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ABSTRACT 

Environmental fragmentation and habitat reduction are among the most widespread factors that 
cause biodiversity loss.  Transportation infrastructure is the principal element that determines 
and exacerbates such conditions. The infrastructure system is a barrier to movement for most 
non-flying terrestrial animals because of obstacles like guard rails, new-jerseys, walls, 
enclosures and vehicular traffic. Each obstacle creates a different degree of occlusion which acts 
on the various species in different ways. The present study proposes a methodological approach 
to compare the technical characteristics of roads with their impact on wildlife movement. The 
analytical procedure is called “Infrastructure Obstruction Profiling” (IOP). It is presented as a 
longitudinal diagram of the transportation infrastructure along which the degree of interference 
is expressed in consideration of the entity and the typology of obstacles that are present. The 
data obtained could support studies of environmental evaluations and inform mitigation 
measures to reduce habitat fragmentation.  

 
INTRODUCTION 
 
Fragmentation of landscapes caused by road networks of all types is increasing globally. 
Negative effects are compounded by urban residential areas, as well as commercial and 
industrial areas scattered along rural roads (Jaarsma 1997). The main adverse effects on 
ecosystems caused by roads include chemical and noise pollution, invasion of exotic species, 
declining adjacent area quality and habitat loss, wildlife mortality, environmental fragmentation 
and reduced ecological connectivity (Jaarsma and van Langvelde 1997). 
  
Road accidents involving wildlife are an important consideration in transport infrastructure 
design. In Europe, over 500,000 ungulate-vehicle collisions (stags, roe deer, fallow deer and 
wild boars) have caused about 300 human fatalities, 30,000 human injuries and 1 billion Euro in 
material damage (Dinetti 2000). In Italy, this type of road accident accounts for approximately 
2% of the total and, according to ISTAT (National Central Statistical Institute) data, between 
1995 and 2000 there have been over 2,000 animal-vehicle collisions, of which, 76 caused 
human fatalities. 
 
When roads cross or are adjacent to ecological networks (Noss 1991; Sabo et al. 1996; Bennet 
1999) the disturbance caused to wildlife populations is particularly significant as their 
movement along natural corridors is hindered by the presence of anthropogenic barriers. 
  
Of the European countries, Italy has the least experience and sensitivity towards “road ecology” 
(Forman et al.  2002), already well-established in northern Europe and the USA since the 
seventies and eighties (van Gelder 1973; Leedly 1975; Erickson et al. 1978; Wilkins and 
Schmidly 1980; Ballon 1985; Camby and Maizeret 1985; Schultz 1985; Der Bundesminister 
Für Verkehr 1987; Podloucky 1989). 
 
The aim of this paper is to introduce a technical tool, called “Infrastructure Obstruction 
Profiling” (IOP) to quantify fragmentation effects that existing or planned roads have on 
wildlife within the framework of the “road effect zone” (Forman and Deblinger 2000; Coffin 
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2007). This tool may help reduce the costs of mitigation significantly, particularly in the design 
phase. IOP makes it possible to analyse the ecosystem fragmentation caused by a project, 
allowing us to make technical changes on a case-by-case basis, thereby limiting the “barrier” 
effect that the road has on the movement of target species. 
  
IOP is aimed at road projects as a tool to support Environmental Impact Assessments and 
Environmental Incidence Assessments as required by European Directives 85/337/EC of 27th 
June 1985 and Habitat 92/43/EEC. Examples on existing roads described in this paper are taken 
from experience gained in central Italy in study areas in the regions of Umbria and Abruzzo, 
where infrastructure causes severe territory fragmentation for species (see Fig. 1 and 2) of 
conservation interest.  
 

 
Figure  1  Roads without physical barriers in which it is possible to have  many accidents  

between vehicles and animals. 
 

 
Figure  2  A multiple barrier formed by railway, high-speed railway and highway 

 
METHODS 
 
Roads vary considerably in relation to local geography and the landform of the territory. Some 
roads are completely isolated from the surrounding context.  Fencing or geological protection 
nets can form an insurmountable barrier for most terrestrial tetrapods and macroinvertebrates. In 
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this case, which generally concerns motorways, some railways and many roads on potentially 
unstable landforms, the adjacent habitats are highly fragmented (the extent of fragmentation 
depends on the height of fencing, as well as the form and size of nets). In these cases, the 
fragmentation impact on habitats is severe, but the virtually inaccessible road also reduces the 
accidental killing of wildlife by vehicles to a minimum. If the road is not fenced off then the 
different circumstances summed up in Fig. 3 may occur. 
  

 
Figure 3  Technical types of road sections 

 
The special cases b2 and c2 do not essentially cause fragmentation, even though, in the b2 case, 
the height of the road from the ground may hinder crossing by some species. In other cases, 
ecological connection between habitats crossed by infrastructure is certainly affected, but not 
interrupted in theory. This is particularly true in case a, while in the other cases there may be a 
change or reduction in connectivity depending on the landform profile of transverse sections. 
The obstruction caused by infrastructure is all the more significant when the road section c 
becomes “canyon-like”, lying at the bottom of deeply excavated areas, or when types c and d 
are on extremely steep natural landforms. In the latter case, escarpments and embankments are 
either very high and steep or replaced by supporting walls, thus creating an obstruction of biotic 
flows similar to that caused by fencing as described earlier. 
 
If sections a, b, c and d have a profile that is not too exaggerated, they can be crossed by all 
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terrestrial species and then the real problem becomes the disturbance caused by vehicle traffic. 
If traffic flow is very high, then both the continued usage of the carriageway and side effects 
such as noise, pollution and lighting will create a condition of significant obstruction, thus 
almost entirely deterring wildlife from crossing (Rhe and Seitz 1990; Findlay and Bourdages 
2000). 
  
At a road section used for measurement, if traffic flow is equal to n vehicles/h, the time during 
which the section is transit-free will be:  
 

� t = 1/n 
 
The probability of successful road crossing by terrestrial wildlife therefore depends on  average 
speed of movement of animals of various species, road width and length, and width of travelling 
vehicles and their average speed, if � t remains constant (Romano 2002; Battisti and Romano 
2007). These considerations show the possibility of developing a very detailed biological 
obstruction coefficient for vehicle traffic involving the use of numerous variables. 
  
However, the key data required is currently scarce in Italian Territorial Information Systems and 
extremely difficult to process, even if we want to produce ad hoc data for individual projects, 
given that traffic flows on road sections differ considerably depending on the season or time of 
the day or night. 
  
To reduce fragmentation caused by existing infrastructure when road-crossing interference due 
to traffic is significant, we need to carry out works.  In the case of sections a, c and d this is 
extremely difficult both technically and financially, as it requires ecoducts or culverts. In these 
cases, works are generally inadvisable, unless it is necessary for a species of great conservation 
interest. Important examples may be found in the Netherlands, Canada, Switzerland, Germany, 
Hungary and Norway (Bekker and Iuell 2004; Dinetti 2004; Trocmé 2006); these involve actual 
bridges that cross roads, equipped with vegetation on the extrados in order to create multiple 
and parallel ecosystem strips for the movement of various animal species from one side of the 
road to the other. 
  
In the b1 case, projects involving culverts are feasible (Velasco et al. 1992; Yanes et al. 1995; 
Rosell and Velasco 1999) with the inclusion of connecting elements and longitudinal 
“inducements” that may be used by some species of meso- or micro-mammals, amphibians and 
reptiles (Malcevschi et al. 1996; Dinetti 2000; Merrow 2007).  In some cases, it is however 
possible to exploit the culverts already in place for the channelling of water (Fig. 4), but useful  
for reducing the road barrier effect for many species of fauna.  We can increase their use by 
local wildlife by improving the substrate and implementing measures to re-naturalise the 
passageway. 
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Figure 4  Some culverts builded for hydraulic aims 

��

Although, as mentioned previously,  high traffic flows create almost insurmountable barriers, 
very low traffic flows, especially those relating to road sections with a minimum obstruction, 
such as those of type a, are certainly not harmless. Low traffic flows entail a low disturbance 
level, creating conditions of apparent peacefulness in the area adjacent to the roadway and 
therefore do not deter wildlife crossing and frequenting the road area, thus increasing the 
probability of accidental wildlife-vehicle collisions, compared to more heavily trafficked roads 
(Scoccianti 2006). 
  
Road mortality data, i.e. systematically classified data on animal-vehicle collisions, are not 
widespread, especially in Italy. This information is not easy to prepare and requires long periods 
of observation and data collection. However, if available, it provides a valid support to the 
analysis of critical road sections (Smith 2004). In the case of road and railway projects, this 
highlights the need for adequate information on ecosystems regarding the habitats, behaviour 
and mobility of resident species in the areas which will be crossed (Ferroni et al. 2006; 
Clevenger and Waltho, 2005). 
  
The greatest barriers to wildlife mobility coincide with multiple infrastructural belts , where 
there are motorways, railway lines and ordinary roads. In fact, the motorway alone, like railway 
tracks, causes total physical obstruction of the environmental connections of the territory 
(Romano 2000). This is due to continuous lateral fencing which prevents accidental or 
intentional entry of persons and animals (see Fig. 5). 
 
 

���  
Figure 5  Different typologies of road side barriers 
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In these circumstances, crossing points exist only when motorways or railway lines run in 
tunnels or viaducts, at least for animals of a given size. For this reason, a survey of 
infrastructure is a key element of an analysis of territorial continuity and in seeking potential 
ecological corridors. In the case of very long tunnels, the infrastructure in question does not 
cause any disturbance, not even noise, other than at the entrance and exit. In the case of viaducts 
and bridges on the other hand, especially along motorways where traffic occurs over 24 hours, 
although crossing is possible, noise and vibrations disturb wildlife movement. The extent and 
effects of this disturbance may be assessed only on a case-by-case basis, according to the linear 
expanse of the construction, its height from the ground and the general characteristics 
(Spellerberg 1998). Some experiences in the Netherlands have shown that certain ungulates do 
not get closer than 500-600 metres from motorways, but also that there have been significant 
losses in bird populations within 100-metre strips at the sides of roads (ANPA 1997; Reijnen et 
al. 1995). 
  
However, even if there are some longitudinal discontinuities of infrastructural barriers, we must 
also consider that, as in most parts of Italy, infrastructural belts are often associated with 
residential, or more often commercial and industrial buildings, in varying degrees of density. 
These form additional barriers and cause concentrated disturbances, even during the night (e.g. 
property fencing, lighting, noise and localised traffic).  
A high level of ecological obstruction is generally attributed to territorial sectors in these 
situations where opportunities to intervene are scarce. In-depth analysis of these contexts may 
instead lead to the identification of some plots of land - generally small - where potential micro-
permeability for some species may be identified and restored by adopting limited re-
naturalization measures. 
 
RESULTS 
 
As described above, IOP is a technical tool that highlights barriers, such as roads and railways, 
which hinder crossing by terrestrial vertebrates. It serves as a link between the strictly technical 
characteristics of road infrastructure and its interaction with the surrounding environment.  
The implementation process involves an initial phase to assess the obstruction caused by the 
road throughout its longitudinal expanse, regardless of current and future vehicle traffic volume. 
IOP is a longitudinal diagram of the road axis showing the different types of barriers and their 
technical parameters along the sides of the carriageway. There can be different sorts of barriers 
along roads ranging from simple escarpments, supporting or containment walls, fencing, to new 
jersey road separators, guardrails and anti-noise barriers; each type of barrier leads to different 
degrees of obstruction which affect terrestrial wildlife to a varying extents, depending on the 
ability or inability of animals to cross infrastructural section i considered by overcoming lateral 
barriers. It is only too clear that this ability is tied to the “performance” levels of animals of 
different species (speed, agility, leaping height and climbing skills); an obstacle that may be 
easily overcome by one species may be insurmountable for another. For example, a three-metre 
high, broad-mesh fence may be insurmountable for a large mammal, but will not block the 
passage of a reptile at all. 
  
The first piece of structural information on the road provided by IOP is tied to the landform of 
the territory and is the altitude profile. Then, the actual side barriers broken down by type and 
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geometry (height and length) are listed. Further elements registered in IOP concern the cross-
section of the road and its relation to the natural landform of the ground (i.e. level, embankment, 
cut and fill, cutting, terraced) (see Fig. 3). 
  
This structural analysis is followed by a functional analysis to measure the degree of obstruction 
of barriers for the species present in the ecosystems surrounding the road infrastructure. Given 
that IOP is an important tool for the study of ecological networks, the set of reference species 
will be those identified as target species, picked from among “umbrella” or “focal” species 
(Lambeck 1997; Andelman and Fagan 2001). 
  
For every species considered, the opportunity of crossing road section i is assessed; this implies 
overcoming the most occlusive lateral barrier among those present on both sides of the 
carriageway. The information on the degree of agility of species in overcoming the different 
types of barriers is obtained using expert-based procedures (Table 1) by consulting experts of 
the various species in question who can provide information on their probability of crossing the 
various obstacles considered (Romano et al., 2008; Ciabò et al. 2009) in the geographical areas 
in which the studies are conducted. IOP is represented in a diagram of  Figures 6 and 7:  Fig. 6 
shows an Infrastructure Obstruction Profile (IOP) implemented along the n. 3 national road 
(Flaminia) in Umbria region in which  have been indicated four obstruction levels in relation 
with 5 target species.  On Fig. 7 we have another IOP implemented along the n. 17 national road 
(Abruzzese and Appulo-Sannitico Apennine) in Abruzzo region. In this case have been 
indicated six obstruction levels in relation with 10 target species. 
On Fig. 8 it possible to see a map with symbols explaining the levels of species-specific 
obstruction by position for the target species considered  in the IOP of Figure 6. 
 

 
 

Table 1  Expert based table about degree of agility of species 
in overcoming the different types of barriers 
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Figure 6  IOP implemented along the n. 3 national road (Flaminia) in Umbria region.  

�

 
Figure 7  Another IOP implemented along the n. 17 national road  in Abruzzo region.  
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Figure  8  Map schemes of six obstruction levels (indicated by different size of lines)  

for the target species considered  in the IOP of Figure 6. 
 
 
CONCLUSIONS  
  
IOP can be used in many ways in infrastructure design and planning processes. Firstly, it is a 
flexible tool to gain information on the permeability of an area crossed by infrastructure, as it 
provides data that may be used at different levels: 
- broad scale, by indicating the areas with the highest probability of wildlife passage; 
- local scale and detailed level, by indicating if and where infrastructure can be crossed.  
This helps optimise the planning of ecological networks and, at the same time, identify places – 
even small ones - where one can intervene by implementing mitigation projects. 
  
It is important to stress that the data acquired through IOP should be supplemented by other 
additional information, in the case of projects concerning new roads or works to mitigate 
existing infrastructure. In the first case, it is essential to fit the new infrastructure in the 
territorial-environmental setting where it will be erected, by surveying and modelling the 
changes that it will bring about to the existing road system and the local ecosystem. In this case, 
it is useful to conduct interference analysis by applying thematic indices, such as infrastructure 
density and the infrastructure-related fragmentation index (Romano 2000). 
  
In the case of studies on existing road networks, instead, it is important to have data, collected 
using systematic and planned methods, on the various impacts produced by infrastructure, 
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especially those tied to traffic flows, such as pollution curves, sound  propagation functions, in 
addition to the number and species of animals killed in collisions  with vehicles. Besides the 
yearly average values of the aforementioned indices, it would be important to have data broken 
down per month, day and sample hour and season in order to relate them effectively with the 
phenology of the species, and also taking into account that the behaviour of a wild species 
towards barriers is not always the same in all the geographical areas of their range. 
  
As is only too evident, this data is hardly easy to collect and requires significant financial 
investment by organisations, as well as adequate extension of study and data collection time. 
The availability of information systems of the sort described herein would help enrich the 
database accompanying IOP significantly, thus making it possible to standardise it in a simple 
way, and include it among the means used to inform road or railway projects and in the 
assessment systems of such infrastructure (especially EIS).  
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