlier works, a variety of methods may be used to compare the 
results acquired.  
A comparison of UAT with the categorization of the territory of the CR as regards its 
significance for large mammals is given on maps no.: 
 
11.   Contact of UAT polygons with the migratory areas of large mammals 
 
This map compares UAT polygons with areas of exceptional significance and increased 
importance for the migration of mammals as marked out in the handbook to ensure the 
permeability of motorway structures (Hlaváč et Anděl, 2001). This is a matter of comparing 
two different types of data: 
• Categorization from the handbook – based on a generalization of zoological research and 

an assessment of data on the occurrence of large mammals – the two most significant 
categories marked represent the main corridors of ultra-regional migration. 

• UAT polygons – based on an analysis of territory and represent the potential for the 
existence and therefore for the migration of large mammals. 

By comparing the data on map no. 11 we see that there is a very close correspondence 
between the main migration routes and the presence and quality of UAT. There is an even 
clearer correspondence when comparing with the quality of the environment as represented by 
the effective area (map no. 6). This is logical, as both the zoological research and the quality 
of the natural environment are based on the current situation, while the overall UAT quality 
UAT also includes the risk of future fragmentation. 
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The aim, however, is not the correspondence of both these materials. The UAT should be 
used in the future to make a detailed assessment of the main migration routes, particularly 
with the aim of highlighting critical points and finding a timely solution. 
 
12.   Landscape fragmentation and the migration of large mammals (problem map) 
 
This map is a conclusive problem map which summarizes the issue of landscape 
fragmentation and the migration of large mammals. 
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5.  PRACTICAL APPLICATIONS 
  
5.1. Landscape fragmentation as a factor in the decision-making process 
5.2. Applications in landscape-planning 
5.3. Design of roads and motorways 
5.4. Prognosis of further development 
5.5. Planning measures to protect species 
 
 
5.1.  LANDSCAPE FRAGMENTATION AS A FACTOR IN THE DECISION-MAKING PROCESS 
The basic aim of the submitted material is to emphasize the importance of resolving the issue 
of landscape fragmentation at the conceptual and specific planning level and to provide 
methodical material to help to grasp this problem. Landscape fragmentation may affect a 
whole range of species of organisms and may be caused by a series of factors. To resolve 
these specific situations one may use a general algorithm which contains this procedure (see 
chapt. 3). 
For practical purposes and for incorporation into a range of concepts UAT polygons are 
perfectly suited as a basic generalization, for the following reasons: 
• they relate to the most demanding group of large mammals, meaning that with a reserve 

on the side of safety they also cover the needs of the majority of other species of our 
fauna, 

• the parameters shown also correspond to man’s recreational requirements. This means the 
needs of wildlife protection are linked with the needs of “human protection”.  

• traffic is one of the main risk factors for landscape fragmentation, especially its (i) linear 
nature and to (ii) noise, light and chemical emissions, which affect a wide corridor of the 
surrounding landscape.   

The acquired results of the distribution of UAT polygons therefore comprise primary 
generalized information about landscape fragmentation caused by traffic. When assessing any 
area in terms of the state of its environment a view of the distribution of UAT polygons is an 
important source of data. 

It should be stressed here that UAT polygons are not a new category of nature conservation 
and simply their existence cannot be seen as a reason to impose a blanket ban on highway 
construction. They do, however, provide a good idea of the current values and potentials of 
the territory under assessment.   
 
Basic aim: the issue of landscape fragmentation must be considered when assessing the 
effects of concepts and plans upon the environment. 
 
The main possibility of using this method lies in: 
• landscape planning – both in terms of nature conservation and in terms of marking out 

recreational and quiet areas, 
• traffic policy – when routing new roads, motorways and railway lines, 
• protection of biodiversity – when designing measures for the protection of species, 
• prognosis of the landscape structure development in the future. 
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5.2.  APPLICATIONS IN LANDSCAPE PLANNING 
For practical application one must respect the individual hierarchical levels of landscape 
planning: 
a) Nationwide – the resulting material provides the groundwork for nationwide conceptions 

and for international comparisons, 
b) Regional – the basic application as part of the preparation and discussion of the landscape 

plans for large units of territory and the strategic assessment of the effects upon the 
environment (SEA), 

c) Local – the basic application as part of the landscape plans for each individual 
community. 

 
The individual hierarchical levels are also reflected in the procedure. When reducing the 
extent of a territory the individual phenomena may be dealt with in greater detail. At the 
nationwide level the UAT polygons described in this report may be used. Other levels are 
shown here in the form of basic methodical recommendations. 
 
5.2.1.  Assessment of fragmentation at the nationwide conceptual level 
For the nationwide conceptual level the maps drawn up as part of this guide and other updated 
versions which will be displayed on the website of the Ministry of the Environment provide 
sufficient groundwork material.  
The basic procedure is to analyse the conflict between the prepared plans and the UAT 
polygons. What is assessed is, for example, the number of polygons affected, the number of 
polygons disturbed, and the overall reduction in the extent of the territory inside the UAT. 
The detail level of the assessment corresponds to the concept scale. 
 
5.2.2.  Assessment of fragmentation at the regional landscape planning level 
It is clear that in order to achieve practical results the issue of fragmentation must be resolved 
in all phases of landscape planning. The landscape plans of large units of territory (LP LUT) 
may be considered decisive, together with the related strategic environmental assessment 
(SEA). In this phase the entire issue may be resolved in much greater detail than at the 
nationwide level, whilst still being able to adopt specific measures. 
 
Specification of groundwork data 
The starting point is the appropriate section of the map of UAT polygons at the nationwide 
level, as most recently updated. The procedure at the LP LUT level should specify this 
information, particularly in the following areas: 

1.  Specification of traffic intensity on the road network 
Traffic intensity is the basic factor when determining UAT polygons. At the nationwide level 
it is based on a regular nationwide traffic census performed at five-year intervals. At the LP 
LUT level this data may be specified on the basis of a traffic model and an expert assessment 
by a traffic specialist. This specification is bi-directional: 

(i) Incorporation of other existing roads - the nationwide census only assesses certain roads 
and there might be a great many lower-class roads with a significant or even excess 
intensity of traffic. These may be pinned down using a traffic model and included in the 
assessment. 

(ii) Incorporation of the new road-building aspect – this can give a prognosis of the 
development of the traffic congestion in relation to newly constructed roads, residential 
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estates or industrial zones and permit the assessment of alternative constructions for 
other roads. 

2.  Complex assessment of each UA polygon – SWOT analysis 
The importance of a UA polygon does not depend merely on its size or the basic parameters 
calculated as part of the assessment at the nationwide level, but also a whole range of other 
factors. A suitable tool for making a complex assessment of each UA polygon is a SWOT 
analysis. This makes use not only of defined quantitative characteristics (the effective area, 
potential barrier), but also uses a verbal description to assess other factors (distribution of 
residential areas, preparation of other roads, settlements, industrial zones, etc.) and the overall 
conditions for the protection of that particular polygon. 
 
Practical recommendations 
Detailed analysis for any LP LUT must result in: 
(I) A detailed description of its current state; 
(II) Prognosis for the future in the time frame of the LP LUT; 
(III) A proposal to minimize further fragmentation. 
One basic advantage of assessing fragmentation at the LP LUT level is the complexity of the 
assessment of the entire region. The compulsory synopsis for drawing up LP includes both, 
the initial assessment of the current state as well as a description of the expected basic plans 
for all areas of economic activity (mining of mineral raw materials, transport, power supplies, 
industry, agriculture, settlement, etc.). All these branches may influence fragmentation. The 
main tasks regarding limiting fragmentation are as follows: 
a) Preserve the integrity of areas characterised by a particular natural quality. These 

territories include UAT, where their quality lies in the absence of more intensive traffic. 
b) Ensure the overall permeability of the main migration routes of animals, including 

connections between individual unfragmented areas. These routes must be protected as a 
whole, as their overall efficiency depends on the narrowest point. It is clear that here it is 
highly ineffective to build, for example, a costly ecoduct on the motorway and then 
permit an industrial zone to be build nearby, completely closing off the migration route. 
This coordination of the project is the domain of LP LUT. 

c) Regulate the development of industry and settlement in the landscape and prevent it from 
becoming atomized and scattered. It is the construction of new residential estates outside 
existing urban areas that poses the greatest risk of landscape fragmentation. The main risk 
factors of this kind of scattered construction project for landscape fragmentation are as 
follows: 

• disturbance not only around the construction itself, but also in surrounding zones of 
disturbance,  

• residential construction projects involve the building of other infrastructure, 
particularly roads, which are another fragmentative element, 

• isolated residential areas reduce the efficiency of public transport, increase the use of 
cars, leading to a rise in traffic congestion on the roads, thus increasing 
fragmentation. 
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Example: Migration study of the Karlovarský region (Anděl et al., 2005) 
 
Diagram 11: Main migration routes 

 
 
Diagram 12: UAT polygons 
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5.2.3.  Landscape fragmentation in municipal land plans 
The land plans for residential areas work with a smaller territory and adopt a series of 
decisions from LP LUT. Any solution to the issue of fragmentation should focus on the 
detailed level, particularly as regards the location of new residential areas. The procedure 
using UAT polygons and further assessment should be analogous to LP LUT to a reasonable 
extent in relation to the size of the territory in question and the particular plan involved.  
 
 
5.3.  DESIGN OF ROADS AND MOTORWAYS 
The construction of new road and motorway routes greatly encroaches upon the landscape. In 
terms of the effect on landscape fragmentation the issue of preparation is divided into two 
parts: 
(i) selection of road routes - the selection of a directional route (corridor) decides which 

territory will be affected by the construction and therefore which will be afflicted by 
fragmentation, 

(ii) specific engineering solution – the planned height of the road and the plans for the 
engineering structures (bridges, tunnels, etc.) predefined the places which animals can use 
for migration, thus reducing the barrier effect and the overall impact of fragmentation. 

Both of these aspects are interconnected and affect each other. Route selection plays a major 
role in determining whether migration profiles can be built. A route leading through a 
geomorphologically rugged landscape, using bridges to span natural valleys, has a far greater 
chance of ensuring migration throughput than a route leading across level land. The actual 
design of engineering structures (location, size, accompanying measures) decides their final 
efficiency in terms of migration.  
This gives us the following basic principle: the issue of directional routing and the design 
of engineering structures must be resolved and assessed at the same time in relation to 
fragmentational effects.  
In practice, however, the situation is different. The basic corridor of the route is set at the 
landscape planning preparatory stage and is totally unrelated to fragmentation; it is only at the 
EIA level that measures are sought to alleviate the barrier effect. This is where the following 
steps must be taken: 
§ incorporate the issue of landscape fragmentation into the decision-making process for 

road and motorway routes right from the start of the planning process, 
§ as part of the assessment of traffic concepts (SEA) incorporate a compulsory study into 

the impact on landscape fragmentation. 
 
5.3.1.  Resolving fragmentation as part of the route selection process  
The selection of routes for roads and motorways is a complex matter, a process done in 
stages. It is important that the issue of fragmentation is considered right from the very 
beginning.  

Basic procedure: 
1. Collation of groundwork: map of the UAT polygons of the Czech Republic. If more 

detailed material drawn up as part of LUT preparation is available, this should be used. 

2. Selection of territory of interest: The territory of interest is based on the selection of 
those areas of all UAT polygons which are adjacent to the alternatives in question. 
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3. Updating UAT polygons. As part of the preparatory work for major road and motorway 
construction projects detailed traffic models are often drawn up to specify the level of 
traffic congestion on the planned roads and the adjacent transport network. These models 
with updated congestion data can be used to specify the extent and quality of UAT. The 
use of these models is of fundamental importance for the objective assessment of the 
effect the construction will have on fragmentation. E.g. the construction of a motorway 
presents a major change throughout the entire transport network to which it is connected. 
The intensity of traffic can rise on a series of interconnected roads, causing a reduction in 
the quality of UAT polygons; in certain cases the traffic intensity on a motorway feed-
road can exceed the limit of 1000 vehicles/day. On other roads, however, the traffic 
intensity may fall, thus reducing the fragmentation effect. 

 
4. Analysis of the effect on UAT. The following encroachment parameters are described for 

each individual variant: 
a)   number of affected UATs, their quality and ranking within the main migration routes in      
      the CR; 
b)   each affected UAT is checked as to whether the encroachment leads to: 

§ division into two UATs,  
§ reduction in the area of the UAT – i.e. the smaller cut-off section has an area of less 

than 100 sq km,  
§    dissolution of UAT – i.e. both sections have an area of less than 100 sq km. 

c)   overall reduction in UAT area in territory of interest after encroachment. 
 
5.  Complex assessment of the effect on fragmentation must always be performed by an 
expert individually before each specific situation. It is based on general principles (see 
below), but it is always applied to specific conditions. Most of all, account must be taken of 
negative side effects which could be incurred when implementing a particular solution 
(contraindication phenomena). 
A. General principles  
When resolving the issue, preference should be given to: 
• routing roads outside UAT polygons, 
• routing roads so as not to destroy the UAT, 
• encroachment on UAT of lower quality, 
• preserving as much of the total UAT area as possible in the territory of interest, 
• preserving UAT in main migration corridors - preserving spatial integrity of a set of UAT 

across a broader area. 
 
B.   Contraindication phenomena 
• accumulation of migration barriers in places which are already fragmented (i.e. in areas 

with no UAT), 
• disturbance of significant landscape structures in already fragmented territory (N.B.: the 

UAT procedure is an ancillary tool and may not be formally applied in such a way that 
anything is allowed in areas outside UAT while nothing is permitted inside UAT), 

• leading routes through land in which it is difficult to set up migration crossing points, 
• disturbance of a significant migration corridor, 
• break-up of integrity of UAT across a broader area.  
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6. Overall selection of variants and the proposal of measures. The result of the complex 
assessment is: 

a) a summary of the variants which are acceptable under predefined conditions (the 
assessment must indicate all acceptable variants from the viewpoint of landscape 
fragmentation, as when making an overall assessment of the environmental impact, which 
takes account of dozens of indicators, one optimal variant for fragmentation may be 
disqualified by other standpoints. 

b) selection of the optimal variant as regards effect on fragmentation, including the proposal 
of necessary measures 

 
box  6 
Commentary: Accumulation of barriers 
For many animals a UAT is a territory sufficiently large to allow the permanent existence of their populations 
(e.g. 100 sq km as the minimum size for a UAT is approx. 50% of the average territorial area for a single lynx; 
the existence of a lynx population requires an area covering tens of thousands of square kilometers). Therefore it 
is clear that when selecting the route for a traffic construction (motorway) it is always necessary to consider the 
need to preserve intact the migration connections between spatially unrelated UAT. However, in areas lying 
between extensive UAT (e.g. in lowlands and the flood plains of large rivers separating mountainous areas) there 
is often a concentration of both, human settlement and transport infrastructure. When designing the routes for 
new roads the following dilemma must then be resolved: 

i) placing the route outside the UAT into intensively used territory, often parallel with other infrastructure 
(valleys often run parallel with railway routes or minor roads). The advantage of such a solution is that it 
does not interfere with the area of any UAT and usually does not affect the precious habitats or biotopes of 
protected species. The disadvantage is that in territory like this it is not generally possible to design 
motorways with functional crossing points for fauna, thus the construction creates a total barrier between the 
individual UAT. 

ii) placing the route into an existing UAT. The advantage here is that the construction is relatively easy for 
fauna to cross (in an undisturbed and particularly rugged environment it is generally easy to built a sufficient 
number of functional crossing points). At the same time there is no deterioration of the migration connection 
with neighbouring UAT. The disadvantage of this solution is the reduction in the value of the existing UAT 
(often also damaging or destroying the precious habitats or biotopes of specially protected species.  

Experience up to now has shown that there is no clear-cut solution to this issue. Accumulation of concurrent 
barriers limits the overall disturbing impact of traffic on preserved landscape areas, although it usually leads to 
the creation of a total migration barrier. Under the conditions of the CR this problem was resolved, for example, 
when designing the route of the D47 motorway from Lipník nad Bečvou to Ostrava. The proposal to route the 
road through the Morava river flood plain creates a barrier that is very hard to pass for migration between the 
regions of the Beskydy and the Jeseníky mountains (for large predators here this barrier breaks what is 
practically the only link between the populations of the Carpathians and Bohemia-Moravia). If the motorway 
were to be routed further to the north (through the Jeseníky foothills), no migration barrier would be created if 
suitable measures were adopted, although it would lead to the depreciation of this naturally preserved region.    
 
 
5.3.2.  Resolving fragmentation as part of a specific engineering proposal 
Any specific engineering solution has a fundamental effect on the migration possibilities open 
to animals and thus the overall barrier effect of the structure. This issue has been tackled as 
part of a separate procedure published by the Agency for Nature Conservation and Landscape 
Protection of the Czech Republic (Hlaváč et Anděl, 2001). For this reason it will not be 
described in more detail. 
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box  7 
Example: Jitravské Valley 
 
In 2001 – 2003 a survey was conducted concerning the effect of the I/13 road at the Bílý Kostel – Jitrava section 
on the migration of large mammals. The I/13 road is a major traffic route linking the regional towns of Liberec 
and Ústí nad Labem (traffic intensity in 2000 - 8529 vehicles/24 hrs.). From the point of view of the migration of 
mammals this road poses a problem for a number of reasons: 
(i) significance of the territory in terms of the migration of mammals   
• ultra-regional significance: the map categorizing the territory of the CR according to distribution and 

migration of big mammals (Hlaváč et Anděl, 2001) places the region in Category 1: territory of exceptional 
importance, 

• regional significance: regular migrations between the Jizerský and Lužický mountains – the territory is 
crossed by the Ještěd-Kozák ridge; the territory is connected to the protected landscape area of the Lužický 
mountains. 

(ii) poor engineering design of the road – a deep valley with a stream forming a natural migration route for 
animals was completely filled in by the earthworks from the road; the only thing left was a pipe culvert to 
divert the stream (diag. 1, 2); part of the road is four-lane. 

With regard to this fact this territory has become the site of frequent traffic accidents caused by animals running 
across the road.  
 
Diag.  1: Filled-in valley            Diag.  2: Pipe culvert 

 
 
The route (approx. 5 km) was divided into 7 sections according to a combination of (a) type of biotope (field, 
forest), (b) engineering design of the road (number of lanes, cross-section). In each section a winter census of 
crossing animals was carried out by counting their tracks in the snow.  
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Graph 1: Relative densities of animals crossing at each section (%) in both seasons 

 
 
From the graph it is clear that there was a great difference in the number of animals crossing in each section. 
This can easily be explained by a suitable or unsuitable combination of the factors assessed, e.g.: 
• The least busy section B (55%) saw the merging of two positive factors: (i) a two-lane road, (ii) suitable 

type of biotope – forest, field. On the other hand the fact that the road leads through a deep cutting is less 
beneficial.  

• In sections C, D (filled-in valley), E the road has four lanes and is thus harder for animas to cross. 
In contrast, e.g. section A should have very good crossing conditions (two-lane road, level ground, vehicles 
clearly visible to animals, field biotope on both sides), yet migration here is very infrequent. One possible 
explanation is the low level of migration pressure in this section.  

Migration pressure in the territory has turned out to be a fundamental factor. Corridors regularly used by animals 
crossed the road at points which are unsuitable in engineering terms, despite the fact that just a few tens of 
metres further along there was a much better crossing point (for a more detailed assessment of the results see 
Andělová, 2004).  

The overall survey confirmed the general conclusions for the assessment of the traffic effects on animal 
migration:  
1. The planning phase for new roads must always be based on a detailed zoological survey which maps the 

main migration routes of animals in the given territory. These routes must then be respected when selecting 
routes and proposing measures for migration. The disturbance of major migration routes (in this case deep 
valleys with water-courses) may have serious consequences.  

2. The overall intensity of migration across the given road is always determined and influenced by many 
partial factors which are mutually interconnected. Therefore the combination of these factors must always 
be considered.  

 
 
5.4.  PROGNOSIS OF FURTHER DEVELOPMENT  
The principle behind the method of determining unfragmented areas on the basis of the limit 
intensity of the fragmentation factor allows us to make a framework prognosis of future 
development. Fragmentation caused by traffic is a good example of this. The prognosis can be 
made on the basis of two standpoints: 
a) Increase in traffic intensity – the gradual rise in motor transport leads to a situation where 

traffic intensity on a certain road exceeds the limit value of 1000 vehicles/day, thus 
splitting the UA polygon. To model this phenomenon we can use a nationwide prognosis 
of the development of traffic and the consequent growth coefficient. The application of 
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this procedure on the territory of the CR for the years 2013 and 2025 can be seen on maps 
13 and 14. The results show that in comparison to 2000, by the year 2013 the UAT area 
will be reduced by approximately 5 % and by 2025 by 13 %; this is only due to the rise in 
traffic intensity. 

b) The construction of new transport infrastructure – the building of new motorways and 
roads will lead to further fragmentation, thus intensifying the effect described in the 
previous point. 

 
 
5.5.  PLANNING MEASURES TO PROTECT SPECIES 
The method may be a suitable tool for planning measures to save the species which are under 
threat from changes in the environment and the subsequent fragmentation of the populations. 
If we know the present distribution of a species, its environmental needs and the limit 
parameters of barriers, we can use the analysis to estimate a landscape’s potential for this 
particular species as well as to predict how the population will develop (naturally with regard 
to other risk factors). The procedure for these and other applications is described in more 
detail in chapt. 3.  
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6.  CONCLUSION 
 
The issue of fragmentation is not a new problem. The attempt to preserve larger, integral parts 
of the landscape with a particular significant characteristic is linked with a range of legislative 
and planning measures, such as specially protected areas, NATURA 2000, territorial system 
of ecological stability, specially protected areas, landscape monumental zones, silent zones, 
landscape planning zones. It must be emphasised, however, that the importance of 
fragmentation of the environment is ever on the increase. More and more species of animals 
face a reduction in environments suitable for them, so the fragmentation of the populations is 
nowadays one of the principal factors threatening the biodiversity of the environment. Factors 
leading to fragmentation also have an effect on man himself, as the landscape becomes ever 
less inhabitable. A look into the future brings other risks. In addition to the ceaseless pressure 
on the landscape there is also the threat of climatic changes, stressing the need for landscape 
connectivity.  

It is therefore essential to make use of all the options offered by landscape planning and the 
legislation to attempt restriction of this decline. The methodical procedure described here and 
the subsequent maps at the nationwide level give a new look into this problem and may 
provide the preliminary groundwork for a gradual solution. This is rather due to the fact that 
the aim of this approach is not to create another category of “protected territory” which 
forbids other activities in the landscape. On the contrary, it is a tool which should help find 
the best ways of achieving a balance between the economic, social and environmental 
keystones of sustainable development. 
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7.  GLOSSARY OF SELECTED TERMS 
 
Tab. 1: General terms 
term definition 
fragmentation                   
(of landscape, of biotopes, 
of populations) 

the splitting of an originally connected  landscape (of biotopes, populations) into 
smaller parts, which gradually lose the properties and capability of the original 
whole 

territory the area which an animal defends against other members of its species 
home range  the territory which an animal uses regularly 
migration movements of animals far from their original  home range  
ecosystem a functional set of living and inanimate components of the environment which are 

linked together by the exchange of substances, flow of energy and transfer of 
information and which are influenced by each other and develop in a certain space 
and time 

biotope a collection of all the inanimate and living agents which act together to form the 
environment for a particular animal, species, population, society. The biotope is like 
a local environment which meets the needs typical for species of plants and animals 

landscape part of the earth’s surface with a characteristic relief, made up of a set of 
functionally interrelated ecosystems and civilization elements 

biodiversity the diversity and heterogeneity of organisms and their environments 
metapopulation a set of locally connected populations in a fragmented landscape 
source population a population where natality exceeds mortality 
sink population a population where mortality exceeds natality  
inbreeding the mating of closely related individuals 
fitness an ability of the population to leave behind descendats with they genes they disperse  
barrier effect of roads  an overall effect of roads, which in the landscape present a barrier to animal 

movement 
migration point a point permitting animals to migrate across roads (barriers)  
specially protected species 
(SPS) 

an endangered, rare or scientifically or culturally significant species  

specially protected area 
(SPA) 

territory unique or of great significance in terms of natural science or aesthetics  

landscape character particularly the natural, cultural and historic characteristics of a certain place or area 
nature reserve territory serving to protect the identity of the landscape 
landscape monumental 
zone 

territory of residential estates or part thereof with smaller proportion of cultural 
monuments, historical environs or part of a landscape unit of significant cultural 
value 

Natura 2000 an integrated European network of territories designed to protect the most seriously 
threatened habitats and species in their natural distribution area in a condition 
favourable to protection or permitting the renewal of such a condition 

territorial system of 
ecological stability (TSES) 

a mutually interrelated set of natural or altered, although naturally close, ecosystems 
which maintain a natural balance 

biocentre a basic structural components of an TSES, the size and ecological conditions of 
which allow the permanent (or at least long-term) existence of target species and 
societies of the landscape gene pool 

biocorridor a basic structural components of an TSES which connects biocentres 
significant component of 
landscape (SCL) 

an ecologically, geomorphologically or aesthetically valuable part of the landscape 
which gives it a characteristic appearance or helps to maintain its stability (forests, 
peat bogs, water-courses, ponds, lakes, flood plains) 

Environmental Impact 
Assessment (EIA) 

the process of assessing the impact on the environment in accordance with law no. 
100/2001 Coll. on the assessment of impact on the environment 

Strategic Environmental 
Assessment (SEA) 

the process of assessing environmental concepts in accordance with law no. 
100/2001 Coll. on the assessment of impact on the environment 

landscape planning an activity which systematically and comprehensively deals with the functional use 
of territory, determines the principles of its organization and provides material and 
temporal coordination of building works and other activities affecting the 
development of the territory 

land plan of large unit of defines the limits and layout of the territory in question as regards major 
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territory development areas, main traffic corridors, technical infrastructure, TSES and other 
sub-issues 

GIS geographical information systems 
 
Tab. 2: Methodical terms 
term definition 
area of interest a wider area which is assessed in terms of the impact of road building on the 

environment. It applies to the entire section under assessment (mostly sectional 
structures). The extent covers tens of sq km 

territory of interest the area where the routes of animals and land-based traffic routes cross, where there is 
a relationship between migration and traffic and the effect of other disturbances. The 
extent covers sq km. 

assessed section a section of road which is the subject of an ecological and technical study, which 
involves the definition of the basic conditions for migration profiles (this often 
concerns the documentation for the EIA process or the documentation for decisions 
concerning land. 

relevant section a section of a road route which is taken into account for the optimalisation of migration 
parameter when assessing a particular migration profile. It is given by the distance (d) 
to both sides from the migration profile. 

migration route route regularly used by migrating animals. Exists independently, regardless of land-
based traffic routes; its parameters are frequently assessed before starting a road-
building project. 

migration profile the point where a migration route crosses a land-based traffic route. This is where the 
biotic and technical aspects clash; migration functionality (migration potential) is 
assessed separately for each migration profile. 

migration passage a structure on a land-based traffic route built for the purposes of animal migration, or 
permitting this migration as a secondary phenomenon and assessed in this respect. 

migration potential likelihood that a migration profile will function. It comprises the two independent parts 
of the ecological and technical migration potential. 

unfragmented area with 
traffic (UAT) 

part of the landscape bordered by roads with a traffic intensity exceeding 1000 
vehicles/day, or multi-track railway lines of a size greater than or equal to 100 sq km.  

polygon another term for a UAT. 
effective area (EA) established variable, area inside the polygon which can actually be used by a particular 

species. 
potential barrier (PB) established variable, model estimate of the presence of focal points of future 

fragmentation inside the polygon, comprising various sections of roads with differing 
traffic intensities which encroach upon the polygon. 

SWOT analysis analysis of Strengths and Weaknesses, Opportunities and Threats for a given territory. 
method of unfragmented 
areas (MUA) 

working name used for the procedure assessing fragmentation of territory. 
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9.  APPENDIX - ILLUSTRATIONS 
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