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INTRODUCTION

This study was conceived within the 'Life Strade' Project: "Demonstration
of an innovative system for the management and prevention of traffic
collisions with wildlife" (LIFE11BIO/IT/072), co-financed by the
European Commission under the LIFE programme.
The 'Life Strade' Project is scheduled to take place over 4 years (January
2013 - March 2017) and the regions that take part include Umbria, Marche,
and Toscana, and the provinces include Perugia, Terni, Pesaro-Urbino,
Siena, and Grosseto. The main goal is to provide guidelines on reducing
wildlife-vehicle collisions through:
•
testing of innovative precautionary measures and divulgation
of the results: interactive and simultaneous tools to alert drivers
and discourage animals from crossing at critical moments;
•
creation and promotion of a protocol for problem monitoring
and management;
•
creation of campaigns to raise awareness.
As part of our biodiversity conservation strategy, we thought our
guidelines must contain real life examples taken from the project
as well as standard best practices. The document will be attached to
a Memorandum of Understanding among the three aforementioned
regions and available through various public bodies, such as regions,
provinces, local authorities, etc.
This document is a collection of best practices developed to face
the problem of car accidents involving wildlife. The main topics are:
monitoring procedures of wildlife mortality on the roads, checking of the
car accidents preventive systems, and awareness raising campaigns.
The document is written in an easy way to be used as a sort of guide when
facing this phenomenon.
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1. FRAMEWORK

1.1 Road infrastructures: impacts on wildlife
Linear infrastructures are regarded as the primary modification on
natural environment made by man, due to their widespread and frequent
occurrence (Diamondback, 1990; Bennet, 1991; Noss and Cooperrider,
1994; Trombulak and Frissel, 1999).
The effect is enhanced by urban development and productive functions,
often linked to communication lines and automotive traffic.
To give an example, it has been calculated that in 2012, the average
overland journey undergone by a European citizen was 11,437km, for a
total of 6,391 billion passengers/km, of which, 72.2% are represented
by cars, 2% by motorbikes, 8.2% by buses, 6.5% by train or tram, and
1.5% by underground. Figures from the same year show 487 cars for every
1,000 people. (European Union, 2014).
As far as Italy is concerned, there are 183,705 km of roads including
motorways, regional and provincial roads, and national interest paths, with
a density of 59.4 km/km2; taking into account local routes, the figure
amounts to approximately 251,042 km (European Union, 2014), with a
density of 0.83 km/km2, which is slightly below the European average
of approximately 1.1 km/km2 (CIA World Factbook, 2014). We should
note at this point that investments on road modernization in Italy have
been much lower than in the rest of Europe, leaving Italy behind in
infrastructure rankings. Despite this, people still regard roads as the best
option for transporting people and goods (90%).
Having said this, even if the quantitative figure were to suggest a minor
impact on ecosystem and biodiversity, the reality is that an underdeveloped
system coupled with high usage plays a major role on traffic and,
consequently, has an impact on public health, safety and environment.
Human activities that affect the ecosystem are as follows:
• Chemical pollution: effects of traffic-related air pollution on the
environment are still underevaluated, however, according to some
researchers, there is a difference in the vegetation alongside busy
roads compared to less busy ones. In addition to the effects of
exhaust emissions, we need to take into account additives used for
road maintenance. To give an example, as a result of using salt on
mountain roads in cold weather climates, it has been observed that
there are changes in chemical water properties; moreover, sodium
chloride attracts species such as red deer and roe deer, increasing
the risk of accidents.
• Noise pollution: many species, primarily birds, are negatively
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affected by traffic noise. Many studies show a decreased number
of species within 200/300m of roads.
• Introduction of invasive alien species: the road sides become a
favoured channel/path for the dissemination of alien and often
fast growing plant species, which are generally used for the road
side management.
• Illegal dumping: people tend to illegally deposit waste onto service
areas or escarpments. Percolation caused by rain contaminates soil
and water.
• Habitat fragmentation: roads constitute real caesuras inside natural
habitats and cause a gradual reduction of natural environments'surface
and increase isolation of residual ecosystem patches.
• Reduction in the total area and quality of the habitat: the surface
occupied by roads is subtracted from the natural environments,
thus affecting also the neighbouring areas. In addition to that, we
should to add the surface needed for settlement expansion that
typically follows new roads'creation.
• Wildlife mortality: road accidents involve animals during their
hunting or migrations and the number is increasing, representing
a big risk for motorists.
• Barrier effect and connectivity loss: different barriers such as
guardrails, traffic dividers, noise barriers, jersey walls, retaining
walls, fences etc can split up habitat areas, causing animals to lose
both their natural habitat and the ability to move between regions to
use all of the resources they need to survive. The exchanges within
populations are reduced, sometimes creating meta-populations.
While the first four activities are not related to the infrastructure geographical
collocation, the other effects can be much worse if the chosen area
corresponds to an area of habitat connecting wildlife populations such as
core areas, buffer zone, wildlife corridor, stepping stones or restoration
areas. For this reason, once the major critical areas have been identified,
it is advisable to examine in depth using standardized methods that can
be repeated in different contexts and elaborate common intervention
strategies. In this context, a discipline called road ecology studies the
effects of roads on the environment.
1.2 Road ecology
Road Ecology links ecological theories and concepts with transportation
planning, engineering, and travel behavior. (Foreman, 2003) Road
Ecology started in the 90's as a branch of landscape ecology, elevating
previously localized and fragmented knowledge into a broad and inclusive
framework for understanding and developing solutions for building
roads, motorways and railways and as a tool for validation procedures
such as VIA, VAS, VIncA.
The term 'Straßen Okologie' was first seen in Germany, in an article on the
effects of infrastructures in 1981 (Ellenberg, 1981; van der Ree, 2011) and
later translated in 'road ecology' in the 90's and developed as a concept in
America. From that moment, the topic has been treated in many studies
and publicly debated in symposia and meetings.
However, we need to wait until 1996 for the two main organizations
to be born: the 'International Conference on Wildlife Ecology and
Transportation - ICOWET', later called 'International Conference on
Ecology and Transportation - ICOET' based on the American experience,
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and the European 'Infra Eco Network Europe -IENE', a network of
experts working on different aspects of transportation, infrastructure
and ecology. The two organizations are strictly linked and start to publish
manuals and best practice papers on the topic of road ecology, whose
foundation is Foreman's "Road Ecology, science and solution" (2003). At
the same time, the topic is debated within institutions like the European
Union. Inside the programme known as COST (European Co-operation
in the Field of Scientific and Technical Research), Action and IENE
work together on a handbook called "Wildlife and Traffic: A European
Handbook for Identifying Conflicts and Designing Solutions"(2003),
which becomes another foundational paper renown outside Europe.
As far Italy is concerned, manual and guidelines are primarily drafted by
regions belonging to the centre and to the north of the country. Their main
goal is to improve road safety, especially considering the circumstances
in which big mammals are involved in car accidents or when a species
is particularly endangered by mass accidents as in the case of frogs and
amphibians in general, hedgehogs, etc.
1.3 Road accidents involving wildlife in Italy
The number of road accidents involving wildlife in Italy should not be
underevaluated. 3% of total car accidents involved wildlife; 150 people
died in the period going from 1995 to 2005, while the number of severe
injured amounts to some hundred (Cerofolini, 2006). Road accidents
involving small animals have not been taken into consideration, still,
despite not having damaged cars or caused injuries to drivers, they do
negatively impact biodiversity. Unfortunately, the phenomenon has
not been studied on a national scale yet, therefore the only source of
information is represented by ISTAT, the National Institute of Statistics,
whose figures are not reliable. Car accidents, in fact, are not recorded in a
specific field if they involve wildlife, making it difficult to extract specific
pieces of information. For example, looking at the reports, in 2013, 452
on a total of 212,290 accidents are related to avoiding animals (0.2% of
total accidents), whereas 3,785 are related to a collision with an obstacle
involving wildlife as a cause (1.8%).
The best sources for more specific estimates on the topic are local bodies
designated to collect accident reports such as legal agencies, wildlife
observatories, etc., even though they can only provide information on
regional figures. To give an idea, according to the Piedmont wildlife
observatory, for the period 2000-2008, 6,478 accidents involved wildlife in
the region, while according to ISTAT for the period 1995-2000 the total
number for the whole country is only 2,083 accidents, not distinguishing
between wildlife and domestic animals. Despite the fact that the figures are
related to two different periods, they are so different that the phenomenon
needs to be addressed more accurately.
Road accidents involving wildlife have a high economic and social cost
and have a detrimental impact on biodiversity: to better understand the
situation, we can provide some data referring to the average costs of
accidents involving wildlife.
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Figure 1 Estimated damages on vehicles
and drivers for 10,000 accidents
analyzed. (Dinetti, 2008)
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Damages to vehicles are quite significant, especially if the accidents
involve large animals; in this case, damages have a cost from 370 to 2,200
Euros (Bacci, 2005) for an overall cost comprised between 771,000 and
4,582,600 Euros. This figure does not include damages to other objects,
nor medical expenses for drivers and other people involved.
In Piedmont, according to the regional wildlife observatory, the extent of
the damages varies according to the species affected and is around 2,900
Euros in case it involves a wild boar, 2,800 if it involves a red deer, and
1,800 if it is a roe deer. As far as Piedmont is concerned, from 1993 to
2002, on a total of 1,683 car accidents, the cost was nearly 2,906,639 Euros,
approximately 290,963 Euros per year (Corradori R., 2010). From 2000
to 2004, if we sum up compensations from the provinces and insurance
premiums, the extent of the damages sums up to about 1,600,000 Euros
(Picco, 2005). In addition, we would like to highlight the economical
impact derived from animals'death. For example, in an area called 'Valli
del Mezzano' (FE), a study on the topic known as 'Studi ambientali sul
Mezzano' aimed at providing a cost estimate has taken into account the
number of animals killed and their price on the market. For pheasants, the
total cost is nearly 12,500 Euros, and for hares 66,000 Euros (Pagnoni and
Santolini, 2006).
Generally speaking, in those regions where there are natural protected
areas with high naturalistic value which are home to significant wildlife
populations, the consequences are relevant, especially for biodiversity.
For many vertebrates, car accidents represent the main explanation
for mortality caused by man (Battisti, 2004). Although every species
is endangered, from terrestrial to birds (night predators are the most
vulnerable of all), some eco-ethological characteristics increase the risk,
for example those belonging to hedgehogs (according to Scaravelli, in
2000 more than 1 million hedgehogs lost their lives in Italian roads), toads,
and frogs, especially during certain times of the year. Generalist species
are more likely to be involved because they live in areas contingent to
human beings, as well as those whose home range is wide or are capable
of long distance movements. As reported by a study in Tuscany that took
into consideration 55 km of roads, a disturbing figure has arisen: 282,908
amphibians, 17,682 reptiles, 62,475 birds, and 76,228 mammals died in car
accidents (Scoccianti, 2001).
Another study in Abruzzo states that at least 66 roe deer died from 1st
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of January 2012 to 31st of August 2013 (Nonni, 2014), and 82 wolves
have been hit from 2005 to 2011 (Picella, 2013). Taking into account the
province of Pescara alone, 116 big mammals died in the period comprised
between 2002-2011 (Ciabò and Fabrizio, 2012) and a Marsican brown bear
was hit in 2013 in the province of L'Aquila along the A24 motorway.
On the whole, it has been estimated that in every Italian province
nearly 15,000 animals are hit every year; this figure, however, is purely
approximate as the phenomenon has never really been observed through
an appropriate monitoring scheme and, currently, we only have an insight
on specific areas or species.
The available figures are as follow; they refer to the period prior to the
current project but we need to highlight that they are limited to collisions
that have been officially reported by citizens and have happened along
provincial roads, hence their partiality, especially considering that some
collisions are not reported and even when it happens, they only relate to
wild ungulates. An updated database does not exist yet.
Province of Grosseto
In the period 2007-2012, in the province of Grosseto, 362 accidents
involving wildlife have been reported (excluding 27 collisions for which
we do not have specific information), for an average of 60 crushes per
year. The number of crushes did not rise significantly throughout the
observed period. (R2=0.13; F=0.6149; df=4; p=0.4768)
Figure 2 Car accidents involving
wildlife in the Province of Grosseto,
period: 2007-2012 (n=362)

number of accidents

Province of Grosseto

value

Of all the species involved, the main victim is the wild boar, followed by
fallow deer and roe deer, whereas other species only represent 3% of the
total. We have not taken into account 3 accidents where the species was
not indicated.
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Figure 3 wildlife percentage in car
accidents in the Province of Grosseto,
period: 2007-2012 (n=359)

BOAR
ROE DEER
FALLOW DEER
OTHER
SPECIES

Province of Terni
In the period 2003-2012, in the province of Terni, 342 accidents involving
wildlife have been reported (excluding 7 collisions for which we do
not have specific information), for an average of 34 crushes per year.
The number of crushes rose significantly throughout the observed period,
from 9 in 2003 to 60 in 2012. (R2=0.9185; F=90.14; df=8; p<0.05) (Figure 4)

number of accidents

Province of Terni

value

Of all the species involved, the main victim is the wild boar (81%),
followed by roe deer (9%), hedgehog (4%), and fallow deer (2%), whereas
other species represent 3% of the total. (Figure 5). We have not taken into
account 6 accidents where the species was not indicated.

Figure 4 Car accidents involving wildlife
in the Province of Terni, period: 20032012 (n=342)
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Figure 5 wildlife percentage in car
accidents in the Province of Terni,
period: 2003-2012 (n=336)
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Province of Perugia
In the period 2003-2012, in the province of Perugia, 2443 accidents
involving wildlife have been reported (excluding 28 collisions for
which we do not have specific information and 1 involving a dog),
for an average of 244 crushes per year. The number of accidents rose
significantly throughout the observed period. (R2=0.928; F=103.1;
df=8; p<0.001) (Figure 6)
Figure 6 Car accidents involving
wildlife in the Province of Perugia,
period: 2003-2012 (n=2442)

number of accidents

Province of Perugia

value

Of all the species involved, the main victim is the wild boar (58%),
followed by roe deer (29%), fallow deer, and hedgehog (5%), while other
species represent 4% of the total, including 7 wolves. (Figure 7). We have
not taken into account 84 accidents where the species was not indicated.
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Figure 7 wildlife percentage in car
accidents in the Province of Perugia,
period: 2003-2012 (n=2359)
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Province of Pesaro-Urbino
In the period 2004-2012, in the province of Pesaro-Urbino, 3523 accidents
involving wildlife have been reported by the regional wildlife observatory
(2004-2009, n=646) and by CRAS (a wildlife rescue centre; n=2877). The
analysis has been carried out just on 1013 accidents as CRAS has been
taken into consideration only for the 11 roads under the LIFE project. The
average is of 113 crushes per year. The number did not rise significantly
throughout the observed period although this can be due to the partiality
of the data considered. (R2=0.3118; F=3.172; df=7; p>0.05) (Figure 8)

number of accidents

Province of Pesaro-Urbino

Figure 8 Car accidents involving
wildlife in the Province of PesaroUrbino, period: 2004-2012
(n=1013)

O
f
all the species involved, the main victim is the roe deer (73%), followed
by wild boar (9%), fallow deer (6%), badger (4%), and hedgehog (4%).
Other species represent 4% of the total, of which 6 were wolves. (Figure
9)
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Figure 9 wildlife percentage in car
accidents in the Province of PesaroUrbino, period: 2004-2012 (n=1013)
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Province of Siena
In the period 2004-2012, in the province of Siena, 870 accidents involving
wildlife have been reported (excluding 28 collisions for which we do not
have specific information and 5 involving domestic animals), for an average
of 97 crushes per year. The number rose significantly throughout the
observed period, from 29 in 2004 to 167 in 2012. (R2=0.9081; F=69.14;
df=7; p<0.005) (Figure 10)
Figure 10 Car accidents involving
wildlife in the Province of Siena,
period: 2004-2012 (n=870)

number of accidents

Province of Siena

value

Of all the species involved, the main victim is the roe deer (55%), followed
by wild boar (35%), and fallow deer (7%) while other species only represent
2% of the total. (Figure 11)

12

Manual for mitigating the impact of roads on biodiversity

Figure 11 wildlife percentage in car
accidents in the Province of Siena,
period: 2004-2012 (n=870)
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1.4 Intervention after wildlife-vehicle collisions
Observing laws and regulations on road safety, wildlife first aid,
carcass disposal, and compensation, we can underline the absence of a
standardized procedure after wildlife-vehicle collisions that is relevant for
the whole country. The increasing number of accidents and the lack of
national procedures have determined the spring of a series of methods,
procedures and regulations different for every region. Heterogeneity
is amplified by lack of information on the topic, therefore, drivers do
not really have a full knowledge of the procedure in case of a collision
involving wildlife. A considerable issue regards the identification of
the compensation authority. In Italy, in fact, there are different bodies
dealing with the matter, as it is not clear whether the responsibility
should lie on the State, Regions or other authorities such as Provinces.
As a consequence, every Region has different system in place, usually
including funds for the victims with regulations that may vary according
to the type of damage, percentage of compensation on the total damage,
and documents to be submitted.
Another issue regards wildlife first aid: despite the existence of a specific
law (L. 189/2010 comma 9-bis) in accordance with the European
Convention on animal protection that obliges motorists to provide first
aid to animals hit by automobiles, even if they are not responsible for
the collision, there is no indication of the authority that should take care
of the animal. The topic is so obscure that not even police have clear
indications, except Provincial Police.
In addition, there is a lack of financial and human resources, for an adequate
public service; the subject relies upon wildlife authorities, responsible
for finding the above-mentioned resources, usually from hunting taxes.
Wildlife-vehicle collisions have a huge impact on biodiversity and on road
safety hence on public administrations resources.
Another problem is represented by carcass disposal; the lack of specific
standardized regulations contribute to confusion in assigning responsibility
to Councils or Provinces for carcass disposal. According to some, carcasses
cannot be treated as urban waste under the law 152/2006, whereas others
state that they should be treated under the European regulation n. 1069.
In order to address the topic appropriately, there is a need to come to a
univocal interpretation of the regulation in force:
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1. individuation of the main law to be followed: L.152 or European
regulation n. 1069, regarding carcass disposal and first aid;
2. promotion, in collaboration with the national association for
insurances, of insurances that cover damages to wildlife;
3. elaboration, in collaboration with Police, of a procedure of
intervention for wildlife-vehicle collisions;
4. sharing and adoption of the procedure among authorities;
5. correct means to inform people on the above mentioned procedure.
It is also necessary to identify financial resources to develop a net
professionals and vets capable of dealing with injured animals, to provide
means of transport for injured or dead animals, medications, hospitals,
and to deal with carcass disposal.
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2. MONITORING
PROCEDURES

2.1 Wildlife road mortality
As mentioned before, wildlife road mortality is a phenomenon that
is not homogeneously observed along the country but is indeed more
relevant to those areas where ecological system and infrastructures meet.
Understandably, when roads pass through an area with a high natural
presence, the impact on the ecosystem is stronger as animals cannot move
freely along their natural path.
Other factors such as traffic and road structural characteristics play a
major role too: size, presence of barriers, section, carriageway width etc.
can increase the number of collisions.
In order to prevent accidents and mitigate the consequences, spotting the
areas where the phenomenon is more present is of paramount importance,
and this is true for future roads as well as for current ones.
In both cases, we need to take into account many factors to be able to
apply the principles of the road ecology, choosing the most critical areas
where to intervene with ad hoc strategies.
When an infrastructure is already in place, we need to monitor wildlife
mortality using a standardized, replicable procedure that takes into
consideration structural and environmental characteristics. This approach
is even more cogent when planning new roads and should be used to
compare results from different areas.
Monitoring current infrastructures would also give an idea of the results
of the approached based on road ecology.
Wildlife mortality database is generally based on two types of observation:
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• information deriving from routine or occasional activities.
• information deriving from appropriate monitoring.
The first refers to inspections after collisions carried out by provincial
police, ANAS, etc, and to spontaneous reports from citizens, highlighting
critical areas.
The latter refers to surveys carried out at regular intervals once the critical
areas have been spotted or, when procedures are already in place, to check
their efficacy. In this case, roads must be checked regularly at specific times.
The first type of observation gives us an insight on big animals involved
as they are more likely to be reported, and the kind of information is
very much linked with road safety. During the second type of observation
smaller animals are recorded, such as birds, amphibians, reptiles, and micro
mammals, and the accent is more on preserving biodiversity. In addition
to this, private citizens can be at hand with voluntary calls about deceased
hedgehogs, squirrels, badgers, etc that can be spotted on the roads.
Nevertheless, we need a standardized monitoring system in place to give a
precise estimate about wildlife road mortality.
Inside the current project, in order to carry out a statistical study, we
have identified the type of data needed to be recorded and integrated in
a geo-database using GIS software, so to have a clear map of the most
endangered species and critical areas. Since it is fundamental to have
homogeneous data, a single authority should be in charge of recording,
managing and dealing with entries in the database.
As far as the database is concerned, its structure relates to the findings
of the LIFE strade project, especially regarding Azione A4: 'creation of a
geo-database to identify critical roads for biodiversity'. In order to avoid
mistakes in recording and managing pieces of information about wildlifevehicle collisions, it is paramount to have a standardized procedure and
coordination among the authorities, to avoid redundancies and facilitate
data sharing.
Usually the designated authority is the Region, both for its functions
(protected areas, hunting, infrastructures, etc.) and territorial competencies,
thanks to the different offices that belong to it, such as wildlife observatory,
department of the environment, road safety, etc.
The authority is responsible for providing other organizations responsible
in case of collisions (provincial police, road police, CFS, ASL, etc.) and
people involved (volunteers, associations, drivers) with monitoring forms
for data collection. Once reported, data should be entered in the database
only by the above mentioned authority.
2.2 The wildlife mortality form
Any time an injured or dead animal is found on a road after a collision,
specific details should be compulsory recorded, as in the example that
follows.
The form should be available from any organization involved and must at
least include:
Date of the collision or animal recovery;
• Time,
• location.
• species.
Survey details:
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• name and surname of the agent.
• authority.
• contact details.
• name and surname of the witness.
• number/code of the report.
Contact details are fundamental because the agent can be contacted for
clarifications or missing parts. The authority where the person belongs
to is indeed very important to differentiate the reliability of the source:
drivers are less likely to be as expert as the rescue people. The report
number is needed for traceability and avoidance of redundancies.
Location data:
• date of collision or injured/dead animal recovery.
• time.
• town.
• road code or denomination.
• Km.
• GPS coordinates (WGS 84).
This part of the form gives important information in order to carry out an
analysis of the time and spatial distribution of accidents. Different levels
of precision are accepted, from town name and relative road, exact road
chunk, to Google maps until GPS coordinates. The use of smartphones
has made it easier to determine the species involved:
Wildlife details:
• species (sex and age).
• animal present at inspection (dead, injured, alive).
• animal not present (signs: fur, blood, other).
• photo.
In order to fill this part, the agent must be able to recognize the wildlife
in the area.
Type of road and habitat:
• type of roadway (at grade, halfway up the hill, in trench, viaduct,
tunnel, etc.).
• barriers (no barriers, guardrail, net, wall, etc.).
• surrounding environment (woods, urban, agricultural, uncultivated,
etc.).
The person who fills this part must be able to recognize the characteristics
of the road; firstly, he needs to recognize the type::
a) 'at grade': road surface is at the same level of roadside; no gaps
are present.
b) 'in trench': road surface is lower than roadside; acclivity varies along
the road, adjusting to ground variations and engineering works.
c) 'embankment': road surface is higher than roadside; acclivity varies
along the road, adjusting to ground variations and engineering
works.
d) 'halfway up the hill': road surface cuts through a hill or mountain.
e) 'tunnel': road surface cuts through a morphological drop.
f) 'viaduct': road surface is suspended on pillars.
Secondly, he needs to identify any barrier:
1) wall: along the sides of the road, in different heights
2) net: along the sides of the road, in different heights and shapes
3) guardrail: standard dimensions
4) jersey walls: concrete blocks that separate one or more lanes,

17

Life Strade

Figura 12 Sample of wildlife
mortality form

temporary or permanent.
5) barriers: no obstacles
Finally, type of habitat must be reported, to better understand critical
areas.
Damage details:
• damage description and estimation (related to the car, driver, etc.).
It is important to understand the level of danger for motorists. Damages
to cars can be reported as: null, negligible, medium, severe; to drivers: null,
superficial wounds, admitted to hospital, death).
Notes:
• any observation
Useful to understand collision's details.

Name and Surname
Institution
Contacts
Verbal code / number
Detection date
Detection time
District
Road Name
Km
Species
Gender
Age class
DECEASED
Road type

Left Barrier
Center Barrier
Right Barrier
Vehicle Damage
Driver Injuries
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ALIVE

grade level

under grade lv

Wall

Net

on elevation

half coast

tunnel

viaduct

Free

Other

Manual for mitigating the impact of roads on biodiversity

2.3 Specific monitoring
Based on specific projects'results, such as LIFE strade project, specific chunks
of roads can be systemically monitored by authorities. Some of the possible
reasons may be: high number of collisions, extremely endangered wildlife
presence, environmental changes, road modifications, check of road ecology
procedures in place.
The monitoring must follow standardized procedures. These road portions
must be periodically monitored, at least twice a week, travelling at an average
speed of 30kph, and checking ditches, if present. For this reason, it is better
to travel on bike or walk. Since the majority of accidents happen during the
night, checks must be performed at dawn, before carcasses are removed,
stolen (ungulates especially), or eaten by other animals.
Minimum criteria for standardization
Monitoring frequency
≥ Twice a week
Speed
≤ 30 Km/h
Timing
Dawn
Technique
Wildlife mortality form

Wildlife mortality monitoring needs to be supported by traffic analysis, type
of road and environment analysis and check of possible passages such as
underpasses or overpasses.
2.4 Database management
Databases are fundamental tools to store and access data, and for this reason
it should be accessible by every authority dealing with wildlife. Its maintenance
and implementation, however, must be performed only by the responsible
authority to avoid repetitions and errors, and it should be a designated office
of the Region.
The main steps for a correct usage can be summarized as follows:
1. designation of the responsible office (in this case the Region).
2. database management performed by a specific service.
3. Database availability to every authority dealing with wildlife and road
maintenance. Database updating can be done in two different ways:
− creation of multiple databases, one for each authority, all
sharing the same structure and filled by the different agents,
assigning a specific code. Every agent is tasked with periodical
reports and the Region is tasked with updating the database.
− the Region is tasked with entering data and updating the
database with the information, assigning a specific code.
The main advantage of the first case is that it is possible to have a
snap-shot of the situation as it evolves, while with the latter it is easier
to avoid errors and repetitions.
The suggested structure is a geodatabase or, anyway, a relational database
that is GIS compatible. With this open model it is possible to archive simple
geometries (dots) and is compatible with the most common databases (DBMS
multiuser, personal geodatabase through Microsoft access).
In this handbook, for a matter of continuity with the LIFE strade project, we
have analyzed the main characteristics of the database created for azione A4
"creation of a database to identify high-risk roads endangering biodiversity":
• adherence to the requirements of the DigitPa (national authority
for digitalization in Public Administration) and of the INSPIRE
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legislation (D.Lgs 32/2010) and DPCM legislation (11/11/2011);
ESRI shape file and dbf in KML format for Google Earth;
georeferencing: datum ETRS89-ETRF89UTMF33 improperly
called WGS84.
This is translated in a geometric file, made of georeferenced dots that
correspond to wildlife mortality records, paired with a database carrying
information about the accident (species involved, type of road, date, time, etc.).
Generally speaking, every cell of the first left column carries the identification
code and is related to a specific point in the map. in the columns that follow
there are the characteristics of the accidents: 'species', 'date', 'time', etc. (Figure
13), allowing specific statistical analysis (on species, area, etc) and, through
GIS applications, creating thematic maps.
•
•

Figure 13: Database created inside the
Life Strade project.
ID

PROVINCE

DATE

Figure 14: Graphic representation of
the reports archived on the geodatabase
inside the Life Strade project.
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2.5 Useful tools: smartphone app and tablet
The development and diffusion of ICT tools that can be easily
downloaded represent a very good opportunity for any user
(professionals, locals, tourists) to be part in the process of data gathering
and monitoring of accidents, following a 'citizen science' approach, a
new way of conceiving research where normal people become part of
a scientific process. Two main objectives are pursued: from one point
of view, drivers'sensitivity towards road mortality and biodiversity
preservation is increased, from the other a bigger contribution means
more data.
The idea is to recreate the same observation form on a smartphone,
allowing users to report an accident involving wildlife there and then,
using the GPS system of their mobile to give the exact position and
attaching pictures to enable the authorities to verify the data. This type
of app is spreading globally, for example in the United States, Canada,
and Africa. One of the best is called 'Road Watch South Africa' (EWT
Road Watch), and from 2013 is active in South Africa thanks to the
'Endangered Wildlife Trust'.
Figure 15: Two screenshots
of the Road Watch South
Africa App

Basic characteristics of this kind of app are:
1) Free downloading, from the official websites of the partner bodies
or app stores.
2) Sign up: using a nickname to upload information, helps the
authority to double-check the truthfulness of the single users.
3) Minimum level of accuracy: species, date and time, position.
4) Position can be stated using the road name, the exact km, GPS
location, or Google location.
5) Other info could include:
•

Details of the animal: sex, age, overall look, point of impact.

•

Details of the road: speed limit, type of road (motorway,
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regional, etc.), lane width, road section, road layout (turn or
straight), habitat, side barriers (guardrails, traffic dividers,
bridges, etc).
Under the LIFE Strade project, we have conceived a Web App following
the same principles, whose minimum requirements are:
1. Species: through a drop down menu;
2. 2. position: through the coordinates of the picture attached or the
GPS position from the mobile if they upload the info in real time,
otherwise via Google Maps;
3. Archiving: every report need to be included in the database and
then on a WebGIS system to be updated on a weekly basis.
Figure 16: Two screenshots
of the LIFE Strade App

2.6 Road layout analysis
Once the critical areas have been identified, in order to establish the best way
to mitigate the problem it is necessary to carry out an analysis of the road.
Firstly, what needs to be taken into account is the structure of the road
and the level of traffic, main factors against habitat integrity and wildlife
movements.
Secondly, the focus is on the area: type of soil, vegetation, urbanization, etc.
This analysis follows the principles of fragmentation and biopermeability
and sheds light on permeability on a large scale, identifying areas where
animals are expected to be more present, and on a smaller scale, identifying
where animals are expected to cross the road.
One of the methodologies that is becoming popular is called 'Profilo di
Occlusione' (PdO, literally 'occlusion profile', in other words, the capacity
of preventing animals from trespassing, Ciabò and Fabrizio, 2007;
Romano and others, 2011), a diagram where the technical characteristics
of infrastructures are represented in interaction with the ecological context
(Romano, 2011).
This type of analysis is used to assess the phenomenon on current roads as
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well as on plans for new ones, as a support for the environmental impact
assessments. PdO can, in fact, simulate the ecosystem fragmentation level
and show those possible variations that can mitigate the barrier effect on
the environment (Romano and others, 2009)
It is conceived as a longitudinal diagram of the road axis that shows the
interference grade with the environment, taking into consideration type of
road and current obstacles, and highlighting potential areas where animals
are supposed to cross the infrastructure. The different types of obstacles,
guardrails, jersey walls, nets, etc. must be clearly represented as they do
not have the same grade of efficacy for every species. For example, a 2m
tall large square wire mesh fence, is impassable for a big mammal and
useless for a reptile. The road is divided in sections of the same length,
and the actual length derives from the total extent to be analyzed, from the
complexity of the current barriers and from the target species. For every
section there is a clear indication of the barriers, for example, wall: less
than 0.7m, or wall comprised between 0.7m and 2m, fence, guardrail, etc.
After the structural study, a functional analysis is carried out, where the
occlusivity grade is assessed against specific species: for every species,
considering any barrier, there are 6 different grades of occlusivity to be
assessed (null without trespassing, null with trespassing, low, average, high,
complete):
• null without trespassing: the animals cannot cross the road
(tunnels, viaducts)
• null with trespassing: no barriers
• low: low level of blockage (e.g. wall<0.7m)
• average: average level of blockage (e.g. 0.7m<wall<1.5m)
• high: high level of blockage (e.g. 1.5m<wall<2m or fence)
• complete: impossible to trespass (e.g. wall>2m)
The choice to make a distinction between ' null without trespassing' and
'null with trespassing' is due to the fact that, according to PdO, it is more
dangerous to directly cross the road rather than via underpass or overpass.
The classification is highlighted in different colour shades according to the
occlusivity grade, then shown on a map with bolder lines according to the
permeability. This allows a representation that relates the infrastructure
effects to the presence of specific species using the same principles of
the thematic map (soil, vegetation, urbanization, etc.) to the mortality
data. Such information is vital to maximize the benefits of the ecological
networks and to identify critical areas where specific measures need to be
put in place.
2.7 Current passages efficacy evaluation
Almost every infrastructure show some sort of passages that, disregarding
their original purpose, can indeed work as a 'wildlife crossing'. they usually
are wide natural corridors close to viaducts, tunnels, underpasses and
overpasses, whose function is to flatten ground irregularities, facilitate
maintenance, sewage drain, etc. according to their shape and size, these
corridors can be used by wildlife to trespass the area without actually
crossing the infrastructure. Other factors to be considered are the
environmental characteristics of the sectors to be connected and the
conditions of the corridors (vegetation, soil, waste presence, human
presence, etc.). Monitoring the potential use of the corridor already in place
(which species is using which corridor and how often) gives an insight of
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where a natural corridor could be upgraded to a 'wildlife crossing' through
a functional and environmental enhancement.
Generally speaking, the most common methodologies for this purpose
are camera trap and presence signs analysis, as footprints, in the corridor
and around the area (Bellis and others, 2013). In any case, the first step
is represented by creating a list of all the target species that could use
the structure, to choose the best monitoring procedure. On the whole,
greater results are obtainable combining different methodologies (Van der
Grift and Van der Ree, 2015). More specifically, as far as camera trap is
concerned, these must be placed along existing corridors to establish the
actual usage (Bellis and others, 2013). For every corridor it is necessary to
place at least two cameras, one for any entry, at a convenient height for the
species involved. For every picture, the species must be identified, as well
as behaviour, sex and age, with the indication of and date and time. The
passage of the same animal within 10 minutes from the first appearance
should be treated as one single event, while the passage of more than
one animal of the same species within the same time should be treated as
different events (Diamond and others, 2013).
The survey will give insight on the frequency index (n. of contacts for
species/days) and can be used to evaluate the possibility of improving the
characteristics of the corridor to facilitate its usage.
Another factor to be considered is the type of frequency of the corridor:
daily, animals enter the area to access resources within their home-range;
seasonal, due to periodic travels; occasional, mainly due to the phenomenon
called young animals dispersion (Van der Grift and Van der Ree, 2015).
Different monitoring times are linked to the different frequencies; if the
frequency is only seasonal, monitoring can be limited to migrations, while,
if it is daily, it should be carried out throughout the whole year. Many
species, in fact, show a different range of activities in different times of
the year and monitoring few weeks would not be sufficient.
Figure 17: A roe deer using
a tunnel. (Picture by Mauro
Fabrizio)

2.8 Traffic
In order to plan mitigation strategies it is necessary to carry out a survey
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about traffic, since it plays a major role on the efficacy of the procedures.
For example, it gives an insight of whether it is better to completely deny
trespass or minor changes can be sufficient, as in the case of visual wildlife
warning reflectors or danger signs.
Volume of traffic and vehicle speed strongly influence animals safety:
many studies have demonstrated that in roads where average speed is less
than 70kph, for the same volume of traffic, the number of accidents is
far lower than faster roads. When volumes of traffic are important, the
mix of noise, pollution and lights, in addition to the physical obstruction
of the road, prevents the animal from crossing. in correspondence with
a road section, calling the flux of traffic 'n vehicles/h', the time when the
section is free from traffic is calculated as:
Δt = 1/n
Hence, the probabilities for a terrestrial animal to successfully cross the
road, with equivalent Dt, is pretty much linked with its speed, width of the
road, dimensions of the automobiles and their average speed (Romano,
2002; Battisti and Romano, 2007).
Motorways, with wide sections, fenced borders, high traffic and speed,
represent a direct source of habitat fragmentation, and animals are
disturbed even at a distance that is double the width of the road, apart
from bridges, viaducts or galleries (Muller and Berthoud, 1996).
Other types of road (regional, provincial, etc.) have a different impact,
directly linked to traffic fluxes and presence of barriers. For roads with
average traffic, between 1,000 and 10,000 vehicles per day, the affected
area is as wide as the road itself. This does not prevent animals from
crossing, so even if the road is not a cause for fragmentation, it endangers
wildlife because of potential collisions.
In roads with low volume of traffic, less than 1,000 vehicles per day, with
limited section, the occlusive effect is due to the presence of side barriers.
Data on traffic fluxes are available from road management authorities
such as 'Società Autostrade' and 'ANAS' for motorways and trunk roads,
whereas for minor roads it is necessary carry out a monitoring activity.
Inside the LIFE Strade project, for any of the five provinces involved, four
roads have been selected for traffic monitoring through specific devices
that can track type of vehicle and speed. The activity has lasted for at least
a week in a season.
2.9 Ecological models to identify critical roads
Starting from mortality data, it is possible to develop probabilistic models
to identify critical areas for collisions. This is of paramount importance as
it guides the risk-mitigating interventions.
There are different types of models, according to different parametres,
objects of the analysis, and methodologies for data processing (Airaudo
and others, 2008; Downs and Horner, 2012; Freitas and others, 2012;
Quintana and others, 2010).
Some models take into account, for example, a focus on the species
predominantly involved, others target the ability to connect different areas.
Quintana's model (2010), for example, includes the calculation of a
connectivity index, based on Hanski's model on metapopulations (1994).
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The above mentioned index evaluates, from a functional point of view,
the area for each habitat and its connectivity. While Hanski's model is
specific to a single species, Quintana's model is about connectivity for all
the species that are present, using GIS systems. In the figure that follows,
such index has been used to calculate possible impacts of the strategic
plan for infrastructures and transportation in Spain (PEIT)..
Figure 18: Lost of
connectivity in Spain due to
PEIT

Freitas and others (2012) employ that two different indexes, the Integral
Road Effect (IRE) and Average Value of the Infinitesimal Road Effect,
should be combined with GIS systems to calculate the impact of roads
in the Brazilian forest. Lastly, Downs and Horner (2012) use two classic
models: the first takes into account all the points where corridors should
be built in order to connect all the patches; the second model, given a
certain number of corridors, tries to maximize the connectivity among the
patches. Both provide a graphical representation of habitat connectivity,
realized through corridors that link different patches.
Generally speaking, in order to identify the most critical road sections it is
necessary to know the eco-morphological characteristics of the territory
and the specific ecological needs of the species mainly involved in road
mortality, evaluating the most suitable habitat and possibility of moving
along the area. This can be achieved through 'habitat suitability' models,
that provide predictive maps for identifying convenient areas for single
species or groups of species. The results can then be cross-checked
with other models, such as the connectivity model, in order to identify
permeable areas with a good connectivity grade (Airaudo and others,
2008). Cross-checking results from different model gives insight on the
ecological network, in order to identify potential corridors for wildlife
migrations. It is advisable to check the results against mortality data to
double-check the efficacy and reliability of these models, in other words,
those areas marked as critical should show frequent collisions.
Inside the LIFE Strade project, in order to create risk maps, we have used
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two models: the first is based on geo-referenced collisions, and the second
based on the environmental characteristics of the geographical context of
the Provinces. The latter has been developed from a system that highlights
the potential danger of roads with a low number of collisions. To do
so, we have gathered different maps (ground usage map, territory digital
model, drainage network, road network, etc) and started a pilot model
for the Provinces of Perugia and Terni. The purpose was to experiment
a technique for the production of habitat suitability maps to create tools
to plan and inform about risks related to specific eco-geographical areas.
the algorithm we have used is the same developed inside the Biomapper
software, where the predictive efficacy of a map can be evaluated through
a cross-validation process (Hirzel, 2002). This statistical method divides
the area of presence of the species in k subsystems of which k-1 are used
to build the model (training sets) of HS and 1 is used to evaluate and
validate the model itself (validation sets).

Figure 19: Potential risk map for the
Provinces of Perugia and Terni

Low Risk
Medium Risk
High Risk
Monitored
roads
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Figure 20: Real risk map for the
Province of Perugia

province of Perugia

n° accidents/km

Such analysis allows to evaluate a specific area (where, for example, the
number of collisions is high) and compare it with a similar area where
there is less traffic or there are not any roads at all. This tool is particularly
useful when planning new infrastructures, while the other techniques are
used to plan risk-mitigation procedures on current roads.
2.10 Monitoring procedure: summary
To conclude, to prevent the wildlife-vehicle collision phenomenon, the
first step is to identify critical areas, both for current infrastructures and
for new ones.
For current infrastructures, monitoring is the key, as it helps to identify
critical areas to be further analyzed, and sheds light on factors that are
extrinsic and intrinsic, to determine the best risk-mitigation procedure.
The analysis must follow standardized and replicable procedures, and all
mortality data must be homogeneously collected in a geodatabase, in order
to identify critical areas and endangered species and to be able to compare
the results with similar areas to intervene with strategies ad hoc.
Please have a look at the table below for the different phases described in
this chapter, as well as their objective and methodology.

28

Manual for mitigating the impact of roads on biodiversity

ACTION
Direct monitoring and
collection of data

OBJECTIVE
Collection of data
referring to wildlife
mortality events to identify
critical areas

Planning and management
of the geodatabase

Implementation of a
database homogeneously
organized with
georeferenced points.

Road analysis

Pre-existent passages
functionality evaluation

Traffic volume analysis

METHODOLOGY
Collection of data
recorded on the mortality
forms. Implementation of
systematic monitoring on
critical road sections.
Implementation of a GIS
geodatabase using the
collected data

Preparation of a unique
data gathering database,
accessible by every
organization dealing
with road and wildlife
management, whose
implementation and
modification is prerogative
to a specific organization
only.
Study of the structural and Structural analysis:
functional characteristics
occlusivity profile (Ciabò
of the analyzed road
and Fabrizio, 2007;
to determine the best
Romano and others, 2011).
mitigation interventions.
Functional analysis:
determination of the
occlusivity grade of the
obstacles with regard to
the target species and
classification according to
six levels.
Identification of passages Monitoring and analysis
already used by wildlife
of the potential wildlife
and target species in order passage.
to evaluate which ones
could be upgraded to
“ecoducts” after functional
and environmental
enhancement.
Analysis of the traffic
Traffic volume data must
volume to determine
be requested from road
the best mitigation
bodies such as Società
interventions.
Autostrade and ANAS,
if in Italy. For minor
roads, in absence of data,
it is necessary to lead
monitoring campaigns ad
hoc.
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3. WILDLIFE-VEHICLE
COLLISION PREVENTION

3.1 Mitigation procedure planning
Mitigation procedure planning can be divided in three main steps:
1. ex ante' analysis
2. installation
3. 'ex post' analysis
Ex ante analysis:
As described in the second chapter of this book, once critical areas have
been identified, it is necessary to carry out specific analysis on external and
internal factors, in order to identify proper risk-mitigation procedures. The
most popular methods are: traffic flux analysis, road network and existing
barriers analysis, wildlife analysis (camera trap, radiotelemetry, etc.).
Installation:
Risk-mitigation procedures must be chosen according to the target
species involved deriving from mortality data, road characteristics, and
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environmental context.
It is possible to fulfill two different objectives that, at first sight, could be
regarded as equivalent but are indeed complementary to each other and
can be reached through two opposite techniques: the first puts emphasis
on human mobility, preventing animals from accessing the infrastructure;
the latter aiding the wildlife mobility through specific devices and projects.
Both share the main purpose of reducing mortality but, while in the first
case barriers are increased, in the second they are reduced (Catharinus and
others, 2012).
The first option is chosen when the ecological network and the road
network can be easily separated, and this usually happens when roads
share a high volume of traffic (e.g. motorways) with high speed. In this
case, animals perceive the barrier as a hazard and prefer to use other links
(galleries, viaducts, etc.).
It is still possible for animals to accidentally cross the road, especially
if it is inside a natural area where the traffic is less intense, endangering
themselves and motorists. To avoid this, the infrastructure must be isolated
through fences that are planned 'ad hoc' for the different species.
As already mentioned, preventing wildlife from certain areas means
augmenting fragmentation, and, in the long term, creating metapopulations
that cannot interact with each other. When this happens it is important to
mitigate the barrier effect, improving existing corridors such as viaducts,
bridges, and galleries, through project for their naturalization, or creating
corridors 'ex novo'.
The second approach, where animals are not prevented from moving,
is chosen when the area is bio-permeable and traffic is not intense. The
species can be able of travelling for long distances and can share different
eco-ethological patterns, so it is difficult to foresee their moves.
Under this circumstance one of the main cause for collisions is the speed
of automobiles. A speed of 80kph is already dangerous for wildlife, and,
when it is even higher the risk is double: the animal is spotted when it is
too late to successfully avoid it.
The most used strategy, in this case, is to alert drivers of the animal
presence and to create barriers to prevent them from crossing.
For the first scope, it is advisable to put speed limit signs along critical
areas and make sure the actual limit is respected through speed detectors
such as autovelox or through speed indicator displays.
It is also useful to add wildlife crossing signs, and, more precisely,
something catchier than just the image of a red deer as in the Italian Road
Rules and Code, for example luminous boards or led signs. Other tools
could be traffic lights provided with photocell activated by animal crossing
and optical devices.
As already mentioned, there are devices that can alert wildlife or, at least,
discourage them from crossing the road. Among the most used tools it is
worth mentioning: wildlife warning reflectors (reflectors) that discourage
animals from crossing only when vehicles are approaching, olfactory
repellents, and noise disturbance devices. If the area is particularly critical,
it is necessary to build barriers or nets; if the traffic volume is not elevated,
it would be better to limit barriers only to very dangerous points or where
mortality is so high that can endanger the survival of an entire population
belonging to a species.
starting from the assumption that wildlife-vehicle collisions happen mainly
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where the ecological network meets with infrastructure network, it possible
to divide the risk-mitigation approaches in two categories according to
the target: measures that act on wildlife behaviour (opticalwildlife warning
reflectors, fences, etc.) or measures that act on motorists behaviour (speed
limits, signs, etc.).
It is possible to add another category, deriving from the combination of
the two measures: systems that act simultaneously on wildlife and drivers
behaviour. LIFE Strade project belongs to this last category.
Finally, there are measures whose purpose is to improve the environment
along the roads (ordinary and extra-ordinary maintenance of the edges,
waste removal, corridors along underpasses and galleries, etc.)
Ex post analysis:
Once the measures have been put in place, it is vital to monitor their efficacy
and to make sure they work properly and are adequately maintained.
As already mentioned, this monitoring activity needs to be carried out
to evaluate the effects on the wildlife mortality phenomenon, taking into
account the minimum requirements according to the table below. It is
also important to monitor wildlife behaviour through camera traps and
presence signs.
Monitoring frequency
Speed
Timing
Technique

Minimum criteria for monitoring
≥ 2 twice a week
≤ 30 Km/h
Dawn
Wildlife mortality form

It is also possible to have a feedback on the efficacy via radio telemetry
devices that can keep track of animals activity.
3.2 Mitigation procedures
In the present chapter we are going to provide an overview of the most
used risk-mitigation procedures, divided in the four categories we have
introduced in the previous chapter:
A. Measures that act on wildlife behaviour
B. B. measures that act on drivers'behaviour
C. Measures that aim to improve the surronding area
D. Measures that act simultaneously on wildlife and
drivers'behaviour
Every file includes the following:
• purpose.
• description.
• type of road and environment.
• road mortality
• target species
• project description
• accessory activities
• costs
• maintenance
• strengths
• weaknesses
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The interventions can be combined to enhance the effects.
INDEX
NUMBER
1
2
3
4
5
6
7
8
9
10
11
12
13
14

TYPE
A
A
A
A
A
A
A
A
B
B
C
C
C
D

MEASURE
Optical wildlife warning reflectors
Olfactory repellents and ultrasounds
Fences and barriers
Bird barriers
Ecoducts and overpasses
Viaducts and bridges
Underpasses
Culverts
Road signs
Acoustic slowing bars
Road edges maintenance
Environmental requalificaton near viaducts
Environmental requalificaton near tunnels
Road signs and ultrasounds combination
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1. OPTICAL WILDLIFE WARNING REFLECTORS
CATEGORY
A. Measures that act on wildlife behaviour.
PURPOSE
To prevent wildlife from crossing the road on critical moments.
DESCRIPTION
Optical wildlife warning reflectors are devices with the shape of a prism
with triangular bases, made of reflective galvanized steel plates; placed on
guardrails or on specific supports, their heights varies according to teh
target species. Vehicles'light is reflected in an angle that does not bother
drivers but indeed creates a sudden flash that works as an optical barrier
for wildlife approaching teh road, preventing them from going further.
Colour can be red or white but recently blue has been added to the
spectrum.
Figure 21:
Optical wildlife warning reflectors

OPTIMAL APPLICATION
Road mortality
Low.
Traffic
Particularly useful in roads with a low volume of traffic, from few hundreds
to 10,000 vehicles and characterized by long pauses not to get animals
used to the lights. Under this circumstance it is better to avoid barriers that
prevent wildlife crossing for good, to avoid habitat fragmentation.
This system is not advisable when traffic is high and animals can get used
to the lights.
Road type
These devices can be placed on at grade roads and, with adequate
adjustments, on in trench and halfway up the hill roads. They are suitable
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for flat or inclined surfaces as the reflective angle can be adjusted to the
conditions. In roads where the gradient is higher than 5°, the distance
among thewildlife warning reflectors is inferior, especially if there are
trees and vegetation that can impede the lights.
On flat surfaces, the beam of light is orientated in parallel to the ground,
on inclined surfaces, the beam of light should not exceed 45° at ground.
Figure 22:
Optical wildlife warning reflectors

TARGET SPECIES
Big mammals as red deers, wild boars, roe deers and badgers; these species
are better because they tend to be active mainly at night. The height of
the wildlife warning reflectors is adjusted to the size of the target species
PROJECT DESCRIPTION
General characteristics
The beam of light should not exceed 45° at ground. Distance among
them should be comprised between 25 and 50m in straight sections; up to
10m in turns and when the angle is more than 5°.
Target species indications
Refectors'height should be adjusted to animals size.
As guideline:
• 70cm for red deers;
• 55cm for roe deers;
• 45cm for wild boars;
• 30cm for badgers.
Accessory activities
Rumble strips placed across the direction of travel (road safety feature
to alert motorists of potential danger, by causing a tactile vibration and
audible rumbling transmitted through the wheels into the vehicle interior),
road signs, kerb maintenance, speed indicator display, non edible vegetation
planting.
COSTS
Approximately 9/10 Euros each, that is 600/800Euros/km (installation
excluded)
MAINTENANCE
Check at least 4 times a year (one for each season), increasing the number
of checks in case of heavy snow to make sure wildlife warning reflectors
are clean. It is advisable to wash them with water, make sure they are not
broken or damaged, are in the right position and clean from vegetation.
STRENGTHS
It has been observed that unusual colours, as blue, increase drivers
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attention with better results.
Costs are limited, they are easy to be installed and maintained.
They do not represent physical barriers hence do not fragment habitat.
WEAKNESSES
Monitoring activity carried out in Italy and abroad shows different
results: in some cases the efficacy has proven to be very high, especially
for ungulates, in others not relevant. This is likely to be due to different
installation techniques and specific local conditions.
The system needs a constant and regular maintenance.
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2.OLFACTORY REPELLENTS AND ULTRASOUNDS
CATEGORY
A. Measures that act on wildlife behaviour
PURPOSE
To prevent wildlife from crossing the road.
DESCRIPTION
They usually are specific to species. Olfactory repellents can be sprayed or
contained in non edible vegetation. Among the most used we can mention
organic fertilizers made of animal blood. Ultrasounds are sounds with
a frequency higher than 20kHz that disturb animals but are not audible
by humans. Acoustic scaring devices appear as plastic or steel boxes (not
bigger than a shoebox), which contain the circuits responsible for the
ultrasound production and the speakers. some of them have light sensors
for night/day functioning.
Figure 23: OLFACTORY
REPELLENTS

OPTIMAL APPLICATION
Road mortality
Low.
Traffic
Particularly useful in roads with a low volume of traffic, they are
preferred to barriers placing that prevent wildlife crossing to avoid habitat
fragmentation.
Road type
These devices represent the best choice when road mortality is confined
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to certain species and it is particularly intense in specific times of the year.
For example, in the case of olfactory repellents, when roads are next to
attractive plants (vineyards, olive groves, cereals) there is a double benefit
of limiting collisions and preserving cultivations.
TARGET SPECIES
Olfactory repellents are mainly used for ungulates; ultrasounds are suitable
for many species, from birds to mammals.
PROJECT DESCRIPTION
General characteristics
Olfactory repellents are made of liquids that can be sprayed on tampons
made of sponge or carpet and thus hung from vegetation at a height of
90cm from the ground for ungulates and placed a distance of 12/15m from
each other. The application is usually repeated every 15 days, depending
on type of substance and weather.
Accessory activities
Rumble strips placed across the direction of travel (road safety feature
to alert motorists of potential danger, by causing a tactile vibration and
audible rumbling transmitted through the wheels into the vehicle interior),
road signs, kerb maintenance, speed indicator display, non edible vegetation
planting.
COSTS
From 10 to 50 Euros each, depending on type and target species.
MAINTENANCE
Check and change of batteries for ultrasound diffuser or, if provided with
solar panels, cleaning of the panels. The application of olfactory repellents
is usually repeated every 15 days.
STRENGTHS
They are both easy to be installed.
Olfactory repellents:
heap device that can be chosen on specific times of teh year (for example
when plants bear fruits).
Ultrasounds:
with battery or solar power, they can work without connection to power
line.
WEAKNESSES
Efficacy has not been proven as, according to some studies, some species
have adapted.
Olfactory repellents: not permanent.
Ultrasounds: due to the geometry of their waves, ultrasounds tend
to propagate in line and can be easily absorbed by solids, limiting their
effects. In the majority of cases, the action range is limited to 15m, for a
total coverage of 200sq each one.
They can disturb domestic animals.
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3.FENCES AND BARRIERS
CATEGORY
A. Measures that act on wildlife behaviour
PURPOSE
To prevent wildlife from crossing the road.
DESCRIPTION
Fences are made of square wire mesh and their size depends on the species
that needs to prevented from trespassing, as well as their height, thickness
and installation procedure. They are mainly chosen for big mammals but
can be used for small individuals, too. Their external look depends on
material, wire structure, target species and location.
OPTIMAL APPLICATION
Road mortality
High.
Traffic
Particularly useful in roads with a low volume of traffic, they are
preferred to barriers placing that prevent wildlife crossing to avoid habitat
fragmentation.
Road type
These devices should be used only where animals must be completely
prevented from crossing. They are vital in case there are wildlife passages,
as underpasses or overpasses, and animals should be encouraged to follow
a certain route. If there is no alternative for trespassing, despite the actual
reduced road mortality, fences enhance the barrier effect of the road and so
contribute to habitat fragmentation and the creation of metapopulations.
They represent the best choice when road access is easy for wildlife. Fences
height should be adjusted to the ground level and should not be placed in
correspondence to other roads that can cause discontinuity to the barrier.
They should be used particularly when accessibility is granted only to one
side and animals could be 'trapped' in the carriageway, as the road does
not have an escape on the opposite side due its shape (picture below).

TARGET SPECIES
Fences can be planned for ungulates, small and medium size mammals,
amphibians, and reptiles. They can also be used to deviate birds trajectory,
impeding the collision with automobiles.

Figure 24: FENCES AND
BARRIERS
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PROJECT DESCRIPTION
General characteristics
Fences should be planned according to the characteristics of the target
species:
Wire:
Minimum thickness should be 2.5mm. Long lasting materials to be
preferred (e.g. galvanized).
Poles:
Made of wood or steel. Poles placed at the beginning should be thicker
than the internal ones (10cm for wooden poles, 5cm for steel ones). Curtain
should be reinforced by placing columns at a specific distance from each
other, usually approximately 4-6metres; for wild boars the distance should
be 4 or 2m.
Poles should be driven at least 70m into the ground, according to the type
of substrate.
Access points:
A critical point when installing fences is represented by the final part of the
structure, as animals could be able to access the road and find themselves
trapped. For this reason, fences should always begin in correspondence
with bridges, tunnels and similar. When fences are planned to be installed
only in specific sections, they should be prolonged for at least 500m
around the critical area.
Fences can have exits to let animals escape if they accessed the road by
mistake. These should be placed where animals can easily cross and drivers
can conveniently spot them. Ways out can be emergency exits accessible
from the inside, or ramps made of different materials (logs, sand, etc.) to
leap over the fence.
Structure:
Fences are to be dug in to a depth of at least 20cm, bending them and
extending the length horizontally for 30cm to the external side of the road
to prevent animals from digging a way in; conversely, they should be dug
in to a depth of at least 40cm.
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Species-specific characteristics
In addition to general recommendations, fences should show speciesspecific characteristics:
TARGET
SPECIES

hmin

WIRE
DIMENSION

Red deer:

2,2 m (prefer.
2,6 - 2,8)

100x150 mm

Roe deer
and wild
boar

1,5 m (prefer.
1,6/1,8)

100x150 mm

0,8 - 1 m

4 x 4 cm

60 - 80 cm

3.8 x 3.8 cm

60 cm

1.3 x 1.3 cm

40 cm

0,4 x 0,4 cm

Hare, badger,
fox
Stone marten,
pine marten
Small
mammals*

Herpetofauna*

NOTES
Top part should be bent
toward the external side of
the ride to prevent them
from leaping over. Hedges
should be put along the
road (again, to prevent
them from leaping over)
Top part should be bent
toward the external side of
the ride to prevent them
from leaping over. Hedges
should be put along the road
(again, to prevent them from
leaping over). To be dug in
to a depth of at least 20cm,
bent and extending the
length horizontally for 30cm
to the external side of the
road to prevent animals from
digging a way in; conversely,
they should be dug in to a
depth of at least 40cm.
Fences should be dug in to a
depth of at least 30cm.

Fences should be dug in to a
depth of at least 30cm.
Fences should be dug in to
a depth of at least 30cm.
A horizontal bar should be
placed at the end to prevent
from climbing.

* = for amphibians, reptiles and small animals, trespassing is prevented by smooth
panels provided with a horizontal top barrier. Usually made of concrete, they are dug in
to a depth of at least 10cm, and 40cm tall (Scoccianti, 2006).
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Figure 25 FENCES AND
BARRIERS

In areas where different species are found, it is possible to simultaneously
prevent crossing by placing wires with different thicknesses: for example,
4x4 mm on the lower part, height 0-0.3 m from the ground, for amphibians,
25x50 mm at a height between 0.3 and 1 m for small mammals, and
100x150 mm for heights that are more than 1 m.
Possible snowing and inclination of the ground must be taken into account
when establishing the ideal height. Wire dimension should vary according
to the following scheme:
TARGET SPECIES
Amphibians
Small mammals
Ungulates

HEIGHT
0 - 0,3 m
0,3 – 1 m
1 - 1,5 m

WIRE DIMENSIONS
4 x 4 mm
25 x 50 mm
100 x 150 mm

Accessory activities
In the majority of the cases fences should be combined with wildlife
passages such as: underpasses, overpasses and ecoducts.
COSTS
From 15 to 20 Euros per linear metre, depending on the height of the
fence. Installation cost is comprised.
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MAINTENANCE
Annual check of the wires, with a major frequency during the first year. It
is necessary to check the presence of holes or digging.
STRENGTHS
It is the main deterrent for crossing.
WEAKNESSES
Dramatic increase of habitat fragmentation.
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4.BIRD BARRIERS
CATEGORY
A. Measures that act on wildlife behaviour.
PURPOSE
To prevent collisions between birds and vehicles.
DESCRIZIONE
Bird barriers are made of artificial panels alongside roads whose purpose
is to raise the trajectory of birds, preventing them from colliding with
vehicles. These panels need to be visible hence if transparent have to
incorporate opaque stripes. Panels can be replaced by dense vegetation,
at least 4m high, or the same purpose can be achieved by noise barriers.
OPTIMAL APPLICATION
Road mortality
Low.
Vehicles type
Usually chosen in roads with a high volume of traffic, in correspondence
with bridges, viaducts or any other road conformation that could lead
birds to fly close to the road level.
Road type
Particularly useful in roads with a high volume of traffic, in correspondence
with bridges, viaducts or any other road conformation or environmental
conditions that could lead birds to fly close to the road level.
TARGET SPECIES
Birds and bats. It is necessary to put vegetation that can lead bats to move
along the direction of the road.
PROJECT DESCRIPTION
General characteristics
Bird barriers can be made of wood or plastic. The panels need to be
visible hence if transparent have to incorporate opaque stripes. These
stripes need to be dark in order to be visible at dawn and the minimum
thickness must be 2cm and the distance between them must be at least
10cm. It is recommended to put them on the external part of the road
to be avoid any reflection. Putting stickers of predators has proven to be
useless while opaque colours are advisable. Since the lower part could
represent a barrier for terrestrial animals, it is necessary to incorporate
some holes at the base of the panels.
Accessory activities
Hedges should be placed alongside opaque panels, on the external part
of the carriageway, and should be avoided in case of transparent panels.
MAINTENANCE
It consists in checking the integrity of the panels.
STRENGTHS
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Installation is easy and they do not require particular maintenance.
WEAKNESSES
Can contribute to the barrier effect of the road.
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5. ECODUCTS AND OVERPASSES
CATEGORY
A. A. Measures that act on wildlife behaviour.
PURPOSE
Ecoducts are generally used to recreate connections in order to mitigate
the barrier effect of busy roads. Overpasses can be smaller and targeted
to specific species.
DESCRIPTION
ll passages that cross infrastructures above the level of traffic fall
under this category. It is possible to readapt existing structures, such as
crossovers of low traffic roads, or build new ones. Such passages can be
divided in:
• ecoducts;
• overpasses;
• adaptation of existing crossovers and bridges.
Ecoducts:
Ecoducts are overbuilt passages that connect natural patches otherwise
fragmented. The minimum size is 25m (in the Netherlands, France and
Germany they can reach 80m). The central part is covered by vegetation,
while on the sides there are trees in continuity with the surroundings. It is
possible to see areas with stones and ponds for the amphibians. Animals
must be forced to choose this alternative using fences and vegetation
and access to the road must be prevented.
Overpasses:
Similar to ecoducts but smaller in size. It is possible to target specific
animals, for example, suspended bridges are only used by arboreal
species.
Adaptation of existing crossovers and bridges:
When there are local roads with low volume of traffic, mainly used for
agricultural purposes, lying on bridges close to main roads, they can be
used as overpasses. In order to do so, it is enough to create a metre wide
area with sand or ground, 30cm deep, and wait for natural vegetation to
grow without seeding it.
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OPTIMAL APPLICATION
Road mortality
High.
Vehicles type
Ecoducts and overpasses:
Ideal to mitigate the effects of occlusive infrastructures, characterized
by high volume of traffic, high speed or particularly dangerous areas.
Adaptation of existing crossovers and bridges:
Suitable for any type of road as long as the volume of traffic is low.
Road type
Ecoducts and overpasses:
Ecoducts must be placed in areas of natural crossing. Areas with strong
human presence or important difference in height between the sides of
the road should be avoided. The corridor must be connected with other
passages existing in the territory.
Adaptation of existing crossovers and bridges:
Best choice would be a low traffic bridge highly populated by target
species.
TARGET SPECIES
Ecoducts and overpasses:
These corridors are used by average and big animals, especially wild
boars and ungulates in general but, if properly designed, are suitable by
any species, amphibians and birds included. Since it is a costly option,
it is advisable to target as many species as possible. There are smaller
corridors designed for target species such as suspended bridges used by
squirrels, stone martens, and martens.
Adaptation of existing crossovers and bridges:
Suitable for invertebrates, small vertebrates, carnivores and, less
frequently, ungulates (COST 341 Handbook).
PROJECT DESCRIPTION
General characteristics
Ecoducts and overpasses:
Suggested width is of 40-50m and it is not advisable to plan anything
narrower than 20m. It is better to plan wider areas in correspondence
with the entrances. The so called 'Green Bridges' should be wider than
80m. The passage should be similar to the surrounding areas, so it is
necessary to plant a kind of vegetation that is present in the habitat and
pleasing for the animals. In order to do so, the bottom of the passage
should be covered with soil for a thickness that is suitable for the
vegetation: 0.3m for grass, 0.6 for shrubs, and 1.5m for trees.
The presence of ponds, stones and logs is thought to attract different
species.
To the sides, opaque barriers are an important tool to prevent any nuisance
coming from the underlying road (lights and noise). They should be 2m
tall or, alternatively, it is possible to place nets and vegetation. Entrances
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must be equipped with invites.
Passages for small animals, such as suspended bridges for squirrels or
arboreal animals, should be installed between two trees at the opposite
sides of a road and can be made of a simple rope, in order to avoid
trespassing the road. It is advisable to protect the upper part of the
passage from predators.

Figure 26: Ecoducts and overpasses

Adaptation of existing crossovers and bridges:
It is sufficient to create a 1m wide area covered with soil or sand. The
depth should be few decimetres (usually 30cm) and vegetation can
grow spontaneously. To the sides, opaque barriers are an important tool
to prevent any nuisance coming from the underlying road (lights and
noise). They should be 2m tall or, alternatively, it is possible to place nets
and vegetation.
Entrances must be equipped with invites.
Accessory activities
Ecoducts and overpasses:
Nets to the sides of the road, improving of the surroundings. Hunting
and shooting in the area should be forbidden, for a radius between 0.5
and 2km (COST 431).
Adaptation of existing crossovers and bridges:
Nets to the sides of the road, improving of the surroundings.
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COSTS
High for newly built ecoducts and overpasses, much lower for adapting
crossovers and bridges.
MAINTENANCE
Periodic checks should be planned, and they should be more numerous
at the beginning to doublecheck the functioning of the drainage system,
the vegetation, the habitat and the absence of structures that could
impede animal trespassing (nets, etc.)
STRENGTHS
It is a decisive measure for creating connections on a large scale. It has
positive effects from an aesthetic point of view on the territory and
helps to create a good image of the Authority that promoted it.
WEAKNESSES
For ecoducts: elevated cost; for adapting crossovers and bridges:
particular conditions of low traffic.
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6.VIADUCTUS AND BRIDGES
CATEGORY
A. A. Measures that act on wildlife behaviour.
PURPOSE
Keep connections while mitigating wildlife mortality.
DESCRIPTION
Viaducts are, from an ecological point of view, the best choice to preserve
the environmental continuity of a territory. They are usually located near
rivers (permanent or seasonal), or where the conditions are not suitable
for a road 'at grade'. This peculiar device, even if not designed for the
purpose, is particularly useful to help territorial continuity.
OPTIMAL APPLICATION
Road mortality
High.
Vehicles type
Viaducts are suitable for any type of road. They represent an ideal solution
for the most dangerous roads such as motorways or highways in general
and when traffic volume is elevated.
Road type
Every time a road has to surpass a dip, even if minimum, in order to
maintain territorial continuity, the best choice would be a viaduct rather
than underpasses or embankments. To be preferred in case of rivers, even
if seasonal.
TARGET SPECIES
Suitable for any species and especially for invertebrates, amphibians and
small vertebrates, which seldom use artificial passages without vegetation
and prefer certain types of plants.
PROJECT DESCRIPTION
General characteristics
Adding viaducts to pre-existing paths is unlikely to happen, hence they
should be planned contemporarily to road designing. In order to facilitate
spontaneous vegetation below the passage, the minimum height should be
5m. The space underneath the road should not be cultivated, nor used as
parking space. Any other human function should be avoided, and obstacles
removed (nets, etc.). The passage can be made more appealing by planting
vegetation and adding big rocks.
Accessory activities
Nets to impede access to the road and environmental enhancement of
the area.
COSTS
High.
MAINTENANCE
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Periodic checks: the area underneath should not be used for illegal dumping
and the passage should be clear from impediments.
STRENGTHS
One of the best choices to mitigate road impact.
WEAKNESSES
Viaduct panning should be contemporary to road designing and costs are
high.
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7. UNDERPASSES

CATEGORY
A. A. Measures that act on wildlife behaviour.
PURPOSE
Keep connections while mitigating wildlife mortality.
DESCRIPTION
Animals tend to use underpasses less frequently than viaducts because
of the absence of light and vegetation that would, otherwise, incentivize
the passage. Nevertheless, as a measure that can be implemented on
pre-existing infrastructures and does not need to be planned in advance,
viaducts represent a very important tool to mitigate the barrier effect on
existing roads.
OPTIMAL APPLICATION
Road mortality
High.
Vehicles type
Underpasses are suitable for any type of road. They represent an ideal
solution for the most dangerous roads with no possibility of trespassing
and when traffic volume is elevated, or in less busy roads with high number
of accidents.
Road type
Building underpasses is easier in irregular areas or in roads built on
embankments. They should be placed in areas where wildlife is normally
present. If this is not possible, naturalistic links have to be created through
vegetation planting.
It is very common to use existing passages created for other purposes
and enhanced to be used by animals and sometimes people. The second
option would possibly need a passage that is bigger than 10m (COST 341)
but animals in danger tend to use smaller places, too.
TARGET SPECIES
Mammals, amphibians, reptiles.
PROJECT DESCRIPTION
General characteristics
The underpass section can be circular or rectangular.
The base should of the passage should be natural, covered with sand, stones
or soil, without asphalt. Due the conditions of the underpass (absence of
light and water), it is difficult to grow any vegetation but it should be aided
when possible. Especially by the entrances, there should be shrubs that
can be appealing for the target species. The role of vegetation is to address
the animals and reduce the nuisance coming from the infrastructure (lights
and noise).
In order to facilitate micro and mesofauna, especially when the passage can
be used by humans, it is advisable to protect the wildlife area by placing
natural objects such as logs, branches, and stones.
The sides, particularly in small tunnels, should be painted with light
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colours, such as light grey, to increase visibility inside the tunnel.
The presence of water has a positive effect, but liquid stagnation should
be avoided, hence it is necessary to raise the central part if flowing water
is not present. The maximum angle is 30°.
To conclude, when planning underpasses, it is necessary to take into
account certain parametres, such as the minimum height and width and
the relative opening index deriving from the product of width and height,
divided by length (W*H/L), particularly useful when the road with is vast.
The above mentioned index should be >1.5 while width and height vary
according to the target species..
TARGET
SPECIE

Hmin

Amin

Deer

3,5 m

12 m

Roe deer

4m

7m

Wild boar

2,5 m
(Dinetti,
2000)
3,5 m
(Rossel,
1999 e
altri)

5m
2,5 m
(Dinetti,
2000)

1,5 m
(pref. 1,61,8)

1-1,5 m
I tassi
tollerano
anche
0,3-0,5 m
(COST
431)

Mesomammals
(foxes, wolves,
badgers,
hedgehogs)

Small mammals

0,8-1 m

4x4 cm

Amphibians

60-80 cm

0,4 m

NOTES
Vegetation should be placed at the
entrances. The exit should be visible
from the entrance
Vegetation should be placed at
the entrances. The exit should be
visible from the entrance.
Vegetation should be placed at
the entrances. The exit should be
visible from the entrance.

Vegetation should be placed at the
entrances. Metal should be avoided
as rabbits and some carnivors
might avoid it.
Vegetation should be placed at the
entrances. Stones and branches
should be placed at the sides to
protect the animals.
Vegetation should be placed at the
entrances. Rectangular sections to
be preferred.
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Figure 27: Underpass for small
mammals and amphibians

Figure 28: Underpass for big
mammals.
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Figure 29:
Underpass for small mammals

For wild boars, to give an example, which represent one of the most
dangerous species for road safety due to their size and diffusion, minimum
height starts from 2.5m (Dinetti, 2000) to 3.5m (Rossel, 1999). Minimum
width should be 2.5m no matter the shape of the underpass (semicircular
or rectangular). Some evidences tend to suggest that, if in danger, wild
boars take advantage of smaller passages, too, but we lack sufficient
statistic data to prove it.
Concrete pipes are used for amphibians, sometimes in combination with
wood or metal, for a width of 40cm. This type of passages can be oneway (one pipe for direction) or two-ways (same pipe used for return as
well). In the first case, there are little wells with meshes at the entrances
of both sides of the road to collect the amphibians that fall there before
being able to access the road and, from there, they can trespass through
the inclined pipe. In the second case, the pipes are placed in a flat position.
In both cases, however, the animals follow the path thanks to 40cm tall
metal meshes.
Species-specific indications
Please have a look at the table below for indications on the recommended
distance among wildlife corridors on high traffic roads, according to
different mammals and type of area (Hlavac and Andel, 2002 and ISPRA
2008).
IMPORTANCE

DEER

ROE DEER

FOX

MICROMAMMALS

Exceptional

3-5 Km

1,5-2,5 Km

1 Km

125-250 m

Increasing

5-8 Km

2-4 Km

1 Km

125-250 m

Average

8-15 Km

3-5 Km

1 Km

125-250 m

Low

Not necessary

5 Km

1 Km

125-250 m

Irrelevant

Not necessary

Not necessary

1-3 Km

125-250 m

Accessory activities
Placing nets on the sides of the roads help ungulates choosing underpasses
instead of crossing the roads.
The enclosures function can be increased by planting vegetation at the
entrances.
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COSTS
From the case studies we have from foreign countries, we know that
integrating underpasses when planning new infrastructures costs few
thousands Euros. The cost is higher (at least 15,000) when a new passage
needs to be created in an existing road. Adapting an existing passage to
wildlife needs is, on the other hand, quite cheap.
MAINTENANCE
Maintenance is limited to removing any possible waste from the entrances
and inside the passage, checking the drainage of the soil and trimming the
external vegetation that should always encourage the animals.
STRENGTHS
If located in the right spots and supplied with enclosures, underpasses
are a very good solution for maintaining territorial continuity and limiting
accidents.
WEAKNESSES
If the road is already in use and there are no passages that can be adapted,
building new underpasses can be quite expensive.

CATOLATI IDRAULICI
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8. CULVERTS
CATEGORY
A. A. Measures that act on wildlife behaviour.
PURPOSE
Keep connections while mitigating wildlife mortality.
DESCRIPTION
Culverts are usually made of concrete, with a rectangular section, and a
variable width. They are built perpendicularly below the road in order to
allow the flow of a river.

OPTIMAL APPLICATION
Road mortality
High.

Figure 30: Culverts

Road type
Whenever a river intersect an infrastructure or where meteoric water flows.
SPECIE TARGET
Small and medium mammals but sometimes even big mammals.
PROJECT DESCRIPTION
General characteristics
To be used by animals, the internal pathway should always be dry and in
order to do that, there must be a verge or a boardwalk made of wood or
concrete or the shape of the tunnel should allow the water to flow only
on one portion.
Accessory activities
Enclosures before and after the passage, vegetation at the entrance and
exit of the culvert.
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COSTS
Boardwalks usually cost aprox. 50 €/m.
MAINTENANCE
A portion of the culvert should always be dry.
STRENGTHS
Effective and cheap.
WEAKNESSES
If a portion is not dry, it cannot be used. Advisable for small and medium
mammals.
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9. ROAD SIGNS
CATEGORY
B. Measures that act on drivers behaviour.
PURPOSE
To alert drivers.
DESCRIPTION
Road signs, traffic lights and speed cameras.
Road signs:
According to the Italian Road Rules, wildlife presence is signaled by a
triangular danger sign depicting a roe deer, and this can be matched by
signs indicating the length of the road interested by the problem, and the
hours of the day when they are more likely to cross. In addition to that, in
some areas it is possible to find additional signs indicating the risks linked
to the presence of specific species, such as hedgehogs, frogs, wild boars
and other mammals.
According to the law n. 23 of the new Road Rules (D.lgs 285/1992),
these signs need to be distinguishable from the other road signs thanks
to their dimension, shape, design and location.
Figure 31: LIFE Strade road signs
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Traffic Lights:
Traffic Lights are installed in association with sensors that determine
their usage. The purpose is dual: from one side, they are activated if
vehicles'speed is too elevated, and from the other side, if the infrareds
detect the presence of wildlife approaching the road. Infrareds work in
the night as well, and can detect up to a distance of 800m. Such systems
have been tested in Canada, in the Kootenay National Park (Fila-Mauro
and others, 2005).
Speed cameras:
They have a deterrent function to drivers, alerting them about their speed.
OPTIMAL APPLICATION
Road mortality
Average-Low.
Vehicles type
It is applicable to any type of road even if it is more efficient on extraurban roads with speed limit of 90km/h, and in urban areas where the
speed limit is 50km/h or 70km/h. In such cases, alerting the drivers about
their speed is of paramount importance to reduce the risk of accidents
with wildlife.
Road type
Road signs are vital when danger is higher, for example after low visibility
turns, ditches or when vegetation is very close to the road.
TARGET SPECIES
Road signs can be designed for specific problems. They are particularly
useful where animals are known to trespass, for example when frogs rut.
PROJECT DESCRIPTION
General characteristics
Road signs and speed cameras:
According to the law n. 23 of the new Road Rules (D.lgs 285/1992), and
after approval from the Authority owning the road, they need to be placed
on the sides of the roads where wildlife is particularly present and repeated
in case of crossroads and intersections.
Traffic lights:
Traffic Lights purpose is dual: from one side, they are activated if
vehicles'speed is too elevated, and from the other side, if the infrareds
detect the presence of wildlife approaching the road. In the first case, they
are used when the risk is very high to help drivers keep a moderate speed,
in the second, where animals are known to trespass.
Accessory activities
Road signs:
Speed indicator displays, acoustic slowing bars, olfactory repellents and
ultrasounds, optical wildlife warning reflectors, road maintenance.
Speed cameras:
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Signs, acoustic slowing bars, olfactory repellents and ultrasounds, optical
wildlife warning reflectors, road maintenance.
Traffic lights:
Signs, enclosures, road maintenance.
COSTS
Signs: starting from 50 Euros, according to dimensions and materials
chosen.
Poles: aprox. 30 Euros.
MAINTENANCE
Periodic checks for vegetation and integrity.
STRENGTHS
Easy to install and maintain. Cheap.
WEAKNESSES

As a standalone, the measure is not sufficient.
It is more helpful at the beginning but later drivers get used to it and do not pay
enough attention

AMENTO ACUSTICHE
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10. ACOUSTIC SLOWING BARS
CATEGORY
B. Measures that act on drivers behaviour.
PURPOSE
To slow down vehicles on dangerous roads.
DESCRIPTION
The acoustic slowing bars are transversal stripes on the road that make
noise when vehicles approach them, with the effect of reducing speed.
They are a substitute for ditches which, in accordance with the law n. 179
of the Italian Road Rules, can only be placed on urban roads, private and
public parks, residential areas etc. but are forbidden in roads normally
used by emergency vehicles.
OPTIMAL APPLICATION
Road mortality
Average-low.
Vehicles type
It is applicable on extra-urban roads with speed limit of 90km/h, and in
urban areas where the speed limit is 50km/h or 70km/h. In such cases,
alerting the drivers about their speed is of paramount importance to
reduce the risk of accidents with wildlife.
Road type
Indicated on straight roads that encourage high speed, or when visibility is
low because of turns, ditches, etc.
TARGET SPECIES
Especially for ungulates and average size mammals (foxes, wolves, badgers,
etc.)
PROJECT DESCRIPTION
General characteristics
There are two different techniques:
• making the road surface rougher through longitudinal cuts of the
pavement for the whole width;
• applying embossed material with a vibratory effect. They can be
reflective.
The bars are installed in a series of at least 5/7 elements, placed in parallel
to each other in a transversal position according the direction of travel,
and perpendicular to the road axis.
Usually, the series is repeated along the dangerous area and is constituted
by an increasing number of elements (e.g. 4-6-8-10 consecutive bars).
There are other optical measures, too, such as reflective transversal optical
stripes painted in white, in accordance to the law n. 179 of the Road Rules.
Accessory activities
Signs, acoustic slowing bars, olfactory repellents and ultrasounds, optical
wildlife warning reflectors, speed cameras.
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COSTS
Aprox. 950 Euros + 800 Euros (deployment) + VAT.
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MAINTENANCE
They need to be substituted if worn down, usually not before 3/5 years,
according to traffic and weather conditions.
STRENGTHS
There is no maintenance and they have proven to be quite efficient.
WEAKNESSES

Need of specific equipment for installment hence quite expensive.
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11. ROAD EDGES MAINTENANCE
CATEGORY
C. Measures that aim to improve the surrounding area
PURPOSE
Increase visibility and prevent the access to the road.
DESCRIPTION
Many accidents are caused by reduced visibility because of vegetation.
Keeping the road edges free helps to mitigate the risk of accidents,
especially those involving average-big mammals, easier to spot at distance.
OPTIMAL APPLICATION
Road mortality
Always necessary..
Vehicles type
On critical areas, no matter the volume of traffic.
Road type
Especially helpful on critical areas, such as turns, ditches, etc.
TARGET SPECIES
Big mammals such as ungulates and meso-mammals (fox, badger).
PROJECT DESCRIPTION
General characteristics
Measure that consists in trimming the vegetation.
Weedkillers must be avoided.
Accessory activities
Checking vegetation.
COSTS
Aprox. 0.32 Euro/m.  
MAINTENANCE
Checking vegetation.
STRENGTHS
Easy and cheap.
WEAKNESSES

Not decisive per se.
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12. ENVIRONMENTAL REQUALIFICATON NEAR
VIADUCTS
CATEGORY
C. Measures that aim to improve the surrounding area.
PURPOSE
Create safe wildlife passages.
DESCRIPTION
Naturalization of the areas underneath viaducts through planting
vegetation and obstacle removal. These areas become as functional as
proper corridors.
OPTIMAL APPLICATION
Road mortality
High.
Vehicles type
Not really dependant on volume of traffic but particularly useful to avoid
the barrier effect of certain roads or where mortality rate is high.
Road type
Viaducts must be at least 4m tall.
TARGET SPECIES
Presence of big mammals (ungulates, etc.), but if properly designed can be
used by other animals as well.
PROJECT DESCRIPTION
General characteristics
For the naturalization:
• sand or soil placed on the bottom and planting of grass;
• vegetation planting;
• stone additions;
• obstacle removal;
• waste removal.
Weedkillers must be avoided.
Accessory activities
Side enclosures to impede road access; vegetation at the entrances.
COSTS
Average.
MAINTENANCE
Periodic checks to avoid illicit use (waste dumping, etc.) and obstacle removal.
STRENGTHS
Cheap and functional.
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WEAKNESSES
They could be far from critical areas, in that case it is possible to create
paths for wildlife through nets and vegetation to guide the animal to the
viaduct.
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13. ENVIRONMENTAL REQUALIFICATON NEAR
TUNNELS
CATEGORY
C. Measures that aim to improve the surrounding area.
PURPOSE
Create safe wildlife passages.
DESCRIPTION
Morphologic improvement and naturalization of the areas above galleries
to become as functional as proper corridors.

OPTIMAL APPLICATION
Road mortality
High.

Figure 32: environmental
requalificaton near tunnels

Vehicles type
Not really dependant on volume of traffic but particularly useful to avoid
the barrier effect of certain roads or where mortality rate is high.
Road type
Tunnels.
TARGET SPECIES
Presence of big mammals (ungulates, etc.), but if properly designed can be
used by other animals as well, amphibians and birds comprised.
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PROJECT DESCRIPTION
General characteristics
For the naturalization:
• planting of trees and shrubs on the external sides of the corridor
to shelter from possible nuisance;
• planting of grass on the bottom;
• edible vegetation planting;
• stone or dry stone walls additions to appeal small animals;
• small ponds addition to appeal amphibians.
In some cases it necessary to reduce the inclination of the slope to make
it more accessible, adding or removing soil using natural engineering
techniques and planting vegetation. Weedkillers must be avoided.
Accessory activities
Side enclosures to impede road access; vegetation at the entrances.
COSTS
Costs vary according to the type of improvements, from a simple trim to
a reshaping of the slope.
MAINTENANCE
Periodic checks to avoid illicit use (waste dumping, etc.) and
obstacle removal.
STRENGTHS
Existing tunnels can be converted into proper corridors for any species,
mitigating the barrier effect.
WEAKNESSES
They could be expensive and far from critical areas, in that case it is
possible to create paths for wildlife through nets and vegetation to guide
the animal to the tunnel.
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14. ROAD SIGNS AND ULTRASOUNDS COMBINATION
CATEGORY
D. Measures that act simultaneously on wildlife and drivers'behaviour..
PURPOSE
Alert drivers about the presence of wildlife and prevent animals from
accessing the road.
DESCRIPTION
Elements
The preventing system is constituted by the following elements:
− control unit;
− infrared volumetric sensors to detect animals approaching
the road;
− radar sensor to detect vehicles'speed;
− Flashing indicators for the drivers;
− 30 Watt speakers for the acoustic scaring device.
System operation
The operating system is based on the principle of keeping animals away
from the road when a vehicle is approaching. The purpose is to preserve
environmental connectivity, avoid the fact that animals can get used to the
ultrasounds, alert drivers, and finally reduce the number of accidents.
Infrareds sensors (Figure 32) are placed on both sides of the road and
detect the animals approaching the road. The minimum detectable weight
is 5kg , for a maximum distance of 18/20m and an angle of 90°. Their
batteries last for 3.5 years. After the activation, they go on stand-by for
2 minutes, then they start detecting again, after the animal that activated
them has gone out of their scope.
When activated, sensors transmit a signal to the control unit (Figure 33)
that, in turn, activate the flashing indicators for the drivers (Figure 34). The
flashing lights keep operating for 3 minutes and, if nothing else occurs, are
turned off.
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Figure 33: Infrared sensor for
animals detection (picture by
LIFE Strade Project)

Figure 34: Control unit (picture by
LIFE Strade Project)
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Figure 35: Drivers’indicator

On the top part of the pole holding the indicator there is a radar sensor
(Figure 35) that detects vehicles'speed. If during the period of time when
the lights flash, a vehicle approaches at more than 50km/h, the radar
transmit a signal to the control unit to activate the acoustic scaring device.
Figure 36: Radar (picture by LIFE
Strade Project)

The acoustic scaring device is represented by an audio track from a wild
boars hunt. It is possible to keep track of each and every activation because
the device is connected to a modem that sends a real time email every time:
• infrared sensors are activated;
• acoustic scaring devices are activated.
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As far as the sensors are concerned, their activation can be modified
according to the position against the road. The system sends an email
every time the batteries are low.
Normally, remote control does not substitute periodical checks on the spot.
Figure 37: System implemented by
LIFE Strade.

OPTIMAL APPLICATION
Road mortality
High.
Vehicles type
Inside the LIFE Strade Project, the above mentioned system has been
tested on State and Province road, characterized by thousands of
vehicles per day, belonging to different types and going at different
speeds. It can certainly represent a good solutions for critical roads
with a short extension.
Road type
Drivers'indicators are particular useful when danger is high, for example
after low visibility turns, ditches or when vegetation is very close to the road.
TARGET SPECIES
Acoustic scaring devices can be used for different species of mammals.
The system that activates these devices, whenever there are animals
approaching the road and vehicles going at a high speed, depends on the
type of sensors used. The ones that have undergone testing inside the
LIFE Strade project can detect animals weighing from 5kg.
PROJECT DESCRIPTION
General characteristics
Control unit:
It is constituted by an electric box that contains circuits to control signals;
it is placed on a 4m tall iron pole and positioned on the side of the road.
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It is fuelled through a 50 Watt photovoltaic panel.
Infrared volumetric sensors to detect animals:
Tool to detect animals approaching the road. Inside the LIFE Strade
Project, different types of sensors have been tested (radar sensors, infrared
camera and movement sensor, infrared linear sensor and volumetric
sensors), in order to verify the scope.
Flashing indicators for the drivers:
The panel measures 110cm x 70cm and depicts a red triangle with the
invitation to slow down (RALLENTARE) on the bottom part.
They are equipped with two flashing lights fuelled by a photovoltaic panel,
and are activated by animals approaching the road for a period of time of
2 minutes. The poles are 3.5m tall, made of iron, and placed on both sides
of the road at a distance of 150m from the control unit.
Radar sensor to detect vehicles'speed:
They need to be installed on the same poles used for the panels. They can
detect up to 200m with an angle of 11°. They are activated by a vehicle
approaching at more than 50km/h.
Acoustic scaring devices:
They are constituted by a couple of 30 Watt speakers installed on the
same pole of the control unit and directed towards both sides of the road.
Inside the Project, the track lasted for 30 seconds and is constituted by
wolves howling and noises from wild boars hunt.
Modem
To remotely control the system, a modem is installed and it sends real time
emails each and every time the system is activated or the batteries are low.
Accessory activities
In particular conditions, to make sure that the location of the sensors
guarantees the detection of animals approaching the road, an electrowelded mesh can be installed to guide the animals to the area covered by
the sensors.
The system needs to be equipped with signs indicating their presence,
depicting images and text that attracts attention to make drivers aware of
the possible danger.
COSTS
The overall cost of the test was 13,000 Euros, technical assistance (ordinary
and extra-ordinary maintenance), damaged or stolen components
replacement comprised. In the price there are 12 sensors for animal
detection for each system comprised. The materials, per se, were not very
expensive.
MAINTENANCE
Thanks to the remote control, it is possible to limit the physical inspections.
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Periodical checks are carried out to clean the photovoltaic panels and
check signs integrity and visibility. It is advisable to check the whole
functioning through ad hoc simulations and to install cameras to record
animals'reactions towards the acoustic scaring devices.
STRENGTHS
The system does not create any barrier and acts on both the drivers and
animals side. Animals are prevented from crossing only when there is a
real risk of accidents so they are not limited in their movements and do
not get too used to the scaring devices, while drivers do not get used to the
signs as the lights flash only when animals are approaching.
This measure gives an insight on efficacy and risky situations.
It can be a good solution on dangerous areas.
The internet allows remote control hence reducing the inspections.
WEAKNESSES
It can only be used on limited portions of roads.
It requires specialized technical assistance.
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3.3 Species-specific efficacy of mitigation procedures.
The previous paragraph is summarized in the scheme that follows: rows
represent barriers and target species, while columns correspond to the
mitigation measures. When rows intersect columns there is a feedback on
the efficacy of the measure, with the following meaning:
+++
++
+
/

Very good
average
not very effective
not effective
not applicable on that road

3.4 Intervention definition on new infrastructure
A good infrastructural planning should aim at reducing as much as
possible the negative effect on the ecosystems, and should take into
account appropriate measures since the very beginning of the planning
activity. This is the best option to save money and be effective (Guccione
and others, 2008).
In order to do so, the first thing to consider is choosing the best area for
the infrastructure, which should not impact on a ecological important area
hence the mitigation procedures to be carried out are limited (Dinetti,
2008). The next step is to plan those measure that are impossible to avoid;
in the case of a road, the steps are as follows (Guccione and others, 2008):
1. existing species and corridors identification;
2. important areas evaluation to understand compatibility with the
infrastructure;
3. mitigation measures locationing (based on the ecological web and
target species);
4. mitigation procedure planning;
5. maintenance and monitoring planning;
6. realisation:
7. management;
8. monitoring;
9. possible integrations planning.
As far as the mitigation procedures are concerned, choosing the area is a
step that should take into account many factors, such as the presence of
protected areas, rare or endangered wildlife presence, recognized natural
value, corridors, etc.
Once the areas have been identified, there are two main purposes to be
achieved: one is to reduce the probability of collisions between vehicles
and animals, preventing wildlife from crossing the road through fences
and barriers and, on the other hand, to create safe corridors through
proper planning of underpasses and overpasses. The mitigation measures
need to be planned in advance to avoid the extra cost of adapting existing
structure or building new ones when the infrastructure has already been
approved. If done during the project phase, the cost is very low compared
to the total budget (around 5%) (Guccione, 2008; Dinetti, 2008). This
is the time to plan appropriate maintenance procedure and monitoring
for each and every measure, taking into account the different functions.
The above mentioned plan should cover a span of 20-30 years from the
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infrastructure creation and should integrate ordinary and extra-ordinary
maintenance (e.g. obstacle removing, collapses, etc.).
Once the infrastructure and the measures are in place, it is necessary to
check their effective usage, especially by target species. In case animals are
not using them, it is necessary to rethink and modify the corridors.
On the next paragraphs there are indications on how to intervene
according to different types of roads, to be taken into account while
planning new infrastructures. Since the dimensions and the characteristics
vary according to different species, for more information please have a
look at paragraph 3.1.
Generally speaking, when the measure prevents animals from trespassing,
and includes fences and barriers, it should be created only when the risk
is very high, as in motorways with high volume of traffic and a certain
speed, or when the area corresponds to an ecological web; in this case,
underpasses and overpasses must be include to mitigate the barrier effect,
avoiding habitat fragmentation.
'At grade' road
In this type of road, the surface is at the same level of roadside and no
gaps are present. The connections are not interrupted but limited as
crossing is still possible.
The best measures are overpasses and ecoducts, located in critical areas
such as wildlife corridors. The minimum width should be 25m for ecoducts
and from 4 to 12m for bridges. The intervention should include enclosures
and vegetation at the entrances to appeal animals. The enclosures need to
continue for at least 500m from the entrance.
In less critical areas, optical warning lights, parallel to the ground, should
be added, as well as acoustic devices and road signs.
'In trench' road
In this type of road, the surface is lower than roadside. Acclivity varies
along the road, adjusting to ground variations and engineering works.
The connections are not interrupted but limited as crossing is still
possible and the road can create a blockage. This is worse if the section
is at the end of a deep dig (canyon style), or when the morphology is
peculiar and the scarps are particularly steep or there are support walls
(Fabietti and others, 2011). If the slopes are not very steep, crossing is
still possible for any species.
The best measures are overpasses and ecoducts, located in critical areas
such as wildlife corridors. The minimum width should be 25m for ecoducts
and from 4 to 12m for bridges. The intervention should include enclosures
and vegetation at the entrances to appeal animals. The enclosures need to
be higher than in the previous case to prevent from leaping over.
In less critical areas, optical warning lights should be added, but the
distance among them should be decreased and orientated at no more than
45° from the ground (Ciabò and Fabrizio, 2012).
'Embankment' road
The surface is higher than roadside; acclivity varies along the road,
adjusting to ground variations and engineering works. The connections are
not interrupted but limited as crossing is still possible but more difficult
due to the acclivity of the slopes.
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If the slopes are not very steep, crossing is still possible for any species.
The best measures are underpasses, with a circular or rectangular section,
and planned according to the target species. The intervention should include
enclosures and vegetation at the entrances to appeal animals. The enclosures
need to continue for at least 500m from the entrance and can be shorter
than in the previous cases.
'Halfway up the hill' road
The surface cuts through a hill or mountain: one side of the road is 'at trench'
and the other 'Embakement' style. The connections are not interrupted but
limited as crossing is still possible but more difficult due to the acclivity of
the slopes.
If the slopes are not very steep, crossing is still possible for any species.
The best measures are overpasses and the intervention should include
enclosures and vegetation at the entrances to appeal animals. The enclosures
need to continue for 500m from the entrances. Especially when the road is
accessible from one side and steep on the other, the animals run the risk to
be trapped and enclosures are particularly important.
In less critical areas, optical warning lights should be added, but the distance
among them should be decreased and orientated at no more than 45° from
the ground.
Tunnels
For tunnels, it is sufficient to adapt the area above planting vegetation
and treating them as proper wildlife ecoducts or bridges. It is necessary to
add enclosures, starting from the tunnels and continuing all alog the road,
preventing animals from accessing the road. Vegetation should be planted at
the entrances and the central area should be covered with grass that appeals
to animals, while the sides should be enriched with shrubs and trees. Fences
(at least 2m tall) should keep away human presence (Guccione and others,
2008). Along the way, dry stone walls should help small animals, and ponds
should be present for amphibians (Ciabò and Fabrizio, 2012).
If the slope is too steep, acclivity should be reduced through digging or
adding soil.
Viaducts
Viaducts can be considered proper wildlife corridors if the area below is
appropriate, hence they need to be planned when planning the infrastructure.
The minimum height should be 5m to make it usable by big mammals.
The distance among the pillars should be the maximum possible (at least
7m), and, if used by humans as well, a part of the section should be kept
as the original habitat (Fabietti and others, 2011). In the case of bridges
above rivers, they should be big enough to consent passage of every species
(Guccione and others, 2008). There must be enclosures on the external
side of the road to prevent animals from crossing and vegetation and rocks
should be present. It is then important to improve the area removing all the
obstacles and possible waste (Ciabò and Fabrizio, 2012).
3.5 Local community participation
In order to prevent wildlife vehicle collisions, in addition to the mitigation
procedures above mentioned, it is necessary to inform the local communities
about the issue. Involving people and Authorities is a key element for
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mortality decrease hence the importance of promoting awareness campaign.
This can be achieved through ad hoc initiative, advertisements, posters,
leaflets, etc. in addition to peculiar road signs.
It is also possible to involve people in gathering information and scientific
data in the so called 'citizen science'. It is a smart way to make people aware
of the issue, making them understand the dynamics and changing their
habits, and it is particularly useful to invlove youngsters. This approach is
having a huge global success, helping scientific research while educating the
masses.
An example is the creation of apps for smartphones and tablets that can be
used to signal the presence of dead animals on roads, such as that developed
inside the LIFE Strade project.
Another example is planning educational activities on the topic of the road
ecology, addressed to Authorities and organizations such as environment
protection groups, etc. Specific campaigns should be promoted by schools
and driving schools, introducing the topic during the lessons.
Finally, it is fundamental to integrate the road ecology principles into
infrastructure planning by the responsible Authorities (VIA, VAS, VIncA).
Inside the LIFE Strade Project, promotion played a very important role and
was based on an educational campaign through different media such as TV
and radio, internet and social network, workshop organization, symposia
and meetings. As a result, informative material has been created and spread
on the territory involved in the project.

Figure 38: Communication inside the
LIFE Strade Project
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