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Foreword

This guide is a methodological and technical work designed to provide a maximum of recommendations necessary
to take into account the ecological network when designing or upgrading infrastructure.

In order to facilitate its use without necessarily having to read the entire document, this guide is built around
four main parts, each corresponding to a specific topic. Each section is itself divided into a series of fact sheets
designed to answer the questions raised by the stakeholders involved in a road or rail development project.

Foreword for publications translated into foreign languages

The purpose of translated documents and publications is to pass on to non-French speaking readers the
French know-how set out in the original publication, whether this concerns methodologies, tools or best
pratices. Original publications in French are subject to a checking process, which leads to a Cerema
commitment regarding their content. English versions do not undergo the same process, and consequently
carry no Cerema commitment. In the event of differences between the English and the original French
text, the French text serves at the reference.
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Boxed items in the guide are coded:

o
Q

* B © O

Information from feedback, scientific publications, etc.

Indication of the possible costs of the measures. Prices are indicative and are based on feedback
(sometimes a single reference) whose specific features (economic situation, size of the market, technical

characteristics, etc.) inevitably induce strong variability. Values also vary due to market developments
and should therefore be updated according to the date of use.

"The essentials" summarise the most important points of the relevant chapter.

Point of vigilance.

The solution is possible but must be avoided. A The solution is prohibited. 0 Recommended solution.

Referral to the glossary.







Mainland France is located at the crossroads
between four of the six biogeographical zones of
Europe: Atlantic, Continental, Mediterranean and
Mountainous. The variety of climates, soil types
and altitudes creates a very broad diversity. The
mainland territory includes around 6,000 species of
higher plants® and almost 1,500 vertebrate species,
of which half in the marine environment. However
it is difficult to say how many animal species
exist in total as knowledge remains fragmentary
for certain groups of invertebrates. For insects
alone, nearly 40,000 species are currently recorded.
France is affected by biodiversity hotspots® in the
Mediterranean, the West Indies, Polynesia, New
Caledonia and the Indian Ocean.

Biodiversity is part of the common heritage that
deserves to be preserved as such. It also provides a
large range of services to human societies: ecosystem
services. It provides oxygen, food, raw materials and
even molecules from which certain drugs are made. It is
also used to provide certain services such as pollination

Red fox. Source: Frangois Nowicki.
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(70% of crops depend on animal pollination, by insects
in particular), soil fertilisation, water purification,
flood prevention, landscape structuring or improving
our living environment.

According to the 2018 IUCN Red List of Endangered
Species in France, of the 2,712 species assessed for
fauna and flora, 93 are critically endangered, 180
are endangered and 626 are classified as vulnerable.
The erosion of biodiversity is speeding up. The scien-
tific community estimates that the current rate of
species extinction is 100 to 1,000 times higher than
the natural rate of extinction (IPBES, 2019). In the
European context, France is the 5th country, after
Spain, Portugal, Italy and Greece, which is home to
the largest number of globally endangered species.
This accelerated erosion is almost exclusively
connected to human activities. The five major
causes of biodiversity loss are now identified: loss
and fragmentation of ecosystems, overexploitation
of wildlife, introduction of invasive alien species,
pollution and climate change.
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Among these causes, the disappearance and
fragmentation of ecosystems in France are partly
linked to the development, since the 1960s, of
land transport infrastructure, especially when its
permeability has not been ensured. Today, although
there are far fewer new infrastructure projects and
the natural environment is increasingly taken into
account, the impact of these new discontinuities
in the natural environment is often reinforced by
the existing level of fragmentation.

Land-use planning today therefore involves
maintaining the existing ecological network when
designing new projects, but also restoring, on
existing infrastructures, the terrestrial, aquatic and
semi-aquatic ecological functionalities that had
been previously interrupted. The purpose of this
technical guide is to help and make it easier to
factor in these issues when working on the various
linear transport infrastructure development projects.
In particular it updates the former reference guides
entitled Passages for large fauna, SETRA, 1993 and
Facilities and measures for small fauna, SETRA, 2005.

It consists of four parts, each containing a series of
fact sheets designed to answer any questions that
infrastructure operators may have. Part one aims
firstly to provide the information necessary for
clear understanding of the issues involved in the
ecological network and the reasons why it is
necessary to take it into account in the context of
an infrastructure project. Parts two and three
cover more technical areas and explain in detail,
depending on the configurations, how it is possible
to restore or maintain the ecological network whether
it is transversal (fauna passages) or longitudinal
(development of green rights-of-way). Finally, part
four gives indications on the possibilities of ensuring
the effectiveness of the aforementioned measures
over time, through the maintenance and monitoring
of those measures.






Source: SNCF réseau.



THE ECOLOGICAL NETWORK
AND LAND TRANSPORT
INFRASTRUCTURE

FACT SHEETS

ER What is an ecological network?
B2 What methods can be used to identify the ecological network?

ER Why should the ecological network be taken into account
as part of a linear transport infrastructure project?

X How to provide an effective response to the disruption of the ecological network?
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What is an ecological network?

A land-use planning tool

The blue and green grid* (TVB) was introduced in
French Law by the so-called "Grenelle | and II" Acts
of 2009 et 2010. It is a sustainable land use tool
whose primary objective is to halt the loss of
biodiversity*, by conserving and improving the
ecological quality of the environment and
guaranteeing the free movement of species of wild
fauna and flora.

It also aims to:

e support climate evolutions by enabling a majority
of species and habitats to adapt to climate change;
e ensure the provision of ecological services;

e promote sustainable activities, including agriculture
and forestry;

e control urbanisation, the location of infrastructure
and improve the permeability of existing infrastructure.

The green and blue grid is based on an ecological
network that allows the movement of terrestrial
and aquatic living beings. This network helps ensure
their life cycle™.

The ecological network comprises two types of
elements: "biodiversity reservoirs" and "ecological
corridors” (Articles L.371-1 and R.371-19 of the
French Environmental Code®).

o Biodiversity reservoirs (@ page opposite) are
areas in which biodiversity, rare or common,
endangered or not, is the richest or best represented,
where species can complete all or part of their life
cycle (feeding, breeding, resting) and where natural
habitats can continue to function, in particular by
reaching a sufficient size. These are areas that can
accommodate cores populations of species from
which individuals disperse, or areas that are likely to
welcome new species populations.

e Ecological corridors (@ page opposite) make
connections between biodiversity reservoirs, offering
species favourable conditions for their movements and
the completion of their life cycle. Ecological corridors
canbelinear (hedge, linear surface, etc.), discontinuous
(Japanese step structures, stopping points, refuge
islands, etc.) or landscaped (matrix of various structures).

The green and blue grid can be broken down into
sub-grids* corresponding to ecological networks
identified for the different types of environment
(® page opposite). The French Environmental Code*
defines the various sub-grids to which biodiversity
reservoirs and ecological corridors may be attached:
wooded areas, open areas, wetlands, watercourses and,
where applicable, coastal environments (art. R371-27 of
the French Environmental Code). All these sub-grids
are compiled to form the green and blue grid (TVB).
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@ Theoretical diagram explaining corridors, biodiversity reservoirs and ecological networks.
Source: UMS PatriNat, https://inpn.mnhn.fr/programme/trame-verte-et-bleue/presentation

@ The five national sub-grids*. Source: UMS PatriNat.
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To implement this policy, the French State relies on
a framework document, the Orientations nationales
pour la préservation et la remise en bon état des
continuités écologiques (ONTVB), adopted by the
decree dated 20 January 2014 and revised by the
decree dated 19 December 2019, whose primary
objective is to allow the implementation of a
coherent green and blue grid (TVB) throughout the
territory, by an approach involving different levels
of action:

e at the national level. The ONTVBs identify national
and cross-border issues and specify the framework
chosen to identify continuities with the regional level;
e at the regional level (according to the old
administrative breakdown). The TVB has been
adapted to a more precise scale through regional
ecological coherence schemes (SRCEs). The SRCE is
a framework document developed in each region. It
includes, among other things, a presentation of
regional ecological network issues, a mapping of
regional ecological networks (the regional green
and blue grid* on a scale of 1/100,000) and the
strategic action plan for their preservation or
restoration. However, the regulatory context
concerning the implementation of the green and
blue grid has evolved following the Act dated 7
August 2015 on the new territorial organisation of
the French Republic (known as the "NOTRe Act").

It provides each Region with a prescriptive planning
document: the schéma régional d'aménagement, de
développement durable et d'égalité des territoires
(SRADDET) into which the SRCE must be integrated.
SRADDETs are intended to replace the SRCEs, which
will become obsolete once the SRADDETs are
adopted (except for the Greater Paris region);

e at a more local level, planning documents (SCoT,
PLU(i) and municipal maps, etc.) and projects of the
State, local authorities and their groups, in particular
regarding infrastructure, must then take into
account their region's SRCE and embed the objective
of maintaining and restoring ecological networks
into their own territory or at the project level.

The ONTVBs are binding on planning documents
and projects at the national level, in particular
on the major linear transport infrastructures of
the State and its public establishments, to
ensure compatibility (Article L. 371-2 of the
French Environmental Code*). The issues of
national coherence of ONTVBs (lists of species/
habitats, protected areas and ecological networks
of national importance) are to be integrated into
the application of the "avoid, reduce, offset"*
sequence of the environmental assessment of
documents and into the impact assessment of
projects at the national level.

. An ecological reality essential to the conservation

. of species

The ecological network can be defined according to
several scales of perception whose contours are globally
determined according to its role in maintaining
species in a territory (possibility of completing their
biological cycle) and in maintaining exchanges
between populations of species (dispersion).

In each case, to allow ecological networks to
play their part, they must be functional, that is
to say, allow the safe movement of species,

through a sufficient number of favourable
habitats and appropriate organisation of such
habitats. Unfortunately, in many cases, during
their movements, species pass through infra-
structure that can become mortality sinks for
the population. It should also be noted that an
environment that is part of a continuity can be an
obstacle® for species of other environments
(e.g.: a forest corridor can be an obstacle* for certain
orthoptera species® living in open environments).
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The ecological network supports
exchanges needed to complete
species’ life cycle

For a species to remain on a defined territory, it needs
vital spaces which provide it with the resources to
feed, reproduce and find shelter. The species must be
able to move between these spaces to meet its needs.
While these movements can be categorised, they
are however very variable depending on the
species, the season and the environments.

The ecological network
to support movements
in search of food

The search for food and water is one of the main
reasons for species movement. Needs vary from one
species to another Choices of habitat are very
different and the distances between diverse
resources vary a lot depending on the species and
on food availability.

It is estimated that, on average, carnivores have to
travel four times more than other species. Generally,
however, travel distances related to the search for
food and water remain quite limited.

FACT SHEET 1 | WHAT IS AN ECOLOGICAL NETWORK?

European otter

Wild boar

The ecological network

to support movements

in search of sexual partners
and places of reproduction

Reproduction is a basic need shared by all living
species. Every species must have an efficient
reproductive system, otherwise it would be
threatened with extinction. Reproduction can be
coupled with spatial movements for partners to
meet and join a suitable breeding habitat.
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Common toad

The ecological network
to support movements
in search of shelter

During the day or depending on the season,
species need to find places of shelter where

GEL

they can rest and hide from predators. While
some species find the same shelter every day
(e.g. badgers), for many others, their place of
residence is above all a living area where they
shelter rather than an identical and permanent
location to which they return after their
activities. The roe deer, for example, is most
often nomadic in its territory and reqularly seeks
a new place to shelter from the weather or from
predators. A territory may therefore include
several well-identified refuge zones that the
species is likely to use as it moves.

Some species use a fixed shelter for varying lengths
of time: part of the day, all year round or part of the
year for example. Many species therefore occupy a
very specific place to give birth and raise their
offspring, as do hibernating species. Sometimes,
they travel very long distances to reach these
different places. This is particularly the case for
migratory species, such as certain bats.
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The ecological network
supports the necessary
exchanges between populations
(dispersion)

The ecological network also supports exchanges
between different populations of the same species.
These exchanges are necessary to ensure the good
conservation status of species, maintaining genetic
diversity, and to reduce the risks associated with
inbreeding, for example.

Exchanges between different populations or
metapopulations® can take place through the
dispersal mechanism. This term generally refers to
all processes whereby living beings geographically
separate themselves from an original population
and colonise (or recolonise) a territory. It is thus
strongly correlated with reproduction. Dispersal may
occur after birth and before the very first
reproduction or between two reproductive events.

Dispersal is divided into three stages: firstly
emigration, when the individual leaves its original

FACT SHEET 1 | WHAT IS AN ECOLOGICAL NETWORK?

habitat, then transfer and finally, immigration,
settlement in the new habitat. It allows species to
colonise or recolonise environments that are
conducive to their development, but it has a cost
in terms of time, energy, risks, etc. The dispersal
capacities of species are essential for genetic
diversity, population survival, adaptation and

ecological resilience™.
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"o What methods can be used to identify
2 the ecological network?

For a given territory, maintaining an ecological

network conducive to the movement of the greatest
number of species of wild fauna and flora requires
different scales of analysis. This analysis is important
because not all species have the same movement

capacities. For some that travel long distances, for
example, the regional scale may make sense, but for

species whose movements are more localised, '

such as amphibians or insects, a much smaller
Regional scale

scale is required.
(SRCE/SRADDET)

Each level of scale (national, regional, local) must
make it possible to provide a response adapted to
the challenges and the size of the territory studied
by helping to specify the issues of higher levels.

Maps of ecological networks are available at the
national or even regional level. But documents
describing quite large territories (e.g. SRCE or
SRADDET, national interest networks) do not

¥

show all the ecological network elements that fall

within the scope of lower planning levels (SCoT,
) ) i Local scale
PLUi, PLU, etc.) and for which a smaller cartographic

scale is necessary within the framework of a local

project (@). Simply zooming in does not provide
enough precision to define the ecological network
at the local level.

During the implementation of an infrastructure
project, the identification of corridors and
biodiversity reservoirs® will have to be based on

available documents and investigations, depending
on the level of precision expected during the *

different phases of the project. Municipal scale
(PLU)

@ Cartographic representations 4

of ecological networks at different scales.

Source: UMS Patrinat, Région Alsace/DREAL* Alsace,
Atelier des Territoires, SCALEN - PLUi du Grand Nancy.
(Important: these maps have no geographical link.)
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IDENTIFICATION OF COMPONENTS OF ECOLOGICAL NETWORKS

Identification of biodiversity reservoirs*

There are several and often complementary
methods for identifying biodiversity reservoirs.
To summarise, three approaches can be used at
different scales of work, independently or
cumulatively, depending on the accuracy of the
data already known or identified.

Integration of existing alert
perimeters

The first step is to necessarily integrate areas
benefiting from regulatory protection (e.g. nature
reserve®, biotope protection order, etc). It is also
recommended to add watercourses and wetlands
of special environmental interest. Finally, depending
on the value that their contribution may bring,
certain perimeters (ZNIEFF, Natura 2000 site*,
ENS, etc.) that reflect a specific biological wealth,
will be associated.

The species or multi-species
centred approach

This involves adding to the previous analysis the
data (outside the alert perimeter) on the location of
heritage species - or not (ordinary biodiversity) -
which is sensitive to fragmentation. These are derived
from the bibliography or field studies, undertaken in
particular in the context of files compiled prior to
infrastructure projects. It is thus possible to define
possible complementary biodiversity reservoirs linked
to the presence of these species.

The contour of these reservoirs must correspond to
a coherent ecological unit where the presence of
the different living habitats of these species (refuge
area, feeding area, etc.) is an essential condition for
their presence. To identify these reservoirs, land-use
analysis is therefore a complementary approach to
data on the presence of one or more species, which
makes it possible to check the presence of the
environments sought by such species.

In the context of an infrastructure project, this
species-based approach is often only possible in
very specific cases, on a small scale, linked to the
presence of one or a few high-issue heritage species
requiring special attention.

In a more general context, the multiplication of
the number of species likely to coexist in a
landscape crossed by an infrastructure can make
a species approach very complex. In this case, it
is possible to conduct a more inclusive approach,
namely:

e through a species-based approach while focusing
on living habitats of one or a few "umbrella” or
"keystone" species.

An umbrella species is a species whose scope of
habitat and territorial needs is such that its
preservation also makes it possible to preserve a
series of other species coexisting in the same
ecosystem, but with fewer requirements, especially
in terms of space. Therefore the protection of
habitats allowing the maintenance of demanding
target species will, in principle, also safeguard less
demanding species.

E.g. the violet click beetle
(Limoniscus violaceus) is a discreet

saproxylic® species, associated with the low
cavities of deciduous trees. Its presence is
accompanied by remarkable biodiversity,
characteristic of old European forests (diversity
of species, remarkable species).

A so-called "keystone" species is a species whose
disappearance would compromise the structure
and functioning of a whole ecosystem. It is
characterised by the quality, number and
importance of its connections with its habitat
and with other species. In this sense, a keystone
species is necessary for the existence and
maintenance of other species.
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e by taking an approach that focuses on the living
environment of a species with the same ecological
requirements, indicators of each environment,
indicators of each environment or sub-grid*
(indicator species of forest environments, open
environments, etc). Once these species have been
defined for each sub-grid, the objective is to draw
up a map of the environments conducive to these
species (e.g. ungulates, indicator species of the
forest sub-grid) on the basis of land-use.

The landscape approach

While certain perimeters or territories of heritage
species are generally considered as biodiversity
reservoirs’, it is also possible to integrate natural areas
that can play a role because of their high potential,
their wealth in terms of ordinary andfor heritage
species, the absence of fragmenting elements, their
degree of naturalness, their surface area, their
homogeneity (functional whole without discontinuity),
their compactness or permeability. This is often the
case, for example, with vast forest areas. The aim here
is to take a slightly more comprehensive approach
to analysing the territory, less focused on the habitats
of a species or a series of specific species..

Identification of ecological corridors

On the basis of biodiversity reservoirs, the aim is to
conduct spatial analyses to identify physical
continuities between these reservoirs which are
liable to be used by species during their movements,
in particular for their dispersal.

Ecological corridors are identified according to
many factors including the scale of work, the size
of the study area, the available data, etc. The
definition of ecological network therefore usually
uses different approaches that can be combined.
These methods often require prior identification
of potential continuities then an analysis of

fragmentation elements and, lastly, a validation
based on assessment by a naturalist or a
field phase.

The land or environment
use approach

This is the most frequently used method to
characterise the green and blue grid (TVB) at the
regional level. It is proposed in the framework of
the national guidelines for the preservation and
restoration of the ecological network.
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This approach is based on three possible spatial
analysis methods:

H Visual interpretation

Based on aerial photographs or land-use maps,
visual analysis makes it possible to identify the
corridors potentially used by species from
biodiversity reservoirs (differentiating, if necessary,
each sub-grid or type of environment). The routes
are chosen according to the most direct path
between biodiversity reservoirs®, integrating the
most favourable environments for movement,
stopping point environments, obstacles,” etc.

This method is particularly effective when the study
area is well known and the surface to be treated
remains small.

The analysis of distances
between biodiversity reservoirs

Using the distance liable to be travelled by the
species (target, umbrella, indicator or group of
species) outside its refuge habitat, this method,
under GIS, materialises the space likely to be
used by the species for its dispersal in the form
of buffer zones around each reservoir, regardless of
the quality of the external habitats. This operation
reveals connecting areas between spots that can
be considered as potential corridors (see example
of the expansion-erosion method @). However,
this method does not take into account the
nature of the environments or the obstacles”
present. Some connections may be longer but more
efficient, when the nature of the environment is
more permeable.

B Analysis of the permeability of environments

to the movement of target species groups
and continuum calculation for each type
of environment (sub-grid*)

This analysis is based on a GIS method that models
the movement of indicator species from a type of
environment within the different categories of
land-use. This would be, for example, the movement
of a species representative of the forest environment
within grasslands, crops, etc.

The modelling is based on a movement cost
calculation algorithm that takes into account the
permeability of each environment for the target
species and can incorporate potential obstacles™ .
Each land-use category is assigned a resistance
value proportional to the effort that the animal
is willing to make to colonise or move in an
environment other than its living space (it is
generally established that the species has no
difficulty moving in its reference environment).

This method ultimately makes it possible to
model the sub-grids (forest, meadows, etc.)
corresponding to the potential area of movement
of the targeted species representative of these
sub-grids.

The different synthetic maps of each sub-grid are
compiled in order to highlight the major functional
areas of the territory.

Different types of software use this analysis method.
Mention may be made of: Graphab, Circuit scape,
Metaconnect, Least-cost path analysis.

[ T T T

® Principle of the expansion-erosion method Source: UMR-Tetis — Inrae.




THE ECOLOGICAL NETWORK AND LAND TRANSPORT INFRASTRUCTURE
FACT SHEET 2 | WHAT METHODS CAN BE USED TO IDENTIFY THE ECOLOGICAL NETWORK?

Study of the impact of the East LGV (high-speed train line) on the operation
of ecological networks — Analysis of the territory of 12 municipalities

. Special case of the black grid*

Artificial light is likely to create a barrier effect
because of the repellent effect it constitutes for
light-fugitive species®. Conversely, it is also likely
to constitute an ecological trap by attracting
other species at the risk of being hit (this is the
case, for example, of certain bats who come to
hunt insects near street lamps, which are
themselves attracted by light). This is a cost-
benefit behaviour: the opportunity to feed while
incurring the risk of being a victim of predation.

When on the move, most bats* avoid lit areas.
When the TVB policy was introduced, the problem
of light pollution was not considered to be a
political priority on the one hand, and on the other
hand, it was not developed in an operational way.
Nevertheless, there are an increasing number of
initiatives and the adapted ONTVB framework
document (2014) indicates the need to take into
account emerging issues, such as light pollution,
more effectively.
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There are several ways to integrate this issue into a
TVB. One possibility is to identify areas of conflict
between the TVB and light pollution (Granier, 2012).
Another possibility is to go so far as to identify a
black grid *, i.e. ecological networks characterised
by their darkness, to be preserved or restored.
This network can be obtained from an already
characterised green and blue grid*, from which
areas that are too bright are removed. But it can

also be identified by directly taking into account
the darkness needs of nocturnal species, when
identifying corridors and reservoirs. In France,
approaches to identifying black grids have
begun to emerge in recent years (e.g. AUBE
(Aménagement, urbanisme, biodiversité, éclairage)
fact sheets, Cerema 2020; Trame noire - Méthodes
d'élaboration et outils pour sa mise en ceuvre,
OFB 2021).

Identification of the black grid of Nantes Métropole
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Why should the ecological network be taken into account
as part of a linear transport infrastructure project?

A regulatory requirement

On planned infrastructure

e Pursuant to Article L371-2 and 3 of the French
Environmental Code*, "planning documents and
projects at the national level, and in particular the
major linear infrastructure of the State and its
public institutions, must be compatible with national
guidelines for the preservation and restoration of
ecological network (ONTVB) and specify the
measures to avoid, reduce and, where appropriate,
offset” the damage to the ecological network that
the implementation of such planning documents
and projects, in particular major linear infrastructure,
may cause environmental concerns that the
implementation of these planning documents and
projects, in particular large linear infrastructures,
are likely to raise "

e Infrastructure projects subject to impact
assessment, pursuant to Article L.122-1 and
R.122-5-4° of the French Environmental Code
must appropriately describe and assess, according
to each specific case, the significant direct and
indirect impacts of a project on biodiversity*,
paying particular attention to species and
habitats protected under Directive 92/43/EEC dated
21 May 1992 and Directive 2009/147/EC dated
30 November 2009.

o Public infrastructure projects (of the State, local
authorities and their groups), whether subject to
impact studies or not, pursuant to Article L371-3 of
the French Environmental Code, must take into
account the SRCE or be compatible with the
SRADDET, if one exists, and specify the measures
to avoid, reduce and offset damage to the
ecological network.

Environmental studies relating to a project must
lead to an understanding of the effects on

biodiversity and the ecological network from the
outset of project design and in all appraisal
procedures, through to the decision to carry out
the project or not.

On the basis of an inventory of ecological networks,
the studies should make it possible to take into
account all the direct, indirect, induced and
cumulative effects of the construction of the
infrastructure. This analysis should then make it
possible to define the measures needed to avoid
harmful consequences. Biodiversity reservoirs and
ecological corridors must therefore be preserved
as much as possible by avoiding choices of
geographical or technical opportunity. If this is
not possible, reduction measures must be defined
to ensure the preservation of functionality spaces.
If, despite avoidance and reduction measures,
biodiversity reservoirs and corridors are not
adequately preserved, offsetting measures will have
to be implemented.

They must comply with the principles of
environmental offsetting, defined in Article L.163-1
of the French Environmental Code, and be
accompanied by follow-up measures in accordance
with Article R.122-5-9° of the same Code.

The set of measures designed to avoid, reduce and
offset, known as the "ARO sequence"*, targets
the absence of net loss of, or even a gain in
biodiversity*. These measurements must allow
the non-deterioration of the overall permeability
of each sub-grid* studied at the project scale.

Lastly, in the context of a new project, the
ecological network is also very often analysed
through the
procedure provided for in Article L.411-2 of the

protected species derogation

French Environmental Code*,
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On existing transport
infrastructure

While there is no general regulatory obligation to
restore the ecological network disrupted by the
passage of old infrastructure, some works to
improve the existing network, depending on
their importance (e.g. addition of a motorway
lane), may require upgrading and new
defragmentation measures as for new projects
(see also fact sheet 4).

The consideration of the green and blue grid*
must then be supported by an assessment of
the level of breakdown of ecological networks,
and be based, among other things, on the

_An ecological necessity

Transport infrastructure affects environments and
their biological components through a range of
processes that are connected in space and time.
The interruption of an ecological network by
a road or railway line is certainly one of the
main disturbances, which results both in the
fragmentation of spaces and in the creation of a
risk of collisions for all species wishing to
continue to cross the infrastructure.

Fragmentation

Fragmentation is a dynamic process of habitat
area reduction and separation into several
fragments. For transport infrastructure, it is
induced by the cut-off effect created by the
destruction of habitats next to the road coverage
(clearing, earthworks), by the presence of the
physical barrier created by the infrastructure
itself (roadway, railway platform, electrical or
signalling installation, earthworks) whose effect is

distribution of ecological networks and on the
specific characteristics of each infrastructure
or structure.

In the absence of an obligation to improve
ecological transparency linked to specific works,
for existing linear infrastructures, the challenge
is to be able to prioritise and optimise a
programme of works aimed at restoring the
permeability of network infrastructures and
structures, particularly in areas where the stakes
are the highest, whether through dedicated
projects (subject to obtaining funding in this
regard) or for other projects, but giving the
opportunity to improve long-standing deteriorated
or broken ecological networks.

reinforced by the presence of any fences and
finally by traffic disturbances, noise, lighting,
vibrations, etc.

The main effect of this barrier is to interrupt
ecological networks and all the ecological
processes inherent in such networks.

Fragmentation effect of road infrastructure according
to average daily traffic.
Source: COST 341 report adapted from Seiler, 2003.
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Effect of a three-lane road
on the movement and abundance of a species of ground beetles

Before

However, the scale of the barrier effect remains
highly variable and depends on several factors:

e the characteristics of the infrastructure:
the wider the infrastructure, the greater the
cut-off effect. The longitudinal profile (excavation/
embankment) also plays a role, in particular with
regard to flying fauna;

e the surface: the simple presence of a structure
coated with asphalt or railway ballast can create
a physical barrier for some species;

o the presence of equipment: adherent concrete
barriers, fences, U-shaped concrete gutters, covered
ditches, rails, etc.

For fences, the cut-off effect will depend in
particular on its technical quality (resistance to
burrowing ¥, maintenance to ensure its continuity
and accessibility), its height, the size of the mesh
(large-meshed fencing will have little effect on
species of small fauna) and the quality of the

connections to adjacent features (openings, grids,
lower or upper structures, etc.).

The presence of adherent concrete barriers on
unfenced infrastructure, used at the centre of roads
to separate the carriageways, or on only one side of
the road, is particularly impactful, as these structures
leave free access to all or part of the carriageway to
fauna, while making it completely impassable.. For
some species, they can constitute a physical barrier
which has the consequence of keeping individuals
on the roads thereby increasing the risk of wildlife
vehicle collision. In large-meshed fenced sections,
mustelids* entering road coverage are also exposed
to this risk (see sheet 21);

e traffic: the fragmentation effect increases with
the number of vehicles;

e the environments crossed: the impact of the
cut-off varies according to the type of environment
(open, closed) and its quality.
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The effects of fragmentation on the ecological
network are diverse and can lead in particular to:
e the removal of access to initially used habitats;

e the modification of habitat conditions;

e the elimination of opportunities for dispersal;

® 3 brake on adapting the distribution of species
to climate change.

Removal of access
to species’ habitats

The barrier created by the infrastructure can
separate the different species' habitats necessary
for the completion of their life cycles (removal of
access to their feeding sites, to their breeding
environments, etc.).

The level of impacts will then vary greatly
depending on the presence, size and accessibility
or not of alternative habitats:

e if alternative habitats are nearby and accessible,
the impact is likely to remain low and the species
will be able to maintain itself;

e if alternative habitats are remote but still
accessible, the species will be able to sustain itself
through longer movements. Depending on the

Habitat fragmentation effect
Example of common hares on the Swiss plateau.

species, the increase in travel distances may be
accompanied by negative effects on the energy
balance and on natural evolution of populations;
e if alternative habitats are not available, if they
are not sufficient in quality, or if they are too
small, the species will have to leave the territory
or decline.

It should also be noted that disturbances in one
species may or may not affect all other species
that interact with it. For this, it is necessary to
take a "chain" and not simply a species-driven
approach.

The modification of habitat conditions

The presence of an infrastructure can lead to
changes in the ecological conditions of the
environments crossed and lead to disturbances in
the initial functioning of the environments and
their role for the species. These disturbances may
be related to:

e the opening of enclosed environments and the
creation of edges. Local ecological conditions are
modified compared to the initial habitat (exposure
to the sun, wind conditions, temperature, etc.).
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These changes often result in the colonisation of
new, usually more dynamic, edge-dependent
species, to the detriment of generally more
specialised “interior species” This results in a

steady-state depletion of the faunistic suite,
even if, locally, the number of species present
may prove to be higher (edge species +
low-demand forest species);

Impact of fragmentation of a wooded environment due to the edge effect.
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e the creation of noise pollution resulting from the
flow of vehicles: their intensity varies according to
the characteristics of traffic, the topography, the
environment through which they pass, etc. This
pollution can then generate stress reactions or
simply the animal's escape far from the source out
of fear, or because the sources of noise interfere
with its acoustic communication, by masking it;

e Artificial light at night: it acts as a barrier

by causing breaks in darkness that may prove
to be impassable for some species. Changes
in the lighting conditions of a habitat can
also have consequences on reproduction, the
desynchronisation of biological clocks (the
biological rhythm is no longer in phase with
the environment), the predator/prey relationship
or pollination.

B The elimination of opportunities

for dispersal

By affecting or even eliminating the possibility
of species’ movement, the infrastructure limits
the processes of dispersal, i.e. the emigration
of individuals from one population (usually
juveniles) to another and concomitantly the
contribution of individuals from one population
from another (@ below). The infrastructure can
thus interrupt flows between favourable sites of
species and prevent the colonisation of new
habitats. The breakdown of the ecological
network can then lead to a decrease in the
genetic diversity of populations by lowering the
rate of gene exchange within populations. It thus
leads to a reduction in the genetic diversity of
each of the local populations and greater
differentiation between them (genetic drift).
Over time, the likelihood of populations adapting
to new environmental conditions decreases. The
reduction of the genetic diversity of a population
also increases its inbreeding and therefore the
health risk in the face of an epidemic, which can
also lead to its extinction.

Eliminating the possibility of dispersal can also lead
to the disappearance of small satellite populations
which can only be maintained by the contribution
of incoming individuals.

@ Diagram of the impacts of an infrastructure on the dispersal of species. Source: Cerema.
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Landscape genetics - Spatial structuring of deer populations around Paris:
what is the role of transport infrastructure?
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Metapopulation functioning

B Reducing adaptation capacity

of species to address climate change

Recent climate change (linked to human activities)
is a complex phenomenon manifested by a
wide variety of changes, which have already
been shown to have an impact on biodiversity
and to pose a threat to the survival of certain
species.

Depending on the severity of the impacts of
these changes, which take place at many
organisational levels, the response of a population
or species subject to the changes is however
variable: either it adapts to the new conditions
of its environment, or it migrates to find
environmental conditions similar to those to
which it was subjected before the changes, or

it cannot adapt or migrate and, in this case, it
dies out, locally or generally.

Faced with climate variations that require fauna and
flora to reorganise their distribution areas, maintaining
the ecological network that allows species to move
is essential to their adaptation to climate change.

In this way, the construction of an infrastructure,
which constitutes a new obstacle” to the movement
of species, represents a hindrance to the adaptation
of species to these changes.

The infrastructure leads in particular to limiting
the resistance and resilience™ of species to
disturbances. Specialist species with low mobility
capacity will suffer the most due to their limited
spatial adaptability.
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Wildlife vehicle collisions

The amount of infrastructure, and in particular
large-scale infrastructure (motorways, LGV - high-
speed trains), has risen steadily since the 1960s,
implying increasingly fragmented and isolated
environments. In this context, a large number of
animals, which are forced to cross an increasing
amount of infrastructure to complete their life
cycle within their home range® or to disperse,
are victims of collisions with vehicles, both road
and rail.

However, infrastructure-related mortality remains
variable as follows:

e species, even if generally all are likely to be
affected. The factors most closely linked to
species include:

- susceptibility to disturbance (species
susceptible to disturbance are generally less
affected, as they do not approach the
infrastructure),

- behaviour (many predators come to hunt at
the edge of the infrastructure because of

the high number of micro-mammals® and
insects on verges);

- the size of the species' territory (the larger the
territory, the greater the risk of having to cross
infrastructure to access all resources),

- dispersal capacity (the higher it is, the higher
the risk),

- movement speeds (slow-moving species
have a limited escape capacity and are
therefore more exposed to the risk of wildlife
vehicle collision);

e seasonal rhythms: a study carried out on the
DIR Ouest network made it possible to highlight the
seasonal variations in wildlife vehicle collisions
specific to each species. Every year, the distribution
of the number of wildlife vehicle collisions follows
the same trend with a slight decrease during the
winter months (see diagram on the opposite page).
Closer study of wildlife vehicle collision data shows,
for each species groups, a marked and similar intra-
annual variability from year to year. Below are
some examples of these peaks, the causes of
which may be varied (behavioural factors,
birthing, new generation swarming, hunting, etc.);

Annual distribution of collisions on the DIR Ouest network by species/species groups from 2014 to 2016. Source:
Fauna/vehicle collision distribution analysis report. DIR Ouest. Data collected from 2014 to 2016, March 2018, UMS

Patrinat, Lucille Billon.
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Monthly breakdown of collisions per year for roe deer and wild boar. Source: Fauna/vehicle collision distribution
analysis report. DIR Ouest. Data collected from 2014 to 2016, March 2018, UMS Patrinat, Lucille Billon.

This trend is also observed on the national rail
network, that is to say the LGV high-speed lines but
also conventional lines. Wildlife vehicle collisions
show strong seasonality:
- very high annual peak from mid-October to
mid-January with hoofed animals (deer and
wild boar),

- deer-specific peak each year from April to
June (slight lag depending on the year),
corresponding to the period of search for new
territories for young individuals, a phenomenon
which may be accentuated by the consumption
of buds in "drunk" deer, which are therefore
less attentive.

Graph of the distribution of recorded collisions and minutes lost related to wildlife across the entire national rail network in

2018. Source: Marine Le Lay, SNCF Réseau.
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Another temporal variable is that of the time of Sunset also corresponds to the peak of traffic
day: collisions mainly take place at sunrise and in the autumn (commuter trains after the
even more at sunset. working day).

Graph of wildlife/train collision times during the year and curves of sunrise and sunset times. Source: Marine Le Lay,
SNCF Réseau.

e the characteristics of the infrastructure. The - the linearity of the infrastructure (curves
risk depends in particular on: generally offering poor visibility and hazard
- the width of the infrastructure: the greater anticipation conditions);
the width, the greater the crossing distance, e Traffic and speed undoubtedly play a role
the greater the risk of collision, in the level of impact. The most accident-prone
- the width of green rights-of-way and their road infrastructure situations generally correspond
management, particularly in terms of to sections with low and rapid traffic. For slow-
maintaining the vegetation, as they can play a moving species, even when vehicle speed and
role in the attractiveness of the species on the traffic levels are low, the impacts on populations
edge of infrastructure or in the flight height can be very significant;

of birds or bats (increase in flight above traffic
in certain situations when trees are present),

Impact of traffic on
amphibian populations

- cross-sectional profiles (backfill, buried,
combined, etc.), particularly for flying species.
Profiles in light cuttings or at natural ground
level are often the most impactful. This is not
necessarily the case for mammals, particularly
on railway infrastructure, where there seems
to be more concern for problems encountered
at large cuttings,

- the presence of fences that can limit the
impact, preventing species from accessing

the danger zone,
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e the quality and structure of the environment
passed. The better quality and more welcoming
the environment, the higher the potential number
of animals, and the greater the number of individuals
likely to cross the infrastructure. In this sense,
ecological corridors crossed by an infrastructure
generally constitute mortality black spots.

The vegetation structure on either side of the
infrastructure can also play a role in guiding
species towards danger (e.g. bats*, which follow
landscape structures).

Wildlife vehicle collision can thus be very
detrimental to the good conservation of
populations, especially when those populations
are small in number, are sensitive to the risk
of collision (e.g. low speed of movement) and
their reproductive dynamics are low (few young
per year).

On the rail network, the impact can only be
monitored at present through the monitoring
of the regularity of rail traffic, which means
that only events related to large animals are

generally recorded.

While the assessment of the impact of infrastructure
on natural evolution of populations remains very
difficult to quantify, the implementation of
monitoring or collision surveys, if sufficiently long
(at least four years on motorways), carried out by
patrol vehicles (on motorways) and supplemented
by monthly monitoring over one year by an ecology
engineer (source: COMERCAR project, ITTECOP, 2017),
can give complete indications on the different size
classes of fauna (small, medium and large) and on
collision black spots. These indications, cross-
checked with other data (population density on the
territory, distribution of populations in connection
with local naturalist associations, landscape ecology,
presence or absence of civil engineering structures
and fences, etc.) are useful for the environmental
upgrading of networks through the development of
a multi-annual program for the resorption of
conflict zones. However, collision studies alone are
insufficient to position civil engineering structures.
A more comprehensive study of the ecological
network must support the process.
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Source: Fauna/vehicle collision distribution analysis report, DIR Ouest. Data collected from 2014 to 2016, March 2018,

UMS Patrinat, Lucille Billon.

. The imperative of passenger safety

Beyond the impact on biodiversity*, the issues of
collisions with fauna also affect the safety of
users of transport infrastructure. In France,
between 2008 and 2010, according to data
from the police and gendarmerie, nearly
500 accidents with wild animals (around 170
per year) were recorded, resulting in 35 deaths
(about 12 per year), 350 hospitalised injuries
(about 115 per year) and 200 minor injuries
(about 65 per year). On the rail network, nearly
1,500 collisions are recorded each year on the
national territory, generating nearly 200,000
minutes lost on 8,000 trains. Depending on the
species in question, on a frontal or side impact
and on the type of rolling stock, collisions can
cause very significant material damage, posing

a threat to the safety of traffic and persons and
potentially leading to the transfer of passengers.

The number of accidents has also tended to increase
for many years. A census carried out between 1984
and 1986 by the Highways Department of the
Infrastructure Ministry reported 11,055 collisions
with fauna over those three years (less than 4,000
per year). In 2008, the number of accidents caused
by wild animals was around 35,000, more than
60% of which were big game (36% wild boar,
17% roe deer, 8% deer). From an economic point
of view, according to a study conducted by the OFB,
it is estimated that collisions with large ungulates
cost between 115 and 180 million euros for about
23,500 collisions (Vignon and Barbarreau, 2008).
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Impact of collisions on rail infrastructure

Finally, it should also be noted that in the event of Taking into account the ecological network that
an accident caused by the passage of large wild supports a large number of fauna movements is
animals on public roads, the road management therefore a necessity to ensure the safety of users
company may be held liable for lack of normal and limit the economic cost of accidents.

maintenance or signalling.
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How to provide an effective response to the disruption

of the ecological network?

Re-establishing transversal and longitudinal

_continuities

One of the main impacts of infrastructure is the
barrier effect it poses to the movement of fauna.
While it is not technically or economically possible
to restore all crossing possibilities for all species
along infrastructure, it is possible to limit the
impacts of fragmentation and ensure minimal
permeability by constructing crossing structures for
fauna (see Part II). These structures are designed and
built taking into account the specificities and
interest of the habitats crossed as well as the species
concerned, through the analysis of the ecological
network that has been broken.

A fauna passage restores crossing possibilities of
varying degrees of efficiency depending on its size,

the environments present, the development, etc,
but in all cases, this restoration is done only at
a given point. It is therefore necessary to ensure
the proper design of the passage, but also to
promote its use by taking into account the
structures to lead fauna to this structure. In this
sense, the green rights-of-way of the infra-
structure, that is to say the vegetation areas
bordering the infrastructure can constitute this
stopping point and facilitate the movement of
species along the infrastructure through to
fauna passages, provided however that the
installation of fences allows it (which is not
always the case when they are positioned at
the road coverage boundary).

Example of green rights-of-way that support travel along the infrastructure to the fauna passage. Source: Alterra/

Vinci Autoroutes.
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Integrating the ecological network
. during the different stages of the project

Transport infrastructure projects are rolled out in
successive phases, each with a specific objective. In
the case of a new project, the territory studied is
increasingly restricted as the phases progress
(progressive nature of studies). The degree of precision
of the investigations of these different studies,
however, depends on the importance of the project
in terms of scale. The larger the scope of a project, the
larger the study area. A project of several tens or even
hundreds of kilometres is not apprehended in the
same way as a project covering a few kilometres.

As the study area is generally more restricted for
upgrading projects® than for new projects, the
following chapters will deal mainly with new
projects. The particularities of upgrading projects
will be covered in the comments.

The Government's instruction of 8 November 2018
on the procedures for preparing investment and
management operations on the national road
network established the need for an opportunity
decision authorising works on the national road
network or for works planned by a third-party
contracting authority (local authority, concession
company, etc.) impacting the national network.

The technical instruction sets the framework and

sequence of studiesnecessary for theimplementation
of these projects.

For projects of a third-party

contracting authority not impacting
the national road network, even if the different
phases of studies can be resumed, there are
no particular obligations before the Déclaration
d'utilité publique file.

Opportunity studies

This is a set of studies that aim to progressively
verify the relevance of an infrastructure project to
meet an identified mobility need and to outline
its main characteristics.

Three levels of study have been defined:
e route opportunity study;

e phase 1 project opportunity study;

e Phase 2 project opportunity study.

Route opportunity study

The main objective of route opportunity studies,
on a given territory, is to specify mobility need(s)
and to deduce a long-term development plan
[A next page] to meet this need. The whole
transport system, including the entire road
network and its connections to other modes,
must be reviewed.

The development part will then be broken down
into different individual operations (e.g. deviation,
widening, etc.) that can be prioritised to
define one or more road development projects
to be favoured in the short or medium term.
[@® next page]

Taking the ecological network
into consideration

The analysis is at this level quite simple and
essentially bibliographic. The objective is above
all to take into account the current status and
in particular to make an analysis of the network
from the point of view of any existing breaks.
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This analysis must also make it possible to take into
account the negative consequences of the different
developments on the ecological network. It thus
participates in the comparison of network variants,
in the choice of the preferred route variant and its
subsequent implications [B].

For example, the main focus here is to take into
account the documents and maps of the SRCEs
and the new SRADDETs replacing the SRCEs, as
well as - depending on the size of the project -
the green and blue grid® of the SCoT and the
PLU(i) if available. It is also advisable to contact
naturalist organisations that may have data
on the area. Care must be taken to distinguish
the constituent elements: ecological network,
biodiversity reservoirs® and corridors, the latter
being more likely to be crossed than the former. o
Additional information on protection perimeters @

(generally integrated into biodiversity reservoirs)

may be provided to specify certain levels of
constraints.

Phase 1 project opportunity study

Phase 1 project opportunity studies (called
"functional pre-studies" in the railway field) concern
an identified development project (or operation)
[C next page]. Their objective is to decide on the
advisability of the operation, i.e. both on its interest
value, its feasibility and the conditions for its
continuation. This study phase must specifically
make it possible to know whether, in view of needs
(mobility, reduction of nuisances, etc.), the proposed
road (or rail) project provides a proportionate
and relevant response, and whether it is feasible.

o

G Schematic representation of the phases of
a route opportunity study. Source: Cerema.
Diagram A: route variants.
Diagram B: route chosen with differentiation
of development operations, including the route
considered a priority.
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G

When several projects have been identified @,
this phase must allow the identification of the
priority option. ©

B Taking the ecological network
into consideration

As in the previous phase, issues and potential
impacts on the environment and biodiversity” are
mainly identified on the basis of existing data
(habitats, species and regulatory or non-regulatory
zoning). A field survey plan for the next phase can
also be drawn up and surveys in poorly known areas
can be carried out at this stage, in order to better
support the decisions of the contracting authority.

The approach of taking into account the ecological
network, particularly in terms of breaks, is usually 0
identical, except that it is carried out on the level @

of a development project and no longer on the

level of a development part. Data analysis can refine
the boundaries of known continuities, depending
on the scale of the project.

This type of phase is not frequent and the next
phase is usually directly reached.

Phase 2 project opportunity study

Phase 2 opportunity studies, relating to a precisely
identified infrastructure project [D], make it
possible to choose the best development solution,

particularly in terms of crossing the territory, o
and to determine the main technical characteristics.
It is a progressive approach which, at each stage, @ Schematic representation of the phases of

an opportunity study. Source: Cerema.
Diagram C: different project options envisaged
the scope of studies. for an operation regarded as a priority @.
Diagram D: selected project.

helps reduce the geographical area in order to limit

Their purpose is thus to specify the issues affecting
the operation, to present one or more groups of
development variants that meet the issues identified
and to lead to the choice of a preferred variant that
will be brought to the public inquiry®.
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Development principles can be determined at this
stage (e.g. abutment of waterway structures on
permanent watercourses at least 3m from the edge
of the banks).

The phase 2 opportunity study is carried out in a
study area [E] defined according to previous
orientations and the nature of the operation
envisaged (it can be for example very extensive in
the case of a project with a new route, or reduced
to a narrow strip on either side of an existing
infrastructure to be enlarged).

On the basis of this study area, especially when it is
a new route, the analysis is done in three stages:

® 3 first stage that aims progressively to reduce the
study area to one or more passage corridors [F]
within which the technical characteristics may be
examined in more detail. This is a rough outline of
the operation on the basis of existing maps
(1/25,000, 1/50,000 or 1/100,000 depending on the
size of the operation).

Taking the ecological network
into consideration

During this first stage, the ecological network will
be taken into account on the basis of existing maps
(SRCE, SRADDET, ScoT, PLU(i), green and blue grid
studies*..) and will integrate the other warning
perimeters (ZNIEFF, Natura 2000*...), even if normally
the latter are already integrated into the mapping
of the previous stages. Finally, this first approach
can be supplemented by a simplified cartographic
analysis of land-use, with a view to identifying
the major natural continuities that have not
been included in existing data or that already
seem self-evident;

® 3 second stage where, within the passage corridors,
the actual variants will be studied [G next page]
on the basis of a more precise and advanced data
collection, including field prospections.

G

@ Phase 2 opportunity study. Source: Cerema.
Diagram E: project study area.
Diagram F: envisaged passage corridors.
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G

These studies are to be conducted at scales ranging
from 1/10,000 1/5,000 or even 1/5,000 to 1/1,000
for on-site development.

B Taking the ecological network
into consideration

The second stage is based on an analysis of land-use,
previous naturalist data, elements of the regional
green and blue grid® and the first precise field
inventories of natural habitats and species* (flora
and fauna). It aims to identify and map the
ecological network on the level of the chosen zone
(adaptation of the TVB). This involves taking the
elements of the SRCE or Scol by adapting and
specifying them locally, then completing them by
identifying the whole ecological network of more
local issues not covered in the planning documents Q
and already initiated during the previous phases. g

A multi-criteria analysis will then make it possible,
after consultation, to define the most appropriate
solution (variant of the 300m section) to be
submitted to the inquiry prior to the public
declaration [H]. This analysis is carried out on the
basis of a set of technical, economic, social and
environmental factors.

This phase will have to include a prioritisation of
specific issues related to natural habitats and the
ecological network. The prioritisation of solutions
must be made by qualitative and quantitative
comparisons by retaining relevant indicators related
to the foreseeable disappearance of habitat areas
in the different zones, the reduction of already
fragmented territories, the minimum areas to be

conserved for the survival of species and the break o

in strong functional flows.
Schematic representation of the phases of

an opportunity study. Source: Cerema.
: Diagram G: Variants of envisaged routes
Case of upg radmg Diagram H: Chosen route variant.

projects
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Prior studies
(to the public inquiry®)

Based on the preferred variant following the phase
2 opportunity studies, studies prior to the public
inquiry* aim in particular to determine the main
technical characteristics, which must comply with
the instructions in force and best practices, and to
determine the impacts and measures to avoid,
reduce, or offset” these impacts.

This includes precisely defining to the nearest few
hundred or even tens of metres the route that will
be submitted to the public inquiry. The study of the
chosen variant can still in this way be subject to
localised adjustments. At the end of this preliminary
study phase, the study route presented in the DUP
(Déclaration d'utilité publique) will be chosen.

Taking the ecological network
into consideration

At this stage, the aim is to take stock of natural
habitats (and habitats of species) of heritage value
(EUNIS codification) and to ensure the functionality
of the ecological network, in particular through
field verification, throughout the study area, and in
particular at intersection points with the reference
lines, in areas detected in the knowledge gap or,
failing that, in all areas presumed to be sensitive.

A more accurate, complementary and specific
analysis of the ecological network necessary to
maintain certain species or processions of heritage
species, and in particular protected species, can
also be conducted. In the case of protected
species, this analysis makes it possible to complete
the "protected species derogation” file.

The essential characteristics of the project and the
associated measures in favour of fauna are indicated
quite accurately, to the nearest hundred meters or
so. The file, among other things, includes measures
to maintain the transparency of the infrastructure
for the fauna, especially on networks identified
during the previous phases (and specified if necessary
at this stage of the studies) ©.

Fauna passages are therefore localised, their
function described (passage for all, specific, combined,
small fauna passage, etc.) and their sizing is defined.
The precise sequencing and methods of their
construction and implementation will be specified
during the subsequent phases of the project.

An analysis of the longitudinal continuities that can
be re-established must also be carried out, taking
into account the habitats that may be recreated and
the fencing systems associated with the structures.

The elements included are identical to those of a
new project except that the study area is centred
around the existing structure.

@ Preliminary studies: schematic representation

of the route of the infrastructure in a plan,
with ground entrances, position of fauna
passages, etc. Source: Cerema.
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Déclaration d'utilité
publique (DUP)" including
the impact study

The DUP (Déclaration d'utilité publique) acts as the
project declaration as laid down by article L.126.1 of the
French Environmental Code®. The file includes several
documents (subject of the inquiry, site plans, explanatory
note, general layout of the works) and in particular
the impact study, which is an essential document
(if the project is subject to environmental assessment?).

The impact study is the summary of the
environmental studies carried out from the decision
taken on the advisability of the project through to
the launch of the investigation prior to the project
declaration or Déclaration d'utilité publique. The
procedures that have been carried out make it
possible to describe and assess the significant
effects of a project on all areas of the environment,
including natural environments, fauna and the
ecological network, and to justify the objectives
and reasons that led to choosing the solution.

The impact assessment must be sufficiently succinct,
clear and well-argued to prepare the public inquiry™.

Its content (Article R.122-5 of the French
Environmental Code) is extensively detailed in
Cerema's methodological guide, L'étude d'impact
dans les projets d'infrastructures linéaires de
transport (Impact study in linear transport infra-
structure projects), published in 2016.

This impact study is carried out in a proportionate,
progressive and iterative way throughout the project,
in order to take into account the environment and
adopt the least impactful solution.

While the initial state of the environment is based
on preliminary study files, further study may be
necessary on certain themes or geographical sectors,
if major issues are likely to be impacted or when the
level of information is insufficient.

The cartographic scales are identical to those
mentioned in the studies prior to the DUP (Déclaration
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d'utilité publique). However, thematic or geographical
focuses must make it possible to analyse the major
issues with precision, the impactson the environment
and in particular the cumulative impacts with other
known projects and the measures to avoid, reduce
and offset™ the negative effects.

Monitoring mechanisms (including the use of passages)
are also already defined.

Case of upgrading
projects

State commitment file
(State project)

The State commitment file (necessary for the project
files of the national road network) constitutes the
exhaustive inventory of the formal commitments
explicitly made by the State, which must therefore
be followed as such during the execution studies
and then the implementation, to set up an internal
and external control (monitoring committee). It
follows that the file must be strictly faithful to all
the commitments entered into, both in terms of
their content and of their level of precision.

When there is
no expropriation,
there is a project

declaration
(with impact
assessment).

See Appendix
R.122-2 of
the French

Environmental
Code concerning
52 development
categories
subject to
Environmental
assessment.

1

2
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It is generally not appropriate to elaborate on the
details of certain provisions, as the project as a
whole has not reached a sufficient level of definition
at this stage.

The ecological network taken into consideration
includes:

e in terms of objectives or results, defining the level
of transparency to be ensured with respect to fauna;
® in terms of conditions, for example specifying the
nature of any additional studies;

e in terms of resources:

- to create fauna passages without having to
completely size them. In these cases, the
passage is localised and defined in principle,

- respecting certain specifications such as the
development of all waterway structures for
terrestrial fauna, the possibility of small fauna
passages every 300m.

- the type of fences, etc.

The elements to be included are identical to those
of a new project.

Preliminary study

The preliminary study sets the final route of the
infrastructure, specifies the characteristics and
dimensions of the structures of the chosen solution
and makes it possible to deepen certain
environmental measures provided for in the impact
study. The file incorporates the commitments made
in the previous phases (public inquiry*, State
commitments). This preliminary study phase is only
necessary when there is a concession at stake or
private project management.

Taking the ecological network
into considerations

The preliminary study for the environment finalises the
choice of position and characteristics of fauna passages
in line with the other sub-files and in consultation with
local partners. It specifies: the structure of the structures,
their inclusion into the landscape and the sketch of the
landscaping, the modelling to define the quantities of
materials to be used, the cost and the accompanying
measures (fencing, screen, devices to direct the fauna
to the structure, monitoring mechanisms such as track
traps, photo traps, etc.).

K.

Example of the documents submitted as part of a preliminary motorway study.
Ground plane of the measures provided at the crossing of the Bras d'Altorf. Typical cross-section of the
watercourse structure and schematic representation of the proposed ecological developments on the
watercourse. Preliminary motorway study for the western bypass of Strasbourg. SOCOS/SINBIO. 2018.



THE ECOLOGICAL NETWORK AND LAND TRANSPORT INFRASTRUCTURE

The management plan for fauna crossing structures
is specified at this stage.

Within the framework of structure coverage, the
approaches to the passages can be managed
through an agreement. Outside the framework of
structure coverage, land tenure problems can
complicate the implementation of management. In
this case and as part of the preliminary motorway
project (APA), it is possible to acquire additional
road coverage at the passages to master possible
evolutions, before land acquisition procedures. For
trunk roads and motorways under private
management, acquisitions may go beyond the
300m band, in order to acquire additional road
coverage benefiting from a protective easement.

The maps must be precise to a scale of 1/500 to 1/200.

Case of upgrading
projects

Detailed design study:
project study

Project studies make it possible to precisely define
the detailed technical characteristics (geometry) of
the project, its exact footprint, road repairs,
engineering structures, etc.
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At this stage, the necessary land acquisitions are made.
The project must also integrate the environmental
authorisation at this level (see next chapter).

Taking the ecological network
into consideration

The execution study aims to define in great detail
the technical and architectural characteristics of the
fauna passages to be built and roadside development,
so that civil engineering contractors can implement
the project without necessarily requiring the help of
a design office specialised in ecological engineering.

The execution file includes the description of the
structures, their technical specificities and their
accompanying measures (soil modelling, type of
fencing and location, plant development, track
traps, etc), the special technical clauses and a
precise price schedule.

The 1/200 cartographic information and the plans
detail the characteristics of the structures: elevation,
plan view, cross section and long section and the
roadside development: details of the earthworks,
choice and density of plants.

Case of upgrading
projects

Cross-section of the Bras d’Altorf structure and
ground plane of the ecological developments on the
watercourse. Project study for the western bypass

of Strasbourg. SOCOS/SINBIO.
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Environmental
authorisation file

For installations, structures, works and activities
(known as I0TA) subject to authorisation under the
French Water Act, a single integrated procedure
called "environmental authorisation" is imple-
mented, bringing together all the administrative
documents needed for the implementation of
an |OTA project. Without this authorisation, work
cannot start.

The environmental authorisation file includes
the elements from the previous files, specifying
them to meet the regulatory requirements of the
French Environmental Code”, in a detailed, precise,
technical and measurable way.

For infrastructure projects requiring authorisation
under the French Water Act, the environmental
authorisation dossier must bring together the
Water Act authorisation and, where necessary,
the clearing authorisation, the protected
species derogation, the Natura 2000 impact
study®, the modification of the status of a nature
reserve®, etc.

Section on the Water Act

The nomenclature determined by Article R214-1
of the French Environmental Code defines the
operations subject to authorisation or declaration
prior to their commissioning. New projects are
almost systematically subject to a Water Act
authorisation application. The corresponding
file must take into account all impacts on
aquatic environments, including during the
construction phase and due to exceptional
conditions (e.g. accidental pollution).

In terms of ecological network, the project must
in particular ensure the free movement of
aquatic organisms (aquatic fauna including fish
and semi-aquatic fauna) towards the compart-
ments essential to the completion of their life
cycle* (feeding, reproduction, rest, growth), the
natural transport of sediments from upstream to

downstream of a watercourse and the proper
operation of biological reservoirs (connections
and favourable hydrological conditions).

Section on protected species

The content of the application file is detailed
in Articles R.181-12 to R.181-15 of the French
Environmental Code.

Article L.411-2 of the French Environmental Code
provides for three criteria to be met to submit any
request for derogation from protected species:

® the project must justify imperative reasons of
overriding public interest;

® it must justify the absence of satisfactory
alternatives;

e the derogation must not affect the maintenance
of species in their natural state of conservation in
their natural distribution area.

After having carried out a precise assessment of
the initial state of the species concerned and
quantified the impacts, the project promoter
must thus demonstrate (through ARO measures)
that the project ensures the maintenance of the
ecological functionalities of the impacted territory
with regard to the protected species concerned
(natural evolution of populations and respect for
connectivity between them).

The acceptance of the derogation takes place after
investigation by the State departments, within the
framework of the environmental authorisation and
after the opinion of the Conseil Scientifique
régional du patrimoine naturel3, an organisation
composed of scientific and technical experts.

Even if this procedure is initiated only after the
Déclaration d'utilité publique, the issues related
to the protection of species must be identified
and taken into account as early as possible,
especially when there are different preliminary
files, so as to correctly size the measures. In some
cases, the project promoter may even request an
initial opinion from the CNPN or CSRPN as an
indication on the basis of a file of principle.
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Otherwise, upgrading protective measures can be much
more complex and cause delays in planned schedules.

Natura 2000*

According to Article L.414-4 of the French Environmental
Code*, works, structure or development programmes
and projectssubject toan authorisation oradministrative
approval scheme and likely to significantly affect
a Natura 20007 site, individually or through their
cumulative effects, must be assessed for their impact
with regard to the site's conservation objectives.

The content of the impact assessment file is set by
Article R.214-36 of the French Environmental Code.

Like the protected species derogation file, the
project promoter must justify the absence of other
satisfactory solutions.

This assessment is intended to prevent impacts on the
conservation objectives of Natura 2000 sites. The assessment
must make it possible to determine and quantify the
impacts of a project on the conservation objectives of all
the natural habitats and species that led to the
designation of the site and to present the measures
envisaged to avoid significant effects of the project.

Where, despite the measures envisaged, significant
adverse effects remain on the conservation status of
natural habitats or species, the file must set out the
reasons why there is no satisfactory alternative, the
imperative reasons of public interest justifying the
project and the offsetting measures planned to ensure
the overall coherence of the Natura 2000 network and
their cost. However, these offsetting measures must
remain exceptional. They lead to the information of the
European Commission, or even a request for an opinion

in some cases.
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Surface of the study area

ROUTE OPPORTUNITY STUDY
FUNCTIONAL PRE-STUDY (railway project)

Optional

e Define the development part(s)
¢ Define development priorities

PROJECT OPPORTUNITY STUDY 1st phase

® Check the relevance of the project
¢ |dentify the main principles of implementation

PROJECT OPPORTUNITY STUDY 2nd phase

e Specify the issues conditioning the operation
* Present one or more families of variants
¢ Reach the choice of preferred variant

PRIOR STUDY (to the public inquiry )

IMPACT STUDY

¢ Decide on the technical specifications and set the cost Fublic infuiry
Finalisation of the project »DUP
of the program| e Draft the program’s project documents (Déclaration
e Launch the public inquiry dutilité
bli
State’s commitments z:l prloqi:?:i

declaration

PRELIMINARY STUDY DETAILED DESIGN STUDY

¢ Decide on the detailed technical characteristics
¢ Understand and control the land implications
e Carry out the other regulatory procedures

Environmental
authorisation file

Works

Commissioning Operation assessment and evaluation

1st assessment in the year following commissioning

and a final assessment in the 3 to 5 years following commissioning

Diagram of the different phases of studies, consultation and implementation of a road project on the national network.
Source: Ministry of Ecological and Solidarity Transition, 2018
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Ensure good social acceptance

- of fauna passages

Fauna passages are expensive structures and for
some, strongly identifiable in the landscape.

Studies and feedback show that acceptance by local
stakeholders of the presence of a fauna passage and
understanding of its role and legitimacy are among
the project's success criteria.

Acceptance or non-acceptance can be expressed
in several ways and concern either the general
public or specialised stakeholders.

Cost of the infrastructure

The structure may appear illegitimate for part of
the general public if its cost seems disproportionate
to the issues. On the one hand, fauna passages are
expensive and on the other hand, the public is still
poorly informed about the impact of infrastructure
on biodiversity®, the consequences for ecosystems
and ultimately for humans. This can result in a
misunderstanding or even a rejection of the
structure, considered as an unnecessary and even
extravagant expense. This rejection often results in
a comparison with spending showing positive
effects that are more easily perceptible by the
population (social welfare, etc.).

Information provided very early on in the process, to
a very wide audience, can help defuse this
mechanism. The comparison of the cost of the
passage with the cost of the infrastructure whose
impact it must reduce is also likely to bring things
back to their proper proportion. It is also necessary
to remember that biodiversity™ is only one area among
many other environmental issues that concern
humans more directly (noise, water, etc) and for
which substantial investments are allocated.

Potential conflicts of use

Conflicts of use may concern foresters, farmers,
walkers, mountain bikers, people practising various
sports or hunters. In other words, everyone who
can perceive a human use of the passage.

This use can be fully assumed in the case of
mixed passages that integrate from the outset a
use for the crossing by agricultural or logging
machinery or walkers. These are situations where
human use is deemed compatible with ecological
functionality.

However if local stakeholders have not understood
the ecological function of the passage, it may
be damaged by unsuitable uses. Here are some
real-life examples:

® use by loggers of the large space of an eco-bridge*
as a wood storage area that reduces the attractiveness
of the fauna passage;

® positioning by the tenant of the local hunt of
a watchtower in the extension of an eco-bridge that
limits the use of the passage by large fauna.

Communication that is both broad and targeted
on the target audience must at least partly avoid
these difficulties. This communication can take
different forms:

e in the case of a new project, the contracting
authority usually has the opportunity to be in
contact with the relevant stakeholders. Ecological
permeability must be integrated into their
presentation;

® in the case of the creation of a passage over or
under an existing road, specific communication
procedures must be undertaken: publications in
local newspapers or communal gazettes, public
meetings, or even field visits, etc.
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A special approach must be taken towards local
stakeholders, potential users of the passage. It is
possible to go further, by associating certain
structures with the design of the replanting of the
passage, or even by entrusting them with maintenance
or monitoring by signing an agreement. A charter
can then be defined and signed between the parties
(prefecture, concession company, riparian owners,
walkers, hunters, managers of the structure, etc.)
designating the roles of each in the life of the structure.

For example, the A16RIF eco-bridge on the Sanef
network has been the subject of a stakeholder
commitment charter and a management and
monitoring agreement with the Fédération inter-
départementale des chasseurs dle-de-France (hunters'
federation) to settle the subject of conflicts of use.

In some cases, an approach targeting local school
children may be appropriate. In this regard, we can
mention the approach taken by Vinci Autoroutes with
the participation, as part of a school site, of an
agricultural high school in the Landes département in
the creation of a large sealed pond, on the Peyreharasse
eco-bridge™ of the A64 motorway and the visit of a
school to the same site in 2017, in partnership with the
CPIE Seignanx Adour and the Landes hunting federation.

Finally, local nature conservation groups deserve
to be involved in these efforts, as they can greatly
facilitate local acceptance.

Participation of a school in the plantations carried out
on the eco-bridge of the A10 motorway of La Lande
forest. Source: Vinci Autoroutes/ASF network.






Source: Aura/Emanuel Ammon.






1. Fauna passages on new infrastructure projects

1.1. All fauna passages

FACT SHEETS

3 Where to build an all fauna passage*?

KX What type of all fauna passage should be chosen?

K3 How to size the passage?

K3 How to design and develop all fauna passages?

EX What are the different types of construction? At what cost?

1.2. Passages and developments for small fauna
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K Where to build small fauna passages?

K0 How to develop small waterway structures for small fauna?

K How to develop agricultural/forest/pedestrian structures for small fauna?

K& How to develop specialised structures (amphibian passages - tree canopy passages)?
K How to develop common small fauna passages?
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2. On existing infrastructure — Upgrading

2.1. Development of existing structures
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K3 How to improve the functionality of existing fauna passages?

K3 How to promote the passage of small fauna on existing structures
not dedicated to fauna?

2.2. Construction of new structures
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Where and how to build an all fauna passage on existing infrastructure?
K How to create a small fauna passage™ on existing infrastructure?

2.3. Other developments
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K8 What are the waming systems (fauna and/or vehicles)
set up to reduce wildlife vehicle collisions?
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FAUNA PASSAGES: AN EFFECTIVE MEASURE TO RE-ESTABLISH TRANSVERSAL CONNECTIVITIES

Fauna passages

on new Infrastructure projects

The aim of developing a fauna passage is to reduce
the impact on ecological corridors by restoring
some of the connectivities that may be interrupted
by a new infrastructure.

Fauna passages thus make it possible to:

e limit the fragmentation of animal habitats and
populations;

e contribute to maintaining ecological processes and
the functioning of the metapopulation®, by ensuring
opportunities for genetic exchange and mixing
between populations (dispersal of young or adults
to other territories, emigration of individuals);

o re-establish daily movements within the species'
home range by maintaining, for example, access to
certain resources (e.g.: feeding, reproduction area, etc.).
e maintain movement opportunities for migrating
species* (e.g. seasonal);

e ensure safe crossing of the infrastructure by
fauna, when associated with a restraint and guiding
system adapted to the fauna in question (fencing,
barriers, screens, etc.);

e reduce traffic accidents.

While fauna passages make it possible at a given
point to restore certain connectivities, not all species
use the structure spontaneously. Depending on
the species, some adaptation time is required to
integrate the structure into their habitat and habits.
This time is both needed by the animals to locate
the structures and to feel safe enough to use them.
It also takes time to ensure that ecological coverage
(planted vegetation) reaches a sufficiently functional
stage (dense cover by hedgerows or tree crowns”, etc.).
The monitoring of the fauna passage (in particular
meeting the obligation of results of the measure)
makes it possible to verify its use.

However, even in the long term, fauna passages do
not make it possible to compensate for all the
exchanges lost along the infrastructure, particularly
for species with low mobility capacities.

Logically, the optimisation of this transparency requires
an increase in the number of structures, in particular
very wide passages. However, these structures
represent a significant financial cost which prevents
their increased construction (see Chapter 3.4.
Guaranteeing social acceptance). The search for the
best compromise between ecological constraints
(increasing connectivity to the maximum) and
economic constraints (proportional to the
number and size of passages) is therefore an
essential criterion.

The search for this compromise is based on the prior
prioritisation of issues and the ability to respond
appropriately to these issues through the use of
different structure categories.

Beyond the financial aspect, the arguments justifying
the installation of a structure and its dimensions
must include data related to habitats and species
as well as the functions that the development
must perform for the fauna.

Generally speaking, there are two major categories
of passage:

e large or "ALL FAUNA" structures reserved for
the highest issues. They generally allow the
passage of a maximum of species of large and
small fauna;

e "SMALL FAUNA" passages that provide a
minimum level of transparency for small animals
throughout the infrastructure.
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In the context of a new infrastructure project, the restoration of ecological transparency through the construction
of fauna structures follows a certain logic characterised by two major stages:

@ The first stage generally aims to define
and localise large structures (ensuring the
passage of large and small fauna) according
to the main issues identified: location, size,
characteristics, etc.

FACT SHEETS 5 TO 10

@ |t is only once the most important

structures have been positioned that the

contracting authority will complete its

project by looking for secondary structures G
to restore the passage of small animals:

e starting with developing all waterway

structures (a) so that they are easy to cross:

e supplementing with dedicated passages

(b) to meet the issues of small fauna (e.g.

amphibians, small protected species, etc.); Q

e adding additional crossing opportunities

through the development of structures for 0

FACT SHEETS 11 AND 12 ﬂ

other uses (c), or building additional small

fauna passages (d). The final objective is

to have, on average, a passage possibility
every 300m adapted to small fauna.

(=
FACT SHEETS 13 AND 14

Source: Cerema.
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4 Efficacy remains
a difficult concept
to measure.

While it often
refers to the use
of the structure
by the species
(number of visits),
it tends to be used
to highlight

a vital function
of the species or
the maintenance
of its population
(its functionality).

FAUNA PASSAGES: AN EFFECTIVE MEASURE TO RE-ESTABLISH TRANSVERSAL CONNECTIVITIES

All fauna passages

With some exceptions, all fauna passages (20 metres
wide and more) are reserved for large infrastructure
such as railway tracks or wide road infrastructure
(dual carriageways and larger) which are usually
associated with physical barriers (barrier fencing, etc)
preventing fauna from crossing the infrastructure.

Choosing the location of a fauna passage and its
characteristics is complex. Even if recommendations
or best practices can be published, it is difficult to
define excessively precise regulatory standards on
the number and exact location of fauna passages on

these infrastructures, because they depend on the
ecological value of the environments crossed, the
regulatory obligations (SRCE/SRADDET, protected
species), the technical feasibility, acceptance by all
relevant stakeholders and the cost of the structures.

The objective is to ensure the feasibility, efficacy
and economic acceptability of these measures.

The efficacy* of a passage depends on its position in
the landscape, the type of structure, its characteristics
and its layout (including surrounding areas).

Source: © VINCI Autoroutes photograph library — Emmanuel Rondeau.
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' A6 motorway:
one the very first passages in the world built for fauna

In 1954, the French Minister of Public Works announced the launch of a first national motorway construction
program. The Conseil général des ponts-et-chaussées was tasked with proposing a project for a priority
infrastructure network project. The State officially retained the principle of a continuous motorway
between Paris, Lyon and Marseilles. Mainly built in the 1960s and 1970s, the A6 motorway linking Paris to
Lyon is one of the first French connecting motorways.

During the design of the project, however, some sections produced resistance and difficulties, particularly for
crossing the Fontainebleau forest, because many opponents wanted it to be bypassed. However, after more
than ten years of battles, the solutions and arbitrations finally maintained the crossing of this forest.

In return, special attention was paid to the valleys of the Cavachelins and the Vallée Chaude (part of Noisy-
sur-Ecole), as they constituted two essential routes between the east and west of the forest. These valleys are
not crossed by high embankments, but by two viaducts with a total length of 200 metres, to allow exchanges
on both sides of the motorway, both for walkers and for animals.

Built between 1960 and 1962, these structures were the first two European fauna passages and among the
very first fauna passages in the world, after those built in Florida for bears in 1955. The A6 motorway and these
two viaducts are currently operated by APRR.

A6 motorway crossing the Fontainebleau forest in 1963.  Vallée Chaude before the construction of the infrastructure
Source: National archives, WikiSara. Source: National archives (scale 19771464/41), WikiSara.

Cavachelins viaduct. Source: Vincent Vignon/OGE. Vallée Chaude viaduct. Source: Vincent Vignon/OGE.

During the 1960s, the construction of the A6 motorway caused deer to emigrate east of the project to the
Essonne. In 2015, a genetic study carried out on deer around Paris showed significant genetic differentiation on
both sides of the A6, but secondarily in the structuring of populations observed in the Greater Paris area. This
disruption was probably mitigated by the use of viaducts (Vignon & Suez, 2017).
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Where to build an all

- As a priority, on high-issue ecological networks

There are three main preliminary steps:

Identification of interrupted
ecological networks

An all fauna passage is first and foremost
recommended when the infrastructure interrupts
the ecological network of great interest or because
it cuts off corridors of several or specific species
(heritage, of major hunting® value).

An infrastructure project must firstly address and
maintain the ecological network identified in the
SRCE/SRADDET.

While the regional green and blue grid* provides
information on the presence of the ecological
network, it is only identified in the SRCE at a scale
of 1/100,000, which does not allow precise
differentiation of the networks to be maintained in
light of a project. In the context of a new project,
these maps of the area crossed need to be specified
on a finer scale, from 1/25,000 to 1/5,000, in order
to account for the landscape structures playing a
role in the movement of the species (note, the local
diagnosis on networks can in no case be considered
as a zoom of the maps of the SRCE/SRADDET).

On the other hand, the absence of a regionally
recognised corridor in the SRCE does not necessarily
mean that there are no more local issues. More
diffuse ecological networks, unidentified in regional
work or in a smaller area and not perceptible at
the SRCE/SRADDET level, may be present and
must be integrated into the project.

When they are not known or are insufficiently
localised, the difficulty then lies in the precise
identification of these networks.

Major functional ecological networks in a given area
are usually identified and materialised:

e cither by a species-based approach. For all fauna
passages, the main focus is on heritage, hunting®,
keystone, umbrella species (demanding species
whose protection allows the preservation of less
demanding species) or even on certain species series
(species with the same life traits). This involves
identifying the living environments of the species
(feeding, breeding, resting) and the elements
(adjacent or not) supporting the movements of the
targeted species or series;

e or through an environment-based approach (forests,
bocage areas, open environments, etc.) which helps
to simplify the analysis. The objective is to identify
all the favourable landscape elements or structures
necessary for the functioning of the ecosystems
crossed (see fact sheet 2).

In all cases, these approaches must also take into
account existing knowledge on the area and in
particular protected areas (e.g. Natura 2000 site,
nature reserves, etc.) or warning perimeters
(ZNIEFF, etc.). These areas provide information to
analyse the prioritisation of networks..

Identification of networks
requiring restoration
by an all fauna passage

The insertion of a fauna passage into the
landscape will condition much of its efficacy. It is
therefore logical to position passages on the
main ecological networks identified and interrupted
by the infrastructure, if optimum efficacy is
sought. However, there may be a large number of
networks crossed and it is not always possible to
restore them in their entirety.




The networks to benefit from a structure are then
chosen according to the value of each one, their
distribution in the landscape and existing constraints.
Nor is it a question of excluding a higher frequency
of passages if the issues warrant it.

It is possible to distinguish a few major situation categories:

@ Schematic representation of ecological network categories. Source: Cerema.

cAsE T

The networks are very localised, differentiable and relatively spaced out. This is usually the case of highly

contrasting environments such as a wooded strip within a farmed area. The structure proposed must of course
be in line with this continuity.

Zoom in on the location of the fauna structure.
Source: Google Earth.

Example of a localised ecological network.
Source: Google Earth.

FACT SHEET 5
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case2_

Ecological networks also easy to identify, but relatively close to each other. Priority will then be given to
re-establishing the corridors of greatest interest by possibly supplementing them with other structures, in order
to ensure sufficient overall permeability.

Zoom in on the section equipped with fauna passages.
Source: Google Earth.

Examples of similar ecological networks.
Source: Google Earth.

| cAsEs

These are large corridors, especially when the infrastructure passes through rich and diverse areas that form

a mosaic of environments.

It will then be necessary to identify any secondary landscape structures that best support the movement of
species, in particular target species. Under these conditions, however, the regular distribution of the structures
will be easier and often guided by local technical constraints.

Location of the fauna passage.
Source: Google Earth.

Example of vast ecological networks in a rich and diverse area.
Source: Google Earth.
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Itis a vast homogeneous environment which in itself constitutes a network of interest. The restoration conditions
will in this case be essentially guided by the secondary components of the relevant grid and by the technical
characteristics of the project (lengthwise profile, etc.) (see ® below).

Location of the different restoration
structures built for fauna.
Source: Google Earth.

Ecological network consisting of a vast homogeneous environment.
Source: Google Earth.

® Taking secondary issues
into account to specify
the optimal position of structures

Continuities can sometimes prove to be quite broad
and offer several location possibilities within the
very continuity to be restored. In this case, besides
taking into account the technical constraints, the
precise localisation will strive to position the
structure with regard to more local interests (@)

such as the presence of a talweg, the quality of the @® fictitious example taking into account secondary issues
environment, the existence of a protected area, etc.  within a vast ecological network. Source: Geoportail.

FACT SHEET 5
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In ordinary habitats
. to provide sufficient overall permeability

Landscape ecology has shown that an approach
essentially based on the protection of high-issue
habitats is not enough to preserve and restore
biological diversity, because all the systems that
make up the landscape fabric are connected and
evolve. The concept of the green and blue grid™ is
based on this principle. It consists in preserving or
restoring the ecological network throughout the
territory, in order to maintain a coherent ecological
operation.

The notion of overall transparency of the
infrastructure must also be considered from this
angle.

Therefore, even if the analysis of the territory
does not seem to justify the construction of a
fauna passage with regard to local issues
(absence of strong and localised ecological
issues), a large structure must nevertheless be
considered in certain situations.

This is the case when biodiversity issues® are low
and/or diffuse in the territory and:

e there is no possibility of creating a fauna
crossing (even for small fauna) for more than
three kilometres. This is sometimes the case,
when the characteristics of the infrastructure
(e.g. excavated section) do not allow it or make it
difficult to locate small fauna passages. An all
fauna passage (called "additional”) must then be
built on the relevant section;

@ Example of the Munt structure — Belgium.

e the infrastructure has opportunities for small
fauna passages but no all fauna passages for more
than 5 kilometres (@).

In this case, in order to comply with the above
minimum intervals, it is recommended:

e cither to provide an all fauna gauge (15m wide at
least) for an agricultural-type restoration structure
when it is planned for the structure;

e or in the total absence of a structure, to install a
dedicated additional structure (7m wide: see sheet
no. 7 "How to size the passage? ").

© Schematic representation of the location of an all
fauna passage on a section of infrastructure equipped
with small fauna passages and not presenting a
major issue.

These provisions are essential to make the
infrastructure more resilient, especially to climate
change, to preserve the future and thus ensure
that it may be crossed by species that are not
yet present.

These provisions can therefore lead to the
creation of all fauna passages in more ordinary
but equally strategic environments to preserve
the ecological network in the medium and
long term (@).

Sources: photograph 1: Google Earth, photograph 2: Omgeving.




Localisation taking into account technical constraints
. and other restoration structures

Taking into account
technical constraints

While the priority lies with taking into account
issues during the localisation process, the choice of
the location of a structure in the extension
of the initially identified networks is not always
advisable, as it is technically difficult, too expensive
or ultimately not very effective for the fauna.

Taking into account the profile along
the length and topography of the land

The construction of a structure is facilitated on
sections with a lengthwise profile with sufficient
and homogeneous excavated material or backfill on
each side of the infrastructure, as the design is
usually simpler and less expensive. Unfortunately,
when the programming of a structure is not
integrated early enough into the design process or
when the characteristics of the project simply do
not allow it, the lengthwise profile and the local
topography are not always favourable on the
ecological network to be restored.

Low-lying profiles (at the natural ground level), an
overhanging view of the motorway or a pronounced
mixed profile (cut and fill) (@) thus offer complex
situations that increase the deterrent effect of the
passage or make the construction of a structure
more difficult economically.

® Schematic example of a pronounced mixed
profile where the insertion of a structure is complex.
Source: Cerema.

In case of difficulties, the structure may, on
justification, be slightly shifted (< 500m) from the
initial ecological network, in order to find more
suitable profiles. However, these solutions depend
on the issues at stake. Also, when the latter are high,
the choice of a technically more complicated and
expensive structure may be justified.

The shift of a structure away from continuities
also requires additional adjustments essential so
that the structure remains ecologically closely
connected to the interrupted corridor.

The aim is to reserve and develop a corridor
along the infrastructure through to the structure
(@ and@® next page).

For a 0 to 250m shift, we recommend a length at
least equal to the width of the structure. This
value may, however, be reviewed and clarified
according to specific studies on the behaviour of
potentially present series or proven species likely
to use the structure.

Example: for a corridor of local interest with
movement of deer, for which it is necessary to
carry out a mixed structure of 30m (see sheet
no. 7 "How to size the passage?”), the width of
the lateral reconnecting corridor shall be at least
that width.

Similarly, in the absence of specific studies, for a
250 to 500m shift, the width of the lateral
reconnection corridor must be equal to at least
twice the width of the structure.

This corridor must necessarily consist of favourable
habitats equivalent to the environments constituting
the interrupted continuity. Slopes can only be
considered as an integral part of this ecological
network if the habitats that are reconstituted
there are favourable and easy to access (no fencing,
low incline, etc.).

FACT SHEET 5




@ Infrastructure at the natural ground level requiring the @ Shift of the structure to an excavated section facilitating
development of a structure with an access ramp for fauna.  the development of a passage.
Source: Cerema. Source: Cerema.

© |Infrastructure in heavy excavation leading to a long crossing @ Shift of the structure to a section with less excavation
on the passage. Source: Cerema. facilitating the development of a passage. Source: Cerema.

FACT SHEET 5

In addition, to make these additional developments
sustainable, the land should be secured and a sustainable
and adapted maintenance policy established (purchase,
management agreement, etc.).

Physical constraints
on both sides of the infrastructure

In order to ensure the functionality of the structures,
it is essential to ensure the absence of existing or
future constraints (e.g. development of activities)
likely to disrupt or prevent the effect of the
transparency to be restored. To put it simply, a
structure must not lead to one or the other of these
constraints and must be positioned in an
environment that remains favourable to wildlife
beyond the infrastructure coverage. Consultation of
local planning documents is an essential prerequisite.

These constraints may be:

e natural: presence of cliffs, a wide watercourse
parallel to the infrastructure, etc.;

o human: presence of a built area, a canal, a road (@),
a railway track, etc.

Beyond existing constraints, it will also be necessary to
take into account future projects of which one may be
aware or which are very likely (e.g. building areas, other
infrastructure, etc). The construction of a structure
leading to an obstacle™ requires addressing both the
passability of the infrastructure and of the obstacle.
This case will be all the more important to address the
shorter the distance between the infrastructure and
the second obstacle is and if the spaces between the
latter two are too small to constitute natural stopping
point habitats for the target species.

A




Seeking complementarity
with the restoration of
other uses (agricultural/
forest/pedestrian path)

Fauna passages can have a related function. They
can be built in conjunction with a waterway,
agricultural, forest, or even pedestrian restoration,
for economic reasons. This search for diversity often
determines the localisation of structures.

If for a forest or waterway restoration, the question
does not really arise, because they generally come
together within the same ecological networks,
agricultural restorations are not intuitively located
on them.

For these structures, where possible and when the
increase in the agricultural traffic is reasonable,
priority will be given to the initial ecological
network and agricultural passages will be built in
line with the corridors (®).

® Relocation of the agricultural restoration on an
ecological network. Source: Cerema.

If this is not possible and if the decision is taken
to shift the structure with respect to the land-
scape network supporting the ecological issues of
movement, the structure must be accompanied

by specific measures to reconnect the separate
structures to the passage (creation of a corridor
along the infrastructure) (® and ®).

@ Schematic representation of a structure shifted
from the ecological network and requiring the
restoration of a natural corridor to the structure.
Source: Cerema.

Like the shifting of a structure for technical reasons
(lengthwise profile), the width of the lateral
reconnecting corridor must, in the absence of
specific studies, be equal to:

o the width of the structure (see previous page)
when the corridor and the structure are 0 to
250m apart;

o twice the width of the structure when they
are 250 to 500m apart.

It should also be borne in mind that the efficacy of
a fauna passage is often limited when the passage
is of moderate size and is also used by humans.

® Structure shifted from the forest, but which remains
connected to the forest continuity.
Source: Google Earth.
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Waterways and their riverine vegetation® are
privileged corridors. The usage of waterway
structures with a fauna passage is often self-
evident. In some cases, however, the hillsides of
talwegs are in themselves forested continuities
parallel to, but remote from, the watercourse.
Since the construction of several structures on
each corridor is often difficult to justify, a single
larger structure on the waterway continuity is
recommended, while nevertheless ensuring the
connection with the wooded corridors located on
the hillsides (®).

@ In steep sided valleys, the often wooded hillsides require measures to reconnect these wooded strips to the waterway
crossing structures. Source: Cerema.

Positioning based on
other nearby fauna passages

This is particularly relevant when:

e the project is twinned with another infrastructure
which already has a restoration structure. In this case,
and if the structure of the first infrastructure is
functional, a restoration structure is necessarily aligned
with (or positioned as close as possible to) the existing
structure. It is then desirable for the new structure to
have characteristics at least as favourable to wildlife
circulation as the pre-existing passage (® and ®);

® Twinned infrastructure on each of which a structure of ~ @ Twinned infrastructure where the fauna passages of the road
equivalent size has been built. infrastructure are located in continuity with the railway tunnel.

Source: Google Earth. Source: Google Earth.
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e at road interchanges, entry and exit slip lanes are
a second barrier that need to be factored in.
Structures must therefore be planned on both
infrastructure sections (®).

To improve the efficacy of passages, the two
sections must be linked by a favourable guiding
structure (plantations), in line with the environment

of the corridor to be restored.
However, the search for an installation further @ Schematic representation of the maintenance of the
. . ecological network on an interchange by building two
upstream of the interchange must be studied successive structures and installing an ecological strip
in priority. between the two structures. Source: Cerema.

—_ Where to build

As a priority, on high-issue ecological networks

In ordinary habitats to provide sufficient overall permeability

Construction of a fauna passage if:
o Absence of any possibility of crossing (even for small fauna) for more than 3km.

o Presence of crossing possibilities for small fauna , but absence of all fauna passages for more than 5km.

Localisation taking into account technical constraints
i and other restoration structures

o Shift in the position of an all fauna passage due to strong technical constraints (inappropriate lengthwise
profile, obstacle, etc.).

o Need to ensure complementarity with other uses (possible if faunistic issues are not too important) by
prioritising the displacement of other usages on the continuity.

» Need to ensure continuity with other transparencies (twinning of infrastructure).

On average, one fauna passage every 2km
(1-3km in well-preserved habitats, 3-5km in deteriorated habitats).
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Summary diagram of the location of all fauna structures in relation to the physical and natural environment. Source: Cerema.
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6 What type of all fa

DEDICATED

The 4 main categories of structures. Source: Cerema.

_Overpass or underpass:

- a choice defined according to the lengthwise profile

Two categories of passages can be distinguished:
overpasses and underpasses.

The passages are called "overpasses” when the
animals cross above the infrastructure. Conversely,
when the animals pass under the infrastructure,
the passage is called an "underpass"

The type of passage is firstly chosen according to
the lengthwise profile of the infrastructure.
Although this profile can sometimes be conditioned
by ecological interests, this approach remains
rare and, even if, during the design phases, its

implementation can lead to some profile adjustments,
it is most often the profile that defines the choice of
the type of passage. This is almost always an overpass
on excavated or slightly backfilled sections and an
underpass on the sections with major embankments.

For smaller structures, if the development of the
project makes it possible, however, to make a prior
choice and, if it is technically and economically
possible to construct an overpass, this solution will
be chosen provided that the techniques used do
indeed make it possible to plant and optimally
grow the desired vegetation.
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While the efficacy criterion in the choice of an
overpass or an underpass, when small in size, is
rarely taken into account, for structures of equal
size, the success of underpasses appears more
difficult to achieve, in particular because of elements
likely to exert more deterrent effects:

e absence of light;

e little or no vegetation;

o difference in temperature compared to the outside
environment.

However, underpasses remain interesting when they are
correctly positioned, sized and developed for fauna.

In some cases, underpasses may be more advantageous,
particularly in the case of high-rise structures
(viaducts). The latter have the advantage, by virtue
of their height and their short crossing length, of
enabling the initial areas present under the structure
to be maintained or reconstituted.

All fauna overpasses
or eco-friendly bridges*

This category of passages has the main advantage
of allowing vegetation of the deck as well as the
passage of thermophilic species.

While, in general, overpasses are designed on excavated
sections, several situations can be differentiated:

® Overpass on the A16 motorway. Source: Sanef.

m When the height of the excavation

is at least equivalent to the height
of the structure

This configuration is ideal because these passages
most often provide easy access for fauna and visual
continuity with the environments located on
either side of the structure (@).

® When the infrastructure

is at the natural ground level
(possibly in a slight embankment)

An overpass is possible, but it requires:

e either the construction of an access ramp to the
passage entrance ( @ and® next page) which must
maintain a moderate slope so that it may be easily
accessible to fauna (< 15% and up to 30%, or more
depending on the specific conditions of the site,
which may be the case of mountainous or plain
areas with a structure built over a motorway at
the natural ground level);

® Schematic representation of a structure built on an
infrastructure located at the natural ground level and
requiring ramps for fauna access. Source: Cerema.




The construction of this ramp is accompanied at
the same time by additional consumption of
road coverage.

© Access ramp to the fauna passage. RD64 (70).
Source: Cerema.

While the lack of visibility of the passage and the
presence of an access ramp to be crossed may limit the
efficacy of these passages, they remain very effective
when they are properly laid out (in particular

A

2 PART

properly planted). In addition, in certain situations,
they allow the use of surplus materials from the
earthworks of the infrastructure coverage.

Since wildlife often tends to travel along the
infrastructure before accessing the structure,
the slopes must remain moderate, regardless of
the direction of approach (@).

V)
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e or the construction of an arched bridge (®),

when the breach is not too large (no wider than a
dual carriageway). This solution has the advantage
of limiting or even eliminating the access slope and
thus limiting infrastructure coverage.

® When the infrastructure has a mixed profile

While the development remains feasible, it s © Arched bridge RD 31, Moselle. Source: Cerema.
difficult and depends mainly on the slope of the

land crossed. This slope must be limited for the This type of development also requires careful
structure to be technically and economically feasible consideration of the management of run-off from

and to remain effective®. the slope.

@ Schematic representation of an infrastructure with a mixed profile and where the difficulty of the development is generally
linked to the importance of the slope of the embankments located on either side of the infrastructure. Source: Cerema.
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All fauna underpasses

Built on embankment sections, they are possible as
long as the embankment is high enough (@).

When the embankment is not high enough, it is
however possible in some cases (filtering soil, outside

@ Underpass on the RN 4. Grand Est region.
Source: Cerema.

a flood zone, deep aquifer, etc.) to create funnel
pits in a gentle slope, and build an underpass (®).
In this case, it may be necessary to create soak
pits (if the soil is adapted) or at least drainage
ditches made of draining materials, in order to
avoid the presence of water at the entrance or in
the structure ().

©® Underpass with funnel pit. A88 motorway (Orne).
Source: Cerema.

© Diagrams of the construction of a drainage ditch on the underpasses located below the natural ground level.

Source: Cerema.
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The existence of a mixed profile (see diagram below)
may also make it possible to develop an underpass ().

In this case, the structure has the advantage of
being easily drained and the water discharged
gravitationally towards the slope (®).

@ Schematic view of a mixed profile underpass with
a funnel pit on one side. Source: Cerema.

® Underpass allowing the evacuation of run-off water
towards the slope. Source: Cerema.

Unlike overpasses, underpasses cannot be completely
planted due to the absence of watering (rain) and
light under the passage. However, when the
crossing length remains quite short (equivalent to

a dual carriageway with a small embankment),
the section of the structure is large enough and
it is not very frequented (in particular by human use),

a herbaceous layer can develop under all or part
of the structure.




The absence of sunshine under the structure also
has the disadvantage of creating particular
microclimatic conditions, sometimes unfavourable
to certain species. The longer the passage, the
greater the temperature differences between the
outside and the inside of the passage, which can
make it more difficult for certain species of
vertebrates with a low thermoregulatory capacity,
such as reptiles, to pass through, especially in
northern France.

An underpass also constitutes a rather dark corridor
likely to scare certain species that usually do not
frequent dark and/or confined environments (e.g. flying
insects). This stress, called the “tunnel effect”, tends to
increase with the length of the passage (i.e. the size of
the embankment) and its reduced gauge.

Underpasses, although less attractive to wildlife, are
effective as long as they nevertheless meet needs in
terms of positioning, accessibility and external facilities.

Mixed or dedicated passage: a choice depending on
the level of restoration issues and the possibility
. of complementarity with another use

Continuities can be restored either by a passage
intended exclusively for fauna (dedicated passage),
or by being associated with other uses (waterway,
agricultural, forestry or pedestrian), which is then
referred to as a "mixed passage”.

While it is possible to mix passages, the absence of
visual, sound and olfactory disturbances on an
exclusive passage nevertheless ensures better
efficiency, particularly when dealing with a small
sized structure. With the exception of mixed
waterway/fauna passages, which have an exclusively
natural purpose, priority must therefore be given
to dedicated passages, particularly when
faunistic issues are high.

The multifunctionality of passages can only be
envisaged if and only if the conditions are favourable
(ecological network and the need for nearby

restorations, adapted access conditions, favourable
environments crossed, etc.). The construction of a
mixed passage also requires special precautions
and very strict construction conditions for it to be
effective (see "mixed passages” chapter below).

Does onthe dedicated overpass of La Lande. A10 motorway.
Source: © VINCI Autoroutes photograph library —
Emmanuel Rondeau.
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Dedicated passages

These structures are either reserved for the
restoration of the most valuable continuities or
retained in the absence of other restorations. These
are structures that do not perform any other
function and that are inaccessible to vehicles.
Other uses are restored via other structures (@®).

They can be underpasses or overpasses. When they
are overpasses, they are characterised by a deck
supporting a layer of soil that allows them to be
planted and ensure maximum connectivity between
the separate habitats. However, precautions are
usually necessary on these structures to preserve
their specificity and prevent human use (see fact
sheet no. 8).

Mixed passages

These structures ensure the restoration of
permeability for fauna as well as other functions
such as the restoration of a watercourse, an
agricultural or forest path or a pedestrian path. They
offer the advantage of pooling costs. To make
them as effective as dedicated passages, for
equivalent issues, the size of mixed passages
must be greater in order to take into account the
space reserved for other uses and the potential
disturbances associated with them (see fact
sheet no. 7). Measures to separate functions are
sometimes associated to ensure the proper
functioning of the area reserved for fauna (see
fact sheet no. 8).

Mixed waterway passages

All' fauna mixed waterway passages restore the
hydraulic function of the watercourse intercepted
and crossing by fauna through the presence of
additional coverage on each bank (®). For an all
fauna passage, the dry-standing width depends
on the scale of the continuity to be restored. It
must be at least 3m on each bank for ordinary
passages and can go up to more than 20m for
exceptional passages. Dry-standing areas must in

@ Rétablissement agricole dissocié du passage a faune.
Source : Luchtfoto Irvin Van Hemert/Pays-Bas.

Pied sec

® Passage mixte hydraulique/faune. Autoroute A304
(Région Grand Est). Source : Cerema.

fact be in natural materials so that the structures
may be considered as all fauna passages. These
structures are particularly favourable, as watercourses
are often associated with tree-planted areas
constituting corridors with a fundamental role
for the movement of species.

Although these structures are often temporarily
unusable in flood-prone valleys, it is not
necessary to make special provisions to ensure a
passage under these structures during these
periods of heavy flooding (levelling of the dry-
standing area on the bankfull flow - Q2 to Q3).
Given the issues related to semi-aquatic
mammals, provisions must however be consi-
dered at least for the passage of this small
fauna (see sheet no. 11), especially if the floods
last for days or more.




Attention should be paid to discharge structures
equipped with dissipation trenches as they can be
filled with water for quite long periods and
jeopardise the movement of species (@).

It is therefore recommended in all cases to design
additional infrastructure coverage with a gentle
slope (1 to 5%) towards the watercourse or the
centre of the dissipation trench, to allow fauna
to move during low overflows, to limit the
build-up of water or simply of moisture under
the structure.

Within this category of structures, the position
of the waterway is quite logically central.
When the conditions of the waterway allow it,
it is possible to move the river bed to allow
permeability of the land on a bank when the

issues are localised (presence of a forest
continuity along a bank @®). However, the
minimum size (3m) of the smallest bench* must
be respected (see sheet no. 7: "How to size
the passage? ").

® Schematic view of an example of the positioning of the waterway in relation to a forest ecological network mainly

positioned along a bank. Source: Cerema.

Mixed agricultural/forestry/
pedestrian passages

These structures bring together an area reserved
for fauna with the restoration of an agricultural
or forest path (@ and® next page) or simply a
pedestrian path.

While human use is compatible with the fauna
passage, the path restored for this use must be
only lightly used, with a limited number of

passages per day, ensuring that use is essentially
or totally restricted to daytime (e.g. installation
of barriers, access sign reserved for agricultural
or forestry use, etc.). If the structure is also
pedestrian, it must not be lit under any
circumstances. It is preferable to keep pedestrian
paths narrow, well identified and attractive
(even artificialised) to concentrate movements.
The absence of a guide should not lead walkers
to wander all over the structure as this would
increase disturbances (olfactory).
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® Mixed agricultural/fauna passage.
A34 (Grand Est region). Source: Cerema.

® Overpass on mixed agricultural/fauna passage.
RN 59 (Grand Est region). Source: Cerema.




For a mixed passage to be considered as such, the
path must not be surfaced under any
circumstances, as this would create a physical
barrier that is not very passable or even impassable
for a large number of species, in particular
microfauna. This applies more broadly to all sections
that may constitute a physical interruption for
wildlife approaching the passage.

A

The stabilised (not surfaced) path usually consists
of a permeable, often untreated, gravel road
layer composed of a mixture of pebbles, gravel
and sand.

The configuration of agricultural or forest
restoration roads also plays a role in the
functional organisation of a fauna passage. On a
structure, when the restoration path is
perpendicular to the infrastructure, the insertion
of fauna facilities is usually quite easy and the
guidance of fauna to the entrance is not disturbed.
Conversely, and this is often the case, mixed
structures support path restorations which, before
crossing the infrastructure, often run along the
coverage. The organisation of fauna restoration,
including the development of entrances, is then more
problematic. In this case, the path must be kept as
far away from the passage as possible (®).

In order to optimise the efficacy of transparency,
the position of the path on the structure must also
be defined according to the location andfor
characteristics of the continuity to be restored.

The aim is to position the path on the opposite side
of the continuity (@ next page). When a homogeneous
environment is crossed, the path should simply be
positioned alongside the passage rather than in the
middle, especially when passages are very wide (®).
For pedestrians, the aim is also to concentrate
the paths on one side and keep disturbance on
the rest of the passage to a minimum.

A

forest path near a fauna passage. Source: Cerema.

® Schematic diagram of the positioning of an agricultural or

9

For practical reasons, pathways are often located
along infrastructure coverage, which can disrupt the
longitudinal movements of fauna, especially in open
agricultural environments (e.g. grain-producing area).
To reduce the impact of these secondary roads, it is
recommended to maintain a natural corridor along
the infrastructure of at least 10m (a natural space
between fencing and the road) (®).

® Schematic diagram of the maintenance of a 10m natural

corridor between the path along the infrastructure and fencing.

Source: Cerema.
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@ Examples of path positioning relative to transversal continuity. Source: Cerema.

Examples 1, 2, 4, 5: the existing continuity is located to the right of the structure. Positioning of the path on the left makes
it possible to reconstitute a favourable environment on the structure on the same side as the continuity to be restored and

limits or avoids the cutting effect created by the path.

Example 3: even if the path is positioned on the same side as the continuity to be restored, its positioning avoids any

additional breaks within the restored corridor.

Mixed passages can also be shifted away from
the interrupted ecological network. In this case,
the development must include measures to
restore connectivity (corridor) between the
passage and the intercepted ecological entity
(see fact sheet no. 5).

e The mix of fauna and livestock (cattle, horses) is
possible, provided that the size of the structure is
sufficient and that fencing, where necessary, does
not compromise the free movement of fauna.

Likewise, structures restoring low-activity local
railway tracks (industrial zone, business zone, etc.)

or hydraulic discharge structures (without a
funnel pit) (@) can constitute mixed fauna passages.

@ Functional hydraulic discharge structure for fauna.
A304 motorway (Grand Est region).
Source: Cerema.




_*_ What type of a

Depending on the lengthwise profile (with some exceptions), the all fauna passage is:
e an underpass: when the infrastructure is embanked;

o an overpass: when the infrastructure is excavated (or exceptionally slightly embanked).

Depending on the issues and the possibilities of complementarity with other uses,
! the all fauna passage is:

o a dedicated all fauna passage: when continuity issues are particularly high and/or there is no need to
restore other uses in the vicinity;

» a mixed all fauna passage: when it is possible to restore other uses on the same structure:

- mixed all fauna/waterway passage: structure providing hydraulic transparency and with 3m high
land overpasses on each bank of the river,

- mixed all fauna/agricultural/forest/pedestrian passage: structures with a stabilised (NOT SURFACED)
path for vehicles or pedestrians, combined with a sufficiently large planted area to ensure crossing
by fauna.
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How to size the

A fauna passage can be considered a corridor
segment. However passages do not offer the same
advantages. It is logically established that the larger
the passage and the shorter its span, the lower the
physical barrier will be and the more attractive and
effective the structure will be for fauna. The number
of species using the structure is partly related to
the size of the structure.

However, the cost of the structure isalso proportional
to its size. All fauna passages must therefore be
implemented to restore the highest issues and their
size must be adapted to the level of transparency to
be restored. The objective is to restore, in all cases,
the passage of the maximum number of species
taking into account the possibilities of movement of
all fauna and the cost of the structure.




Width depending on the scale of the continuity to be
. restored and whether the passage is mixed or not

Whether overpasses or underpasses, their width is
essentially conditioned by the scale of the issues.
Also, the greater the advantage provided by the
continuity and the higher the issues, the larger the
structure will have to be.

The advantage of a passage also depends on its
tranquillity, its layout or the space available for
fauna. Therefore, because it is less effective for an
equivalent efficacy objective, a mixed agricultural/
forestry/pedestrian passage will need to be wider
than a fauna-specific restoration. The aim is both
to maintain and develop (by planting, etc) a
sufficiently available width for the fauna, while
minimising human disturbance. A larger width
allows the passage of specialised species, often
small in size, because it is possible to create their
specific habitats.

Similarly, for waterway structures, while the
opening of the passage is a decisive point for
its functionality, the width of the dry-standing
area and its layout, corresponding to the
environment actually usable by terrestrial fauna,
are just as important. These two components

must therefore be taken into account when
defining the characteristics of the structure.

Depending on the scale of the continuity to be
restored, a passage category with a reference
size is recommended. However, this reference
size needs to be adapted according to the
special characteristics of the project, the
specific issues of the environments crossed
and the technical constraints.

Ordinary all fauna passages

These passages are positioned primarily on
corridors of local interest. Due to their size, they
ensure a minimum amount of transparency
favourable to many species of small and large
fauna. They allow a minimum number of
exchanges, genetic mixing of the populations
and maintain the possibility of conquering new
territories. Although they give deer and wild boar
ungulates the possibility of crossing, they do not,
however, make it possible to ensure optimal
transparency for deer.
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These passages, when they are dedicated, have
a size of 20m +/- 5m depending on the extent of
movements and the corridor to be restored (@).

@ Dedicated ordinary all fauna underpass.
RN 4 (54). Source: Cerema.

This reference width is increased to 25m (+/-5m
if the passage is also used for the restoration of
an agricultural or forestry or pedestrian path
(hiking path) (®) provided it is not surfaced and
its width does not exceed 5 metres.

® Ordinary mixed all fauna overpass. A36 motorway
(Grand Est region). Source: Google Earth.

For waterway/fauna passages, care should be taken
to maintain an available space of 3m under the
structure on each bank (©).

Remarkable all fauna passages

These structures ensure both the dispersal of a
large number of species of small and large fauna
and in particular meet the needs of large
ungulates such as deer. These are however
relatively expensive passages and should be
reserved for fauna-rich habitats or for restoring
major continuity issues.

Depending on the importance of the continuities
to be restored:

e in the case of a corridor of local interest, with
the movement of deer or a forest area of interest
(< 500ha):

- a dedicated or mixed waterway passage of

25m +/- 5m (by maintaining a space of 7m
beneath the structure on both banks if it is a
waterway structure),
a 30m +/- 5m passage if it is a mixed
agricultural or forest passage (if the
structure also has a hydraulic function, it
will be necessary to ensure that there is at
least 7m dry-standing space for fauna on
each side of the waterway).

© Adjustment of the width of the structure to take into account both the width of the watercourse and the restoration

of land-based continuities. Source: Cerema.




Even if deer are not yet present, the potential
for recolonisation can also be studied and
anticipated. It will then be possible to justify
the creation of a favourable structure before
its arrival;

e when issues are more important, in particular
for corridors of regional interest, when there are
major continuity issues within a type 1 ZNIEFF or
when crossing vast forest areas (> 500 ha): a
structure of 35m +/- 5m (@) (or 40 +/- 5m
for mixed passages and for waterway structures
with less than 10m reserved for fauna on each
side of the watercourse.

@ Example of a remarkable all fauna passage on the Al
motorway in Switzerland. Source: AURA/Emanuel

Exceptional all fauna passages

The purpose of these passages is to offer large
natural areas, either by the construction of a very
large overpass, or by the conservation of all or part of
these habitats in the case of a viaduct or tunnel.

Practically all biological flows can be restored
due to their dimensions (50m). Due to the space
available, they make it possible in particular to
create the natural habitats of specialised species.
They therefore ensure maximum, or even
complete, connectivity for a maximum number
of faunistic groups, including invertebrates and
micromammals®. Although they are effective,
these structures are very expensive and must be
unquestionably justified by the presence of
environments and networks of very high
ecological value.

Depending on these issues, a distinction will be
made between:

e 50m +/- 10m (@) passages: they are recommen-
ded when the infrastructure interrupts a continuity
between or within protected sites (national natural®
reserve, national park, regional natural reserve).
They may also be justified by the existence of a
transition living area for protected species or the
crossing of large forest areas (> 2,000ha). The space
reserved for fauna on each side of a waterway
must be at least 15m;

e passages of more than 60m that can go up to
several hundred metres: they are reserved for the
most important continuities between Natura 2000*
sites, within the same Natura 2000 site (special
conservation area) or to restore the functionality of
a corridor of national importance. For a waterway
structure, the area reserved for fauna on each bank
must also be at least 20m.

© Example of an exceptional passage between Bern and
Solothurn in Switzerland. Source: AURA/Emanuel Ammon.

For overhead crossings, such passage widths require:
e ejther the construction of a covered trench (®).
Unlike tunnels, the construction of a large structure
by digging from the surface is preferred. This means
that the infrastructure is excavated.

® Covered trench of the A19 motorway in the crossing
of the forest of Montargis. Source: Arcour.

FACT SHEET 7



FACT SHEET 7

The concept is based on the construction of a
trench, held on each side by two parallel retaining
walls over which a roof slab is placed. This slab is
then covered with earth and developed to restore
natural habitats;

e either tunnelling (@), which involves digging

out an underground gallery within the rock
through which to pass the infrastructure.

Although this is, in most cases, a technical choice
or necessity related essentially to the design of
the infrastructure, these structures benefit
fauna when the surface is not developed or
urbanised. The main advantage of tunnelling
the infrastructure is to ensure the preservation
of surface habitats over the entire (sometimes
extensive) length of the structure.

@ Chavanne Tunnel (1,970m long). LGV Rhin-Rhéne. Source: Geoportail.

When fauna underpasses are very wide and short,
they are usually called viaducts (@®). Like tunnels,
they restore or maintain immediate and rapid
possibilities of movement for all fauna and,
above all, they maintain the integrity of the
habitats of species presenting a very high issue
and thus limit destruction.

For these passages, however, some restrictions
may exist if the headroom™ is too small, as areas
of shade or a view of the flow of vehicles may
limit the effectiveness of the transparency.

If the identified issues require an exceptional all
fauna passage, the headroom must be at least 4m
to keep disturbance to a minimum. If the structure

is built in a forest environment, the headroom will
however be increased to 10m to take into account
the issues related to flying fauna.

® Jaulny viaduct (Grand Est Region). LGV Est européenne.
Source: RFF (the French rail network)/CAPA/Laurent Rothan
(TOMA).




Width of the passage (underpass or overpass)
in the centre of the structure

Level of issues

of the ecological network® Mixed agriculture/forestry Category

Dedicated (path < 5m wide)

or mixed waterway | Mixed agriculture/forestry
& waterway

> 60m > 60m

highly concentrated Natura 2000" sites For waterway For waterway
structures, structures,

or within a Natura 2000 site the width of the width of

« and/or ecological network of national the two dry-standing the two dry-standing
importance. areas must, in all cases, areas® must, in all cases,

be > 20m be >20m Exceptional
all fauna

« Significant continuity issues between . _ (or landscape)
or within protected sites (RNN, PN, RNR) 50m +/-10m 50m +/-10m passages

« and/or vast forest area (> 2,000ha) capable For waterway For waterway

of hosting mosaics of intraforest habitats structures, structures,
the width of the width of

the two dry-standing the two dry-standing
areas must, in all cases, areas® must, in all cases,
be > 15m be > 15m

* Major continuity issues between nearby,

* and/or ecological network with a vital
transition zone for maintaining populations
of large high issue mammals (e.g., lynx, which
is highly dependent on forest continuity).

 Ecological network of regional importance. 35m +-5m 40m +-5m

* and/or significant continuity issues within
a Type 1 ZNIEFF

For waterway For waterway

) structures, structures,

« and/or extensive forest area (> 500ha) the width of the width of

¢ and/or ecological network with significant the two dry-standing the two dry-standing
continuity issues for protected and areas must, in all cases, areas® must, in all cases,

heritage species. be >10m be > 10m Remarkable

all fauna
passages

25m +/-5m 30m +/-5m

For waterway For waterway
e Corridor of local interest with deer movement structures, structures,
the width of the width of
the two dry-standing the two dry-standing
areas must, in all cases, areas® must, in all cases,
be>7m be>7m

e and/or forest area of interest (< 500ha).

Zom +/-5m 25m +/-5m Alternative criteria, 5

the choice

For waterway For waterway depends on

. E . Ordinary the overriding
e Corridor of local interest without deer structures, structures, I criterion.
movement. the width of the width of all fauna
the two dry-standing the two dry-standing passages Agricultural &
. . and forestry paths
areas must, in all cases, areas® must, in all cases, are not part of

be >3m be >3m the dry-standing
areas reserved
for fauna.
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m Criteria for adjusting the width of the passage

according to the issues

If reference sizes have been indicated according
to the importance of the continuity issues,
these recommendations should be modulated

according to the local context and the
characteristics of the project. A margin of
manoeuvre (+/- Xm) is thus proposed for which
the discussion elements indicated below can be
used to facilitate the definition of the final size
of the structure.

Criteria likely to tend towards the upper limit of the width category

Specific issues of species or populations of species (presence of a heritage species).

Special ecological development (reservation of a specific area for a species that is demanding in terms of habitat).

Few cost differences with a smaller structure or economic gain thanks to an innovative technique.

Low to medium level of transparency.
« few small fauna passages due to siting difficulties (e.g., excavated area);
e interval between all fauna passages is close to the minimum average.

Difficulty of choice with the higher category.

Isolated ecological network (the only area of interest within a deteriorated space) where movement will potentially
be concentrated.

For mixed crossings, the extent of disturbance from other uses
(a few pedestrians crossing per day is different from a regular use by motor vehicles).

Accumulation of unrelated issues
(unlike a large forest area classified as ZNIEFF and RN -> identical issues).

Positioning of the structure is shifted in relation to the highest issues within the continuity
(shifted with respect to a movement route, shifted with respect to the continuity’s specific habitat, etc.).

Development of constrained surroundings
(difficult access to the structure, presence of breaks or obstacles™ at the exit of the passage).

Significant width of the continuity crossed.

Criteria likely to tend towards the lower limit of the width category

Particular technical constraints preventing the construction of a larger sized passage according to standard
and acceptable conditions.

Cost disproportionate to the issues.

Presence of other fauna passages nearby (< 1km).

Remarkable connection with other fauna passages.

For mixed passages, the small amount of disturbance from other uses
(e.g. exceptional traffic).
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Additional all fauna passages

The provision of small passages (width > 7m)
may also contribute to the defragmentation of
an infrastructure.

Level of issues

HE of the ecological network

* Ordinary habitat with total absence
of transparency for more than 3km.

.  Ordinary habitat with absence of all fauna
Additional passage for more than 5km but presence
passes of a small fauna passage.

 Extensive and highly diversified habitat
in addition to other fauna passages

(already meeting general recommendations).

97

However, these structures must be reserved for:

e the development of large sections, where issues
are low, in order to give minimum transparency to
the infrastructure (see fact sheet no. 5);

® in addition to other larger passages, in vast and very
diverse habitats (e.g. medium altitude, bocage, etc.).

‘ Width of the structures at the centre of the structure

‘ Underpasses Overpasses

PART
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Networks of national or regional interest are
generally very extensive and encompass several
lower rank continuities. Also, although taking
into account the level of importance of a
continuity must result in the construction of a
structure of corresponding size at this level, the

aim is not to design the entirety of all fauna
passages within this continuity with such
dimensions. The aim is to have a progressive
approach so that at least one restoration
structure has the required dimensions of its level
within each continuity ().

© Schematic representation of the distribution of passage categories according to the importance of ecological networks.

Source: Cerema.

. Width depending on the length of the crossing

For all fauna overpasses

For overpasses, difficulties are mainly encountered
with the smallest structures (ordinary all fauna
structures 20m +/- 5m) whose functionality can
be restricted if the crossing length is too long
(corridor effect).

To limit this effect, care should be taken to comply
with the following ratio:

width

— A
Length >




For all fauna underpasses

The construction of an underpass must comply with
the following minimum construction conditions:

H > 3.50m
[> 4m if deer are present
or exceptional all fauna passage]

width x Height

Length ~ 1

When crossing forest areas, it may be necessary to
increase the height of the structure to take into
account issues related to flying fauna. For the largest
structures (exceptional passages), it is recommended to
increase this height to 10m when crossing forest areas.

. For certain situations, prefer two smaller

. sized passages to a larger sized passage

The presence of close but important issues may
lead to opting for two smaller sized structures
rather than the initially recommended size.
However, this possibility is linked to the presence
of special conditions:

e when two continuities are close, connected
and belong to the same ecological corridor
(® next page);

e when the environments crossed are rich,
consist of several landscape structures that lead
to dispersed exchanges over a vast ecological
corridor.

However, the functionality of a smaller structure
is not equivalent. For this reason, both structures

must at least respect the minimum sizes of the
category ranked just below for a single passage
(see example below).
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@ Diagram representing two close and connected ecological networks justifying the creation of a small sized crossing
structure on each of them ( @ ) rather than one single large sized structure (@ ). Source: Cerema.

§Width depending on the presence of target suites
. with a specific issue

The dimensions indicated are designed to The width of the structure is then defined
provide optimal efficiency in restoring ecological according to the results of studies of the spatial
networks, depending on their interest. The distribution and organisation of species habitats
presence of heritage and/or protected species (home range*, movement route) and the ecological
can also lead to exceeding recommendations. functioning of the populations of these species
Each situation falls within this specific case. (density, distribution, etc.).
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__ How to size th

The width of a passage is above all defined according to the scale of the
continuities to be restored. Logically, the greater the issue of continuity to be
restored, the wider the structure must be and it should make it possible to create
natural habitats corresponding to the diversity of user species.

If the passage is mixed (through to remarkable structures, because beyond
this it is not essential), it is necessary to provide for additional widening in
relation to a specific passage so that the available reserved space for fauna
i remains equivalent and maintains maximum tranquillity.

For overpasses, the width must also take into account the length of the crossing
to avoid the "corridor” effect. To limit this effect, the following ratio must be

¢ followed: idth
Wi
Length -0

Similarly for lower structures, the height must be at least 3.5m (4m in the presence
of deer or for exceptional all fauna passages) and comply with the following
requirements:

width x Height
Length

> 1.5

When crossing forest areas, the height will be increased to 10m for exceptional
i all fauna passages in order to take into account flying fauna.

Waterway structures are sized both according to the value of the continuity, but
also taking into account the coverage of the watercourse under the structure,
i so as to have a minimum dry-standing width on each bank.

In certain situations (close and connected continuities, rich environments), it is
possible to opt for two smaller structures rather than a larger one.

The presence of a species with a particular issue may also, on its own, lead to the
recommendation of a large structure, especially if its ecological requirements
i require the creation of a mosaic of natural habitats.

FACT SHEET 7




PARTIE




{ 133HS 19V




104,

PART

ssediang O
(ssedsapun
Aemiarem

paxin)

(x asimuaylo
wy < H # Ajuo
ssediapun 10J)
o

ssediapun

LYouag e 10 ssediang

Yum
ainjonis alnjonis paddinba
a|buig Bamjer Aig alnjonis

(Aem-om)
[auuny
ueiqiydwy

abessed ,seyauaq
Adoue) Asselb yum
Aemiarem paddinba
llews euney 0}
pajealpap jou
ainonng

abessed eunej |jews

jauag

pija)snw
[lews JayiQ

[ELLETT
uayew
auo)g

yuiw
ueadoing
130

J

SaloAlule

1abpeg

1ed PIIM
X04
HIOM
xuly

leaq umoig

leog pI!M
sioweyo
‘199p 30y

saje|nbup

199(

jo dnoug

salaadg

CETRET ]

{ 113HS 19V



PART

{ 133HS 19V

81n10N.1s 8y} Jo 8zIs 8y} uo Buipuadap os|e asn [euondadoxy O
ajeudosddeu) x azIS pue suonipuod |eao| uo Buipuadap pasn aq 01 Aj9yI1 O
paJinbal aoualiadxa aiow ‘umouwyup ; juonnjos jewndp @

105

ssediang O
(ssedispun
BMIBIRM PaXIIA|)
o

ssediang e
ssediapun O

ssediang e
ssediapun O

ssedlang @
ssedlapun O

ssediang O
(ssedispun

sjeg

saloads
lejiqey
puepapy

saloads
jenqey Aig

sajeiqapanul [eusaua]

suelqiydwy

as1010]

piezr]

ajeus

sa|nday

13neag

3JoA
asnop\

asnouwuo(

|aainbs
pay

malys

foyahpay

Nqqey

aley

sydiowobeq [salonnaasu|




FACT SHEET

How to design and d

While the effectiveness of a passage depends on
its location and technical characteristics, its use
by fauna also depends on its integration into the
environment, linked, in particular for overpasses,
to the layout of the deck and, more generally,
to the development of immediate surroundings.
Particular attention must therefore be paid to
the details of the design and their future
management, so that the structure is favourably
integrated into the ecological network and its
future effectiveness ensured.

These conditions require a broad vision, going
beyond the passage and the construction
coverage, so that the overall development is best

. Development of overpasses

Reduction in crossing length:
abutments on front wall

In order to guide fauna as far as possible towards
the entrance of the structures and to have the
shortest possible crossing length on the narrowest
part of the structure (usually the centre), it is
recommended to widen the funnel as much as
possible (entrance of the passage).

It is not necessary to incorporate curved (often too
expensive) funnels into the structure, but to prefer
a rectangular deck from which flared funnels will be
created. In particular, priority will be given to
making abutments on the front wall (@and @ on
next page), in order to bring the funnel as close as
possible to the infrastructure.

The abutment of the structure (part located on the
bank intended to support the weight of the deck)
must be designed with a vertical wall (sheet piling,
concrete wall) as close as possible to the roadway
(® ©® @ next page).

integrated and that, in the long term, it is effective
and sustainable over time.

Example of the layout of the deck of a structure.
Source: Vinci Autoroutes/ASF network.

® (verpass fitted with an abutment on the front wall.
Source: ATMB - Arnaud Lesueur.

This abutment is generally associated with "winged"
retaining walls (concrete walls, gabions*, etc.) at
the structure's exit, with a wide opening (> 45°)
(next ® @ ® page).

This comprises a retaining system which, once
loaded with materials, makes it possible to
increase the width of the entrances and thus
reduce the length of passage of the structure in
its narrowest part.




Vegetation development
of the deck

Structure of vegetation

The advantage of the overpasses is to be able to
plant the deck. The objective is then, when possible,
to create favourable corridors for each major
type of habitat or faunistic species. However, it is
not advisable to create a disordered mosaic of
environments. It is recommended to create
specific corridors for each habitat that crosses the
structure, from side to side, connecting them to the
habitats that have been separated by the infrastructure.
The size of these corridors is determined both
according to the available space and the quality of

the desired habitat. Vegetation development must
be done early on (before commissioning) in order
to be established as quickly as possible (©).
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FACT SHEET 8

On smaller structures (ordinary all fauna passage),
the limited space available reduces the possibilities
of habitat diversification. The development can
be limited to planting dense shrub hedges on
each side, along screening parapets, (@, ® and
@ next page). These hedges (see “planting hedges
and woodland" inserts) ensure the continuity
of the planted strips running along fences, or
even continuity with the wooded areas crossed.
The central space is reserved for a more open

area of close-cropped grassland (sowing 10 to

20g/m2) allowing unobstructed views of the
entrance to the passage (see "plants of guaranteed
local origin" insert). Some additional developments
(e.g. swaths*, bushes cut into shrubs, isolated trees,

especially fruit trees) can complete the layout
and enhance attractiveness, without however
constituting a vegetation mask.

Planted eco-friendly bridge*. Source: © VINCI Autoroutes
photograph library — Emmanuel Rondeau.

@ Schematic example of the development of an ordinary all fauna passage. Source: Cerema.

© Schematic example of the development of an ordinary overpass in a forest context. Source: Cerema.




@ Schematic example of the development of an ordinary mixed overpass in a forest context. Source: Cerema.
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Plant protection

The soil must be covered by a natural and biodegradable mulch (residues from grinding deciduous branches
(avoid evergreens) such as oak, beech, maple, etc.) for each row over 1Tm wide with a thickness of 15 to 20cm
of material to protect the plants against competing vegetation, promote the biological activity of the soil,
preserve its moisture and moderate the temperature.

If there are large local populations of wild boar, perhaps prefer biodegradable tarpaulins anchored to the ground.
Watering devices or manual interventions may be necessary for the plants to become established during the first
two or three years.

Planting period

It extends from November to mid-March, taking care to plant outside periods of frost. In the Mediterranean zone,
plant in the autumn for better resistance to water stress the following year.

Planting

e For a hedge: arrange the plants in a staggered formation over 2 rows spaced about 1m apart, so that eventually
the hedge becomes a sufficiently dense screen, like a tiered edge. Space the plants 50cm apart for plants under
Tm tall, 60 to 80cm apart for shrubs 1 to 2m tall, and more than 2.50m apart for trees (planted in the immediate
surroundings of the structures and not on the deck where large shrubs will be preferred). The hedge must be
planted 1-2m from the fencing or parapet.

e For a wooded area: if the edges can be designed as hedges, the centre of the wood must consist of several lines
(4-5) of large shrubs arranged irregularly.

Observation of the successful rooting of plants

Make sure the planting services guarantee rooting of the plants over a two-season period at least.

In the event of replacement at the end of the warranty period, care must be taken to ensure the replacement
conditions and to identify the cause of plant mortalities: if the plants have dried out, because they are unsuitable,
it will be necessary to change the species.

The price of a hedge on a Tm wide line varies between €10 and 150/Im, depending, among
other things, on the size of the plants.

When the passage is wide enough, the While the types of habitat to be reconstituted

FACT SHEET 8

development can be more complex. The objective
is then to restore a majority of fragmented
habitats. Even if there is no precise rule
concerning the development, it is recommended
to reserve at least 30 to 40% of the width for the
space mainly crossed (forest, moorland, etc.).
Each other type of habitat can then form strips
ranging from 10 to 25% of the space, or even
more, depending on the number of environments
to be reconnected. In all cases, all open spaces

(close-cropped, tall grass, swaths®, etc.) must occupy
at least 60% of the width.

and their scale vary depending on the context of
the passage, vegetation development should
usually include (@, ® and® next pages):

e a shrubby wooded area (or even a tree
planted area for the largest passages) creating
a closed environment, favourable for species
that move under a forest cover, like several
terrestrial beetles™ or small mammals. This space
located on a eutrophic® and deep substrate
(see "planting hedges and woodland” insert)
should be positioned on the side where the
sunshine is weakest;




e an open zone on rich, low permeable and
uncompacted substrate that promotes the
development of tall herbaceous vegetation
occupying both edges of the wooded area. This
area is ideal for the movement of micro-mammals®,
orthoptera®, chiroptera®... The vegetation should
be spontaneous or have seeding adapted to the
natural and local context (e.g. See "local vegetation
and real meadow plant label" insert™). It is simply
maintained to prevent the growth of bushes;

® on the sunniest part, a fairly large expanse of
oligotrophic meadow* where grass (spontaneous
vegetation or seeding adapted to the natural and
local context) grows on poor soil compacted and
permeable to varying degrees. These environments
are often used by mammals, amphibians, reptiles
and many insects. Within the space constituted in
this way, depending on its width, a few units of
shrub vegetation in bunched formation can be
added to reinforce peaceful zones on the passage.

These small entities then require a very local increase
in the height of the substrate (e.g. earth mound).

Vegetation development is complemented by the
establishment of secondary habitats, so as to
promote the reception and passage of as many
species as possible (see next chapter).

While the connection between the habitats located on
either side of the structure is sought, it is nevertheless
necessary to ensure that these developments do not
create a barrier at crossing points between the different
networks of habitats, especially at the end of the
structure. In particular, dense forest areas or swath *
structures can constitute significant obstacles™ for
terrestrial species not dependent on these environments.
Particular attention must therefore be paid to these
junction points. A mosaic of overlapping habitats will
therefore be preferred to the creation of monospecific
corridors (see diagrams @, ®, ® and © ).

@ Schematic example of the development of a remarkable passage in a forest context.
Source: Cerema, according to BN Federal agency for Nature conservation, 2019.
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FACT SHEET 8

© Schematic example of the development of a remarkable passage in a forest context.
Source: Cerema, according to BN Federal agency for Nature conservation, 2019.

© Schematic example of the development of a remarkable mixed passage in a forest context. Source: Cerema.

Soil structure

The planting of the deck of the fauna passage requires
a series of layers of materials chosen according to
the characteristics of the desired vegetation, the
climate and the characteristics of the structure.

These systems must both allow the supply of

water to plants and therefore their development,

while ensuring soil drainage and protection against
root penetration.




From the surface, the following must be distin-
guished (@):
o the vegetation layer:

- substrate: topsoil rich in nutrients, low
permeability, on areas hosting woodland or
tall grass.

Alone or mixed with sand or gravelly sand
(0-6mm) and low in nutrients, to form more
oligotrophic areas®. This substrate can be locally
compacted (always linearly in the direction of
crossing), in order to increase the diversity and
creation of micro-habitats within the area. Also
make sure to adapt the nature of the earth to
that of the surrounding environments, in
particular the pH and the rate, or even the
absence, of limestone, which directly condition
floral species and therefore fauna (especially
insects) that will use the structure (in siliceous
zones, prohibit soil with active Ca and swaths®
or limestone rockfill).

In areas hosting woodland or tall grass
habitats, it is worth establishing an irreqular
soil microtopography in order to increase
the range of micro-conditions and therefore
of micro-habitats. Conversely, closely-cropped
grassareas can remain flat for easy maintenance
(possible mowing),

thickness: 20-30cm to 1.5m depending
on the choice of vegetation required and
the local climatic context. Planting requires
a minimum thickness of 20-30cm for
herbaceous seedlings and it is not
recommended to go beyond 90cm if you
want to limit the size of the woodland and
the weight to be supported by the structure.
The thickness of soil is thus generally 30cm
on most of the structure and the thickest
sections (60-90cm) are reserved for areas
hosting shrub environments (for a shrub
structure, 60cm of soil is usually sufficient,
but 90cm is sometimes preferable in areas
where the average annual rainfall is less
than 500mm).

On larger structures, when tree planting is
possible and required, the soil thickness can
be increased to 1.5m;

@ Schematic section of the different layers of material
on a planted passage. Source: Cerema.

e the filtering layer: thisisan anti-contaminant
geotextile designed to let water penetrate while
retaining fine particles of the vegetation layer;

Sealing and drainage phase of the deck.
Source: Vinci Autoroutes/ASF network.

e the draining complex: the draining complex
must be designed to direct water towards drains
and avoid excessive build-up in the substrate. The
drainage system most often corresponds to a 5 to
10cm bed of draining pebbles between two layers of
geotextile. This complex is associated with drains
located on each side of the structure to allow water
to be evacuated from the development;
e the sealing complex, which, on concrete
structures, usually comprises a layer of gravelled
asphalt a few centimetres thick (possibly with a
bituminous strip previously glued to the slab),
protects the structure while sealing it and acting
as a root barrier.
While seepage water in the soil is discharged through
the draining complex, surface water run-off requires:
- gently sloping land (2-3%) on the structure
from its longitudinal axis to the sides,
- an overall slope of 2 to 3% from the centre of
the structure towards the entrances if there is
a double slope or > 1% if it is a single slope.
The water evacuated can be used to supply water

points (see ponds™).

FACT SHEET 8



FACT SHEET 8

Development of additional
habitats on the deck

Swaths*

A swath corresponds to a more or less continuous
linear structure 1 to 2m wide, 0.7 to Tm high,
consisting of a cluster of different natural materials:
e blocks (@ 20 to 80cm) with two size categories
to create heterogeneity, 70% of 20-40cm blocks
and 30% of 40-80cm blocks;

o low rotting stumps or logs (@ < 10cm)... preferably
chestnut, oak, larch, black locust, etc.

These materials must be more or less mixed and
arranged lengthwise, from one end of the structure
to the other.

The objective of these constructions is to offer
maximum shelter to all small species (micro-
mammals®, insects, reptiles, etc.). They make it
possible both to constitute living environments
and create safe spaces when crossing the
structures. In the long term, these are micro-
corridors that improve the attractiveness of the
passage and form a more or less continuous
structuring network, which crosses the passage
and extends through to the continuities interrupted
by the infrastructure.

Schematic diagram of a swath. Source: Cerema

These swaths offer contrasting situations in
terms of temperature and humidity, suitable for
a range of species.

On overpasses, they are installed along the screening
parapet or along woodland areas. To promote the
attractiveness for reptiles, it is better to position them
on the side offering maximum sunshine. In order to
prevent the swath from constituting a longitudinal
barrier for wildlife, it is sometimes preferable to make
a discontinuous structure (see photograph @) to
avoid partitioning the area and facilitate free
movement over the entire width of the passage.

® Discontinuous swath on a Spanish passage.
Source: Minuartia.




On mixed structures associated with a path, they
can also be used to separate uses, by constituting
an obstacle between the area reserved for wildlife
and the path.

To avoid theft and the disposal of materials on the
motorway, it is possible to cover the swath® with
large-meshed fencing (10-15cm) and anchor it firmly
to the ground (®). Some motorway management
authorities also recommend connecting wooden

@ Fenced swath to avoid theft and the disposal of
logs with a steel cable anchored to the structure. objects on the motorway. Source: Vinci Autoroutes.

In most cases, all or part of the materials can be recovered on or near the site. Machinery is
usually on site, which limits the cost of producing a swath.
In the absence of these facilities, it is necessary to count between €80 and 150 excluding VAT/m2.

18 years of evolution of a swath* made of wood and rocks, A28 Pr77,5
Vinci Motorways/ASF Network — OGE V. Vignon

with a wood and rock swath in 2000. In the aerial

This dedicated 12m wide passage was equipped | [\'/2:\;]

photograph on the right, the tracks of large fauna
that use this passage (wild boar, roe deer, deer) can
be seen distinctly on either side of the swath.

Detailed view of the swath 5 years after its
construction: a hedge is growing, notably thanks
to the seeds brought by birds that land on the
structure. Heather® moor is growing back on the
edges. The swath is gradually "going back to nature"

The structure is particularly favourable for ground ' 5 YEARS

beetles”, reptiles, and micro-mammals®.

Detailed view of the swath, 18 years after its
construction: the screens have been painted brown.

The hedge, the young trees and the bushy stratum have
developed. The latter has been managed by grinding.

Of the original swath, only the discontinuous rock
structure remains. The wood has disappeared
except for large pieces more than 50cm in diameter
(the big stump highlighted by the yellow arrows is
the only piece of wood that has barely changed).

The hedge that replaced the wood plays its functional
role for wildlife on the structure. Vegetation
management allows a mosaic of natural habitats to
be maintained on the structure and along the swath.

FACT SHEET 8
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Wall and low walls

Simple drystone walls 70 to 80cm high (®), or
even gabion walls* (@), can be envisaged. They
are particularly appreciated by reptiles, because
they help their thermoregulation. In order to be
attractive, care must be taken, among other
things, to orient the structure according to

® Dry stone wall. A8 motorway.
Source: Jean Carsignol.

@ Gabion wall on a German passage.
Source: Christine Henn, Mobil Hessen.

m Pile of stones or branches

Like swaths®, simple piles of stones, branches
(@® next page), or even trunks, can vary the availability
of habitats. These piles of branches can also promote

exposure to the sun and other features likely to
limit sunshine (parapets, vegetation). It is also
possible to construct or arrange the structures
specifically to multiply microhabitats, so as to
create favourable environments according to the
time of day (e.g., curving the walls).

Low walls may also constitute support structures
for:
e laying locations or hibernaculums®, or both, at

the back of walls (see "Development of immediate

surroundings/hibernaculum" (@@®) and sheet
no. 20);

e carth retentions, to have local access to sufficient
substrate height for planting while reducing the
road coverage. These are particularly interesting
developments on structures:

- small dimensions, as these structures can,
for example, help create lateral vegetation
corridors while maintaining a grassy area at
the centre of the structure without
overloading it (avoids the need for thick
cover over the whole deck width),
during the summer drought in a Mediterranean
climate when the water reserve is directly
linked to the height of the topsoil.

the installation and spontaneous development of
bushes. They must also be taken into account during
development and appropriate management and
maintenance measures must be scheduled in order
to ensure the sustainability of these developments.




® Development of a cluster of branches in the works phase and its evolution two years later. RD64 (70).
Source: Jean-Paul Chatel. DIR Est.
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Systems ensuring the tranquillity
of the crossing

Screening parapet

Each side of the structures must be equipped with
an opaque screening parapet (@), in order to reduce
nuisance related to noise, the movement of vehicles
on the infrastructure crossed and the glare of the
headlights at night.

The system must be installed over the entire crossing of
the structure and on each side, in order to constitute
a passageway and continue around the passage
(see development of immediate surroundings).

® Screen of the La Buisse fauna passage (A48 —
Réseau APRR), made in non-chemically treated locust
tree. The wood was removed locally from motorway
rights-of-way and processed nearby (sawing and
panel manufacturing). In order to determine the
strength class of this wood for sizing the panels, a
selection of boards was subjected to bending tests.
Source: APRR.




B Anti-intrusion/separation system

In order to deter humans from using the structure
as much as possible and in particular with motor
vehicles, devices may be installed at entrances to
the structures. However, these devices must not
create obstacles™ to the passage of wildlife and
must be reserved for structures potentially most
frequented by humans. Some of them can also be
used to separate uses, avoid or limit the passage
of vehicles.

e Stone blocks > 80cm in diameter, aligned and
spaced 1m apart, either at the entrance of the
structures or to separate functions (®@).

@ Stone blocks positioned along a forest restoration of
the LGV Est Européen high speed train line. Source: Cerema.

It costs around €30 to 50
per tonne.

o Traffic and awareness signs.

Prohibition sign at the entrance of a fauna crossing.
Source: Cerema.

Prices vary depending on model
and quality but range from
€200 to 400.

e (razing fences.

e Ditches, holes, stumps, stone walls: their objective is
to make it difficult for vehicles to cross the structure.

e Chicane barriers (patented ESCOTA/Cabinet X-Aequo
system): they prevent practically all vehicles from crossing
(@) without creating a real obstacle for wildlife (®).

® Chicane system installed on the A57 motorway overpass.
Source: Jean Carsignol.

® Ungulates passing through the chicanes of the passage.
Source: X-Aequo.

This type of system costs around
€100 to 200/Im.

e Metal or wooden posts aligned and spaced 1m
apart at the entrance to the structures. While they
do not stop motorcycles, they prevent the passage of
4-wheeled vehicles.

e Barriers

Wooden gates installed along the path to prevent
vehicles from accessing the wildlife area.
Source: Cerema.

A wooden barrier costs around
€100 and 400/Im.

FACT SHEET 8




. Development of underpasses

Reduction of the crossing length
“Wing” retaining walls

The purpose of these walls is to support the side
embankments at the exit of the structure and to
increase the space available for wildlife while
reducing the length of the crossing (@ and ®). This
system makes it possible to limit the sometimes
deterrent corridor effect for certain species or

individuals of species. The opening angle of the ® Bois de Vigneule underpass fitted with “wing” walls.
walls must be greater than 45°. LGV Est européenne. Source: Néomys.
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m Structure of equivalent height
at the embankment level

Although generally a little more expensive, this should
be the preferred solution when the height of the
embankment is moderate. This solution also has the
advantage of increasing light intensity under the @® Underpass of equivalent height to the embankment.
structure and of decreasing the tunnel effect (@ and @). RN 4 (54). Source: Cerema.

B Layout of the structure
at the top of the embankment

When the structure is mixed, however, the
connection of the restoration path may prove to be

a little more technically complex. Underpass positioned at the top of the embankment.
Source: Cerema.
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m Construction of a vertical
support structure

This structure (@ and @) (gabion®, concrete wall, etc)
should be built above the construction head to retain
the embankment.

¥

@® Schematic representation of a passageway equipped
with a vertical retaining wall above the construction

@ Olzey stream structure. RN 59 (54). head (2) and an unequipped passageway (1).
Source: Cerema. Source: Cerema.
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Vegetation development
of underpasses

For underpasses, the planting possibilities are more
limited and vary according to the characteristics
of the passage:

e for the smallest structures where vegetation is
difficult, priority must be given to the size of the
structure so that may be as high as possible, in order
to promote its vegetation and so that as many
herbaceous plants as possible can grow up to the
centre of the structure. For these structures, it is not
recommended to plant inside the passage, but to
allow the vegetation to settle spontaneously.
However, plantations may be considered at the
entrances to connect the structure to the separate
habitats, but care must be taken not to obstruct the
entrance to the passage, so as not to limit the light
intensity inside the passage. Additional swath-type
structures (see next chapter) can also be very useful
in complementing the development;

o for very large underpasses (commonly referred to
as viaducts), the objective here must be the
conservation of existing habitats and in particular
strips of vegetation. Should the work require the
destruction of habitats, development must focus on
reconstructing degraded environments or improving
connectivity. In the latter case, depending on the
context, the development recommendations
proposed for the upper structures may be repeated.

Development of additional
habitats in the structure

Swaths* or clusters of branches

Like overpasses (see "Development of overpasses -
Development of additional habitats"), swaths or
clusters of branches can be used in underpasses.
In general, on smaller structures, they are
placed along the abutment or pillars of the
structure, but on large structures, they may be
less off-centre.

Underpass with swath. RN67 (52).
Source: Cerema.

System ensuring the tranquillity
of fauna

Anti-intrusion/separation system

In underpasses, the separation of structures may
be carried out by systems similar to overpasses,
but in this category of structures, it is also
possible to use the presence of watercourses to
provide this separation.

Underpass in which uses are separated by blocks
and the passage of a watercourse (A34 motorway).
Source: Cerema.
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. Development of immediate surroundings

Securing a sufficient surface area
at the entrance to the passage

The overall objective of fauna passages is to
restore the ecological network at a given point
for as many faunistic series as possible. It is
therefore necessary to offer optimal conditions
for the passage of these species, that is to say
offer them conditions which are close to their
living habitat or at least favourable to their
movement. Particular care must therefore be taken
with the layout of the structure, its direct
surroundings and the conditions for connection to
neighbouring landscape structures.

To achieve a coherent layout, it is first of all
recommended to have a sufficient development
area on each side of the passage (of around 2,500m?2
for ordinary structures, 5,000m2 (@), or even up to
Tha for exceptional structures). However, it is up to
the contracting authority to define precisely the
size of this area so that the structure is as efficient
as possible according to the category of passage, the
topography of the site, the surrounding environment
and in particular connectivity with habitats. This
coverage surface must, if possible, be integrated as
early as possible into the process, that is to say from
the design phases of the project and in particular
when defining coverage areas.

If this area is not integrated into the coverage itself,
the manager is however invited to ensure its control
(acquisition or management). In order to conserve
this surface over time, it is, for example, advisable to
classify it as an N zone that cannot be built/developed
when the urban planning document is updated. This
area may also be included in the definition of
compensatory measures (@ next page).

It is also possible to implement a real environmental
obligation (ORE) to sustain the ecological purpose
of the surrounding areas of the passage. This system
created by the Act for the recovery of biodiversity*,
nature and landscapes constitutes a new legal
mechanism, allowing landowners to create
environmental protection obligations on their land
which last for the entire duration of the contract
(up to 99 vyears), regardless of any changes in
ownership of the property. The sustainability of the
measures implemented is thereby guaranteed.

The design of the structure and its surrounding area
will depend on the size of the passage and in particular
on the space available for wildlife, the diversity of
habitats crossed that will need to be restored and
the type of structure (underpass or overpass).

It should be noted that the cost of these environ-
mental planning provisions is minimal compared
to the cost of construction of the structure,
while it very strongly determines the efficiency of
the investment.

® Schematic example of a development area of
5,000m? to be reserved around an all fauna passage.
Source: Cerema.

Even if the average cost of agricultural land varies greatly from region to region (from 2,000 to

more than 10,000/ha for grassland or arable land), the cost of acquiring a surface area of 2,500m?2

for each entrance of a structure remains minimal compared to the whole infrastructure project. Even at a price
of €10,000/ha, the purchase cost for 2,500m?2 at each entrance will be around €5,000 for a structure.




@ Compensatory measure in the surrounding area of
the fauna passage. Extension of the A16 motorway on
the SANEF network. Source: Geoportail.

Vegetation development
and diversification of habitats

In the case of overpasses and underpasses, it is
first recommended to plant along the fences to
the structure's entrances. The objective is to
build a dense strip of vegetation that will help
improve tranquillity (masking the traffic from
the upper structures), make the surroundings of
the passage more natural and guide wildlife
coming from the side into the structure. A
mixture of woody and shrubby species makes
it possible to obtain the desired dense
afforestation.

The length of the sections to be developed
depends on the context of the structure but a

minimum of 30m on either side of each entrance
is recommended. Care must be taken to ensure
that the installation of this strip does not
interfere with the maintenance of the fencing.

In underpasses, the vegetation must not obstruct
the entrance of the passage or reduce the light
intensity inside the structure.

To this first line of vegetation, when the
coverage is large enough, it is possible to add
on either side of the entrances a second, looser
line of vegetation along the coverage, in
order to constitute a guiding corridor to the
passage ().

The rest of the development will focus, where
possible, on reconnecting habitats broken by the
infrastructure. The main task for overpasses will
be to extend the reconstituted habitats on the
deck to the habitats still in place.

In all cases, for overpasses and underpasses, it
will be necessary to try to create an attractive
refuge area for wildlife, by diversifying habitats,
connected to the potentially present species.

If low walls, piles of stones or branches can be
built in these coverages (see "Development of
overpasses"), they are also preferential places to
develop a larger surface area whether requiring
deeper excavation of the ground (hibernaculum?®,
pond, etc.) or not.

@ Schematic diagram of a double strip of vegetation along the infrastructure to the entrance of the fauna passage.

Source: Cerema.
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Hibernaculum

The hibernaculum is an artificial shelter where reptiles
spend the winter. It can also be a nesting, hunting or
refuge area for the rest of the year. These structures may
be buried, semi-buried, or form a heap (@, ® and @).

In each case, it is a stack of inert and coarse
materials, with the gaps and cavities in it acting as
a shelter to wildlife. These materials consist of rubble,
blocks, branches, cellular bricks, etc.

They are then covered with plants or a geotextile
and soil. However, the core of the structure must
remain accessible through small open gaps.

Finally, in order to make the site more reptile-
friendly, a grassy edge will have to be conserved or
developed as close as possible to the hibernacula.
(see also fact sheet no. 20)

The cost of a hibernaculum is around
€4,000 to 6,000.

@ Hibernaculum. Source: Cerema.
Ponds

The presence of ponds near the entrances to the
passages makes it possible to provide a habitat
for certain aquatic species (amphibians,
odonates, molluscs, etc.). They are also frequented
by many other species that regularly come to drink
(e.9. mammals), hunt, etc.

® Egg laying site / artificial hibernaculum in development.
Source: X. Bonnet.

@ Example of a multifunctional shelter for reptiles.
Source: drawing by C. Houel, based on D. Guerineau.

By placing them at the entrance of the structures
(® next page), they also have the advantage of
facilitating exchanges and movements between
environments located on either side of the
infrastructure.

The size of the pond depends on the available
space and the configuration of the site. If it is




dug outside the passage, a size of 5 to 10m2 with a
depth of Tm and gently sloping banks produce an
attractive and sufficiently sustainable environment
during the summer.

However, it needs to be sufficiently supplied with
water, either by raising the water table or by
benefiting from surface flows. In the latter case,
certain developments may favour its supply and
maintenance in water:

e ensuring that it is the outlet for side ditches (clean
water), low point of natural or modelled ground,
drain outlet (e.g. drain of an overpass deck);

e sealing the bottom by laying a sealing complex
consisting of a first layer of anti-puncture
geotextile (surface mass of 300g/m2) topped
by a 10/10th of mm thick polypropylene geo-
membrane and finishing with a second geotextile

layer (the same as the first). This sealing layer can also
be extended, in order to improve the water supply by
increasing the collected surface area.

The use of clay can also be considered, but it is only effective
in the long term on soil that already has a minimum clay
content. On more permeable soils (sand, limestone), a thick
layer of clay (50-70cm) may however be considered without
guaranteeing long-term sealing.

The bottom of the pond is covered with a quality and
quantity of materials which depend on the desired
species (most often 10-20cm of topsoil).

Wet compacted ponds or depressions can also be built
on the deck of the upper structures, but their depth is
then limited and constitutes, in most cases, temporary
environments.

@ All fauna passage equipped with a pond at each entrance of the passage. A2 motorway north of Eindhoven.

Source: Luchtfoto Irvin Van Hemert — Netherlands.
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Ensuring tranquillity of access
to the surrounding area

Extension of screening parapets

In order to ensure tranquillity in the areas surrounding
the passage, the parapet must be extended by 30m
on each side of each entrance (®). However, the
precise length must be defined according to the
implementation context. Also be careful to carefully
connect the parapets to the fences.

Creation of earth mounds at the entrances
of the passage

The infrastructure and vehicle traffic can sometimes
be visible when approaching the passage (especially
when the structure is located below the natural
ground level) and make the passage less attractive
to wildlife. To reduce disturbances and guide wildlife
towards the entrance of the passage, the spaces
next to the structure (@) are modelled and, in
particular, earth mounds are created to conceal any
elements that could disturb wildlife (equipment,
urban zone, etc.) and even the infrastructure itself.
This, however, requires control of the necessary
coverage. In the latter case, care should be taken to
install fencing at the top of the earth mound.

Limits on hunting

To establish the tranquillity of the passage and ensure
that animals do not associate the structure with a
danger, hunting must be avoided within a radius of
200 to 500m depending on the category of the
structures (200m for ordinary structures and up to
500m for structures over 40m. These arrangements
must be discussed with local hunting organisations
and environment managers (e.g. ONF in state forests).

@ Schematic diagram of the installation of a screening
parapet at the entrances of a fauna overpass.
Source: Cerema.

@ Schematic type of the development of an earth mound
near to a fauna passage. Source: Cerema.

B Remoteness from road rest areas

(noise, lighting, movement)

Rest areas are to be avoided within 300m of the
fauna passage.

= Absence of light

The absence of artificial light in or on a structure is
obviously a prerequisite, but more generally, light is
to be avoided within 100m of the structure.




Limitation of obstacles
at the entrance of structures

The continuity of movement must be ensured
beyond the structure and must not be hindered by
obstacles, particularly connected to human activity.

m Water ditch at the exit of the passage

If this is the case, the ditch must have ducts inserted
over the entire width of the structure or at least
filled with a bed of draining stones, if it has a very
low flow.

Permanent deposit of materials

If this is the case, the materials will have to be used
to improve access by shaping the entrance to the
passage to ensure its accessibility and tranquillity.

Unnecessary services around the passage

Traffic disturbances must be kept to a minimum.
Any paths that no longer have a reason to exist will
be removed. In the case of a forest path or even in
some agricultural cases, barriers will be installed on
paths well before the structure to prevent motor
vehicles from accessing the passage without justified
reasons (see also fact sheet no. 6 for building the
road under favourable conditions).

Fencing that hinders the movement of wildlife. Source: Cerema.

B Treatment pond and its related fencing

around the passage

Watercourses are used both for wildlife movement
and as outlets for roadway treatment water.
Treatment ponds are thus logically located as
close as possible to the receiving watercourse
and often at the outlet of mixed fauna and
waterway structures. Treatment systems and
related fencing can then disrupt wildlife access
to the structure.

To limit these disturbances, it is recommended
to move the low point of the profile along the
road as far away from the crossing as possible,
so that the treatment pond is put at a
distance from the entrance to this crossing.
The objective is to position the fencing (and
not the pond) more than 10m from the entrance
of the passage.

Fencing must also be installed in such a way as
to limit the barrier effect for wildlife along the
coverage. This involves:

e maintaining a 10m movement corridor between
the fencing of the pond and the infrastructure
(® next page);

e preferring a treatment ditch to a pond (@ next page);
e erecting fencing with gentle angles to limit the
obstacle effect* (@ next page).

A
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Schematic diagram showing the positioning
of the low point of the motorway next to

a treatment pond to avoid the latter

from being too close to the exit

of the fauna passage.

Source: Cerema.




. Beyond the immediate surroundings

Strengthening
ecological networks

The efficacy of a passage is conditioned by the
quality of its environment and more generally by
the quality of the ecological network for which it is
supposed to limit fragmentation. In order to improve
the functionality of the ecological network, promote
the use of the passage and guarantee its long-term

use, it is therefore necessary that the quality of the
elements structuring the continuity be maintained
or even improved. Measures must therefore be
taken to ensure that the passages remain connected
to the continuity and more generally to the
landscape. In the context of a project, relevant
compensatory and/or management measures may be
taken to ensure a sustainable network of sufficient
habitats within the continuity ().

® Schematic example of improvement of the ecological network by suitable positioning of the compensatory surfaces.

Sources: Cerema, Google Earth.
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_"_ How to develop

Development of overpasses
o Reduce the crossing length: build abutments on front wall.
o Plant the deck by seeking to reconnect fragmented habitat structures.
o Increase favourable habitats on the deck (low walls, swaths®, etc.).

o Ensure tranquillity:
- by masking the infrastructure from the deck on overpasses (parapet),
- by limiting disturbances (separation of uses, anti-intrusion device, information panels, etc.).

Development of underpasses

o Reduce the crossing length:
- provide for “wing" retaining walls (> 45°) at the exit of the structure and/or construction of a retaining
vertical structure (gabion®, concrete wall, etc) above the head of the structure to retain the embankment,
- prefer the construction of a structure the same height as the embankment height,

- build the structure at the highest point of the embankment.

o Planting only possible on larger structures. The main objective is to develop the surroundings to reconnect
the habitats up to the entrance of the structure.

o Possible swaths in the structure.

i Development of immediate surroundings
o Vegetation development is necessary to reconnect the passage to fragmented habitats.
o Ensure tranquillity s by masking the infrastructure from the entrances.

o Reduce obstacles s ditches, treatment ponds, rest areas, etc.

Beyond the immediate surroundings: strengthen ecological networks to entrances
! by additional or accompanying measures

FACT SHEET 8
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What are the differe
9 At what cost?

. Type of materials?

Wood?

Wood can be used effectively as the supporting
system for a structure. The structure is generally
composed of solid load-bearing beams or glulam
arches which act as a support for the deck.
However, wood should never be in direct contact
with the ground.

For the deck, it is also possible to opt for wood by
building decking (a kind of floor), but it is usually
preferable to work with a mixed wood-concrete
framework, with a concrete slab that acts as a filler
and receives the other development elements.
Wooden beams are thus protected from water by
the concrete slab.

It is possible to use this concept for crossings
of up to 35 to 40m in length. Beyond that,
the transportation of the beams becomes very
complicated.

The advantages are: moderate cost, lightness,
ease of transport, easy implementation, an eco-
responsible approach.

Metal

Either it is used on totally prefabricated
structures (metal ducts), which remain moderate
in size, or on bridges whose only supporting
structure is composed of metal (metal beams)
(@) and concrete (slab connected to the beams).
These latter structures have the advantage of a
permanent weight gain and allow a crossing of

25 to 60m per span. In terms of maintenance,
they do require however reqular painting to
avoid corrosion. Metal ductsare notrecommended
in a wet environment.

@ Metal structure Source: Matiére TP,

Concrete

There are generally two kinds of concrete structures:
e cither prefabricated structures consisting of
factory-built elements that are assembled on-site.
The advantages are fast construction and,
usually, a low cost. The range of a prefabricated
frame rarely exceeds 10 metres, but it is possible
to juxtapose several frames;

e or the structures are built on-site and have a
span of up to 20 or even 25 metres.

Finally, the choice of the type of structures and
the type of materials depends on many
parameters and varies according to the width of
the structure, the size of the obstacle® to be
crossed, the nature of the ground on which the
structure will be based, the type of obstacle
(watercourse, road, etc.), the presence of networks,
the longitudinal profile of the infrastructure, the

architectural choice, etc.

See Guide

du projeteur
Ouvrage d'art -
Ponts courants.
Cerema
(ex-Setra),
1999.

Paths

Cf. Ponts en bois -
Comment assurer
leur durabilité,
Cerema.
(ex-Setra),

2006.

7
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. Type de construction

Il existe de nombreux ouvrages d'art courants qui ne seront pas détaillés, mais qui globalement peuvent étre regroupés ici
dans les catégories suivantes, en fonction de la taille de la breche, c'est-a-dire de la largeur de la discontinuité a franchir
(infrastructure, vallée...) :

Length of Cost of construction?

Sub-type | | h (B) Photograph: € excluding VAT

7to 20m

€2,000 to 3,000/m?

Metal, or concrete duct

2X
10 to 20m

7to 12m

€3,000 to 4,000/m?

Concrete frame

10 to 20m

10 to 20m

€2,500 to 3,500/m?

2X

9 Per m2 of 10 to 20m
deck area for
structures with
slabs or per m2
of ground area for
ducts and closed
structures.
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Cost of construction?
€ excluding VAT
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PART

FAUNA PASSAGES: AN EFFECTIVE MEASURE TO RE-ESTABLISH TRANSVERSAL CONNECTIVITIES

What is meant by
“small fauna passages"
or "developments"?

While all fauna passages are also structures that
are used by small fauna, "small fauna" means the
construction or development of structures mainly
focusing on the passage of small animals.

These may be:

e cither dedicated passages less than 7m wide;

o or small spaces reserved for small fauna (< 3m wide)
on other passage categories.

Small fauna passages are thus structures for exclusive
use or developments associated with other structures
(agricultural, forestry, pedestrian, waterway).

These are structures or developments that make it
possible, overall, to ensure, without too much difficulty,
minimal transparency for a large proportion of the
animals, ranging from the size of a fox to the smallest
species of microfauna (such as terrestrial insects).
While some of these structures may exceptionally
be used by larger animals (roe deer, wild boar, etc.),
they can in no way be considered as transparency
restoration structures for these series of animals.



FACT SHEET

A basic rule:
. a passage possibility every 300m

Small fauna includes both medium sized species with
relatively high mobility such as foxes and badgers, but
also much smaller species with sometimes much more
limited movement (e.g. terrestrial insects).

Of course, economically, it is unfortunately not
possible to restore all the movements of all the
species whose territories are fragmented by an
infrastructure and in particular those of the small
common species with low movement capacity.

At the same time, an approach to conservation
based solely on the restoration of permeabilities for
small rare and/or protected species or related solely
to habitats of biological interest is not sufficient to
preserve biological diversity.

The aim is therefore to conserve a minimum
transparency of infrastructure in common habitats
and to increase natural environment connectivity
in remarkable habitats.

Therefore, to simplify and in order to ensure
the sustainability of a minimum of exchanges,

in particular for common species, the general
basic rule is a minimum restoration of movement
possibilities for small fauna every 300m.

However, the objective is not the construction
of a specific small fauna passage every 300m,
but a simple principle, to be respected
generally at the project level, which must be
applied with a minimum of flexibility. Local
adjustments are thus often necessary and the
development programme must take into account,
in particular:

e other fauna passages already scheduled;

e technical crossing possibilities, in particular, the
longitudinal profile of the infrastructure;

e the interest value of the relevant species:
species, groups of species, types of movements
(dispersed, seasonal, occasional, etc.), characteristics
of exchanges (dispersed, wide fronts, concentrated
in a corridor, etc.);

e the characteristic and structure of fragmented
habitats;

e the possibility of allowing small fauna to cross
structures that have other functions.
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. Consideration of all crossing possibilities

The implementation of the structure management plan,
i.e. the number and location of passages ensuring
overall transparency of an infrastructure for small
fauna, must be part of a progressive approach.

The objective is to seek to respect the general 300m
rule while integrating specific issues (protected
species, specific groups, etc.).

Overall layout and minimum rule requiring one passage possibility every 300m (according to J. Carsignol Cerema Est).

© This first stage of analysis must include the most
favourable passage possibilities, such as tunnels,
viaducts, covered trenches, hydraulic discharge
structures and, more generally, all fauna passages
defined in line with major ecological networks
which also allow the passage of all species, including
small animals (@).

@ It must then integrate all waterway passages
(ranging from watercourses to the smallest
agricultural or forestry ditches), which, except for
specific constraints, must be passable by small
fauna. They must also not be movable (or hardly
at all) (®).




© Once these two categories of structure have
been taken into account, the management plan
must integrate data related to high issue habitats
and species (heritage andfor protected species,
groups of specific species). Each situation is then
specific. It is here, depending on the level of the
species' issues, the spatial analysis of habitats, the
characteristics of populations and their home
ranges, that small fauna passages can prove
indispensable on well-defined sections.

This is the case, for example, when the infrastructure
sections a migration route™ for amphibians An
additional density of restoration structures is
then required and their locations are difficult to
modify (©).

O Finally, once all the previous structures are
positioned, the management plan must be
completed by the definition of additional small
fauna passages so that wildlife has at least one
passage every 300m. In this case, either there is an
agricultural or forestry restoration structure near
the interval and the choice depends on the basis of

the development of this structure (@ and @), or in

the absence of any other passage possibility, an
additional structure must be provided (@, @ and @).
If the 300m rule is an average to be respected, this
distance is not fixed and the installation of the
structure must also take into account local issues,
such as landscape structures potentially favourable
to movement (hedges, wooded areas, etc) or the
most interesting environments from a biological
point of view (e.g. prefer a lawn to a crop, even
if the environment can potentially be modified
in the more or less long term, a hedge, a forest
edge, etc.) (@).

If this approach does not pose major difficulties in
principle, when the projectisin a major embankment,
difficulties can arise when the longitudinal profile is
in the cutting or the infrastructure is at the natural
ground level or on a slight embankment.

Badger tracks, among others, in a structure of the A35
motorway (Grand Est region). Source: Cerema.

The development is then dependent on the
possibility or not of the construction of passages
under the roadway (access to the structures from
the funnel pits or sloping structure heads®). The
main difficulty lies in the risk of flooding of these
structures. The possibilities thus depend on the
characteristics of the ground, the presence of
shallow aquifers, the possibility of developing
drainage systems, etc. The objective is that these
structures remain dry for most of the year.

While the planning of specific overpasses for small
fauna is not inconceivable, it remains rare and
linked to the presence of specific small fauna issues.
However, on excavated sections, when the issues are
very high, the impossibility of multiplying the
number of small fauna structures generally leads to
the creation of larger structures (all fauna passage).

FACT SHEET 10
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All waterway structures associated with a major
infrastructure project should be developed for
the passage of small fauna, unless particular
constraints are put forward and justified.

The primary function of these structures is to
transit surface flows (temporary or permanent) or
watercourses intercepted by the infrastructure. It is
through their ancillary facilities that they can also
ensure the passage of small terrestrial fauna. These
ancillary facilities must be scheduled from the early
stages of sizing of waterway structures, so that they
can meet the identified objectives of restoring the
passage of small fauna and free movement of fish,
and so that their cost may be properly assessed.

These are the waterway structures necessary for
crossing watercourses and ditches and equipped
with benches® whose width remains less than 3m
(when there is more than 3m on each side of the
structure, the passage tends to be considered as
an all fauna passage, see fact sheet no. 6).

Large watercourses generally constitute important
movement corridors and therefore most often
require structures with sizing of the spaces

Unlike dedicated fauna passages, these structures
have the particularity of having a well-defined
location that is hardly or not at all modifiable.
With some exceptions, they are located at the
natural ground level and generally at the bottom
of the talweg or at the level of topographic low
points. For small flows, they can transfer water
from a temporary ditch or dry talweg to one side
of the infrastructure.

Depending on the type of flow (temporary or
permanent watercourse, ditch) and the possibilities
of fitting a bench®, several categories of structures
are distinguished.

Mixed small fauna structures/restoration
. of a watercourse or ditch

reserved for an all fauna passage. Only very
particular situations (e.g. very specific context
linked to the total absence of issues) can lead to
the absence of crossing possibilities for wildlife.
However, this situation remains exceptional and
will need to be justified.

Small rivers and ditches also constitute ecological
networks, often supporting large biological flows
that must be maintained or restored.




Choice of type
of waterway structure
(open or closed structure)

Two categories of structures are mainly used to
restore these continuities:

e "open structures on supports without a foundation
raft" (@ @) (gantry, masonry arch without foundation
raft*, slab bridge) ;

o “closed structures” (frame, duct, masonry arch with
foundation raft*) (@ @).

For the restoration of a watercourse, even if they can be
used, ducts are not necessarily recommended, because
compliance with the recommendations (height above
the bench®) often leads to the implementation of larger
structures, which makes them economically less
advantageous compared to another passage types
(see diagram on the following page).

@ Principle of implementation of open and closed structures:
O open structure (or gantry): no modification of the low-water bed, bottom and “natural” banks, most often without
temporary diversion during the works phase;
@ closed structures (or frames): modification of the low-water bed, reconstitution of the bottom and banks, temporary
diversion during the works phase.

Source: Cerema.
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B Open structures

10 See Order
of 28 November
2007 fixing
general provisions
applicable
to installations,
struct-ures,
works or
activities subject
to declaration
pursuant to
articles L. 214-1
to L. 214-6
of the French
Environmental
Code™ and
falling under
section 3.1.2.0 - 2°.

Open structures are preferable on watercourses,
because they help preserve the dimensional
characteristics of the low-water bed and the banks
(widths, slope, particle size) before development.
This structure category, however, requires the
size of the structure to handle the flow of floods
without overloading the structure and without
increasing velocity too sharply, otherwise the
banks and dry-standing area, even natural, would
rapidly erode.

In the case of morphologically degraded or altered
watercourses (enlarged or incised bed), open
structures also offer the possibility of recreating a
bed that allows flows compatible with crossing fish
(in terms of water heights and flow velocity).

This type of structure should also be preferred
when the ecological issues for small fauna are
high (maintenance of a favourable natural soil),
but also according to the issues of the aquatic
environment:

e when there are significant aquatic continuity

issues (heritage species, watercourses classified
under L.214-17 of the French Environment Code™ -
lists 1 and 2);

e when the watercourse is home to fish with a low

swimming and jumping capacity (Planer's lamprey,
bullhead, etc.);

e when the watercourse gradient is above 3%.
Beyond this, with a closed structure, the reconstruction

of a 30cm foundation raft* in the downstream part
of the structure requires burying the upstream
part of the structure in depth (e.g. for a 25m long
structure to maintain a 30cm foundation raft*
downstream, the structure must be buried more
than 1Tm upstream) (next @ page).

These structures are also selected according to the
geotechnical quality of the land (sufficient bearing
capacity), otherwise it would be necessary to add
special devices (adapted foundations, large purges)
which are potentially more expensive.

Closed structures (frame, duct, masonry arch
with foundation raft*)

These are structures with a foundation (foundation
raft*). Although they have the advantage of
providing the structure with good bearing
capacity, even when the ground is of poor quality,
the presence of the foundation raft (bottom) leads
to work being carried out in the low-water bed.

Beyond taking into account the terrestrial fauna,
the development of a new low-water bed within
the structure then requires taking into account
certain recommendations:

e for ditches, the aim is to ensure hydraulic
continuity and, in this way, should not act as an
obstacle* to flows;

e for watercourses, hydraulic continuity is added
to the fish continuity as maintaining fish circulation
is mandatory10.




In this case, it is necessary that:

o the bed of the restored watercourse respects the
initial dimensions of the low-water bed (if the bed
of the watercourse is natural), or even improves its
dimensions when the watercourse is morphologically
degraded, so as to restore water heights and flow
velocities compatible with the fish crossing. An
excessively small width in fact leads to an increase
in flow velocity, running the risk of preventing fish
from moving up the current. Excessive width leads
to a reduction in the water depth in the structure,
at the risk of being no longer sufficient for fish to
pass through;

e the water height in the structure is sufficient,
especially during periods of low water;

e the structure is positioned following the slope of
the watercourse (to avoid erosion at the structure's
entrance or exit);

o the upper level” of the foundation raft” is located
between 30 and 50cm under the natural bed of
the watercourse (®);

e the natural bed in the structure consists of an
identical substrate or similar to the natural
substrate of the watercourse;

e that any increase in velocity in the structure
(especially during flood episodes) does not tear
off materials from the bottom, in which case
specific measures must be implemented (energy
dissipator, increased granulometry, gabion mattress”,
stabilisation bars, etc.).

UPSTREAM

DOWNSTREAM

® Schematic diagram of the layout of a waterway structure with a foundation raft. Source: Cerema.
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Dimensions of the small
fauna bench*

Specific requirements for the small terrestrial
wildlife area apply to both closed and open
structures.

Beyond the need to maintain hydraulic trans-
parency and to integrate the mobility of the
watercourse, if it exists, the structures must also
be sized and adapted to meet the requirements
of small terrestrial fauna. These requirements (®)
correspond to:

e the presence of a bench® at least 0.5m wide
each side of the watercourse. This reference
width must exclude the slope of the bank up to
its top, as it forms an integral part of the low-water
bed (see diagram on the next page);

e the free height under the structure above the
entire length of the bench® must be at least
0.7m. However, when technical constraints (to
be justified) demand it, it is possible to reduce
this headroom™ to 0.5m and the width of the
passageway to 0.3mm (except in the presence
of beavers).

It is also possible, or even necessary in some cases
(see insert below on the European mink and otter),
to design stepped benches® to allow the crossing
of fauna during major hydraulic events. The duration
of these hydraulic events is a major decisional
factor for positioning the other benches®. Indeed,
while the passageways are drained in a few
hours, the partitioning induced does not appear
to be significant. For immersion times exceeding
24 hours, upper benches* may then be required.
In general, it is then recommended to position

e the slope of the banks, when reconstituted, must
correspond to the slope of the banks on either side of
the structure. In all cases, it must be at least 1: 1 or
even 2: 1, when they are made of natural materials.

When the bed is reconstructed (closed structures),
the height of the bench®™ must be adjusted to
the bankfull flow (i.e. on the top of the banks)
corresponding to the return flood flow of
approximately two years (1 to 3 years). This is
an important consideration, as undersizing means
that the structure will frequently be unusable.

© Schematic diagram of a small fauna bench in
a waterway structure. Source: Cerema.

one of the benches* on the return flood flow for
5 years (sometimes 10 years) because, beyond
that, it is generally the entire bottom of the valley
that is flooded. For heritage species such as the
European otter, beaver and mink, the bench* should
be adjusted to the 10-year return flow. If the
bottom of the valley is flooded with these flows,
an additional dry-standing passage is to be
considered higher in the embankment (see fact
sheet no. 11 "Waterway structures associated with
a dry conduit").




For stepped benches®, care must also be taken rest of the structure and the valley is flooded

to connect them both to the lowermost banks (®). If this option is chosen, each bench*
and to the road embankment for the highest must have a minimum width of 40cm and
levels. Indeed, animals must be able to continue the maximum space between two levels
to circulate through to the bench® when the must be 50cm.

O Representative diagram of the possibilities of crossing a structure equipped with a small fauna stepped bench at different
flow levels. Source: Cerema.
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1 For example,
for a rectangular
structure,
it involves
the section =
(width X height)
and for a duct
of (ITr2).

The dimensions of a waterway structure must

also be adjusted according to the length of

the crossing. To ensure effective crossing, the

opening/length ratio must meet the following
requirements:

e where the watercourse does not host any fish:

- the opening/length ratio must in all cases
be = 0.25,

Constructional provisions
of a small fauna bench*

For enclosed structures, the reconstitution of a
low-water bed is also accompanied by the
reconstruction of new banks and the construction
of benches®. While the restoration of these
natural material spaces seems attractive, it is not
always possible. Indeed, the increase in velocity
in certain structures is not always compatible
with the retention of materials, in particular the
finest ones.

Depending on the situation, some recommendations
can be followed:

e when in periods of high water, the velocity
in the structure is less than 1m/s and the
width of the flood channel is less than or
equal to the width of the structure (i.e. the
bench* is not totally submersible):

- where the watercourse hosts fish fauna:

Cover length Opening/length ratio

L <30m =0.25

30<L<60 =05

>0.75 or search for

L>60 another type of structure

the banks and the dry-standing area are built in
materials identical to the natural banks of the
watercourse or ditch (). However, the reconstitution
of these banks requires the protection of these new
banks with a biodegradable geotextile to ensure
good resistance in the first years, while they stabilise,
especially when it comes to fine materials.

© Schematic diagram of bank reconstruction (and
dry-standing area) in materials identical to the natural
banks of the watercourse. Source: Cerema.




Example of a bench made in natural materials.
Source: Cerema.

On watercourses, when the size of the structure
allows it (compliance with the width of the
bench * of at least 50cm throughout the crossing),
the creation of bends could be considered to diversify
the low-water bed in the structure. These bends can
be achieved by using blocks (20-50cm). They create
these bends and the necessary roughness (limiting
current speeds) to protect the banks from erosion
(in concave bends of the bed) (@ and @).

@ Cross-section of a structure using blocks to form
bends within a structure. Source: Cerema.

@ Schematic plan view of a structure using blocks to
form bends within a structure. Source: Cerema.

Example of a work in which some bends have been
made in the low-water bed. Source: Cerema.

e when the flood channel of the watercourse is
greater than the size of the structure:

the reconstituted banks must be sufficiently stable
to prevent the materials from being torn off
during strong hydraulic events.

Also, if, after verification, it is found that natural
materials present a risk of being torn off during
floods, several types of development can be
envisaged:

© Creation of banks with masonry blocks (©):
the bench® is predominantly made up of large
block rockfill accompanied by smaller sized

materials (e.g. category 0 to 31.5mm) to fill in

the empty spaces. The banks themselves consist
of a concrete laying bed (made with a 1 to 1 slope),
into which blocks of 20-30cm (up to about half
their thickness) are inserted. These protruding
blocks make it possible to maintain roughness in
the low-water bed of the watercourse and thus
to limit flow velocity.

© Schematic diagram of reconstruction of banks with
masonry blocks. Source: Cerema.
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Restoration of a watercourse under the structure with
masonry banks. Source: Cerema.

@ The rockfill of all the banks using natural
blocks or slabs (©):
these elements must be large enough (> 30cm) and

arranged one on top of the other in a staggered
formation to keep them in place. Thinner elements
(0-31.5mm) fill in the gaps.

© Laying of gabion® rolls and beds (® and ®@):
the advantage of this technique is to stabilise the
banks while offering many hiding places between
the stones and trapping fines.

© Schematic diagram of reconstruction of banks with
masonry blocks or natural slabs. Source: Cerema.

® Schematic diagram of the reconstruction of banks
with gabion rolls*. Source: Cerema.

® Reconstruction of banks in gabion mattresses”.
Source: AquaTerra Solutions.

In all three cases, a sinuous low-water bed may
also be considered.




The presence of a fauna bench within a waterway structure is not decisive in the cost
of the structure. It is the oversizing of the structure to create benches, as well as the
implementation and site management (temporary bypass, excavation, purge, substitution of materials,

sealing, etc.) which impact the final cost.

For example: constructing a simple small fauna frame of 2X1m on the Port-sur-Saéne diversion
(Grand Est region) cost around €800 [Im, while the construction of a waterway structure of similar
dimensions (2x1.5m) on the VR 52 (Grand Est region) cost more than €4,000/Im.

149

Additional recommendations
and adjustments to the small
fauna benches*

Connection and protection of banks
at the entrances to the structures

At the exit of the structure, the banks must in all
cases be connected to the natural ground so that
the terrestrial continuity is maintained, otherwise
the passage will not be functional (® next page).

Moreover, upstream of the structures, the points of
contact between the bench® and the natural bank of
the watercourse very often constitute erosion points.
The difference in resistance of materials to the action of
the current is in fact accompanied by accelerated
degradation phenomena between the bench* and the
natural banks and leads to the formation of steps at

the entrance of the passage (@ next page). To prevent
these localised phenomena, it is recommended to:
e extend the benches* beyond the structure;

o stabilise the banks at the exit of the structure (®);
e limit the catching of the current on the potential
erosion point, for example by creating a bench*
with an angle formed with the bank of around 45°
(® next page).

@ Structure exit developed to maintain the banks.
Source: P. Fournier GREGE.
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B Development of ancillary habitats

Like passages for large fauna, when the flow rates in
the structure remain moderate or when the
benches™ are unsinkable, it is possible to improve
the attractiveness of the structure by providing
shelters for the smallest animals through the
implementation of swaths® which, in waterway
structures, are simple strips of pebbles and blocks
(no wood). These can be installed against the walls
of the structure. If the system is liable to be
subjected to the current, the size of the materials

must be defined according to flow velocity to
prevent them from being torn off. With blocks
larger than 20cm and possibly sealed in part
(taking care to maintain a maximum number of
shelters), the risks of tearing remain moderate on
the majority of small watercourses.

Specific developments creating either shelters
or a covered pathway (®, ® and ® next page) are
very useful for micro-mammals®, in particular for
water shrews (Neomys fodiens or Neomys anomalus)
or for water voles, both protected species.




® Schematic diagram of the construction of shelters
within fauna benches. Source: Cerema.

@ Example of shelters created in the fauna bench of
a structure. Source: Michel Bramard OFB.

Waterway structures associated with a dry conduit

When the characteristics of the project do
not allow the inclusion of a bench* the
solution consists in fitting a dry conduit (see
sheet no. 14: dedicated common structures) near
the waterway structure. The structure must at
least be located above the side of the bankfull
discharge bed (estimated return flow rate of 1 to
3 years), i.e. above the side of the banks of the
low-water bed.

Whenever possible, however, it is recommended
to install the structure at the highest level in the

slope to avoid any risk of flooding, even during
significant events.

For semi-aquatic heritage species, the structure
must be set above the 10-year flow rate (see sheet
no. 11 "Development of waterway structures"). A device,
such as fencing, can also prevent species from
accessing the road.

The positioning of the duct at a level higher than
the hundred-year flow rate means it would not
need a water police file.
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Schematic diagram of the installation of a dry conduit
next to a waterway structure. Source: Cerema.

Example of a dry conduit development.
Source: Vinci Autoroutes/ASF network.

§Temporary flow restoration waterway structures
. for dry talwegs

These are usually small structures such as ducts,
ovoid conduits, box culverts®, generally less than 1m
high. These structures are used to restore small
temporary natural flows or flows linked to water
treatment, without, however, this being run-off
water from roadways (polluted).

In these structures, it is not necessary to guard
against the risks of immersion. For these structures
to be considered as small fauna passages, they
only need to remain passable for a large part
of the year, that is to say outside periods of
heavy rainy events and for a fairly short period
because of their drainage. Apart from these major
events, these structures must remain partly or
totally dry.

Recurrent problems encountered on this category
of structures are generally observed during
intermediate periods, that is to say during
slightly to moderately rainy periods during which
small fauna must be able to cross the structures.
During these periods, these structures, although
under little hydraulic stress, are generally flooded
in part or over the entire length and crossing
by small fauna is disturbed or even impossible
(® and @ next page).

For this reason, it is recommended to create systems
for concentrating small flows in order to restore
passability as rapidly as possible. This involves:

e either creating a notch or small concrete bench*
2 to 4cm high, depending on the flows. These
devices can be factory-made on request when the
elements are manufactured or produced on-site
(® and @ next page);

e orsetting up a drain system within the structure
or a conduit if the flows are permanent, topped by
a bed of draining pebbles (@ next page) leading to
a diffusion pit at the structure’s exit.

These devices need to be implemented as and
when the elements are laid, since once all the
elements have been laid, it is difficult to intervene
in the structure.

® Schematic diagram of systems for concentrating low
flows in a structure. Source: Cerema.




@ Culvert frame with prefabricated funnel. @ Schematic diagram of drainage of a structure to keep
Source: Bonna sabla. the fauna passage as dry as possible. Source: Cerema.
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All agricultural and forestry or even pedestrian
restoration structures, whether underpasses or
overpasses, do not necessarily need to be built
under the conditions of an "all fauna" passage, if
their location does not strongly contribute to
restoring the ecological network.

Even if they do not have an ecological vocation of
primary importance, their characteristics may,
however, after some adjustments, offer favourable
crossing possibilities for a whole series of small
terrestrial animals. On the other hand, they play
a very minor role in maintaining biological
exchanges of large fauna, even if there may be
occasional passages.

It would therefore be regrettable not to take
these opportunities into account in order to
ensure the maximum overall transparency of
the infrastructure.

Overpasses are of particular interest because they
are generally located on excavated sections where it
is difficult to install dedicated small fauna passages
such as ducts or box culverts™.

The development of these passages consists, as
with all fauna passages, in creating a space
conducive to the passage of animals on either
side of the path. However, the reserved space
here is limited to vegetated strips of land 1 to
2m long on each side of the path (@, @ and ©
next page).

On overpasses, a thin layer of soil about twenty
centimetres thick is then sufficient to install simple
herbaceous plants, or even some shrubs. The
installation of a small swath® or a few piles of
stones can also be envisaged on these structures
(overpass or underpass).

As the space is quite often reduced, it is possible
to separate uses by using small concrete curbs
along the path (they allow motorised users to

be guided without it constituting a real overlap
constraint for these vehicles).

To avoid wildlife vehicle collisions, however, it will be
necessary, on a regular basis, to install inclined curbs so
that smaller animals who access the structure by road
can always access the grass verge from the roadway.




@ Agricultural and small fauna underpass.
Source: Cerema.

® Mixed overpass equipped with grass verges.
Source: Cerema.

© Schematic diagram of the development of grass verges on an overpass. Source: Cerema.

The cost of a grassy bench is essentially linked to the increase in the total width of the structure.
See fact sheet no. 9.

There are also other more specific devices relating to
the construction of structures that restore surfaced
paths or roads.

The objective is then to offer a possibility of safe
passage for small animals by completely separating
the roadway from the small fauna passage.

However, this solution requires a few precautions
to ensure minimum protection of individuals on
leaving the structure (@).

While these solutions are conceivable, they
remain relatively expensive. They are to be
reserved for very specific issues or for long
sectionson which there are very few opportunities
for restoration.

To limit the width of the structure and the
costs, it is also possible to envisage lighter
metal structures to back the structure which do
not require the widening of the slab of the
structure (©).

A

© Example of a metal structure attached
to a road structure on the West bypass
project of Strasbourg. Structure justified
for crossing by the great hamster.
Source: Vinci Autoroutes.

< O Schematic diagram of a road recovery
structure equipped with a safe crossing
system for small fauna.
Source: Cerema.
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These are structures carried out for a species
or group of species whose biological value or
ecological specificity makes it necessary to
develop particular structures’2

daily, seasonal, etc.), characteristics of exchanges
(dispersed over a wide front, concentrated in
a corridor, etc.);

e technical: possibility of crossing (overpass,

underpass), complementarity with common
The decision to create a specialised small fauna structures.
structure is based on several criteria:
e biological: level of issues of the species or
group of species, type of movements (occasional,

. Amphibian passages or “batrachian tunnels”

Typical road crossing structures for amphibians
(still also called "batrachian tunnels" or “toad
tunnels” or "small fauna crossing”) correspond to
a combination of two devices:

e a crossing system comprising a series of tunnels
under the roadway, spaced apart at various lengths;
e and a barrier and collection system designed
to prevent amphibians from accessing the
roadway and guiding them to their underpass

tunnels (or crossings).
12 Supplements are

available in the

following report: . i
Amphibiens These systems are to be installed on the entire
et dispositifs de . ) i L.

franchissement  migration corridor® taking into account the movement
des infrastructures o L. .
de transport route of individuals between living and reproductive
terrestre, . .

cerema. 2019 environments (@ opposite).

@ Schematic diagram of an amphibian collection system
according to the species migration corridor.
Source: Cerema.




There are two main installation categories:
e two-way crossing systems;
® one-way crossing systems.

Two-way crossing system

For the past decade, this system has been the most
widely used, in particular because it is the simplest
to install and is considered to have the best cost-
benefit ratio. Unless there is a particular topographic
configuration, this is the preferred system.

Description

This system combines a device for collecting
amphibians such as a low wall or angle-based
system (or even fences) installed on each side of
the infrastructure with a series of simple conduits
under the roadway, spaced regularly along the
system. The main feature of the structures of this
device is that they can be used in both crossing
directions (outward and return migration).

How it works

Migrating amphibians (post- or pre-nuptial) are
stopped by collection barriers, high enough to
be impassable by the vast majority of species.
Individuals will then follow them along the verges
until they reach the underpasses.

Constructional specifications
L-shaped collection barriers

There are different shapes (@) and different types of
L-shaped collectors: concrete (®), metal, plastic.

The above-ground height of the collectors must be
greater than 40cm (or even 60cm if the agile frog is
present) so that they can really guide movement.
For better efficacy, a return ledge (flap) is also
recommended (> 10cm) at the top to avoid any
attempt at climbing (e.g. urodela®, tree frogs).

Collection barriers such as fences are generally
not recommended, since they all too often
deteriorate, in the long term, requiring more
regular maintenance.

However, they can be proposed on large linear
areas in which migrations™ are diffuse and where
underpasses are widely spaced out.

@ Different forms of collector obstacles.
Source: M. Owaller.

© Example of a concrete edge. Source: Maibach.
(see sheet no. 21 "Rights-of-way/fences and barriers")
Underpasses

Several types of underpasses are possible. They
generally consist of a series of prefabricated
elements 1.5 to 2.5m long. Concrete frames are
to be preferred and especially open structures
(ground side), because they have the advantage
of maintaining contact with the natural humidity
and temperature of the substrate which are more
conducive to the movement of amphibians and
of wildlife in general. The use of closed frames
will mean covering the bottom of the passage
with a few centimetres of soil (to be used when
laying each prefabricated element). The use of
ducts should be avoided for these systems,
because they are less conducive to crossing by
amphibians (especially by urodela® which tend to
climb along the walls and wander around the
tunnels for days).
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The structures are installed on a bed of 10 to
20cm of compacted non-gelling materials. The
sides of the usual structures are filled 40cm
thick (compacted layer of non-gelling materials).
The passageway comprises a structural layer 0.8
to 1.2m thick above the structure to ensure its
stability and durability (@). There are also
structures whose thick walls (> 20cm) and ceiling
(> 25cm) make it possible to limit the height of
the cover.

wxH
(dimensions
inside
the structure)

The internal section of the structures must be greater
than 0.75m2 (except for the smaller two-way roads
where the section of the structure may possibly
be smaller depending on the context), but it must
be adapted to the length of the underpasses.

In the international reference book, the Hand book of
road ecology, the authors propose a decision-making
typology integrating the shape and length of crossings.
Without being a standard, this table gives a general

trend which operators can use (see table below).

Length of underpasses

1.75x 1.2m 2.3x 1.75m

According to Hamer A.J., Langton T.E.S. & Lesbarréres D., 2015, Making of safe leap forward: mitigating road impacts on amphibians.

O Schematic diagram of a framework structure consisting of a series of prefabricated elements placed on a thin concrete base.

Source: Cerema.

The structures must be installed with a slope
greater than 1% in order to ensure the evacuation
of water. If the structure does not have a natural
gravity outlet, a specific infiltration system must be
considered. This is particularly the case when the
entrance and exit structures are located below the
natural ground (access via a funnel pit).

These systems are generally recommended on
sections ranging from several hundred meters to
one or two kilometres. The distance between each
crossing structure must be approximately 30 to 40m.
Non-dedicated structures of the waterway structure
type may also be integrated into the system.

For the procession of species known as “pioneers”
in generally open environments and temporarily
in water (e.g. green toad, yellow-bellied toad,
natterjack toad) or when migration corridors*
are very diffuse (e.g. within a large forest area)
and affect large sections (> 2km), the distance
can be increased without however exceeding
100 metres. However, this choice will have to be
specifically justified by the opinion of a specialist
and by precise data on the monitoring of migratory
routes, the standard spacing remaining a distance
30m to 40m.




B Advantages/disadvantages

Advantages:

e highly effective for amphibians;

e may be used by all terrestrial small fauna;

e no major design problems, except for specific
topography, flood zone, etc.;

o few weak points and low maintenance (especially
with concrete or metal edges);

e casy water flow management;

e species can u-turn.

No major disadvantages.

One-way crossing system

This system is historically reserved for populations
of amphibians whose migrations™ are localised
and relatively large (early reproduction and
qualified as explosive such as the common toad,
the common frog and the agile frog). It is a
system that is less recommended nowadays,
particularly because of its use restricted to
practically one single group of animals. In some
very specific cases and contexts, however, the
choice of such a system may still be proposed, in
particular when the crossings exclusively concern
a migration route® for amphibians (e.g. forest
path along a lake where only amphibians are
likely to cross ©).

Description

The objective is to reduce wildlife vehicle
collisions with amphibians on the migration
route and to force them to use underpasses.
Unlike the previous system, it consists of two
separate, completely independent tunnels, the
first for outward™ migration and the second for
return® migration.

On either side of the roadway, the system is
composed of a collection barrier corresponding
to a U-shaped gutter. Each gutter is installed
along the whole of the amphibian movement

front (or at least on the busiest part). Each of the
gutters is connected to one-way underpasses.
For pre-nuptial migration® towards the aquatic
reproduction site, there is therefore a tunnel
that is completely separate from the second
which, in theory, is used for the return of adults
(post-nuptial migration)* and, in the summer,
of metamorphs and/or juveniles.

© An example of a context where the infrastructure
runs alongside the reproduction medium and where a
one-way system is warranted. Source: Cerema.

How it works (@ to © next page)

When the amphibians migrate (either in one
direction or the other) and arrive at the collection
systems, they fall into the gutter. They then have
no other solution (height prevents them from
jumping out) than to follow the walls of the gutter
to pits (or fauna exits, if they wish to turn back -
see page 133) into which they fall. At the bottom
of the pit (with a 45° incline to prevent them from
injuring themselves while falling), which also
corresponds to the entrance of the tunnel under
the roadway, they can no longer turn around, so
they have no other option but to use the one-way
passage to escape. The pit could also be covered
over 1.5m long with flaps to ensure maximum
darkness and avoid draughts. The only light coming
from the opposite exit then draws individuals more
easily towards the exit of the structure.
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When the infrastructure is sufficiently embanked, the exit of the structure is located at the natural ground level,
otherwise amphibians exit via funnel pits pools to reach the natural ground level.

@ Schematic representation of a one-way crossing system and of the movement direction of amphibians. Source: Cerema.

@ Plan view of a double conduit. Source: Cerema. © Larchant one-way crossing (77). Source: Cerema.

© Cross-section of a one-way conduit. Source: Cerema.
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B Constructional specifications

Each gutter is made of concrete with minimum
dimensions of 0.4m x 0.4m. The thickness of 5¢cm
must offer sufficient resistance, particularly on
small infrastructures, where vehicles parked on
the edge of the road are likely to encroach on
structures.

The gutters should be preferably installed on a
bed of sufficient size to avoid compaction.

Unless a specific constructional system is provided,
a minimum height of 1.2m must be provided
between the conduit and the roadway. The
crossings are installed over the entire length of
the system with a reqular interval of 30 to 40m
between each conduit. These structures are set
between 60cm and 1m below the level of the
bottom of the gutter. The junction between the
structure and the gutter is made by a 40cm wide
"pit" with a 45° sloping concrete base.

In order to turn back amphibians and other
animals who do not wish to cross, Tm wide fauna
exits must be positioned at equal distances from
the double conduits (the aim is to position them
far from the entrances to the passages) (®).

@ Plan view of an escape exit.
Source: Cerema.

The should be slight slope in the gutters towards
the pits and then towards the opposite exit to
allow the water to escape. When exits are via a
funnel pit, the system must also be fitted with a
drainage device to prevent flooding at the exit
(drainage pit, soak pit).

B Advantages/disadvantages

Advantages:
e cffective for amphibians;
e forces animals to cross.

Disadvantages:

e species using the structures in the opposite
direction to the one designed (via the exit) can
encounter difficulties and even fail to exit on
the other side;

e it may prove difficult to control water in these
structures. U-shaped gutters must not constitute
surface water collection systems or be connected
to the road sewerage system. The water must not
stagnate there either (risk of drowning, laying).
When the structure exits are via funnel pits
(or ramps), the evacuation of water can be
complicated;

e requires regular maintenance to ensure that
vegetation and deposits do not build up in
the system;

e these systems are used almost exclusively by
amphibians for a short period of time. The size
and accessibility of the structures are a real
difficulty for other types of animals;

e the cost is usually higher than a two-way
system.

The cost of a system comprising

the guiding and crossing system
is estimated between €400 and 1200/Im for
the equipped infrastructure.

This high variability is due both to the
configuration of the site, the type of system,
the materials used, the length of the infra-
structure, but also the length of the crossing
and the size of the structures.

In general, two-way systems are less expensive
than one-way systems.
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Additional systems

e At the ends of the collection barriers, certain confi-
gurations require return guidance devices to prevent
amphibians from crossing onto the roadway (@®).

@ Return guiding system at the collector’s ends.
Source: Maibach.

e When the structure is located below the level of
the collector, very often, to have a sufficient
roadway body, a capture pit equipped with gently
sloping access ramps may be considered to lead the
amphibians to the entrance of the passage (®).

® Schematic diagram of an access ramp to the passage.

¥

Source: Cerema.

Structure equipped with an access ramp. Source: Maibach.

® To force amphibians to use the structure, additional
guidance devices perpendicular to the walls can be
added to the entrance of the structures (®).

® Guiding system to facilitate use of the passage
by amphibians. Source: Cerema.




® When a secondary access road joins the main to ensure the passage of amphibians under
infrastructure and intercepts an amphibian the secondary road by installing a box culvert® or
guiding system (fencing or wall), the infra- an openwork structure (prefabricated structure,
structure access road may act as an entry point structure with cattle grid) connected to the guiding

for amphibians. In this case, care must be taken system (@).

A o

@ System for crossing a roadway perpendicular to the main infrastructure preventing amphibians from accessing the latter.
Source: Cerema.

Passages may be a hazard to road users and
therefore require additional protections such as
safety barriers. In the context of a two-way
crossing system, a collector in the form of a low
concrete wall (@) can also be envisaged to guide
the amphibians and act as the safety system.

® Concrete wall guiding amphibians and securing users.
Source: Cerema.
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. Canopy passages

In France, species likely to use canopy systems
are few and far between, and the experience
gained mainly concerns remedial measures on
small infrastructures, especially installed to
allow squirrels and other small arboreal mammals
(martens, shrews, etc.) to cross the infrastructure

(see fact sheet no. 18). These are mainly roping
systems.
Experiments abroad show however that there are
other ways using light metal structures or nets
supported by a metal frame (see photos above)
or cables.

( The cost of a canopy passage consisting of a metal frame is approximately €30,000 to 45,000

excluding VAT for a 20m passage.

Canopy passage with metal structure. Source: Animex.




FACT SHEET

. Types and sizes of passages

There are several types of common small fauna
structures. They usually consist of concrete but
also metal conduits installed in the embankment
(see table below).

These structures are quite effective and relatively
inexpensive.

Most frequent cases

Even though there are several types and
dimensions for all these structure categories, it
is recommended to use open or closed box
culverts® 1 to 1.5m wide and 1m high. The
dimensions are however to be adapted to the
length of the crossing (see table below).

Length of the crossing 20-30m

30-50m

Recommended width >1m

>1.5m

Recommended height >1m

>1.5m

Section

About 2m?

In some cases, when the covering layer is thin
(embankment), the height of the structure could
be smaller without being less than 0.70m, except
in exceptional circumstances.




13 Cost of
the supply
and installation.
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Source: Christian Bulle (CD Doubs).

Used to maintain natural ground.

Source: Cerema.

The structure needs to be filled with a layer
of soil to ensure natural ground.

Make sure there is a minimum height
between the reconstituted ground and
the height of the duct.

Source: Cerema.

The structure needs to be filled with a layer
of soil to ensure natural ground.

Make sure the duct is oversized to reach the
minimum height between the reconstituted
ground and the height of the duct.

Source: Cerema.

The structure needs to be filled with a layer
of soil to ensure natural ground.

The lower part of the duct needs to be
factory-concreted twenty or so centimetres
deep to allow movement of wildlife (pay
attention to the connection of this section
with the natural ground).

Source: Cerema.

The structure needs to be filled with a layer
of soil to ensure natural ground.

Without a concrete structure head, the
connection with the fencing is difficult
and rarely sealed.

Make sure the duct is oversized to reach the
minimum height between the reconstituted
ground and the height of the duct.

Source: Maibach.

Used to maintain natural ground but
maximum height at the centre of the
structure only.

If this type of structure can
be found, this reference is
apparently no longer available.




. Choice of location

The structure is usually positioned 0.4m to 1.2m under
the roadway, depending on the presence of a transition
slab or on the type of structure (reinforced or not).

It is designed on the basis of the combination of
prefabricated elements around 2m long.

The structure should have a slight slope (> 1%) to
evacuate water.

The structure must be placed on the top of the
embankment for two reasons (@):

e reduce the crossing length for wildlife,

e better guide wildlife by the fencing when it is
located, as recommended, on top of the slope
(access of green rights-of-way to wildlife).

® Schematic diagram of the layout of a small fauna
structure in an embankment. The structure should be
positioned as high as possible in the embankment to
reduce the crossing length. Source: Cerema.

Otherwise, when fencing is located on the top of the
slope and the entrances to the structures are at the
foot of the embankment, guiding is less effective (@).

® Schematic diagram used to view the benefit of positioning fencing and small fauna passages at the top of a slope.

Source: Cerema.
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When the structure is beneath the natural ground
level (excavated or level road) the construction of
and access to a small fauna structure requires:

o either the construction of a funnel pit (®);

e or structures with a high gradient slope in the
first metres to go deep enough under the
infrastructure (one single opening point if the
profile is mixed (@) otherwise both structure heads
should be sloping (®). When both entrances are
sloping, to avoid surface water running off into
the structure from the entrances, an earth mound
must be created as an obstacle™.

© Funnel pit next to a small fauna passage of an infra-
structure section located on the natural ground level.
RD 16 (CD57). Source: Cerema.

4]

Cross-section of a small fauna passage with two sloping entrances @ (or one © ) when the infrastructure is on the natural

ground level. Source: Cerema.




Sloping small fauna passage on an infrastructure located at the natural ground level.

Source: Cerema.

e or narrow access ramps, parallel to the infra-
structure (@), when coverages are limited or the
topography is difficult (steep slope at the exit of
the passage, cutting).

® Schematic diagram of an access ramp to the small
fauna passage. Source: Cerema.

Access ramps can also be replaced by sloping structure
heads which will avoid gullying of fines towards

the passage entrance. (@ and @ next page).

Efficacy is however reduced by the increased length
of coverage, reduced light and lack of visibility at
the exit.

In some cases, a retaining wall (or blocks @) is
required to hold back the materials liable to
collapse towards the structure entrance.

@ Access ramp protected by a masonry wall on the side
of green rights-of-way. Source: Cerema.

© Example of a small fauna passage with a sloping
structure head parallel to the infrastructure.
Source: Cerema.

FACT SHEET 14




When structures are beneath the natural ground
level and the soil does not filter enough, there is
a high risk of flooding of the structures or
entrances (®). To avoid or at least limit this situation,
it is necessary to create a drainage ditch or soak pit
at the passage entrances (@).

A

© Schematic diagrams of a structure with an entrance
parallel to the infrastructure, sloping down to reach
the depth of the passage beneath the infrastructure.
Source: Cerema.

® Principle of a drainage ditch at the entrance of a small fauna passage. Source: Cerema.

There must be no obstacles™ at the structure exit,
and no ditches that are often dug at the coverage
boundary. Such features can trap or prevent small
fauna from crossing. The possible solutions are: an
access ramp (@), piping of the ditch (@ next page),
a funnel pit (to reduce water depth) or, when there
is low water flow, filling with draining materials
(® next page) (perhaps covered with a geotextile
and finer materials).

® Wooden platform used to cross a ditch.
Source: Cerema.
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® Schematic diagram of the installation of a duct to remove the obstacle created by a ditch located at the exit of a small
fauna passage. Source: Cerema.

A o

@ Schematic example of a ditch crossing system by filling with draining materials.
Source: Cerema.

Passage ends equipped with structure heads The presence of a return or "wing" wall (®) can
(prefabricated or made in concrete formwork) slightly reduce the crossing length and help guiding
are used to connect to the natural ground and of the animals to the structure entrance.
fencing, maintain soil and reduce subsequent

maintenance (®).

® Structure head in concrete formwork. @ Structure head with open walls.
Source: Cerema. Source: Cerema.
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It is important to check that there is no step at
the structure entrance (®). While the existence
of step is not a problem for large species, it
can cause problems for smaller species
(hedgehogs, etc.).

To avoid the development of vegetation, it is
possible to extend the foundation raft® outside
the structure (®) and cover it with soil. When
it is created in the embankment slope (to reduce
the crossing length), the foundation raft* can
be extended by a gently sloping masonry ramp
which will also be covered by a layer of soil.
To improve the hold of this layer of soil, it is

® Schematic diagram of a foundation raft at the exit of
a structure. Source: Cerema.

. Additional developments

When the structure does not hold back the natural
ground (closed box culvert®, duct), it is recommended
to fill the structure with a 5-10cm layer of soil. To
make things easier, it is recommended to fill each

Implementation of a layer of natural materials.
Source: Barb BEASLEY, Association of Wetland Stewards
for Clayoquot and Barkley Sounds.

preferable to seal the blocks into the masonry
while leaving some of it (4-5cm) apparent to
form rough edges (®).

® Construction of a masonry ramp before being covered
with soil. Source: Vinci Autoroutes/ASF network.

element as the installation progresses, especially if
the structures are small in size. Otherwise, once all
the elements are in place, it would be difficult to fill
the parts most distant from the entrances.

Manual implementation of a layer of soil inside a duct.
Source: Vinci Autoroutes/ASF network.




Even they are often small in size, structures
can benefit from additional developments to
make them more attractive. Swaths™ against the
walls or a few piles of blocks scattered in the
structure can create shelters for small animals
and marking points.

Connection to landscape structures

Often neglected, reconnection of small structures
to landscape structures by appropriate positioning
is necessary to increase the efficacy of the passage.
If a structure separated from natural continuity cannot
be avoided, a favourable landscape development
should re-establish the connection between the
initial ecological corridor and the structure (e.g. grassland
and additional planting). @

@ Principle of merging structures with existing vegetation structures. Source: Cerema.

S g
F
—
oo
oo
-
e
—
(o
<L
—




Objective: a crossing possibility every 300m,
taking into account all crossing possibilities

o Take into account all fauna passages that are already crossing possibilities

for small fauna. '

Q Adapt waterway structures so they can be crossed by small fauna.

0 Create or adapt additional crossing possibilities next to the major

small fauna issues (e.g. amphibians).

o Depending on all the previously installed systems, add additional
small fauna passages or adapt restoration structures (agricultural,
pedestrian) so that wildlife is given the possibility of crossing
every 300m on average. This spacing can vary slightly to
factor in landscape features (positioning next to the existing
ecological network).

Special recommendations

For waterway structures, provide for:
e a bench with a minimum width of 50cm on each bank;

e minimum headroom™ of 0.7m.

To adapt agricultural or pedestrian restoration small fauna restorations, provide
for grass verges of 1 to 2m.

For additional small fauna passages, structures of at least 1m to 1.5m wide by
1m high or more are recommended when the crossing is long (> 30m).
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FAUNA PASSAGES: AN EFFECTIVE MEASURE TO RE-ESTABLISH TRANSVERSAL CONNECTIVITIES

Fauna passages

on existing infrastructure - upgrading

Upgrading® of an infrastructure depends on a
multi-level diagnostic (ranging from that of the
local area to that of the infrastructure or of the
fauna passage) to best meet the restoration
objectives of the ecological network. Although it
is necessary, the diagnostic methodology must
not be standardised or imposed as it must respond
to local issues. The methods will therefore vary,
depending on:

e issues of the territory, target species and
environments to reconnect, taking into account
the expansion of species such as deer;

e the type of infrastructure;

e the extent of the study area;

e the available data;

e constraints imposed by the contracting authority
(namely financial and time-related).

However, it is recommended that the work complies
with two major stages:

1. An ex-situ spatial analysis at a macro level using
GIS tools and reference documents produced by
public territorial development policies (SRADDET,
SRCE, ScoT, etc.).

2.The implementation of an ecological audit
(species, environments) using local studies that
result from the first stage, knowledge provided by
local stakeholders, diagnostics of structures where
relevant to assess existing crossing possibilities.

It should be noted that a diagnostic of the
restoration of the ecological network next to

the existing infrastructure is quite easy to set
up but requires a long study period that needs
to be anticipated. Beyond the implementation
of works for a given project, the diagnostic
can prioritise useful issues for program long-
term works.

For the upgrading™ of infrastructure, several types
of works can arise:

1.The adaptation of existing structures;
with the help of very light structures (case of
a floating or corbelled® bench*) and very
consequential techniques (widening of an
existing civil engineering structure);

2.The construction of new structures aimed at
small and large fauna (see previous chapters);

3.The development of the infrastructure in the
absence of a transparency structure (devices to
alert, scare or guide wildlife, repositioning of
fencing with respect to passage possibilities).

In all cases of infrastructure upgrading®, it is
necessary to recall the necessity of compliance
with regulations on nature protection (Water
Act, law on protected species, Natura 2000*
assessment file, etc.) and safety and access issues
related to the facilities and structures.

Additional information is available in the SRCE
"Rapport technique SRCE et requalification des
infrastructures', published by Cerema. (2019).
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Development

and/or upgrading of existing structures

In some cases, existing civil engineering
structures are correctly positioned next to an
ecological network but their size or configu-
ration no longer encourages wildlife to cross
or only in a random and fragmentary way.
There are solutions available to make this type

Stone marten on corbelling. Source: Jean-Frangois Bretaud.

of structure workable using different techniques
at variable costs.

While such techniques exist, several factors
(control of coverage, access, existing network, etc.)
often make their implementation much more
complex than in a new operation.
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How to imprc
of existing fa

Some fauna passages, although well positioned
with respect to the existing ecological network,
are not very functional given their configuration
(inappropriate surfacing, used for another
purpose, lack of maintenance) or are undersized
compared to the scale of the corridor they are
supposed to restore. In both cases, improvement

Simple and often inexpensive work can significantly
improve the functionality of these structures:

e by diversifying environments through the
implementation of swaths®, modelling topsoil,
improving the vegetation development of the
structure, especially by promoting the connection
to transversal and longitudinal corridors and
planting appropriate species for fauna. In this case
however, it is important not to put pressure on
fencing by placing fruit trees (wild apple, fig, etc.)
too close to it. Fruit falling on the infrastructure
could lead some species (e.g. wild boar) to try
even harder to reach them and therefore damage
the fencing;

e by controlling the quality of vegetation already
present by clearing or selecting, by balancing
the different layers (herbaceous plants to trees).
On all fauna overpasses, the objective is usually,
after intervention, to create an open herbaceous
area in the middle of the structure, bordered by

possibilities exist. It is necessary to refer to
the construction standards laid down in
part one of this document (see chapter on
new constructions).

The next two paragraphs show what can be done
in terms of upgrading® existing fauna passages.

Reinforcement of planting, management of vegetation,
. removal of light pollution, etc.

two corridors of shrubs along the screening
parapets. For smaller structures, priority should
be given to clearing access to the passage;

e by blocking light wells (@) sometimes present
on structures to limit noise disturbance created
by traffic and avoiding the build-up of waste
under the structure. This measure can be adapted
if, locally, the benefit of light on plant life on
the structure or on its temperature (reduction
of the tunnel effect) is observed.

® Example of an underpass with light well.
Source: Cerema.




Widening of overpasses

Structures with an old design (@ next page) and
undersized in view of local issues can be widened by
the construction of a new parallel structure
connected to the existing one (in this case, it is
necessary to comply with design and development
rules for new structures).

The use of this technique requires considerable
care during the works phase to protect the existing

181

structure when building foundations or the deck
on the new structure but also on the seal when
connecting the existing to the new structure. The
general development of the new all fauna
passage is redesigned where possible with the
addition of topsoil, new plants and the laying of
swaths® It is therefore advisable to ensure that
new loads are compatible with the resistance capacity
of the older structure.
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Widening of the fauna passage of the la Lande forest A10 (17)
ASF/Vinci Autoroutes

As part of the Paquet vert autoroutier® (2010-2012), ASF widened the overpass of the La Lande forest to
meet the demands of species movements, especially large fauna. A new 590m2 deck was laid with supports
on the bank and a central reservation was built without sectioning the A10 (see illustration ® and @). This
work increased the width of the structure from 3m (@) (in 1981, when the motorway was built) to 18.5m
(see illustration ©).

® Initial overpass. © View of the piers.

Source: ASF/Vinci Autoroutes. Source: ASF/Vinci Autoroutes.

O Structure under construction. ® View of the completed structure.
Source: ASF/Vinci Autoroutes. Source: ASF /Vinci Autoroutes.

Deer, wild boar, roe deer crossing the passage. Source: FDC 17/VINCI Autoroutes - ASF network.

( i ed on the A10 motorway i million euros.
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How to prome
([0 on existing st

When structures not dedicated to fauna are located
in a high-issue area, environmental upgrading”®
of an infrastructure can be based on those existing
structures, by changing their initial purpose so
that they become fully or partly conducive to
crossing by wildlife.

Reconversion of a structure has the considerable
advantage of being less costly than the construction
of a new structure. The function of the structure
for wildlife does depend however on the level of
upgrading™ possible, conditioned by:

e the initial width of the structure and in
particular the available space that can be left
to wildlife;

o the scale of existing human disturbance (traffic,
noise, smells, etc.).

On overpasses, it is also necessary to check:
e the structure's capacity to bear the weight of
a layer of topsoil;

e the possibility of installing a screening parapet
(wind resistance);

e according to the scale of the renovation, any
structural and sealing issues that can arise (water
seepage due to roots, etc.).

If, in a new project, the creation of mixed fauna
and road structures is not acceptable, subject to
exceptions (see fact sheet no. 12), as part of the
upgrading® of an infrastructure, these provisions
can be adapted, as improvement possibilities are
often very limited. All fauna passage possibilities
must therefore be examined. Under certain
conditions, especially where traffic is low, the
development of structures bearing a small surfaced
road can be envisaged. In this case however, it is not
recommended to favour large fauna species so as
not to create accident-prone situations, especially
on potentially high speed roads. This type of
development, in all cases, requires balancing traffic and
road safety requirements with wildlife movement.

Development of grass verges for small fauna

. on or in low traffic structures

Required conditions

The aim is to create planted strips on either side
of the road (or on one side only if there is not
enough space).

The development of this type of structure, while
being less costly than the construction of a new
structure, is not insignificant.
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Besides complying with the constructional
provisions related to the durability of the civil
engineering structure (see above), it is necessary
to factor in the elements that can optimise the
operation of the structure:

e 30-50km per hour speed limit on low-traffic
sectors (fewer than 1,000 vehicles per day);

o possibility of creating quite wide benches* (1 to 2m)
with enough topsoil to grow herbaceous plants
(20cm) (especially on overpasses);

e possibility of connecting benches™ to a "natural”
continuity;

o possibility of installing screening parapets adapted
to the structure on overpasses.

Indispensable support
measures

e insertion of a traffic calming device or road user
information;

e introduction of a maintenance charter with the
road manager.

€ The operation, implemented on the A10 motorway, cost approximately 1.5 million euros (2018). J




. Transformation of a non-dedicated structure

_into an all fauna passage

The development of this type of structure
requires following the same principles as for
the development of grass verges for small fauna
(see previous chapter). Given the areas and widths
available, development possibilities are however
more extensive for an all fauna crossing, especially
when it is an overpass (shrubby vegetation, lawn,
additional habitat, etc.).

For overpasses, it is also necessary to check whether
the new loads imposed on the structure of the
structure are compatible with its load-bearing
capacity and its durability.

If the transformation of the structure is carried
out while maintaining human use, the “all fauna"
purpose of such a structure requires limiting this
use to low-traffic restorations (see insert on the
following page).

Cost of the development:
€710,000 (2016).
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FACT SHEET 16 | HOW TO PROMOTE THE PASSAGE OF SMALL FAUNA
ON EXISTING STRUCTURES NOT DEDICATED TO FAUNA?

Before

Conversion of the Bauxite road restoration into a Mixed Passage
A9 motorway (34). ASF/Vinci Autoroutes

After

Feedback from wildlife management and monitoring on the Vinci Autoroutes network (June 2016) shows that

this type of structure is not suitable for large fauna and not very effective for medium-sized wildlife.

This would be due to the significant visual and noise disturbances inherent in this type of structure. The same

findings show that common species that are not very shy and adapted to humans are the ones that most

frequent these passages (hedgehog, marten, rabbit, water rat). This type of development is therefore not

recommended in the event of high-issue ecological networks.

Creation of a small fauna bench
_in existing waterway structures

In many cases of infrastructure upgrading”, the
restoration of the ecological network for small fauna
requires the development of existing waterway
structures, even small ones.

Upgrading * operations on waterway structures
for terrestrial fauna benefit in particular from the
recent regulatory obligation to restore fish continuity
on list 2 category rivers and on list 1 category rivers,
when improvements are scheduled.

Watercourses classified under [214-17 of the French
Environmental Code * and more particularly in list 2,
therefore constitute opportunities for the upgrading™
of waterway structures for crossing by terrestrial fauna
in addition to the regulatory obligation related to fish.

In waterway structures, the proposed improvements
depend on the type of structure (construction
materials), its dimensions and in particular its

section (the development must not call into question
its hydraulic capacities) as well asthe target species
for which the development is built.

The regulatory framework for restoring

the ecological network is based on
two lists of watercourses, defined by Article L214-17
of the French Environmental Code™:
e |ist 1, which is intended to preserve the current
state, includes watercourses (or portions) on which
any new structure that acts as an obstacle® to the
ecological network may not be authorised or granted;
e |ist 2 is drawn up for watercourses (or portions)
for which it is necessary to restore the conditions
of the ecological network: any existing structure
must therefore have implemented the necessary
provisions (fish and sediment circulation) within
5 years after publication of the lists (this period
may be extended, subject to certain conditions).
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FACT SHEET 16 | HOW TO PROMOTE THE PASSAGE OF SMALL FAUNA
ON EXISTING STRUCTURES NOT DEDICATED TO FAUNA?

What are the solutions?

Installation of a corbelled * bench*

Concrete frames, concrete ducts as well as masonry
bridges can generally be drilled (be careful, for
concrete structures, to take precautions, for
example with a metal detector, to avoid drilling
the reinforcement) for the insertion of dowels
(usually with chemical sealing) allowing the
fixing of brackets or other fastening devices, of a
decking system made of rot-proof materials
(reinforced polyester made of fibreglass, recycled
plastic, concrete). Wood has the advantage of
being a natural material.

The corbelling® technique has several advantages:
e from a hydraulic point of view, the reduced
section is often negligible and the risk of
obstructions is limited by the use of brackets
without braces;

e from the regulatory point of view, administrative
formalities pursuant to the French Water Act are
often limited to consultation/information of water
police services (unless specific suggestions for
access to the site or the positioning of a work
base are made). However, the hydraulic capacity
of the structure must be checked;

e from a financial point of view, the corbelled” bench*
is more economical than a concrete bench.

Corbelled” bench” created by a bracket
and decking

Bench bracket®

a) For decking brackets, it is recommended to use
galvanised steel to prevent corrosion. Stainless
steel brackets are to be prohibited (high risk of
theft). The shape of ducts must be adapted to
the walls of the structure (radius of curvature).
Depending on local practices or the risk of
obstructions in the structure, they can be
bracket-shaped with a brace (@) or "T" (@®).

b) Brackets are usually placed every metre. These
intervals are needed to avoid deformation of

® Square bracket. Source: Cerema.

@ “T" bracket with radius of curvature. Source: Cerema.

© Bench with 40cm wide by 50m long concrete decking
and 60cm headroom. Cost: 6,000 € (installation under
local authority control). RN164 (DIRO). Source: Cerema.

the recommended material which should be
fixed to the bracket. If the material used is
different and very rigid, these intervals could
be adapted without neglecting the number of
times the decking is fastened to secure it over
its length. For greater safety and to avoid the
decking falling in the event of an anomaly in
a bracket, a minimum of three fasteners per
panel can be envisaged.

(c) Galvanised steel brackets will be fixed by
chemical sealing.
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Simple implementation solutions such as chemical
vial systems (chemical resin sealing to be inserted
in the bore) are recommended. They have the
following advantages:

e high load bearing capacity;

e small drilling diameter in relation to the load taken;
e avoids moisture from entering into the support.
(d) For obvious reasons of safety, efficiency and
manceuvrability, the use of a battery-powered
drill is recommended.

Bench* decking
The interior of waterway structures has special
features, such as permanent ambient humidity and

fluctuating water levels that can flood the bench.
It is therefore preferable to use rot-proof or
low-rot materials.

Different materials can be used: concrete (® previous
page), recycled plastic, glass reinforced polyester (GRP),
wood, etc.

The use of recycled plastic decking is recommended
(see recommendations on next page).

In order to reinforce the structure and avoid
deformations between the slats, the latter can be
fixed to one another.




Supply and installation of a corbelled bench
consisting of a support and decking in:
concrete, fibre cement: €250 to 300
excluding VAT/Im;
metal: €200 to 400 excluding VAT/Im;
recycled plastic: €150 to 250 excluding
VAT/Im;
glass reinforced polyester: €300 to 600
excluding VAT/Im;
wood: €100 to 150 excluding VAT/Im.

Prefabricated corbelled” bench* are lighter than conventional concrete and very
(on concrete or masonry structures) easy to handle. These cast systems also have the

advantage of being in one piece and combine
There are prefabricated devices (glass reinforced both the bench and the brackets. They can be
polyester @®, polymer concrete @ and @) which covered in a non-slip coating.

®® GRP bench, 50cm wide by 67m long and with 200cm headroom. Cost: €35,000 including VAT (2015). A83 motorway.
Source: Cerema.

@ Genet using a polymer concrete bench. @ Polymer concrete bench with non-slip device.
Source: Vinci Autoroutes/ASF network. Source: ULMA Architectural Solutions.
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m Construction of a concrete bench

(in a metal duct, a concrete
or masonry structure)

A concrete bench can be installed which has the
advantage of being durable. It makes it possible in
particular to equip metal ducts which are very
widespread on old networks and cannot be drilled
as this might worsen the risk of corrosion.

However, these benches have several drawbacks
such as higher cost, the need to carry out in-depth
hydraulic studies, and greater obligations related
to compliance with the Water Act (in the study
phase as well as in the works phase, see below).

Studies are needed to check that the flow
velocities are always compatible with the
movement capacity of species living in the
watercourse, as the narrowing of the bed leads
to increased flows in the structure.

In addition, the work usually requires temporarily
diverting the watercourse inside the passage, in
order to be able to work in a dry environment.

This diversion can be done by installing a
cofferdam (e.g. sandbags + geomembrane) or by
temporarily diverting the stream inside the
structure via a duct (©).

©® Principle of temporary deviation of a watercourse to conduct work inside a structure. Source: Cerema.

When the water depth of a structure fills the entire
bottom, there is not always enough water during
periods of low water to maintain the ecological
network. By reducing the width of the bed in the
structure, the construction of a concrete bench can
make it possible to restore this fish continuity, by
increasing the height of water in the structure.

The construction of an L-shaped concrete wall-type
bench filled with topsoil is to be avoided, because in
the event of flooding of the watercourse, the materials
are completely leached and the bench empties.

The cost is around €1,000 to 2,000
excluding VAT/Im for benches
40cm to 50cm wide.

Concrete bench RN 165 (DIRO). Metal duct.
Source: Cerema.




® Bench* made of natural materials
(masonry or not)

When the structures are wide enough, and
hydraulic conditions allow it (low velocity), the
benches can be made entirely of natural
materials. They then have the advantage of
preserving both a terrestrial movement corridor
and the natural bed of the watercourse. When
required by hydraulic conditions, the components
of the latter may be sealed (@).

The cost of producing a bench made of
natural materials varies greatly depending
on whether a simple input of soil or masonry
blocks are involved:

e soil: around €150/Im;

o rockfill (masonry or other: €350 to © Development of a bench made of natural materials
750/Im. (sealed inside) in the crossing structure of the marten

stream on RD12.
Source: Departmental Council of Dordogne.

m Installation of a floating bench*
(all types of structures)

This solution consists in installing a floating

structure inside the structures (®+ insert next page).

It offers the following advantages:

e casy and speedy implementation;

e fluctuation according to the water level allowing
a constant shoreline connection;

e it can be fitted on small sectioned structures;

e casy to dismantle. ® Floating bench. Source: Pascal Fournier, GREGE.

This system requires the bench® to be properly
Development of a floating

bench 50cm:
€150 to 250 excluding VAT/Im.

connected to the banks of the watercourse and
therefore needs a system that is longer than the
length of the structure.

FACT SHEET 16
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' The Mink & Otter Pontoon &, a floating fauna passage for structures
where corbelling* is complicated

Developed by GREGE since 2009, the Mink & Otter Pontoon
allows the restoration of movement corridors inside
waterway structures for the safe circulation of semi-aquatic
mammals, while ensuring circulation as close to the water
as possible, including up to the highest flood levels.

Due to its floatability, this device has a minimal

hydraulic impact and is perfectly adapted to rivers with

high hydraulic tides. Its anchorage system allows the ) )

. . : Floating device. Source: GREGE.
installation of all types of structure, even those with

no interior fixtures.

Its design provides simple and fast installation, even in
very low structures, without requiring heavy machinery
or installation of a work site. Its main advantage lies in
a restoration of continuity in structures that are difficult
to equip with other simple solutions.

Its installation consists of an assembly of light elements, a

fastening system adapted to the ends of the structure Connection of the Pontoon to the bank. Source: GREGE.
allowing vertical movement, a thickness of 70mm easily

accessible from the water and a connection to the bank

to ensure continuity of the device at low water or flood

levels, and even during high tide for those structures

subject to it.

Tested in situ from 2009 to 2014, then deployed, to date,
on 15 structures spread over the west of France, from
Mayenne to the Landes, this system is regularly monitored,

using footprint sensors or camera traps. European otter on the prototype pontoon. Source: GREGE.

Current data demonstrates its functionality for semi-
aquatic mammals (European otter, mink, Southern water
vole, etc) but also for other mammals (genet, marten,
weasel, fox, etc.), even on linear sections measuring more
than 50m and or in a 1,200mm duct.

The new generation is now available in polypropylene for
improved durability, with a stainless connection guaranteeing
linear strength. Fox on a pontoon. Source: GREGE.

Weasel and stoat

on the ink footprint
sensor used to assess
use of the Pontoon.
Source: GREGE.
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In order to prevent the removal of the floating
bench* (@), this solution is not recommended on
watercourses with high flows or in structures in
which the watercourse can pass from a slow flow
to a torrential flow (e.g., smooth concrete structure,
slope and smaller section than the watercourse).
It is also not recommended in watercourses known
to carry many log jams.

Installation rules and dimensions

For optimum operation, the dimensions of the
bench® must, as far as possible, comply with the
construction rules for new structures. The initial
objective will be:

e the wedging of a bench on the natural banks of
the watercourse corresponding to a rating slightly
higher than the two-year return flow Q2 (or Q3) for
natural watercourses;

e headroom® 70cm above the bench;

e a 50cm wide bench seat;

e sufficient resistance to allow a person to pass
through (inquisitive persons, maintenance, etc.).

However, in the context of the upgrading® of
existing infrastructure, it is often necessary to deal
with the characteristics of the structures in place.
The type of bench, its width and the headroom*
must be adapted to each structure configuration.
When the situation so requires, it is possible to
depart from the rule and to give priority to the
implementation of the development, even if the
dimensions usually recommended are not
respected. In this case, however, it will be necessary
to validate this dispensation by an ecologist
specialised in the subject (width can be reduced to
30cm for otters and mink and acceptable headroom
close to 50cm).

The possibility of creating a bench and the choice of
the type of devices are determined in particular by:

e the hydraulic capacity of the structure

The development of a bench must not have a
significant impact on the upstream water line
(increase in the flood line), especially if there

)

® Example of an experimental floating device
installed in an 85m duct carried away by the
current, following breakage of the anchorage
on the duct head.

are issues (housing, roads, etc.). As such, the
development of a corbelled bench * affects the size
of the structure less than a full bench and therefore
has less effect on upstream flow. A hydraulic study
may sometimes be necessary to ensure this.

The hydraulic study also makes it possible to
visualise the height of water in the structure
according to the flows and to wedge the level of
the bench by taking into account both the
minimum reference headroom™ and the potential
level of immersion.

When no rating is known and in the absence of
a specific study, the examination of floods on the
structure gives good indications of the highest
recurrent water levels. This height must also be
consistent with the connection to the banks.

o fish crossing capacity

By reducing the hydraulic capacity of a structure,
the development of a bench can be accompanied by
an increase in the flow speed, particularly when the
bench reduces the width of the bed (e.g. full benches).
It is therefore necessary to check that this water
velocity remains compatible with swimming capacity
and therefore the ability of the fish species present to
cross. It is commonly accepted at this level that about
80% of the time (generally corresponding to a range
of flow rates between QMINAS5 and 2 to 2.5 X Module)
the species present must be able to pass through
the structure (see Information Note No. 96: Petits
ouvrages hydrauliques et continuités écologiques.
Cas de la faune piscicole. SETRA, 2013).

PART
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Even if this regulation applies to corbelled®
benches™ or full benches, when there is an
excessive speed increase, the choice of a corbelled
bench is generally preferred, because there is less
impact on flows.

Additional facilities in the bed of the watercourse
(deflectors, bars, rockfill, etc.) may also accompany
the development to limit speeds in the structure or
create resting zones that allow fish to pass through
the passage.

The narrowing of the bed by the inclusion of a
bench can also improve fish's ability to cross the
river at certain times. This is the case when the
water level in the structure is too low for the fish
to swim through the passage. In this case, the
narrowing of the bed makes it possible to increase
the height of water in the structure.

o the presence of target species

For sensitive species (otter, mink, beaver), the
rating of the bench is, if possible, raised to that
of the 10-year flow rate Q10, when it is known
and when there is sufficient headroom™ between
the lower surface™ of the structure and the
bench (> 50cm).

However, compliance with this recommendation
depends on the characteristics of the structure
in place and the surroundings (it is sometimes
impossible to position the bench above Q2). It is

@ Example of a connection to the bank.
Source: Cerema.

necessary to adapt to the site, the objective
being to promote the passage of the otter and
beaver, in dry-standing areas, in the structure
and in the surroundings, even though the hydraulic
velocity of the structure is too fast for these species
to be able to cross the infrastructure in the
watercourse. Although they are very good swimmers,
these species constantly seek to save energy and
prefer to use a "dry-standing” crossing rather
than a structure with a strong current within it
which would take too much effort.

When the structure is wide enough, it is advisable
to equip both banks. In the case of a smaller
structure, the choice of the installation bank
of the bench, as well as the way it is connected
to the bank are essential for the proper
functioning of the device (®). The installation on
the right bank or on the left bank may depend
on: the sinuosity of the watercourse, the degree
of naturalness of the surroundings of the
structure, human wuse, the installation of
possible fences and suggestions for subsequent
maintenance. The connection to the bank must
be continuous.

These two elements must be decided in
consultation with the manager and an experienced
naturalist.

In some contexts, the installation of a wooden
side rail fixed on the bench can avoid the fall of
species likely to drown into the watercourse
(hedgehogs for example) (®).

® View of a wooden rail fixed to a corbelled bench.
PNR Marais Poitevin. Source: Cerema.



Continuity restoration in hydraulic discharge structures

. equipped with a water ditch

Some hydraulic discharge structures could become
fauna passages. However these structures may
have been designed with ditches which, when
located at the bottom of valleys at the table
water level, frequently fill up with water (®).
Wildlife can then no longer cross them.

To restore the structure's permeability to terrestrial
fauna, it is recommended to fill the water part
(which does not contribute to the hydraulic

capacity of the structure because it is filled) (@®).
However, care must be taken to maintain a
sufficient upstream-downstream slope to
maintain the hydraulic capacity of the structure.

Also be careful that the ditch has not been
colonised by species requiring specific consi-
deration (e.g. protected amphibians). The
installation of a side bench® can provide a
solution to the discontinuity.
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on existing infrastructure

Roe deer, A7, GrandBoeuf structure. Source: © VINCI Autoroutes photograph library — Emmanuel Rondeau.
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In the case of the construction of a new passage
for the upgrading® of an existing infrastructure, the
design and layout requirements for the immediate
surroundings are identical to those given in part one.

Costs vary according to the width of the structures,
their characteristics and local contexts.

Apart from technical constraints, the main
construction difficulties are related to:

e traffic on the existing road which requires
traffic interruptions or more or less long alternating

Departmental council of Isére

The ecological network between the Chartreuse and
Vercors mountains is altered by various infrastructure. As
part of its “couloirs de vie" or “corridor of life" project, the
Departmental Council of Isere has carried out various
actions to restore this continuity. Among those aimed at
restoring the ecological corridor of the Cluse de Voreppe, the
Departmental Council has built two underpasses in the
municipalities of Voreppe and Saint-Jean-de-Moirans.

Where and how to build an all fauna passage
on existing infrastructure?

traffic, depending on the constructional features
of the structure;

® access to the site, which is sometimes from
outside the infrastructure which the contracting
authority does not usually own.

Beyond the technical constraints, this solution very
often comes up against the economic constraints
that make this type of construction difficult as well
as local opposition that considers these investments
are not a priority (see fact sheet no. 4, "Guaranteeing
social acceptance”).

Creation of the underpasses on the RD 121a and 1085

Underpass on the RD121a.
Source: Departmental council of Isére.

Creation of the specific overpass of La Buisse
on a motorway with a slight embankment

The access embankments to the passage de La Buisse
have been designed to:

e reduce road coverage, especially to avoid encroaching on
a flood zone and to protect part of an existing hedgerow;
e create a transversal access ramp that starts at 25% and
then becomes less steep as the structure is approached;

e create ramps with a moderate slope (maximum 15%)
longitudinally (in continuity with the paths that usually
run along fences).

La Buisse passage on the A48 motorway.
Source: R. Courtaud - AREA.
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Specific overpass of the Col du Grand Beeuf on an excavated infrastructure.
ASF/Vinci Autoroutes

Located on biogeographical crossroads linking the Alps and the Ardeche, the Col du Grand Beeuf is crossed by the
A7 motorway. Since its construction in 1965, this motorway has been a physical barrier to wildlife movement. Following
a landscape ecology study that showed the importance of this site as a regional crossroads with high issues for wildlife
movement, it was proposed to build a fauna passage to restore the ecological network interrupted by the infrastructure.

In 2011, a 15m wide structure was built over the existing motorway.

The structure consisted of a metal frame placed on two concrete supports at each end. The 36m long frame was
installed with a crane and required closing the road to traffic for one night only.

Sketch of the eco-friendly bridge* (photomontage) of the Passage under construction.
Col du Grand Beeuf on the A7 motorway. Source: Vinci Autoroutes/ASF network.
Source: Vinci Autoroutes/ASF network.

Finalised passage. Source: Vinci Autoroutes/ASF network.

( The indicated cost of the operation was approximately 2.6 million (in 2011).

The cost of construction varies greatly depending on the context, the types of

structures, the foundations, etc. The data in our possession (mainly from motorway
concessionary operators) shows a structure price ranging from €2,500 to 5,700/m2. However, this
price only covers the cost of construction. In the context of an upgrading programme®, it is also
necessary to take into account many other items (upgrading to motorway standards, studies,
procedure, site installation, etc.) which can significantly increase the total amount of an operation
(up to several million euros).
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By boring or microtunnelling

The upgrading® of a network and in particular
the creation of a new fauna passage must, in
most cases, adapt to the operational requirements
and the obligation of continuity of service. It is
therefore sometimes impossible to open the
infrastructure by conventional methods of
trench excavation to create a structure. Trenchless
working techniques can then be used: boring
(between 300 and 800mm) or microtunnelling
(between 500 and 2,500mm).

These techniques consist in installing a duct
(made of metal, concrete or GRP) with a diameter
between 300 and 2,500mm in the infrastructure
embankment and in extracting the cuttings as and
when they are removed.

When a tube is positioned, the next one is put in
place and inserted into the previous one. The
operation continues until the drilling tool opens
onto the other side of the embankment.

The execution of the works requires great precision
so as not to jeopardise the operating infrastructure.
The drilling tools are guided electronically by
laser from the surface. The alignment corrections
are established immediately and according to
the progress of the drilling.

It is accepted that the boring or microtunneling on
a road infrastructure in operation requires an
embankment thickness above the future structure
equivalent to twice the height of the structure (@).
Moreover, for a railway track, the thickness of cover
to be kept under the sleepers is at least four times
the diameter and never less than 3m.

How to create a small fauna passage
on existing infrastructure?

® Diagram showing the height of embankment to be
maintained above the structure according to the type
of infrastructure. Source: Cerema.

To maintain traffic safety and fluidity, access to
the site is generally possible from outside the
infrastructure coverage.

For work under a railway track, additional precautions
must be taken (approved companies, temporary
slowdown of traffic and permanent monitoring of
the geometry of the railway tracks during works).
The studies are systematically carried out by SNCF
Réseau, because the safety of rail traffic is at stake.

Boring or microtunneling requires a fairly large work
area (500m2 minimum for boring, at least 1,000m2
for microtunneling) to allow the storage of ducts,
the generator, thrust device, mud and spoil separator
and site facilities.

Al precautions must be taken during the
construction phase to avoid impacts on the
surrounding natural environment. Work platforms,
access tracks (see photograph on next page),
storage areas are generally covered with a geotextile
itself covered with materials, in order to facilitate
clearing and restoration of the site.
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Site access track.
Source: ASF/Vinci Autoroutes network.

To limit intrusions by small fauna, such as
amphibians, the work area is fenced (1Tm buried
fence) with a fine mesh, a tarpaulin or a fence
with larger mesh on which the geotextile is
positioned (the advantage in the latter case is that
the fence does not need to be buried).

Small fauna passage at Velaux A7 motorway:
View of the boring machinery.
Source: Vinci Autoroutes/ASF network.

The duration of the boring or microtunneling is
variable (several weeks), it includes creating
access paths, departure and arrival pits, doing
the actual boring or microtunnelling, related works
(fence, duct heads), as well as the restoration of
the site.

Feedback indicates costs of carrying out

a boring operation under a motorway of
approximately €9,000 to 10,000 excluding
VAT/Im.

Small fauna passage at Velaux A7 motorway:
view of the finalised device on the boring platform side.
Source: Vinci Autoroutes/ASF network.

Setting up of microtunneling on a railway track. Source: Christian Chéreau - SNCF Réseau.
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By opening the lane

Although a small fauna structure can be built
according to different construction methods, the
most logical technique, in principle, consists, in the
absence of constraints, in digging a trench in the
existing infrastructure in order to install a box
culvert® or a concrete duct.

This technique is the only one that can be used
when the height of the road embankment is
insufficient and prevents any boring.

However, care must be taken with:

e operating constraints: the trench is opened on
each half-road. This constructional mode is
therefore to be reserved for infrastructures with
little circulation, which does not incur prohibitive
costs related to the protection of works while
traffic is operating;

e the presence of buried networks.

Some rules of implementation must also be respected:
e altimetric positioning at the highest point (to avoid
excessive flooding of the passage);

e the interior and exterior height of the structure:
if possible Tm, without being less than 50cm;

ethe installation of a physical barrier next to
the structure (fence) to encourage species to
use the structure;

e sloping bank* to access the passage (maintenance
facility).

The structures must be laid on a bed of sand. The
cover backfill must have a sufficient thickness that
is related to the type and category of infrastructure
(e.g. at least 0.8 times the diameter of the duct
but not less than 1m for railways). The various
thicknesses (sand bed and cover backfill) and the
characteristics of the materials are determined
during studies by the contracting authority.

Installation of dry ducts dedicated to otters.
Source: Frangois Varenne.

Principle for installing a duct under a roadway.
Source: PNR du Marais Poitevin. Frangois Varenne - LPO 85.

The cost of installing a small fauna structure
by opening the roadway ranges from €750

to 1150 excluding VAT/Im for concrete

tunnels to €150 to 250 VAT/Im for PVC
structures. However it should be recalled
that these developments must be reserved
for low traffic infrastructure, especially for
traffic management reasons.
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' Installation of dry ducts dedicated to otters
PNR Marais Poitevin

In the Marais poitevin, "dry duct passages” (16 developments) have been built next to several road
mortality points for otters. These mortality points, which correspond to intersection points between the
road and the hydrographic network or wetlands, can be linked:

e cither to the absence of structures under the road;

e or to the presence of a passage that does not have a terrestrial bench™ accessible to wildlife during the
high flow period (high current velocity in the structures). This situation encourages the otters to pass onto
the road rather than use the structure.

Some of these points of conflict were managed by opening the roadway and installing class 135A
reinforced concrete ducts with an internal diameter of 500mm (on lanes not exceeding 15 linear m). This
category of structure was chosen because it is strong enough to accept a low backfill height while meeting
road standards.

The minimum height required between the lower generator and the top of the roadway is 100 to 110cm.

The cost of the improvements made varies between €11,000 and 17,800 including VAT for crossings covering
a dozen or so linear metres.

In most cases, each end of the passage is equipped with a fence (5 x 5cm mesh, 1.2m to 1.5m in height) or
a wooden railing whose purpose is to channel the animal towards the entrance of the structure. With some
exceptions, the installation of this device impacts a maximum of a few metres (5 to 10m) on either side of the
passage route. This length is sufficient to guide otters to ensure regular use.

Opening of the roadway for laying the Finalised structure with fence device to prevent
elements of the structure. the otters from returning to the roadway.
Source: Frangois Varenne. Source: Frangois Varenne.
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By installing a canopy passage

In certain specific cases where high-issue climbing
species are identified (particularly overseas, but this
may also concern the red squirrel and gliridae™ such
as the shrew in mainland France), the canopy
corridor may prove to be an interesting solution.

Part one (chapter 3, "“Development of dedicated
small fauna passages”) proposes the installation
of gantries fixed above the road for new works.

In upgrading®, the technique usually used is the
installation of a tightened rope, the braiding of
ropes or a metal cord between two weight-bearing
trees. These trees have to be sufficiently large and
stable to ensure the solidity and durability of the
structure. In the case of small-diameter trees which
cannot guarantee the good strength of the system,
an alternative solution consists in installing, on
either side of the roadway and halfway between the
latter and the edge, 6 to 7m wooden or metal posts
between which a rope, a rope ladder or a metal cord
is stretched. Recent publications (Goosem et al.
2005, VicRoads 2012, Yokochi & Bencini 2015)
indicate that the posts must comply with this
minimum height of 6 to 7m so as not to hinder road
traffic and to make the lowest layers of
the canopy reachable.

The foundation of the posts must be adapted
to ensure their stability, taking into account the

Corridor equipped with a rope bridge to restore the canopy

link (RN2 - French Guiana). Source: Cerema.

possible presence of water likely to damage the
foot of the posts, the most sensitive part. If
necessary, the posts may be stayed with cables
to anchor them to the ground at the edge of
he wooded areas.

A network of ropes or cords must connect the
canopy to the posts @. This allows:

e several anchoring points for the rope or cords
for better solidity of the system;

e drainage of a more extensive part of the forest
corridor (funnel effect).

® Schematic diagram of a corridor for each canopy.
Source: Cerema.

On two-way roads, systems using
ropes cost around €2,000 to 3,000

excluding VAT.

Corridor equipped with a rope bridge to restore the canopy
link. Source: Julien Soret - Métropole du Grand Nancy.
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Other types of development, sometimes in
addition to dark or terraced structures, are set up
to satisfy road safety requirements or according
to the movement characteristics of the different
species which constitute the issues of the
developed areas. Several types of devices can be
installed to limit the risk of accidents, prevent
wildlife access to infrastructure or act as collecting
structures to guide the animals to a dedicated,

properly sized passage. It should be noted that these

Other developments . >

anti-collision devices are for some high-issue species
(such as European mink or otter) or, in some crossings,
the first basis for upgrading®, by securing the
movements of individuals. Among these devices,
specific mention may be made of: warning devices,
cattle grids, motorcycle barriers or fences.

Regarding chiroptera®, refer to the methodological
guide Chiroptéres et infrastructures de transports -
Cerema. 2016.
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What are
setuptor

To reduce the risk of accidents between wildlife and
vehicles, there are many warning devices designed
to alert, depending on the situation,

e fauna: to deter it from crossing or alerting of
the potential or approaching hazard;

e motorists: to trigger their vigilance and encourage
them to adapt their speed.

The efficacy of these devices is highly variable but,
for the most part, often limited.

. Reflecting surfaces

These systems, most often fixed to posts on the
edge of the infrastructure, are designed to reflect
light from passing vehicle headlights and
convert itinto a "light barrier", which is supposed
to scare off animals. These devices have been
available in many types and shapes for decades
and their common operating principle is to
reflect the headlights of approaching cars on
the adjacent curb to prevent nearby animals
from entering or crossing the road. Today, most
reflectors are designed to change the colour of
the light or to flash or flicker.

Although the results of numerous efficacy
studies show very variable results, it seems that
no long-term studies have shown a lasting
reduction in wildlife vehicle collisions related to
such devices. It seems that the main reason is
that the animals get used to these recurrent
visual stimuli. The positive effects sometimes
observed in the short term may be related to
the increased vigilance of the driver of the
vehicle, stimulated by the reflector, which would

Becoming accustomed to stimuli is often one
of the main reasons for this. Some complex
devices also require regular maintenance
which, when neglected, leads to a loss of efficacy.
Care must therefore be taken to retain and
develop devices that require as little maintenance

as possible.

These devices can take several forms (visual
and/or sound).

temporarily limit accidents, or even to other
factors which have not been taken into account
such as population fluctuations, traffic reduction,
displacement of wildlife vehicle collision points
on other sections.

O “Piquet reflect”.
Source: Instinctivement Nature, FDC Savoie.

A stake costs about €15
including VAT.




- Acoustic devices

Like reflective surfaces, there are also acoustic
systems attached to poles that make a whistling
noise when stimulated by the light of
approaching vehicles. Whistling is supposed to
prevent wildlife from crossing the infrastructure,
but the results of the various studies conducted
on these devices are sometimes contradictory.
It is therefore still difficult to decide on the
merits of such systems.

Acoustic device attached to posts and triggered by
the light of an approaching vehicle.
Source: Stefan Suter WildLife Solutions WLS.CH.

New acoustic warning systems using recordings
of natural sounds chosen according to the
target species appear more promising. Combined
with a detection device, these natural sounds
deter the target species and are thus emitted to
warn wildlife in advance of a danger, when a
vehicle is approaching.

The long-term effectiveness of these devices has
yet to be demonstrated, but initial experiments
seem encouraging.

Other devices using the road surface (type of
tarmac, grooving of the road surface) to emit
sounds in the sensitivity ranges of the target
species are currently being tested. However,
more detailed studies are needed to verify the
long-term efficacy of these devices.
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Driver information systems

Motorists are not necessarily aware of the risks
of running over fauna and the installation of
road signs can be helpful or even necessary to
remind them (® next page). In some cases,
these can be combined with speed limitation
measures. Road signs can take several forms
(danger warning sign, temporary or permanent
road signs).

Studies indicate that the use of simple warning
signs does not reduce vehicle speeds or the
number of wildlife accidents. Road users,
especially those who frequently use the route,
seem to get quickly used to the presence of
the sign. The combination of a panel with a
speed limit is slightly more efficient. Efficacy is
further improved if the panels are equipped with
flashing lights when approaching the vehicle.

For amphibians, it is thus often preferable to set
up temporary signs during migrations® so as to
reduce habituation likely to reduce the efficacy
of the panel.

® Information sign Source: ASPAS.

There are more sophisticated devices combining
a system for detecting animals present at the
edge of the infrastructure (infrared, heat
detection, etc.) connected to a system for alerting
drivers of this presence (flashing panels). When
the signs light up, drivers are thus informed of
the potential danger associated with the presence

of an animal in the vicinity of the road. These
systems have proven to be effective, but they are
reserved for relatively short sections and require
regular maintenance to ensure their effectiveness.

New lighter warning systems are also being
developed. While ensuring similar efficiency to
the previous types of equipment, the purpose of
these new devices is to limit the costs of purchase,
installation and maintenance, in particular by
miniaturisation of the devices.
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€ The cost is approximately €70,000 for a site equipped with 4 masts covering a section of
300Im on each side (2 masts per traffic direction with an interval of 150m).

. Mixed driver information systems

. and wildlife warning systems

Projects combining a wildlife detection and
warning system aimed at fauna and the vehicle
have also been tested.

Such devices have the advantage of acting
simultaneously on wildlife and on drivers.
They make it possible to dissuade the animal

from crossing the road only when there is a real
risk of collision with a vehicle, so as not to
interfere with its movements within the territory
and avoid dependency on a deterrent system. The
same applies for the driver, since the lighting
system only works when the animals are in the
vicinity of the road.

PART
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The total indicated cost of the installation of the project was estimated at approximately

€13,000 for a device covering around 200m of infrastructure (NB, it was a test at
this stage). This included the cost of 12 sensors for animal detection as well as technical assistance
throughout the project (maintenance and replacement of damaged components and replacement
in the event of theft).

. Embedded systems

The mitigation of wildlife vehicle collisions will
probably also be improved in the coming years
thanks to the development of systems combining an
on-board wildlife day and night detection device
with an automatic braking device when an animal is
on the road.

Many manufacturers have already installed such ) )
Systems embedded in vehicles to detect people and

animals crossing the road are increasingly developed.
thanks in particular to artificial intelligence. Source: Volvo Cars.

devices and seem to be making rapid progress,




Objective: upgrade old design infrastructure
with regard to their wildlife permeability

Improving the functionality of existing fauna passages

Improving how existing fauna passages work by strengthening the system guiding animals to the structure
(plantations), by qualitatively managing the vegetation already present, by improving the functionality
of existing structures (e.g. removal of light wells).

® |n contexts requiring it (high issues), the extension of overpasses is a conceivable solution.

i Development of structures not dedicated to fauna passage
A.In certain conditions linked to road user and fauna safety, creation of grassy benches™.

B. Modification of the purpose of the structure not dedicated to fauna passage (agricultural and forest
tracks in particular).

C. Creation, in waterway structures, of a fixed bench* corbelled or not, or of a floating bench, dedicated
to small fauna.

Construction of a new structure

A.For large fauna (see previous chapter) keep an eye on the acceptability of such a measure in view
of the costs involved.

B. For small fauna:
= by boring a tube into the road embankment;
®» by opening the roadway (installation of a tube or box culvert®);

= by the installation of a canopy passage for tree species.

Reduction of the risk of wildlife vehicle collisions by proposing alternatives
! to structures: sound or visual alarms for wildlife as well as for road users

Recommendations

Wildlife can adapt to many situations, so the general idea is to promote all solutions that help improve
the ecological network, even if they do not scrupulously respect the recommendations of dimensions
or locations necessary for optimal operation.

MAIN TAKEAWAYS OF FACT SHEETS 15T0 19




Source : Cerema.
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What are green rights-of-way?

Green rights-of-way are all the vegetated spaces
adjacent to the infrastructure, such as verges,
ditches, slopes, central reservations, rest areas
and stopping points. They are subdivided into
two categories: those that are directly involved
in the operation of the structure (verges, ditches,
etc) and those that accompany the structure
(slopes, fallow land, etc.).

Green rights-of-way located along infrastructure
can, under certain conditions, accommodate a
variety of habitats. At the regional level, the
accumulation of these areas represents several
hundred thousand hectares constituting a potentially

important network. Thus, the 9,048km of motor-
ways under private management represent
approximately 80,000ha of road coverage, of
which 38,600ha are green rights-of-way and
29,273km of railway lines operated represent
110,000ha of green rights-of-way.

In addition, there are national and secondary road
networks, which, although generally made up of
smaller road coverages, have a much longer
linear footprint and form a dense network
throughout the country, with more than one
million kilometres. Across France, the surface
area of green rights-of-way of road infrastructure
is estimated at between 4,500 and 6,000km?
(source: Cerema Quest).

Cross-section of a motorway and a railway track.

Source: UICN France and CILB — Corridors d'infrastructures, corridors écologiques ? - Etat des lieux et recommandations.

What are the benefits
of rights-of-way
for biodiversity*?

Due to their shape, their narrow width, pollution
and regular maintenance (mowing, gyro-grinding®,
treatments, the use of machinery, the digging of
ditches, etc), rights-of-way do not seem, on
the face of it, conducive to the development of
species. This is particularly the case on the secondary
road network. They are also often composed of
slopes made of reworked land undergoing different
types of work, making them favourable to the
reception and dispersion of invasive species.
Finally, in terms of continuity, they are frequently
interrupted by transversal roads.

However, nature can be reconstituted and adapted
after the works phases. Interesting environments

can develop and be maintained sustainably and
many fauna and flora species can settle there and use
these rights-of-way as movement corridors (IUCN
France & CILB). This is particularly true on the motorway
network as long as extensive management is set up to
reclaim unspoiled areas. Moreover, it is in the most
contrasting landscape situations that the role of infra-
structure as a longitudinal continuity is most obvious:
the crossing of intensive crops where road coverages
contain the only meadows of the areas crossed.

The value of these areas for biodiversity also
depends on other factors such as their management,
their age, etc. It is therefore difficult to make
generalisations about the value of green rights-
of-way for biodiversity. The conclusions of scientific
studies dealing with the potential of green
rights-of-way of infrastructure like habitat or
corridor remain ambivalent.
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, A systematic review carried out within the framework of the ITTECOP program by a team from the

joint unit of the Patrinat department (bringing together the Office francais de la biodiversité - OFB,

the Muséum national d'histoire naturelle and the CNRS) together with Inrae and Cerema have made it possible
to draw several conclusions concerning the specific question of the role of habitat or corridor played by

rights-of-way of linear transport infrastructure for insects and vertebrates in particular, from an operational
point of view. It appears that:

e for all LTls, there is no significant net effect of rights-of-way on insect abundance and wealth compared
with similar adjacent environments. However, there is a trend showing that road rights-of-way are more
favourable habitats for pollinating and herbivorous insects than similar non-dependent habitats. This
could be linked to “"greener" management of these rights-of-way: reduction of chemical treatments,
later mowing, maintenance of more natural environments, etc. However these interpretations need to
be confirmed;

o for vertebrates, the edges of motorways appear to be a suitable habitat for micro-mammals* (mice, field
mice, etc.), particularly in areas of intensive agriculture, but seem to be unfavourable for passerines
(abundance and number of weaker species). This suggests that collisions with vehicles, which may be more
frequent for birds, play a role;

e regarding management arrangements, even if some are not studied in depth and their effects poorly assessed,
it seems that insects are less affected by them, whereas for vertebrates, reducing vegetation on the right-of-way
tends to reduce the abundance of micro-mammals* on roadsides.

Reference:

Sordello, R., Villemey, A., Ouédraogo D.-Y., Jeusset, A., Vargac, Azambourg V., Witté I., Hulard M., Reyjol Y.,
Touroult, J., Connectivité longitudinale et potentiel d’habitat des dépendances vertes en fonction de leur nature,
des espéces et du contexte : une revue systématique sur les infrastructures de transport.

Cohnecs-It Phases 1 et 2.

Against a backdrop of intensive agriculture, Green rights-of-way, although they do not always

rights-of-way are significant areas of refuge for constitute habitats for species, play a corridor role

many species and can host rare species for which
they play a role in terms of conservation and
dissemination.

Intéréts écologiques pour
la flore des bords de route
en milieu agricole intensif
L. De Redon, MNHN, 2008

This study carried out in 2008 in an intensive
agriculture landscape showed that roadsides
were home to 65% of plant species sampled
in the different environments represented
(fields, woods, roadsides) and that 50% of
them were found exclusively within these
green rights-of-way.

by connecting different patches of habitats present
within the agricultural matrix. They also supplement
local continuities by effectively guiding animals
to existing fauna passages and contribute to
infrastructure transparency (e.g., @ next page).
This aspect is particularly important in highly
urbanised, open or agricultural landscapes, where
there are few opportunities for habitats conducive
to movement. However, these same rights-of-
way remain richer when the landscape context
is natural, compared to a context of intensive
or urban agriculture.

The value of green rights-of-way for the reception
of species depends however on their width,
maintenance mode (mowing/shredding, date, mowing
height, etc.) or the types of environments present
(hedges, meadows, etc.).
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@ Example of the role of connecting rights-of-way between corridors and fauna passages.

Source: according to Vinci Autoroutes.

While green rights-of-way may have an ecological
benefit for wildlife and its movements, attracting
animals to the edge of infrastructure can also
increase the risk of wildlife vehicle collisions. They
can then sometimes become lethal traps, or even
create a real sink effect. This attractiveness is most
often linked to the development and maintenance

of these rights-of-way which determine their value
as a habitat or corridor. It is therefore necessary to
make compromises between the various issues
inherent in the operation of a linear transport infra-
structure (@), given that technical and safety issues
remain a priority in relation to ecological issues,
in particular in the close vicinity of roads.

@ Different issues related to the management of green rights-of-way. Source: Cerema.
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At the design stage and during network upgrading™
interventions, it is important to ask questions about
the development of rights-of-way, how they can

How to integrate biodiversity
Into the design of rights-ofway?

fit into local continuities, and the management of
these rights-of-way in order to make them "easy",
sustainable and favourable to biodiversity.

Modelling of roadsides favourable to biodiversity*

Rights-of-way are most often modelled for technical
operating or construction purposes (maintenance
of slopes, balance of earth-moving materials on all
or part of the route, etc.) or for landscaping.

In certain situations and particularly in the vicinity
of the widest infrastructure such as motorways or
dual carriageways, the integration of issues related
to natural environments, in particular those related
to the ecological network, can also be considered.
The development of rights-of-way allows a
certain latitude in modelling, especially in terms of
microtopography, to diversify the environments and
reception capacities for wildlife. However, these
interventions are still infrequent. It is also necessary
to take into account earthwork issues and cut and
fill balances so as not to multiply slopes that are
difficult to handle for infrastructure managers.

Most of the time, the "ecological® modelling of
rights-of-way has protection objectives. This is
particularly the case for birds. When road coverage
is wide enough, and particularly when there extra
materials are available, it is conceivable to install
an earth mound planted with shrubs - for example
an anti-noise mound - on the collision hotspot. This
context reproduces that of an excavated linear
transport infrastructure, which has a significantly
lower probability of collisions between birds and
traffic. This mound must be almost as high as a
truck, so that the birds are forced to fly over the
vehicles (about 4m). In addition, the acoustic mound
provides the advantage of creating a quiet zone for
species most sensitive to noise (bearing in mind,
however, the problems of maintenance) which choose
to settle down or move along the infrastructure
(@ and @ next page).

@ Development plan of protective mounds ensuring the protection of flying wildlife and the tranquillity of rights-of-way

for terrestrial fauna. Source: Cerema.
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® Development plan of mounds in an excavated zone ensuring the tranquillity of rights-of-way for terrestrial fauna.

Source: Cerema.

In order to facilitate the movements of the animals
and to channel their passage at the level of the
rights-of-way, the installation of a flat surface,
parallel to the road, in the form of a berm* can be

envisaged in the slopes (®). This is particularly

recommended when the slopes are steep. Another

advantage of berms is that they help stabilise
large slopes and the installation of fencing.

In any case, this modelling is to be correlated
with the planting strategy set up in order to be
fully effective.

© Development plan for berms” in large excavation zones to create a zone conducive to the movements of wildlife and

to install fencing. Source: Cerema.
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Favourable vegetation development

While seedlings and plantations often have a
technical objective (control of the erosion of
reworked land) or landscape-related goal (repair
and integration of infrastructure), they can also
contribute to the restoration of functional
environments for flora and fauna and thus play
a role in the ecology of the landscape (refuge area,
movement corridor in particular).

For better insertion and recovery, like the
development of fauna passages, the species
chosen for seedlings and plantations must be
indigenous and grow naturally on the type of
soil crossed by the infrastructure (e.g.: "Végétal
local" and "Vraies messicoles", see insert in fact
sheet no 8). Good preparation of the plants,
natural mulching (plastic mulching is prohibited)
and adapted tillage at the same time as good
climatic conditions of planting guarantee
effective rooting. They do not need irrigation,
but minimal watering is sometimes necessary
during the guarantee period, when the
conditions are severe (reworked soil, poor
quality, slopes, etc.). The sowing of species
adapted to local climatic and edaphic * conditions

Planting a double hedge consisting
of a continuous hedge as close as

possible to the infrastructure (e.g. on top of

the slope) and a broken hedge at the coverage
boundary (e.g. at the bottom of the slope) offers
several advantages such as:

e strengthening connectivity along rights-
of-way;

e increasing habitat possibilities;

e delimiting the coverage of the infrastructure
with a broken hedge, a role often played by
fencing;

e and therefore positioning fencing as close
as possible to the continuous hedge.

(grasses, dicotyledons®, or even shrubs) is also a
technique to be preferred, especially in the
current section. Where appropriate and without
leaving the soil bare, the natural regeneration
of shrubby vegetation may be considered
(be careful, however, not to favour the
installation of invasive alien plants to the
detriment of local species). This approach limits
development costs (fewer plantations, fewer
landscape interventions). Where possible,
existing vegetation should be preserved as
much as possible.

Landscape biases can be very diverse and must
also take into account the landscape perceived
from outside the infrastructure, but also the
landscape for users of the infrastructure. It is
thus difficult to define a standard layout that
can be generalised to all rights-of-way.
Depending on local issues, however, it is
interesting to play on the structure of the
vegetation to facilitate connectivity between
the different habitats or fauna passages by
setting up (double) hedges, alternating open
and closed zones, bare zones, etc.

Schematic diagram of a double hedge.
Source: Cerema.
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As close as possible to the road (on the first few
metres), however, the attractiveness of green
rights-of-way must be controlled by avoiding
the planting of edible species or nectar sources
which can indirectly lead to more wildlife vehicle
collisions. The planting of shrub cover on the
rights-of-way or their maintenance as grass
cover is recommended, in order to reduce the
probability of birds colliding with traffic. For
passerines and nocturnal birds of prey, the
presence of trees at the edge of infrastructure can
favour collisions with traffic (Guinard E., 2013).
These results are, however, trends that require
confirmation by more extensive studies.

Planting must also take into account the
conditions of maintenance of fencing and

Beyond the recovery
zone (area where

any obstacle® is prohibited),

the requlations require the
removal of all trees located in
the safety zone whose diameter,
40cm above the ground, is
greater than 10cm. Otherwise,
it is necessary to protect these
obstacles™ with barrier-type
safety devices.

ditches by managers (angle mower, brush
cutter, etc.). Generally, in the long term, 1.5 to
3m-long fence clearance is to be left at the edge
of fencing and ditches.

In all cases, it is necessary to have a conversation
with the operator well in advance of the design
of the landscaping plan, to ensure sustainability.

For railways, the planting of trees must also be
designed so that the leaves do not fall onto the
rails. Indeed, decomposing leaves form a sludge
that affects the contact between the wheels of
some trains and the track. This contact is firstly
essential to know the position of the trains
between two signals and secondly allows the
trains to brake without sliding.

According to the technical guide entitled Traitement des obstacles latéraux
sur les routes principales hors agglomération, Cerema 2002. Source: Cerema.

Increase in the number of habitats

Like the developments that can be envisaged on
fauna passages, green rights-of-way are also
available spaces that can benefit from the
development of structures conducive to the
reception of biodiversity*. The objective is to offer
maximum habitat possibilities for a maximum
number of species. These shelters can be varied

and range from a simple stack of branches
(@ next page), pile of wood or stones, to more
complex structures such as hibernaculums®
(@ next page). The variability of structures can
also be reinforced by different devices to vary
micro-climates and thus constitute different
micro-habitats.
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The attractiveness of these facilities is significantly
improved when, at the same time, they are bordered
by a favourable vegetation development such as
a border of tall grass.

@ Construction of a swath on the edge of the
A150 motorway.
Source: OGE - Vincent Vignon.

- Adapted management

Each infrastructure manager is responsible for
maintaining and managing its rights-of-way. The
terms of its interventions associated with the
ecological conditions of the environments result in
varying degrees of value of the biodiversity* of its
spaces, in particular as a habitat or corridor.

While this day-to-day management can be
optimised to take biodiversity into account as well
as possible, or even promote it, it must also
incorporate technical constraints, in particular
those related to safety.

This management must also take into account
new issues such as invasive exotic species,
health risks, increased visibility of certain plants
often considered undesirable by users (e.g.
thistles, nettles), the risk of fire or the national
Ecophyto'® plan. Management that is more in line
with environmental concerns also requires specific
training for management service staff (explanation
of the approach and technical aspects).

To favour biodiversity, several elements must be
considered.

Depending on local characteristics, wetlands
(ponds, wetlands) may also be considered.

© Schematic diagram of a hibernaculum® in a slope.
Source: according to Aménagement d'abris a reptiles,
Daniel Guérineau, Marie-Claude Guérineau.

Handing over to nature

While reqular interventions are justified in certain
environments and as close as possible to roadways,
it may be interesting to hand over to nature,
that is to say to avoid any intervention, in other
areas (e.g. top of excavated embankments). This
principle must also be compatible with safety
and maintenance requirements.

Limiting chemical disturbances

Regarding plant protection products, Article 68
of the French Act on Energy Transition and Green
Growth, voted on 18 July 2015, has prohibited
the use of plant protection products® on roads,
since 1 January 2017. The Act nevertheless
provides for exceptions, limited to "narrow or
difficult to access areas, such as ramps,
interchanges, central reservations and structures,
for which the prohibition of plant protection
products cannot be envisaged for reasons of
safety of staff and users, or disproportionate
constraints on road operations".

Pharmaceutical 16
product
reduction plan.
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For railway management, operating conditions
make it difficult to use certain alternative techniques
to weed-killers. However, SNCF Réseau has reduced
its consumption of plant treatment products by
changing productsand their equivalent effectiveness
at lower doses, but also by changing practices. More
efficient equipment such as weeding trucks and
trains equipped with a GPS linked by 3G with the
geographic information system for vegetation
control (SIGMA) are used. Previously identified
watercourses are also subject to a buffer zone
excluding plant treatment products.

Developing management
that fosters biological diversity

The challenge is to find the right balance between
the management actions necessary for the proper
operation of the infrastructure and the ecological
functionalities sought. Many guides have been
published on this type of management, which must
be defined according to local issues. Among the
management elements that may be concerned are:

Zone-differentiated maintenance

It makes it possible to reconcile management
requirements with a diversification of environments
along a transversal and longitudinal axis.

At the transversal level, management is all the
more extensive when the infrastructure is far
away. For motorway infrastructure, there are
four identified zones (®):

e zone | green rights-of-way are defined by their
closeness to the transport infrastructure. It mainly
plays a role related to the safety of road users, in
particular by allowing good legibility of the road,
its surroundings and signs;

e zone Il green rights-of-way support the
functionality of the road and actively contribute
to its good visibility. It participates in the stability
of the slopes;

e zone lll green rights-of-way have fewer issues
relating to user safety or road techniques. On the
other hand, it can contribute to the promotion of
biodiversity” and landscapes. It can therefore
shelter specific fauna and flora and participate in
the enhancement of the route. It also contributes
indirectly to the safety of users by reducing the
risk of monotony at the wheel;

o finally, zone IV green rights-of-way may have
issues relating to the porosity of the infrastructure
in relation to its environment. Should the manager
be required to reduce the risk of collisions caused
by wildlife crossing the infrastructure, this zone
shall be subject to special maintenance to avoid
damage to the fencing. Otherwise, management can
be handled on a case-by-case basis, depending
on the residents of this green right-of-way
(agricultural area, populated area, etc.). When
there are few issues in this area, more extensive
management, similar to that planned for zone Ill,
may be proposed.

For railway tracks, vegetation management
is organised according to three zones, "rail

and track”, "proximity strips” and “approaches”
(@ next page).

® Schematic cross-section of a green right-of-way of a road infrastructure. Source: Cerema.
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@ Principle of management of railway infrastructure and its rights-of-way.
Source: https.//www.sncf-reseau.fr/fr/a-propos/developpement-durable/environnement/biodiversite

Longitudinally, it may also be interesting to work
onatighterscaleand apply different maintenance
to each zone (mosaic maintenance) alternately
along the infrastructure (®). This type of
management also makes it possible to conserve
refuge and feeding habitats during maintenance
operations.

Ecological mowing

Mowing is preferable to shredding even if in
practice, given the difficulty of implementing
mowing, almost all managers opt for shredding.
Shredding is more destructive to flora and
fauna than mowing. The mineralisation of
shredding residues is faster than mowing residues
and enriches the environment (however, the
diversification of flora requires a depletion of
these spaces).

Ecological mowing can be defined as a set of good
practices designed to rationalise roadside mowing,
so that environmental and economic issues are
fully integrated and taken into account in the
fulfilment of the objectives of maintaining safety
and preserving road assets.

Ecological mowing promotes the preservation of
fauna and flora, in order to allow green rights-
of-way to play a role as a biodiversity * reservoir
or biological corridor.

Proper management of roadsides can significantly
increase their floral value and thus their value
for biodiversity in general. In addition to a

® Principle of mosaic management on large slope.
Source: Cerema according to OGE.

reduction in the use of plant protection products®
mentioned above, the following recommendations
can be made:

Cutting height

Overall, it is advisable to increase the cutting
height. Extensive management involving a higher
vegetation cut between 10 and 12cm allows
green rights-of-way to play a role as a reservoir
and biological corridor. Associated with late
mowing, it favours, for example, pollinating
insects because of the flowering of the plant
canopy. It is also beneficial to orchids. Indeed,
by increasing cutting height from 4cm to 10cm,
orchid rosettes™ are preserved. The plant does
not exhaust itself by regrowing its rosette. It
should also be noted that the height of
vegetation after 3-4 weeks is identical regardless
of the cutting height.
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Late mowing

This mowing is carried out from mid-July and
if possible at the end of summer, to allow the
life cycle of both animal and plant species to
roll out.

The plant species can thus reach the flowering
and then fruiting stages, making it possible to
preserve floral diversity from one year to the
next, but also associated pollinators. Mowing
must also not be too late, at the risk of destroying
the orchid rosettes” that appear in the autumn.

Late mowing also helps control management
costs, by reducing the frequency of mowing and
increasing its height. Indeed, when the mowing
height is between 10 and 12cm, the risks of
projects, wear or breakage of tools are limited.

Types of space | Frequency

Safety strips As often as necessary

(usually 2 to 3 times a year).

This management therefore makes it possible to
increase the life cycle of mowing equipment.

Frequency

An excessive frequency of mowing favours the
development of annual weeds and nitrophilic floral
species. It is detrimental to floral diversity. It
contributes to the eutrophication of the environment
and the standardisation of flora.

Frequent shredding also leads to destruction of
spider webs, nests, etc. It also eliminates the
nectar and pollen resource for flower-dwelling
insects and causes micro-climate changes affecting
low-mobile arthropods.

The following road right-of-way management
plan is proposed:

Period | Height

Depending on
the vegetation height.

Higher than 10 - 12cm
over a 1.5-metre pass.

Safety clearances
(crossroads, turns,
signs, etc.)

As often as necessary.

Depending on
the vegetation height.

Higher than 10 - 12cm.

Berms and ditches Once a year to ensure

the functionality of the passage.

After the summer period (late
mowing).

Higher than 10 - 12cm.

Slope Once a year

[May not be mown on
the motorway network
subject to legal clearing
obligations or other
regulatory obligations].

After the summer period (late
mowing).

Higher than 10 - 12cm.

Along fences Once a year.

After the summer period (late
mowing).

Higher than 10 - 12cm.

Export of mowing or shredding products

By limiting decomposition on site, the export of
biomass makes it possible to avoid eutrophication
of the environments and in the long term modifies
the floral balance (in favour of oligotrophic* species
such as orchids, at the expense of the most

competitive grasses). It reduces the frequency
of mowing and clearing of the hydraulic network.
It requires suitable equipment (suction and
collection system), a specific site organisation
with the prior collection of waste and transport
of biomass to recovery facilities (composting
or methanisation).
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, The Carmen project

Characterisation of polycyclic aromatic
hydrocarbons (PAHs) and metals in roadside
mown grass for methanisation, launched in
2015. The purpose of this project is to study
the possible obstacles to the use of the
methanisation of mown roadside grass (use
of the final product: compost), linked to the
contamination of this biomass by pollutants
from traffic.

Mowing equipment. Source: DIR Ouest.

The results show concentrations of pollutants below the limit values prescribed by the standard for the quality

of compost. This biomass could thus be a local resource adapted to small methanisation installations

(cost-benefit analysis).

Reference: Isabelle Zdanevitch, Jeanne Lencauchez, Léa Duffo, Christophe Pineau, Laura André, Thierry Ribeiro, CARMEN,
Caractérisation des HAP et des métaux dans les herbages fauchés en bord de routes pour la méthanisation, ADEME, 2018.

m The fight against invasive alien species

The edges of roads and railway tracks offer favourable
conditions (disturbances, land inputs, etc) for the
establishment and development of alien
species, which can be invasive, disrupt the proper
functioning of the infrastructure and degrade
its role as habitat or corridor. The destruction of
vegetation and soil during the production and
frequent maintenance of edges favour these
species, which are usually colonisers and less
sensitive to disturbances (shredding, treatment,
compression, etc.) than native flora. Preventive
actions include pre-cleaning machinery, limiting
the movement of soil, and rapidly vegetating
areas at risk by selecting local seeds free of
invasive species.

The manager must carry out prospection work and
inventories of these species, as well training staff
in these issues. In the event of outbreaks, a
management plan must be defined, including the
identification of the technical (management
methods), human and financial resources to be
provided. The results of the Dynarp (Dynamique
paysageére des renouées sur les infrastructures de
transport, Ittecop 2014-2017) project on Japanese
knotweed underline the importance of consultation
between local stakeholders.

Management techniques are still experimental
for many species and total elimination is a goal
that is difficult to achieve. Examples include:
avoidance of colonised areas, manual mowing
(brush cutter, pruning shears, or other tools for
exporting all the cut biomass), installation of a
root screen, manual digging, mechanical flushing,
extensive grazing (sheep or goats), etc.

Informing and training

staff of contractors

and their service providers
(landscapers, maintenance, etc.)
about ecological management

The aim is to train and structure a whole range of
professions around ecology, in conjunction with
experts in this field (scientists, consultancy firms,
managers of natural areas, etc). Care must also be
taken to keep management objectives in mind so as not
to destroy measures simply by neglect or omission.

SNCF Réseau strengthens "vegetation" expertise in
maintenance establishments: "vegetation experts"
are thus responsible for establishing an ecological
maintenance plan and ensuring the consistency of
all interventions in their area (from private companies
to internal weeding and clearing resources).
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Designing co-constructed A "framework" management document can
management plans with also be developed and adapted locally. This
local ECO|OgiStS and stakeholders document provides a comprehensive approach

to the quality and diversity of rights-of-way.
Enabling a medium-term and renewable vision, It also makes it possible to better identify the
the management plan contributes to responding, measures to be implemented in order to
on fallow land in particular, to the ecological integrate the corridor issues on a sufficiently
challenges of each identified environment and large scale, while taking into account local
guides its quality by determining objectives, means issues such as the presence of protected or
and management actions to be implemented. invasive species.

' Ecological maintenance directive for green rights-of-way,
written in collaboration with DIRO/Cerema

The first maintenance directive for green rights-of-way was developed in 2008, accompanying the creation of DIR Ouest.
It laid down the principles of a maintenance doctrine common to all districts according to an itinerary principle.

The evolution of the regulatory context, the development of new management practices and the supply of
maintenance equipment led to the revision of this directive in 2015, and then in 2019, with the guiding principle
“taking into account ecological management of rights-of-way and the preservation of the environment".
It is part of a more comprehensive approach to enhancing current heritage maintenance policies (roadways,
structures, green and blue rights-of-way).

This directive consists of a general document presenting the principles of differentiated management® in terms
of zoning, maintenance policies and their implementation methods (planning, training, health and safety means).
It consists of a number of thematic sheets presenting good practices on specific topics such as mowing,
brush clearing, management of invasive plants or management of wooded assets.

Districts must carry out their annual maintenance plan for green rights-of-way in accordance with this directive.
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How to ensure fauna's access to rights-of-way
while ensuring its protection? Fences and barriers

. The conditions for the installation of fences and barriers

_along rights-of-way?

Fencing, regulations
and general recommendations

There is no general national regulation requiring
a network manager to erect fences along traffic
lanes. However, the State and local authorities,
as bodies responsible for the road network,
have a statutory obligation to ensure the safety
of road users and the maintenance of roads.
According to case law, this normal maintenance
of the roads includes, near forest areas home
to large fauna and in areas where the passage of
large animals is commonplace:

e at least, on each lane, marking danger zones;
e on motorways or high-speed train lines only,
the development of these zones, to avoid the risk
of wildlife vehicle collisions.

More generally and beyond the legal aspects, it is
recommended to equip all high-speed railways
and high-traffic road infrastructures with more
than two carriageways.

Fences, on the other hand, have the disadvantage
of creating a physical barrier that limits or even
prevents the movement of wildlife on either side
of the infrastructure. This is also why these
devices are to be reserved for these categories
of infrastructure (dual carriageways, LGV
high-speed trains) for which the issues for
wildlife are the highest and the risks for users
and equipment are the greatest.

For the smallest infrastructures with low traffic
density, fencing should generally be avoided or
reserved for specific problems safety or wildlife
protection issues (localised collision hotspot).

Fawn. A89 motorway (Corréze).
Source: Vinci Autoroutes/ASF network.

Otherwise, the barrier effect could have more
serious consequences on long-term population
survival than traffic mortality.

However, in the case of particularly endangered
species for which the potential for collision mortality
could affect the survival of the population or core
population, it is absolutely necessary to prevent access
to the roadway. In this case, it may prove essential to
prioritise the potential risks of wildlife vehicle collision
which are partly dependent on the level of traffic
in order to better target the linear footprint to be
treated. Remember that on smaller infrastructure,
warning devices triggered when animals approach it
may also in some cases be considered to compensate
for the absence of fencing (see fact sheet no.19).

Additional 17
information
is available in
the following
report:
Clétures routiéres
et ferroviaires &
faune sauvage.
Critéres de
choix et
recommandations
d'implantation,
Cerema 2019.
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Fencing and fauna passages,
two inseparable measures

Where fencing is essential and to limit fragmen-
tation, there should crossing points for species.

The installation of fences is therefore most often
inseparable from the construction of fauna
passages. The advantage is twofold, since the
fences will both limit wildlife vehicle collisions
and guide the species to secure crossing points.
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, Bouffard, M., Leblanc, Y., Bédard, Y. & Martel, D., Impacts des clétures
métalliques et des passages de la faune sur la sécurité routiére et le déplacement
des orignaux le long de la route 175 au Québec, Le Naturaliste canadien, 2012.

Wildlife monitoring conducted during this study showed that the installation of a fence as part of the
development of highway 175 over 67km reduced the occurrence of moose within the road coverage by
more than 95%, reducing the annual frequency of collisions with vehicles from 7.5 collisions (in 2006 and 2007)
to none (in 2008 and 2009) in the fenced area. At the same time, moose's use of fauna passages increased by
480 between 2009 and 2010 (from 189 to 279 passages).

An installation to maintain
access of the rights-of-way
to fauna

In most cases, fauna fencing is located on the outer
limits of infrastructure coverage to facilitate
operation and to mark the property line. This
makes many green rights-of-way inaccessible
to wildlife and limits their ecological valuation.
It can also increase the risk of wildlife seeking

to cross the fence to reach environments on
the other side.

In fact, it is now recommended, where possible, to
place fauna fences as close as possible to the
infrastructure while respecting management
constraints (maintenance, safety) (@). As a supporting
measure, it is advisable to place an anti-intrusion
device (grass fence, rock blocks, defensive hedge)
0.5m inside the coverage to clearly identify its limits.

@ Position of the fence at the top of the slope to integrate green rights-of-way into species’ habitats and ensure natural

longitudinal continuity. Source: Cerema.

Fencing positioned at the coverage boundary
preventing wildlife from accessing green rights-of-way.

Source: Cerema.

Fencing positioned as close as possible to the road and
allowing free access of wildlife to green rights-of-way.
Source: Cerema.
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, Constraints related to user safety impose a safety zone (more or less depending on the authorised
speed on the infrastructure), within which certain restrictions must be imposed and which includes:
e a recovery zone where any obstacles”™ or equipment are prohibited;

e a limited severity zone where obstacles* are forbidden which are not fusible (do not deform sufficiently or
do not break in the event of an impact [maximum admissible moment 570daN.m]), some ditch categories,
cut or fill with steep slope, etc.

As flexible barriers, fences are therefore allowed in the limited severity zone. However, when the infrastructure
is affected by safety devices (metal slide, adherent concrete barriers), care must be taken to leave a distance of
1-2m, in order to ensure the safety of people sheltering at the back of this device.

As part of the Motorway Recovery Plan, Vinci
Autoroutes has carried out upgrading™ actions called
"Corridors" on its network. The objective of these
actions is to open green rights-of-way of part of
the motorway to wildlife (making environments
attractive to wildlife) by bringing the fences
closer to the roadway. New "large fauna" fencing
(progressive welded meshes 2 metres high) is set up
in consultation with the operator, taking into
account the following constraints:

e width of the coverage of the corridor > to 5m;

e no installations on a steep slope;

e equipment constraints: road signs, crash barriers, : :
Example of released right-of-way between the new fencing

to the left of the image and the old one to the right.
e vegetation maintenance constraints. Source: Cerema.

downcomers, ditches, ponds;

The old fencing is completely removed or kept, but in this case it is made permeable by regular openings
every 100m and in strategic places (in line with transversal corridors, hedges, woods, rivers, etc.) and
in corners.

As part of upgrading”, special arrangements such as the upgrading of existing service gates or fencing
returns on structures were also necessary to ensure the continuity of the fenced heights.

Return on civil-engineering structure. Height extension on service gate.
Source: Cerema. Source: Cerema.




Some recommendations
for approaching the structures

Next to a fauna passage, when the fencing is for easy guidance of the animals towards
not positioned as the extension to the structure the structure opening and to reduce the “tunnel”
head (i.e. like the diagram @ below), it should or “corridor" effect as much as possible (see
at least form a funnel (see diagram @ below) diagram @ below).
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While the continuity of the fencing is essential, care
must also be taken to ensure the continuity of the
rights-of-way. Some precautions are thus necessary
when rights-of-way cross, for example, a secondary
road. In this case,

e when the infrastructure passes over the secondary
road, care will be taken to arrange the fencing so
that there is a clear passage between the fencing and
the structure. However, this is only possible when the
structure is in a large enough embankment (@®);

e when the main infrastructure passes under the
secondary road, in order to avoid that the stone
pitching® of the structure does not form an
obstacle™ to the continuity of the rights-of-way,
especially for small fauna, it is necessary to provide
for additional coverage between the base of the
stone pitching® and the roadway or create pitching
areas within it. (©)

) A

© Stone pitching of the structure which remains passable
by wildlife by positioning the fence at the bottom of the
stone pitching and creating pitching areas within it (a).
Source: according to Office fédéral des routes suisses
(2000).

V

@ When the infrastructure passes over a secondary road and the embankment is large enough, the fencing must maintain
a crossing space above the structure to avoid wildlife crossing onto the secondary road with the risk of wildlife vehicle collision.

Source: Cerema.

Points of vigilance to ensure
a maximum seal against wildlife

First and foremost, fencing must always be installed
on both sides of a road or railway track.

Faulty installation and fencing maintenance failures
are the main sources of device malfunction.

During installation, special attention must be paid
to certain points.
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m At the foot of the fence

The best way to make foot of the fence impassable
is to bury it for up to 30 to 50cm. This precaution
is recommended for large fauna fencing and is
essential for small fauna fencing.

y/ A

Entry point into the coverage on a non-pinned wire
mesh section.
Source: Mathieu Narce, IMPCF.

When the decision has been taken not to bury the
lower part of the fence (not recommended), it must
be pinned to the ground to prevent burrowing
animals from lifting it up and accessing the
infrastructure coverage. The pinning system should
be adapted to the pressure of the wildlife present and
to the nature of the soil. Reinforced mesh folded
and pinned to the ground may also be necessary.

£

7

Unburied fence with progressive meshes, not pinned
and leaving small fauna free access to the infrastructure
coverage. Source: Cerema.

B Next to connections to concrete structures

or access gates

e On fauna underpasses, the fencing should, if possible,
be continuous and, in all cases, there should be no open
access points to the road coverage. When it is possible
(a high enough embankment above the structure), a
space is maintained above the structure (see diagram @
in the previous chapter). Otherwise fencing must be
connected to the railing of the deck of the structure
or to the return walls (or even extended along), ensuring
that the anchorage points leave no spaces.

e Care must also be taken to ensure that the position
of the fencing always allows access to the entrance
to the structures, especially small fauna passages.

Fencing preventing wildlife from accessing the structure.

\

A

Source: Cerema.

Large fauna fencing bypassing the structure head.
Source: Cerema.

Amphibian fence bypassing the structure head.
Source: Cerema.

Return fence running along the walls and connected
to the railing of the structure. Source: Cerema.
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® (ates are very often entry points for small fauna
that gets through the open spaces between the
ground and the bottom of the gate. In this case,
it is recommended to install a rubber ‘skirt" or fit
the entrances with a concrete or metal threshold
(® and ©). For gates, the installation of access
steps could also reduce the possibilities for wildlife
to enter (®).

For amphibians, which tend to run along fences
and for which an opening of a few centimetres
is sufficient for them to get through, it is
preferable to set up gutters equipped with a
cattle grid to avoid access to the gate where
the most possibilities of entry can be found.
Gentle side slopes will allow amphibians to exit
the device (@).

For individuals arriving head on to the gate, a ramp
should be installed to prevent them from climbing
from the cattle grid to the gate (® and @).

@ Gate equipped with access steps to reduce the
possibilities for wildlife to enter. Source: A. Clevenger.

O Gate equipped with a "skirt". Source: Cerema.

© Gate equipped with a concrete threshold.
Source: Vinci Autoroutes/ASF network.

@ Diagram of the layout of a gutter next to a gate.
Source: Cerema.

® Sloping gutter.
Source: D’Agostino/Ecosphére.

© Schematic representation of a cattle grid equipped with a ramp to prevent access by amphibians. Source: Cerema.
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e For braced fences (@), it is recommended to
set up:
- either a gutter (see above) when amphibians
are not involved,
- or a concrete threshold together with, at the
foot of the braced fence as close to the ground
as possible, a metal bar or tension cable (®).

® Schematic representation of a braced fence ® Correctly wired braced fence without a concrete
equipped with a metal tensioning cable or bar. threshold or bar or tensioning cable.
Source: Cerema. Source: JBS Métallerie.

A A
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B Ditch crossings

When the fencing is crossed by a ditch, the
continuity of the fences can be ensured by
different types of devices:

e ditch grids: for large fauna, the spacing of the
bars must not exceed 12cm. The bars can be
horizontal to limit obstructions. When these
devices also offer protection against intrusion
by small fauna, they must also be covered by a
small fauna mesh (®). They can also tilt (one-way

from upstream to downstream) to avoid obstacles

@ Example of devices put in place to ensure the continuity
of fencing: removable grid on ditch. Source: Cerema.

and facilitate cleaning. In this case, the hinge must
allow uplift at the slightest pressure and the slope
must be steep enough to ensure a flushing effect.
When the risk of obstruction is too high, it is
preferable to use check valves (®) or thresholds
(@ next page);

e valvesora tilting check plate are retaining elements
that let water through while stopping wildlife
from passing;

e The thresholds are 60 to 80cm deep ditches that
form a barrier for smaller animals unable to jump
across them.

® Check valve on downcomer preventing wildlife from
accessing the coverage. Source: P. Fournier, GREGE.
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@ Connection to concrete structure.
Source: P. Fournier GREGE.

On access roads
to infrastructure coverage

Similarly, access roads to fenced infrastructure
are entry points for wildlife. To reduce access
possibilities, a cattle grid can be added (®): it is
a 2 to 3m wide device consisting of a 30 to 50cm
deep ditch covered with a metal structure. In
France, they can only be found on secondary
roads. Installed on a road, a path, at service
gates, a cattle grid allows continuous vehicle
and pedestrian movement, whilst preventing
animals passing (animals never step onto a surface
above an empty space).

The openwork (the grid) is made using metal rollers
(or fixed bars) spaced 8 to 10cm apart.

Some recommendations:

e provide a water drainage system in the pit;

e provide an exit for small fauna that may fall
accidentally into the pit: the installation of
openings combined with ramps that extend the
fence allows animals to move along the road
without being able to enter infrastructure coverage
and to escape from the pit, if they do fall in;

e ensure reqgular maintenance.

y/

L

A discontinuous fencing device providing an entry point
for smaller animals (amphibians). Source: Cerema.

® Cattle grid installed to prevent wildlife from accessing
the infrastructure from a secondary road.
Source: Cerema.

® Pedestrian gate whose hinges are offset (closer to
the post at the bottom than at the top) so that it
closes automatically without intervention.

Source: Cerema.

@ Bypass and gate for bicycles and pedestrians.
Source: D. Chevalier, SETRA.
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' Note: In some cases, the danger

that the cattle grid may represent

for cyclists, motorcycles or pedestrians leads to
abandoning this type of feature, but there are
solutions that make it possible to overcome this

risk of falls: signage, by-pass with gate (@ and @
previous page).

The price of a galvanized cattle
grid partly depends on the use
and in particular the weight of the vehicles
likely to cross it. A system of 3 or 4m x 2m

galvanised steel allowing the crossing of
4 wheeled vehicles can thus reach €3,000
to 5,000.

B Along interchanges and extremities

18 Succession
of favourable
environments
for a species
which, although
distant from
one another
remain close
enough so
that the species
moves from
one to another,
therefore creating
a broken corridor.

Interchanges and extremities are also access
points for wildlife. To limit access, even if it is not
possible to totally seal off a road infrastructure,
it is recommended:
e at the extremities:

- to connect the fencing to a crossing structure
(oridge, viaduct, etc),

- to extend the fencing by at least 500m beyond
the crossing point, making sure to close it on a
straight, clearly visible section and supported
by road signs;

Example the layout of fencing next to an interchange.
Source: Google Earth/Cerema.

e on interchanges:
- to raise the fencing along the interchange
access roads.

B Next to drainage ponds

Rights-of-way may include facilities used for
the operation of the road or railway which,
when in favourable environments, is likely to
attract a certain number of fauna species. This is
particularly the case for water treatment ponds
on road infrastructure, which are often colonised
by ampbhibians, birds and large numbers of
insects, such as dragonflies. For terrestrial
mammals, however, access is more difficult,
because these ponds are necessarily fenced off
for safety reasons. However, care must be taken
to ensure they are not accessible to burrowing
animals (ground reinforcement).

For small aquatic species that can access them,
these spaces can potentially act as shelters
and participate in the functionality of the
ecological network, particularly of "Japanese
step structures"18,

However, it seems that chronic mortality due
to the mutagenic effects of hydrocarbons
cannot be excluded, especially for amphibians.
It is therefore difficult to evaluate the concept
of cost/benefit for these habitats developed
for species.

In general, it is therefore recommended, where
possible, to set up a succession of two types
of ponds (® next page):

e a technical pond (®) for water treatment (sized
for a return two-year rainfall over two hours)
which is used to store accidental pollution and
treat chronic pollution (hydrocarbons, etc.) and
seasonal pollution (salt). This pond with concrete
bottom is fenced to prevent amphibians
penetrating (concrete wall, metal, plastic) and to
deter wildlife. This pond must also be equipped
with escape exits for individuals who have
nevertheless managed to enter it;
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e a rainwater storage pond (@) (sized to complete
the volume up to the ten-year rainfall level)
with zones kept underwater (over-dredging
or raising of the outlet point) which remains
accessible to amphibians (installation of a
safety fence that can be crossed by
amphibians). Although these are technical
facilities, these ponds can be valued for certain
faunistic species as part of the project's
compensatory measures.

When this solution is not chosen and a single
pond (ensuring treatment and hydraulic regulation)
is built, it is proposed to:

e make the pond inaccessible to amphibians, if
there are relatively close breeding habitats on
the same side of the infrastructure;

e allow amphibians free access to this pond, in
zones where alternative environments are rare
or absent and where amphibian populations have
not been identified nearby.

® RN 59 section Saint-Clément Azerailles. To the right of the photo, the treatment pond is fenced, making it inaccessible
to amphibians, while the retention pond to the left of the image is accessible to them (amphibian-permeable fence).

Source: Cerema.

® Treatment pond equipped with amphibian fences.
Source: Cerema.

When the ponds are fenced off, the seal must
be maximum, otherwise the design defects are
exploited by amphibians that then quickly colonise
the environment. In order to ensure maximum sealing,
it is preferable to use continuous barriers made

@ Retention pond equipped with amphibian fences.
Source: Cerema.

of concrete, metal or smooth plastic, partly buried
and equipped with a flap. At the gate, rather than
a rubber "skirt", it is preferable to install a gutter
equipped with a cattle grid (see previously "Next to
connections to concrete structures or access gates").
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Treatment pond equipped with a concrete barrier with
openings allowing free access to the pond by amphibians.
RD 1004 (Bas-Rhin). Source: Cerema.
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Opening in the device constituting an entry point.
Source: Cerema.

Devices to allow wildlife to leave
infrastructure coverage:
escape exits

Infrastructure coverage, even when fenced, is
never completely sealed and individuals
reqgularly manage to intrude, despite the device.
This is particularly the case at certain entry
points that cannot be completely fenced off
(interchanges) or when openings are created
in fencing by the animal itself (e.g. wild boar
that lifts the bottom of the fence), by a falling
tree, by a maintenance machine, a traffic
accident or an act of vandalism.

Once inside the coverage, their return is then
more complicated and they do not always have
the opportunity to escape. Among the species
likely to enter the coverage, large species
(badgers, deer, wild boars, roe deer, etc.) then
constitute a risk to the safety of users (vehicles
or trains). In order to allow these individuals
to return to the external environment more
easily, it is thus recommended to set up escape
routes at regular intervals along the fencing.
Escape exits are one-way devices that allow
wildlife to leave the coverage without being
able to access or return. The frequency and
positioning must be adapted according to the
analysis of the natural context and the
configuration of the fencing. In some favourable
areas, escape exits may be more frequent or,
on the contrary, more sparse if the environment
presents fewer risks.

Several mechanisms exist:
Tilting hatch or door system

This device consists of a more or less large sized
one-way mechanical hatch depending on the target
species (wild boar, badger), which opens only from
the inside to the outside of the coverage and which
closes automatically after the passage of the animal
(effect of weight, mechanism under tension) (®, @
and @next page). This device requires the installation
of a concrete foundation raft* or a threshold to
prevent the species coming from the outside from
burying under the hatch and entering the coverage.
If it is a meshed hatch, its mesh must be of the same
size as the fence to which it is connected.

When these devices are used, they must, however,
be particularly well maintained, since experience
has shown that they can, in the long run, get stuck,
remain open and have the opposite effect to that
sought by creating an additional entry point.

There are also devices equipped with a double hatch
combined with an airlock. This airlock is placed in
the coverage at the end of a fenced corridor parallel
to the fauna fencing. At rest, the two entrance hatches
are raised. When the animal enters the airlock, two
flaps close and a side panel simultaneously opens,
allowing it to escape from the infrastructure coverage.
This device is very effective, but requires resetting
each time it is triggered by an animal. It is therefore
generally associated with a detection system to
warn the operator to reset it (@ next page).
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@ “Sangli-pass”. Source: Cabinet X-Aequo. @ Escape exit, Vinci Autoroutes network. Source: Cerema.
@ Smallfauna escape exitin the Netherlands. Source: Cerema. @ Double flap system. Source: Cabinet X-Aequo.
B Ramp system preferably to be installed in sectors with a low
risk of a vehicle's possible departure from the
This is a device consisting of a vertical wall (wall road, as the ramp may act as a springboard for
made of rot-proof wood or concrete) a few metres the vehicle and potentially aggravate a possible
wide and onto which is backed, on the infrastructure accident. On the natural environment side, for
side, a gently sloping earth ramp up to the top of large fauna, the minimum height of the overhang
the fence. Wildlife will be able to climb onto this of the escape route must be 1.8m, increased to 2m
and then jump to escape the infrastructure coverage. in the presence of deer.

The device is positioned in the continuity of the

fencing (@) or positioned back from the fence () The price of a ramp can vary from
€5,000 to 10,000 depending on

to encourage its use by the fauna that runs along the type and the context

the fence in search of an exit. These devices are

@ 20

Schematic diagram of an escape exit with single
ramp installed along the fencing & or two ramps
with ledge in the fencing ®.

Source: Cerema.
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Escape exit with a single ramp system (Netherlands). Escape exit with double ramp (Netherlands).
Source: Vinci Autoroutes. Source: Cerema.

B Exit mechanism on structures by making this opening, with respect to the

foot of the wall (L2 in the diagram below), at

When an underpass has winged walls, it is least equal to the height of the fencing (L1 in
possible at the top of the walls to leave an the diagram below). A return on the fencing
opening in the fence to allow wildlife to leave along the wall and attaching the posts to the
the coverage. However, care must be taken not wall will also prevent small mammals from
to create an additional access point for wildlife bypassing the fencing.

Schematic example of the layout of an escape system at the level of the wing walls of an underpass. Source: Cerema.
B Additional developments
In order to increase the efficiency of these a funnel-shaped guidance system (®) or one

devices, care is taken to install the escape exit that is perpendicular to the exit device (@®).
in a corner of the fence (@) or associate it with

@ "Sangli-pass” system installed in a corner of the fence. @ Installation of 2 fences guiding towards the device.
Source: Cabinet X-Aequo. Source: IMPCF.
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® Diagram of a guiding fence perpendicular to the ramp. Hatch accompanied by a guiding fence.
Source: Cerema. Source: Vinci Autoroutes/ASF network.

, Specific case of drainage ponds

In the case of ponds with vertical concrete walls or ponds
equipped with a geomembrane not covered with topsoil, the
installation of plastic mesh is recommended to prevent
animals from drowning, allowing them to exit the water by
their own means.

Plastic mesh giving
some animals a good grip.
Source: Cerema.

Types of fences or barriers
. depending on the series of species'?

Fences must take into account the ground configuration
(see diagram on next page).
Their characteristics (height, meshes, posts) depend

on local issues and target species for which: Bird or bat issues can also occasionally lead to
e the height must be enough to prevent animals choosing high fences (4m) to force species to
from jumping over them; fly above traffic.

e the gauge and the solidity of the meshes must

prevent them from passing through them. H Mesh

Height

Some large fauna species are powerful and

In general, the choice, and in particular the determined. Fencing must therefore be strong

height, is firstly determined depending on the and durable enough to stop them. It is therefore Cmmres;zeﬁaé‘rseg 19
largest mammals likely to be concerned (e.g.: for advisable to choose fencing with knotted e;;srnr:gx;gf
roe deer, 2m). This height must be constant in rectangular mesh whose wire, made in stainless Critéres de
the animals' approach direction (from the outer materials (galvanised rectangular meshes), has a recomma:ggtl;;rfst

d'implantation,

environment towards the infrastructure) and diameter of at least 2.5 mm. Cerema 2019.
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The fence must if possible be fixed outside the
posts (i.e. on the outside of the infrastructure
coverage) in particular to be as resistant as
possible to wildlife that tries to enter the coverage
from the outside.

The size of the meshes is determined by the size
of the animals to be stopped and their ability to
slip through them. It must also into account any
juveniles to prevent them from crossing the
fencing on their own. For road and rail
installations, the standard width of the meshes
(wire spacing) is usually around 15cm, because
the aim is to prevent the largest mammals
from crossing.

When it is also necessary to avoid the penetration
of smaller animals (hedgehogs, mustelids*etc.),
additional arrangements are necessary. This
will involve:

e cither using progressive mesh fencing, i.e. tall,
small meshed fencing with progressively wider
horizontal wires - 5 to 15cm - on the bottom 1/2

or 1/3 of the total height. This type of fencing is
recommended when there is no particular issue
on the linear footprint;

e or backing onto the standard fencing (outer side),
there is a second fence with a height (60cm to
1m) and mesh size to be defined according to
the species to be stopped. It should usually be
buried for greater efficiency (20 to 50cm) and
possibly form an outward facing L when burrowing
species are present (20cm vertical, 30cm horizontal
folded outwards).

For some species, the top of the fence will have
to form a 10 to 20cm flap with an outward 45°
angle to prevent the species from climbing and
crossing the barrier.

Without a specific configuration (e.g. very diffuse
migration® of amphibians over a long distance),
fencing is not recommended for amphibians
and reptiles. Small walls (in metal, plastic or
concrete) with flaps are to be preferred (see
next chapter).

Determination of the minimum fence height according to the land configuration.
Source: according to the SNV 640693 standard of Union des professionnels suisses de la route.
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Diagram of all fence categories. Source: Cerema.

Example of a fine-mesh fence backed by a large fauna Example of a large fauna fence with progressive meshes.
fence with progressive meshes. LGV Est. RD 16 (CD57).
Source: Cerema. Source: Cerema.

Example of a fence Example of fencing combining a large fauna fence, a welded wire mesh
with a flap for lynx. for small fauna and a fine welded wire mesh for amphibians.
B10 motorway, Germany. Source: Vinci Autoroutes.
Source: Cerema.

F
N
j—
o
o
-
e
—
-
<L
o




GREEN RIGHTS-OF-WAY: SUPPORTING LONGITUDINAL CONTINUITIES

FACT SHEET 21 | HOW TO ENSURE FAUNA'S ACCESS TO RIGHTS-O0F-WAY
WHILE ENSURING ITS PROTECTION? FENCES AND BARRIERS

Indicative cost (supply and installation, excluding the cost of openings, gates, etc.) of some categories

of fences (information note Clétures routiéres et ferroviaires & faune sauvage, Cerema, 2019):
e 1.8-2m standard large fauna fence: €35 to 50/Im excluding VAT;

e 1.4m small fauna fence (25 x 25 or 25 x 13mm welded mesh): €10 to 20/Im excluding VAT;
e batrachian fence (6.5 x 6.5mm mesh): €12 to 20 excluding VAT/Im.

Small fauna barriers

In some situations or for some small fauna species,
it is preferable to replace fencing with non-open
devices (see also chapter on amphibian devices).
Most of them are.

e cither walls made of concrete (@), polymer
concrete (@) or metal angle sections (@) with a
return on the ground (slightly sloping outwards to
drain off water) several centimetres long (placed
outside the infrastructure) designed to boost

© Concrete edge Source: Maibach.

© Polymer concrete edge.
Source: Environment committee, municipality of Ahuy.

© Metal edge crowned by a fauna fence. RD16 (CD57).

Source: Cerema.

durability, help laying and maintenance and
which form, on their base, a clear strip allowing
the movement of species. These devices are
for the most part composed of an assembly of
pre-fabricated elements on a compacted,
non-gelling bed 10 to 20cm thick. Some concrete
barriers can also be cast on-site. These devices
are around 40 to 60cm high (with a flap of at
least 10cm), but in more specific situations, these
borders may need to be taller (80cm to 100cm
for otters, mink or snakes);

' Double crash barriers
as a fauna barrier

In some cases, the installation of a fence or another

type of obstacle® is not possible (operating constraints
in particular). It is then possible to prevent certain
species from crossing the infrastructure with a double
crash barrier (@).

For beavers, otters or European mink, this solution can
give very good results, because it creates a visual obstacle™.
It has the advantages of being durable over time and
requires less maintenance than a fence. In the case of
European mink, the ground seal must be applied so as not
to leave a space greater than 2cm. Be careful to contact
the road safety service, which in some cases is reluctant
to allow them, considering that safety equipment should
not be used for wildlife.

© Double crash barrier
acting as a fauna barrier.
Source: Grége
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' Problem of double adherent concrete barriers and the risk of collisions
with small fauna

To facilitate maintenance and limit interventions, metal guardrails installed on the infrastructure's central
reservation (dual carriageway or more) are increasingly replaced by double adherent concrete barriers. While
these devices, by their strength, offer advantages in terms of maintenance, they nevertheless constitute, with
a height of 80cm, real barriers for small animals trying to cross the road. Stuck in the centre of the road, the
small fauna then tends to follow the double concrete barrier without being able to find an escape route
and usually ends up in wildlife vehicle collisions.

This situation leads to the recommendation to avoid the use of double adherent concrete barriers on central
reservations and to prefer metal crash barriers to separate the traffic directions and thereby protect fauna.

If, however, the choice is made to install a double adherent concrete barrier, it is imperative, whatever the
characteristics of the road (existing, new), to associate it with devices preventing access by small fauna to the
roadway (specific fences, single adherent concrete barriers at the edge of roadways). In this respect, particular
attention should be paid to old infrastructure, which, often, has never been fenced and, when newly equipped
with double adherent concrete barriers, does not benefit from specific accompanying measures for wildlife.

Since anti-intrusion devices are never completely sealed, especially for smaller animals, it is also recommended
that, when the double adherent concrete barriers are positioned in line with the central reservation, openings be
created in these devices (e.g for draining: 30cm x 6-8cm) every 3m (minimum centre distance allowed) to
give the smallest animals that have got into the coverage a chance to cross. Openings (“central reservation
interruptions") protected by metal crash barriers can also be inserted at reqular intervals, but the inclusion of
such systems is requlated and complicates the device.

Differentiated impact on wildlife depending on the position of single adherent concrete barriers or double adherent
concrete barriers. The barrier effect and the risk of wildlife vehicle collisions are not the same depending on the crash
barrier position and presence or absence of fencing . Source: Jean Carsignol.

For metal barriers 40cm high with prior positioning of an installation bed €100 to
130 ex. VAT/Im.

Concrete walls cost around €150 to 200 ex. VAT/Im.
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® or plastic devices for which there has been
very little feedback. It seems that these devices
are quite prone to crushing when they are self-
supporting and generally do not allow use as
support structures for the verges of the infra-
structure or of the lower slope. However, if they
back up fencing devices (e.g. plastic barrier + large
fauna fence), they provide effective and
impassable protection for species of small
animals (amphibians, terrestrial insects, etc.).

GREEN RIGHT-OF-WAY SIDE

HDPE (high-density polyethylene) plastic has the
particular advantage of constituting a flexible barrier,
which is therefore non-brittle (unlike hard plastics)
and smooth. This last characteristic is particularly
interesting for animals that are good climbers
(e.g. lizards, turtles) and for which conventional
fencing devices are not very effective (@). Backed
by fences, these devices also have the advantage
of letting individuals out of the coverage since they
can always climb back over the fence (@);

INFRASTRUCTURE SIDE

High density polyethylene barrier attached to a fence. Source: Animex Fencing.

For plastic barriers (high-density polyethylene) attached to fences, the cost for 1,000Im

is around €20 a 35 ex. VAT/Im (cost of the material supply alone is around €10/Im).
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' Use of HDPE barriers to treat a collision hotspot for otters
and European mink

As part of the compensatory measures of the LGV SEA
Tours-Bordeaux including upgrading” for European mink
of 79 structures spread over 5 watersheds, HDPE barriers
were implemented by COSEA in partnership with GREGE
and local conservation associations, on three road
crossings. More than 400 linear metres have been laid
to provide wildlife vehicle collision protection for
European mink and otters. These devices have shown
a real advantage in terms of ease of installation, cost
and, at this stage, no inconvenience has been observed,
three years after installation. Source: GREGE.

Etude comparative de I'efficacité des dispositifs de barriéres plastiques et de clotures
mailles fines pour I'herpétofaune* lorsqu'elles sont utilisées comme mesures
d'atténuation pour réduire la mortalité routiére, John C. Milburn-Rodrigue et al., 2018.

To monitor the behaviour of the species towards the barriers, individuals of the species
were placed in a closed enclosure of 25m. Half of the sides of this enclosure were
equipped with fine meshed fencing and the other half with a solid plastic barrier
(Animex). The study was conducted in Scale Natural Park, Ontario, Canada.

The study analysed the behaviour of 17 snakes (2 species), 20 frogs (2 species) and
14 tortoises (2 species).

The results showed that: Source : Animex.
e individuals of different species spent more time in the fenced area than in the area fitted with plastic
barriers. This result tends to show that, faced with a plastic structure, individuals would be more likely to
move and eventually reach fauna passages more quickly;

e all the study groups showed 40% more escape attempts by jumping or climbing over the fence than with
the plastic barrier;

e while no species managed to cross the plastic barrier, all the species managed to cross the fence with
the exception of one species of tortoise.

e devices made of recycled polymer concrete or
recycled plastic are also proposed without any
feedback on their reliability;

Edge in recycled plastic. B10 motorway, Germany. Curved edge in recycled plastic.
Source: Cerema. Source: ACO Group.




® wooden barriers, although aesthetically pleasing
and economical, should be avoided in new
projects, except in special cases, as they offer
poor resistance and offer potential entry points
to wildlife. However, they can be an appropriate

solution to insert protections on existing roads
on which the coverage is very restricted. They
also make it possible in certain situations to
facilitate the implementation of escape exits
(see next insert).
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_"_ Green rights-of-way

The management of green rights-of-way in favour of hiodiversity*
and the establishment of genuine longitudinal rights-of-way
Is based on various recommendations.

o Modelling the approaches to the roadway to provide a wildlife-friendly
movement area
e Creation of a protective mound to separate/mask the movement of species from traffic.

e Berm in heavy backfill to facilitate fauna movement.

€@ Creating favourable vegetation management and adopting appropriate
management
e Plantations or natural shrub regeneration to create fauna refuge and movement areas.

e Ecological management.

e Increasing wildlife hosting capacity by creating diversified habitats
(swaths*, clusters of branches, hibernaculums*, etc.)

o Setting up a protective device (fences, barriers) preventing wildlife from
accessing the infrastructure while allowing free access to the rights-of-way

o Position fences and barriers as close as possible to the infrastructure.

e Ensure maximum seal of protective systems (bury fences, avoid entry points next to connections
with structures, gates, etc.).

e Choose devices adapted to the species present.

e Providing escape routes so that wildlife can always get out of the
infrastructure coverage




Genet Source: © VINCI Autoroutes photograph library — Emmanuel Rondeau.
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The maintenance or management of all assets (road,
engineering, natural, etc.) ensures good condition
over time, while guaranteeing efficacy. It is therefore
particularly important to maintain and manage
developments in a sustainable way by checking, for
example, that the structure is not diverted from
its original purpose.

A few regulatory reminders

The obligation of maintenance has been laid down
by the law in general (in particular by the French
road design and administration code). Thus, the
entity responsible for the road network (State, local
authority, motorway manager) is responsible for the
maintenance of the road network as well as any
harmful consequences that may result from the lack
of maintenance, including consequences on the
safety of users. Case law has supplemented and
clarified this general maintenance obligation laid
down by statute law and recognises that the road
network manager has an obligation to maintain
roads normally.

Near forest areas sheltering large fauna and in
zones where the passage of large animals is a
common occurrence, this obligation to provide
normal maintenance of the roads includes:

e at least, on each lane, marking danger zones;

22 How to maintain fauna passages?

Right from the public interest inquiry stage, the
contracting authority should define to which
entity it wishes to entrust the subsequent
maintenance of the structures (maintenance vial
local government control, association, or even a
private company).

e on motorways only, the development of these
zones in order to avoid the risk of wildlife vehicle
collisions.

To date, general national regulation does not
require the road network manager to erect
fences as such along traffic lanes.

With regard to railway tracks, the manager must
maintain the safety of traffic, its regularity,
accessibility to emergency services and the
conservation of railway infrastructure. Vegetation
must be controlled on and around the track and
its verges, all approaches and certain areas sensitive
to the risk of fire.

For fauna passages, maintenance is an obligation
under the French Environmental Code*, so that
they can remain functional.
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Maintenance of the structure and its immediate

Maintenance of fauna passages is the responsibility
of the infrastructure manager. It requires specific
precautions depending on their size and target
species, but some considerations apply regardless
of the structures. In order to ensure good
practices in the long term, the implementation
of a management plan for the structures can
be appropriate.

Supervision of planted vegetation
in the early years

In the first years, planted vegetation demands
close supervision, particularly because of climatic
conditions and the risk of invasive alien species.
Once planted (November-March) and sown
(September-March), a plant services fulfilment
report must be filed within ten days.

Before definitively accepting the work, it is
necessary to wait two growing seasons (about
21 months after the performance of the
plant services).

During the first year (n+1), plants will be checked
for successful rooting in the autumn (October)
and, if necessary, will be replaced (November-
December). In year n+2, a second report is to
be made in the autumn (October) to confirm
successful rooting, followed if necessary by the
replacement of dead plants (November-December),
then by the final acceptance?0.

Routine maintenance

Regular supervision is necessary to check that
the environment of the structure does not
undergo significant changes that could jeopardise
its proper use by animals (clearing of adjacent

wooded plots, addition of stonework to the
structure to facilitate its use by agricultural,
forestry or private machinery - all-terrain or
other equipment -, fencing at the entrances for
agricultural or cynegetic® purposes, etc.).

The maintenance of the structures is the
responsibility of the contracting authority
which can however work with associative
structures under contract to ensure optimal
management for fauna and flora in particular
on all fauna passages and dedicated passages
(amphibians).

The use of educational or legal means upstream
also makes it possible to limit corrective
measures. Appropriate communication on the
purpose of the structures to local residents
(permanent information panels or regular
educational events) can limit uncivil behaviour
(see chapter "Ensuring good social acceptance”,
fact sheet no. 4).

On all fauna passages

The construction of some all fauna passages
(in particular overpasses) are likely to facilitate
long-term maintenance. The general objective
is to minimise the need for vegetation
maintenance on structures, in order to limit
disturbances. lLate annual mowing of grassy
areas and occasional cropping of trees and
shrubs are usually sufficient. On underpasses, the
importance of interventions is generally more
limited by the absence or scarcity of vegetation
under the structure.

For small fauna passages

Small passages are particularly vulnerable and their
effectiveness can be jeopardised by poor maintenance.

Retours 20

d'expérience des
aménagements
et des suivis
faunistiques

sur le réseau
Vinci Autoroutes,
June 2016.



PART

HOW TO ENSURE THE LONG-TERM EFFICACY OF MEASURES: MAINTENANCE, MONITORING
FACT SHEET 22 | HOW TO MAINTAIN FAUNA PASSAGES?

Excessive development of vegetation at the
entrances can make the structure inaccessible.
Some conduits can be obstructed by obstacles
(earth, branches, landslides, etc.); annual
maintenance is therefore a minimum requirement.
For this, it is sometimes necessary to use
mechanical machines to clear the entrances and
possibly high pressure jets to unclog the conduits.
Intervention periods and techniques must also
take into account the species potentially present
and their ecology (reproduction, spawning,
hibernation, etc.).

Dedicated passages may require more regular
interventions. For example, for amphibians, it
is recommended to intervene twice a year:
before pre-nuptial migration® in February and
in autumn.

Annual inspections of fauna passages must also
be an opportunity to check the various additional
developments (ponds, swaths*, anti-intrusion
devices, etc.).

Fencing on the structure

Fencing is a complementary and indispensable
element for the correct operation of passages, since
it helps guide animals towards them. They must also
be monitored regularly and in particular in line with
connections to the structure, which are potential
weak points. An annual inspection visit is therefore
a way to identify possible faults and repair them.

Maintenance of the amphibian passage of the Grand Lemps
National Reserve. Source: Cerema Centre Est - V. Billon.

Maintenance of green rights-of-way

Vegetation maintenance

Extensive management of green rights-of-way
makes it possible to preserve biodiversity* while
limiting maintenance costs. It must now be
the rule, since it is compatible with safety
obligations on all rights-of-way of infrastructure
networks and, even more importantly, on
crossings re-establishing ecological corridors.
Maintenance depends on the extensive management
methods used.

In the southern half of France, it will also be
necessary to take into account legal clearing
obligations related to the fight against forest fires.
Any breaches observed must be corrected.

Fencing maintenance

The efficacy of a fence depends on its regular
maintenance. This includes cleaning and
repairing natural or deliberate damage. It
increases the longevity of the device, but also
avoids the liability of the road network manager
in the event of an accident involving wildlife.

These breaches are most often related to:

e the destruction of the fence in a traffic
accident;

e vegetation that grows on fences and ultimately
makes it easier for fauna to climb over them;

e the collapse of fences due to the weight of
vegetation or falling trees;



e damage caused by passing maintenance
equipment or by farmers outside the road
coverage;

e damage caused by wildlife (wild boar,
badgers, etc.);

A

Before brambles or branches weigh too heavily
on the top of the fence and eventually lead to
its collapse, the vegetation that borders the
fences must be maintained. It is necessary to
opt for mechanical maintenance at the foot of
the fence:

e on the infrastructure side with a manual
clearance of about Tm to 1.5m (manned clearing
with a hand-held brushcutter) or 2m to 3m with
an angle mower;

e on the outside only 50cm to Tm to avoid
deterioration of the fence by trees (2m if maintenance
is carried out using a machine) while ensuring
some protection from large mammals.

Braces should be preferably placed in line with the
fence to avoid complicating maintenance tasks.

Like points of connection to the structures, fittings
connecting fencing to special equipment (gate, etc.)
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e the impact of floods and certain climatic
episodes;

e forest fires;

e soil erosion in the case of restrictive installation
contexts (slopes).

A

require special monitoring, because they represent
potential points of fragility.

In addition to the necessary repairs observed during
routine maintenance of the roadway, an inspection
of the fencing must be considered every year.
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Some general points,

23 How should fauna passages be monitored?

. regulatory and methodological reminders

Regulatory texts define the general framework
for monitoring the various measures:

L. 122-1-1 of the French Environmental Code™: “The
decision of the competent authority shall be
supported in the light of the significant effects of
the project on the environment. It specifies the
requirements to be complied with by the contracting
authority, as well as the measures and characteristics
of the project, intended to avoid or reduce and, if
possible, compensate for significant negative effects.
It also specifies the monitoring terms of the project's
impact on the environment or human health”;

R. 122-5 Il of the French Environmental Code: The
impact assessment shall include the following elements
[..] 1 9° Where applicable, the monitoring terms of
the proposed avoid, reduce and offset measures”;

R. 122-13 Il of the French Environmental Code: “[...]
The monitoring system is proportionate to the
nature and dimensions of the project, the extent of
its anticipated impact on the environment or human
health and the sensitivity of the areas concerned. "

In French National Doctrine?!, the reference to
monitoring arrangements is stated as follows: "On
the basis of the contracting authority's proposals,
the authorisation document shall lay down the
essential and relevant arrangements for monitoring
the implementation and effectiveness of the
measures. Indicators must be developed by the
contracting authority and validated by the
decision-making authority to measure the state of
implementation of the measures and their efficacy.

The contracting authority must set up a
monitoring program in accordance with its
obligations and proportionate to the impacts
of the project.”

The Guidelines?2, on the other hand, address
monitoring as outcome indicators: "The efficacy of
each measure is evaluated by a monitoring
program (in accordance with the procedures laid
down in the authorisation act on the basis of the
developer's proposals), i.e. by a series of data
collections repeated over time which provide
performance indicators. These follow-ups allow
adaptive management focusing on the outcomes
to be achieved".

It is also important to note that the contracting
authority has an obligation to draft an appraisal
(R. 122-13 Il of the Environmental Code*): "The
monitoring of the implementation of the
requirements, measures and characteristics of the
project intended to avoid, reduce and offset the
significant adverse effects of the project on the
environment and human health referred to in | of
Article L. 122-1-1 as well as the monitoring of their
effects on the environment shall be the subject of
one or more reviews carried out over a given period
and according to a schedule determined by the
competent authority, in order to verify the
degree of effectiveness and the durability of these
requirements, measures and characteristics. This or
these appraisals are sent for information by the
competent authority to take the authorisation
decision, to the authorities mentioned in the V of
Article L. 122-1 which have been consulted".
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. Monitoring the efficacy of a measure

The rest of the chapter is dedicated to monitoring
the effectiveness of measures in favour of wildlife
movement. It itemises the different stages for
adequate monitoring.

Describe in detail

the measure associated
with clearly worded

or specific objectives

This description and the definition of the objectives
of the measure are essential prerequisites when
talking about efficacy. Indeed, without these
details, only the notion of use ("is the passage used
by wildlife?") may be assessed.

The construction of ecological transparency structures
on transport infrastructure has been backed up by a
very large number of studies on the use of these
structures, most often mainly recording the number
of animal crossings. Studies have shown that a wide
range of species use the structures to cross the road
to varying degrees. However, they do not sufficiently
evaluate the efficacy of structures, that is to say,
knowing whether these measures meet the specific
objective of maintaining the flow of faunistic
species in relation to given objectives.

As a first step, the objectives of the measure must
therefore be specified. For example, for a given
target species:

e the passage must allow daily movements between
resting habitats and feeding sites;

e the passage must allow seasonal movement
between resting sites and breeding sites;

e the passage must allow occasional movements
to allow genetic mixing between subpopulations
living in metapopulations®;

e more generally, at the project level, the overall
permeability of the infrastructure must be capable
of maintaining the population.

It is therefore important to do an initial status
report in order to ensure the accuracy and relevance
of downstream steps, in particular the definition of
the impacts of the project and the monitoring of
the measures. This monitoring only makes sense in
relation to an initial situation that must therefore
be characterised as precisely as possible, in relation
to the potential impacts of the project.

Methodological recommendations for developing
an initial statement can be found in fact sheet 10 of
the ERC Guidelines (CGDD, 2013). This fact sheet
includes important concepts such as the definition
of study areas, periods suitable for field inventories,
species descriptions and expected mappings.

Elaborating and implementing
a monitoring program
and protocol

The essentials:

e determining techniques specific to the habitat
andfor species, to the group of species that are
targeted and proportioned with respect to issues;

e collecting data at the right time, at the right
frequency for a sufficient period of time;

e summarising and analysing data on the initial status,
management actions conducted over the given
period and the objective to be achieved.

The definition of monitoring objectives is an
essential prerequisite for choosing the protocol
(duration, species targeted, configuration of the
structure, acquisition of specific data (number of
crossings, schedules, individualisation, behaviour,
available budget, etc.).

The choice of the monitoring system must be
carefully studied according to the monitoring
objectives and the features of the structure in
line with the objectives of the measure.
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Initially, the type of information to be collected
is guided by the monitoring objective:

e evaluation of the use of a passage: need to collect
maximum passage data (number of crossings and
number of species using the structure). To characterise
the use of structures and in particular to be able
to compare structures with each other, their use
must be expressed in terms of crossing rate, i.e.
the number of crossings by a species per unit
of time (or surface for low-mobility species:
performance rate per species);

e evaluation of fauna behaviour with respect to
the structure: in order to assess this behaviour,
systems (photo/video trap) are directed towards
the element studied (structure entrance, fencing);
e evaluation of the efficacy of a passage on
maintaining populations.

This point is not addressed here because it tends
to fall within the field of research (population
study). At this level, the study of the efficacy of
a measure requires a much more advanced level
of investigation, in that it requires a spatial and
temporal sampling plan adapted to a number of
species which needs to be determined. A BACI
(Before, After, Control, Impact) type study where
data is collected before and after the reduction
measures, both on the structures, but also on
several reference sites (similar to the site where
the structures are located), can be envisaged, in
order to check the role played by the structures.
These studies must also be carried out over a
fairly long period of time, because there is an
effect of habituation or improvement of the
quality of the passage (planting) and its
surroundings (repair).

The monitoring objective may focus on a particular
species. In this case, it is necessary to choose the
optimal equipment to detect the species. It is
however recommended to choose methods capable
of tracking several species.

Secondly, the technical characteristics of the
structure to be monitored influence the choice of

the device. Two major criteria are used to outline
the restrictions conditioning the choice of device:
o cffective width of the passage: the narrower the
structure, the easier it is to monitor. The increase in its
width implies for example increasing the number of
camera traps (maximum fauna identification interval
less than 15m at night), enlargement of the footprint
trap or impossibility of covering the whole width
of the passage with a vibration trap;

® underpass or overpass: the positioning of the
monitoring equipment in an underpass makes it
possible to overcome many meteorological biases
(precipitation, wind, sun, significant thermal
amplitude, etc.). On the contrary, on an overpass
(open-air), the footprint trap, the vibration trap
and, to a lesser extent, the camera trap all prove
to be less effective.

It is important to choose and precisely define
monitoring methods and equipment before
starting any evaluations, for each typology of
structure studied, by first classifying the structures
according to size, typology and the species or
groups of species for which they were built. Then
monitoring should be set up in the same way for
each class of structure and each species or group
of species targeted, without changing the protocol
established during the evaluation until the end of
the monitoring period (except in special cases, for
example, taking into account feedback, local
factors (vandalism), etc.). Strict compliance with
these conditions allows several statistically reliable
and usable comparisons of structures over a
defined period of time. The results and conclusions
resulting from statistical analyses are all the more
robust and relevant.

The following table lists the advantages and
disadvantages encountered with each monitoring
method. The details of these methods can be
found in the book published by Vinci Autoroutes
and the LPO: Retour d'expérience des aménagements
et des suivis faunistiques sur le réseau Vinci
Autoroutes, 2016.
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Wild cats caught in the camera trap on a structure on the
A89 motorway. Source: FDC 63/ASF Vinci Autoroutes network.

Camera trap
— still and movement —
(in infra-red mode)

Camera trap
(in trigger mode
at standardised intervals)

Footprint trap

Photoelectric barrier
camera trap

Vibration camera trap

Presence sensors
(fur, faeces traps with
genetic identification)

Capture
(mark-recapture)

Direct observation

Ultrasound recorder
(chiroptera®)
Thermal camera
(chiroptera™)

Trajectography
(chiroptera™)

Advantages

e Significant autonomy

* Time-stamped data

e Individualisation is possible
in some very special cases

e Behaviour study is possible

Deer caught by a camera trap.
Source: FDC 17/ASF Vinci Autoroutes network.

Disadvantages

¢ Does not detect cold-blooded animals

e Can be intrusive for medium-sized wildlife
(fox, weasel, etc.)

* Detection rate never evaluated, lowering
with the reduction of species size

¢ Risk of theft

* Automatically samples

* Also triggered in infra-red

* Adapted to slow amphibian
movements (1 shot/15's)

* Reduced autonomy
* Not suitable for fast movements
* Very large number of photos to check

* The trap can be adapted in size
* Minimal intrusion
* Passage count almost
exhaustive if the methodology is rigorous

* Variable interpretation (humidity, substrate)
of footprints (underestimated use)

e Data is not time-stamped

* No individualisation

e Observer bias

* Frequent checks required

e Average autonomy
¢ Time-stamped data
¢ Almost exhaustive passage count

* Risk of theft
* More costly
* More costly installation

e Significant autonomy
¢ Time-stamped data
e Individualisation is possible
in some very special cases
* Detects cold-blooded animals
e Also triggered in infra-red and movement

* Small dimension of the mat (about 1Tm2)

e Intrusive for medium-sized wildlife
(fox, weasel, etc.)

* Device not suitable for outdoor use

e Currently being developed to increase
its sensitivity

e Easier sampling for
micromammals™
* Adapted to assess specific assets

¢ No counting

* |dentification and even individualisation
e Interpretation of movement
during recaptures

e Very intrusive
* No behavioural data
* Observation pressure limited in time

¢ Behavioural data

» Can sometimes be intrusive

¢ Observer bias

¢ Time-consuming

* Observation pressure limited in time

* Significant autonomy
e |dentification is possible

* Unknown flight paths with a single recorder

* Known flight paths

* Observation pressure limited in time
(requires an operator)
¢ |dentification is complicated

* Known flight paths
* |dentification is possible

o Still rarely used

Advantages and disadvantages of the different tracking methods used by Vinci Autoroutes.
Source: Vinci Autoroutes modified by GREGE.
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Entering the collected data is essential and is
often very time-consuming. It therefore needs
to be optimised from the outset according to
the monitoring objectives. In addition to the
parameters used to characterise the structures
(dimensions, types of facilities, etc.) and monitoring
(observation pressure, type of equipment, etc.),
the input of data (corresponding to the passage of an
animal) requires a minimum level of information:
date, time, species, number of individuals, crossing,
behaviour, etc.

It is impossible to predict precisely the time of
entry, as the number of passages of animals is

very variable. For reference, data input (with the
aforementioned minimum level of information)
of 400 to 500 fauna passages requires about
3 hours' work (for a person familiar with this
type of work).

Finally, the monitoring protocol or program must
be based on monitoring methods adapted to the
different taxa involved, standardised, as far as
possible, in order to be reproducible over time.

In the field of road ecology, the most widely
used monitoring methods are summarised in the
table below.

Taxa | Monitoring methods used

Mammals Camera trap, footprint trap, fur trap, ink trap, search for signs of presence (footprints, faeces, spraints™, etc.),
thermal photography by drone (size identification of large mammal populations)

Micromammals™ Capture-Mark-Recapture (CMR)

Chiroptera* Detection (Batbox), automatic ultrasonic recorder (Annabat, SM2), net capture,
thermal or infra-red camera

Amphibians Nocturnal scouting (net fishing), Ortmann's trap, brood counts, temporary barrier and collection
in buckets (movements), environmental DNA (pond)

Reptiles Visual survey (transects), thermoregulation plate

Entomofauna® Targeted survey, transects (e.g. butterflies), environmental DNA (odonates in ponds)

Fish Nocturnal survey, electric fishing, environmental DNA

Birds Targeted survey, listening points (count points)

Flora Stock count on targeted species, phytosociological survey, analysis of vegetation structure, etc.

Wildlife monitoring methods used in road ecology (modified according to Vinci Autoroutes, June 2016).
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Glossary

B All fauna passage: a large structure allowing the B Berm: platform created in the middle of a large slope

crossing of a linear transport infrastructure (road/
motorway, railway track, canal) by large and small
fauna and which, more generally, makes it possible
to restore the ecological network interrupted by the
passage of the infrastructure. They can be partially
or totally developed to facilitate crossing by wildlife.
Passages are called "overpasses” or “underpasses”
depending on whether they pass above or below the
infrastructure. The term "dedicated fauna passage”
will be used for structures whose sole function is
to ensure the safe passage of wildlife through the
LTI and "mixed fauna passage" for structures which
also have a hydraulic, agricultural, forestry and/or
pedestrian function.

Arase : niveau supérieur d'un ouvrage de maconnerie,
généralement mis bien a plat, servant de base pour
la suite de la construction (source : Wikipedia).

Avoid-reduce-offset: the so-called "ARO" sequence
aimed at reconciling economic development and
environmental issues, forming the common thread
for integrating the environment into planning
documents and land use projects. For the latter, the
aim is to avoid any damage to natural environments
and associated services; failing this, to reduce them;
and, lastly, to offset them (source: OFB).

Beetle: from the Carabidae family, large-sized
terrestrial insects.

Bench (in a waterway structure): space reserved
or developed at the foot of lateral walls inside a
waterway structure to allow dry-standing passage
of this structure by terrestrial fauna. This space,
connected to the banks of the watercourse located
on either side of the structure, can be made of
natural or artificial materials.

to increase its stability and make its maintenance
easier (source: Wikipedia).

Biodiversity: term used to describe the number, variety
and variability of living beings, usually considered
as three types of organisation: individuals and
populations (genetic heritage); species and taxa;
ecosystems and landscapes. The concept of
biodiversity is defined by the Convention on
Biological Diversity as “variability among living
organisms from all sources including, inter alia,
terrestrial, marine and other aquatic ecosystems
and the ecological complexes of which they are
part; this includes diversity within species, between
species and of ecosystems” (art. 2). Biodiversity is not
only a question of numbers, but also of difference
(composition, beta diversity), (source: INPN).

Black grid: the black grid is the set of biodiversity
reservoirs and ecological corridors characterised
by darkness and used by nocturnal species
(source: OFB). A variation of the green and
blue grid* in the temporal dimension (day/night
alternation) intended to solve the problem of
habitat fragmentation caused by artificial
night light.

Box culvert in civil engineering, designates a
short span structure in the form of a reinforced
concrete frame. It is based on a pad if the ground is
rocky or on a reinforced concrete foundation raft *
if it is not.

Burrowing (for an animal): the action of digging
or scraping the earth.

Chiroptera: order name assigned to bats (source:
Larousse).
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B Code de I'environnement (Environmental code): B Differentiated management: method of managing

it groups together French legal texts relating to
environmental law. This code has seven chapters:
Common provisions, Physical environments, Natural
areas, fauna and flora, Prevention of pollution,
risks and nuisances, Provisions applicable in New
Caledonia, French Polynesia, Wallis and Futuna, in
the French southern and Antarctic territories and
Mayotte, Protection of the environment in Antarctica.
To access the code: https://www.legifrance.gouv.fr/
affichCode.do?cidTexte=LEGITEXT000006074220
(source : Wikipedia).

Coleoptera: order of insects with rigid elytrons
protecting their wings. This is the order that
has the largest number of described species
(nearly 387,000 in 2015) including beetles, lady-
birds, stag beetles, chafers, weevils, ground beetles
(source: Wikipedia).

Corbelled bench: bench consisting of decking
(platform a few centimetres thick) suspended
and fixed on the side walls inside a hydraulic
structure, connecting the banks on each side
of the structure and allowing dry-standing
passage of terrestrial fauna. This type of bench
is generally used in the context of the upgrading
of existing structures whose dimensions
(hydraulic capacity) do not allow the installation
of a bench on the bed of the watercourse (which
would lead to a reduction in the width of the bed
in the structure, thereby calling into question
hydraulic flow capacities, and to an acceleration
of the flow speed making the structure difficult
for fish to pass through).

Crown: part of a tree consisting of a structured
set of branches located at the top of the trunk
(from the master branches to the secondary branches)
(source: Wikipedia).

Cynegetic: relating to hunting (source: Larousse).

Dicotyledons: plants whose seedling resulting
from the germination of a seed presents two leaves,
called cotyledons or seed leaves, before emerging
into the open air (source: Wikipedia).

green spaces consisting in adapting the management
of spaces (in terms of mowing and pruning frequency)
depending on their location, features and uses.
(source: MOOC Herbes Folles Tela Botanica).

Eco-bridge: a large overpass (> 20m) built above
a linear transport infrastructure (road/motorway,
railway track, canal) and specifically designed to restore
ecological transparency interrupted by the passage
of the infrastructure. It is a structure supporting a
layer of soil that is enough to grow plants. It thereby
maintains maximum connectivity with the habitats
located on either side of the structure and allows
crossing by many animal species.

Edaphic: relating to the soil (source: Larousse).
In ecology, edaphic factors are related to the
nature of the soil (pH, humidity, etc.).

Entomofauna (or entomological fauna): part
of the fauna consisting of insects, which includes
apterygotes, characterised by the absence of
wings, and pterygotes. Entomofauna refers to
the entire population of insects present in an
environment (source: Wikipedia).

Entomological: which relates to entomology, which
relates to articulated animals, especially insects (source:
Centre national de ressources textuelles et lexicales).

Environment: in ecology, it is specific, characteristic
and clearly delineated (source: MNHN).

Eutrophic: medium rich in over-abundant nutrients,
which cannot be totally used by the "normal" population
of a biotope (source: according to Universalis).

Exceptional all fauna passage: very large fauna
passage (> 50m) designed to reproduce habitats (or
protect them if the passages are tunnels or viaducts)
and if possible the structure of the initially destroyed
(or crossed) landscape, most often by a linear
transport infrastructure (road/motorway, railway
tracks, canal). This reconstruction makes it possible
to restore (or maintain) maximum connectivity for
a maximum number of fauna and flora species.



M Fauna crossing: structure built or developed to
allow the crossing of a linear transport infrastructure
(road/motorway, railway track, canal) by wildlife.
There are large "all fauna passages" that allow the
crossing of a large number of wildlife species of
large and small fauna and "small fauna passages"
more specifically reserved for the smallest animals.

B Foundation raft: thick masonry or concrete
slab constituting the foundation of a structure
(source: Larousse).

B Gabion: in civil engineering, a metal body filled
with materials and used to protect the banks
of a watercourse or to build retaining walls
(sources: Larousse and Wikipedia).

B Giro-grinding: mowing and shredding technique
used on all grassy plants and shrubs. This technique,
usually requiring a tractor to tow the machinery,
leaves a pile of plant debris on the ground.

B Glacis : rampe en pente douce.

B Gliridae: family of medium-sized rodents called
dormice, garden dormice, forest dormice, shrew,
or even mice (source: Wikipedia).

B Green and blue grid: terrestrial and aquatic
ecological network identified by regional ecological
coherence schemes as well as by the planning
documents of the State, local authorities and their
groupings. It contributes to the improvement of the
conservation status of natural habitats and species
and to the healthy ecological status of water bodies.
It applies to the entire national territory with the
exception of the marine environment (source: CDR TVB).

B Habitat (of species): 1. A species habitat corresponds
to the living environment of the species (breeding
area, feeding area, resting area, etc.). It may include
several natural habitats. 2. A natural habitat is
understood to mean a whole indissociable from:
a fauna, with species having all or part of their
various living activities in the area in question;
a vegetation (grass, shrub, tree); a localised
compartment (climatic conditions, soil and parental

GLOSSARY

material and their physico-chemical properties).
A habitat is not limited to vegetation alone. But
vegetation, by its integrative character (synthesising
the conditions of the environment and the way
the system operates), is considered to be a good
indicator and can be used to determine habitat
(source: Rameau et al.,, 1998) (source: INPN).

Headroom: free space between the lowest level
(ground, waterline) and the deck of a structure.

Heather (Calluna vulgaris): a shrub with a lignified
base, bearing many tight, erect and more or less
sinuous branches.

Hermit beetle (Osmoderma eremita): species of
beetle in the Scarabaeidae family, the Cetoniinae
(ketone) subfamily. It is a declining, endangered and
protected species (source: Wikipedia).

Herpetofauna: part of the fauna consisting of
amphibians and reptiles (source: Wikipedia).

Hibernaculum: refuge, shelter or part of a
burrow used for the hibernation of an animal
(source: Wikipedia).

Higher plants: plants multiplying by seeds.

Home range: an area where an animal ordinarily
lives and which is sufficient to meet its primary
needs.. The home range can apply to an average
individual, a typical couple or possibly a population
within a metapopulation, for all or part of its/
their life cycle (the home range must therefore
be defined for a given time interval (season, year,
or lifetime) (source: Wikipedia).

Leporidae: family of lagomorphic mammals
including hares and rabbits (source: Wikipedia).

Life cycle (or development cycle): period during
which a succession of phases making up the
complete life of a living organism takes place.
These phases include birth (germination in plants),
growth, feeding, reproduction, and finally death
(source: Wikipedia).
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B Light-fugitive: which flees, avoids light (source:

Centre national de ressources textuelles et lexicales).

Messicole: Messicole plants are meadow plants
They are annual plants, such as poppies or corn
flowers, most often dependent on cereal crops
and practices related to these crops (source:
Conservatoires botaniques nationaux).

Metapopulation: set of populations of the same
species, separated by geography, between which
there is more or less abundant and frequent
exchanges (gene flow) (source: Futura science).

Micromammals: small mammals (carnivores,
rodents, insectivores, etc.) grouped in this particular
category because of their small size (source:
Wikipedia).

Migration (of species): seasonal movement of
certain animals between a breeding area and
an inter-nuptial zone (wintering, hibernation,
magnification, sexual maturation, etc.) (source:
PNR Cotentin).

Mustelids: family of carnivorous, usually
nocturnal, mammals, with a narrow and elongated
body, low on their legs. They include weasels,
badgers, ermine, otters, ferrets, mink and martens
(source: Centre national de ressources textuelles
et lexicales).

Natura 2000: European ecological network of
natural sites (ZPS and ZSC) designated under the
“Habitats" Directive and designed to conserve
species and habitats of community value within
an overall sustainable development framework
taking into account socio-economic practices
(source: INPN).

Natural reserve: an area where the conservation
of fauna, flora, soil, water, mineral and fossil
deposits and, in general, the natural environment is
of particular importance. This area should be
protected from any artificial intervention likely to
degrade it. In France, there are national nature

reserves (RNN), nature reserves of the regional
collectivity of Corsica (RNC) and regional nature
reserves (RNR). Their management is entrusted
to nature protection associations including
conservatories of natural areas, public institutions
and local authorities (source: INPN).

Obstacle (to the movement of species): an
obstacle to the ecological network is a human
element or part of the humanised territory that
has the consequence of fragmenting habitats
and limiting habitats or making them impossible
to cross by certain species. It can be occasional,
linear or on the surface and of various types
(infrastructure, dam, degraded environments,
simplified landscapes, artificial soil or land worked
by humans, light, chemical or noise pollution, etc)
(source: Légifrance or ONTVB).

Oligotrophic: refers to an environment poor in
nutrients. Term used to describe plants capable of
surviving in very poor environments (source: Larousse).

Orthophotography: aerial or satellite images of
the earth's surface that are geometrically
rectified and radiometrically equalised. These
images in the form of sheets covering an area of
the Earth can be georeferenced in any coordinate
system (source: Wikipedia).

Orthoptera: an insect with four wings and two rear
wings, with straight ribs, that fan out under elytrons,
such as crickets, grasshoppers (source: Centre national
de ressources textuelles et lexicales).

Paquet vert autoroutier: contract signed between
the French State and motorway concessionary
operators. Developed in two rounds of negotiations in
2008 and 2009, following the Grenelle Environment
Forum, this plan provided for a set of environmental
motorway works in return for an extension of the
concession period (1 year). Several objectives were
set: the reduction of noise pollution, the protection
of water resources and biodiversity, the upgrading
of motorway rest areas and the reduction of CO,
emissions (source: French Senate).



B Phytosanitary (products): chemical used to care

for, protect, help the growth of plants or to prevent
diseases (source: Wikipedia).

Plant protection products: preparations designed
to protect plants and crops. They fall under the
pesticide category, which also include biocides
and antiparasitics for human and veterinary use
(source: Agence nationale de sécurité sanitaire de
I'alimentation, de I'environnement et du travail).

Public inquiry: when local authorities implement
developments, structures or works which, through
their very nature, are liable to damage the environ-
ment, such operations are subject to a public inquiry.
The purpose of this inquiry is to provide information
and ensure public participation, as well as to take into
account the interests of third parties and to collect
the opinion of the public on these operations, in
order to give the public body, in this case the local
authority, the necessary information (source: State
portal for local authorities, https://www.collectivites-
locales.gouv.fr/enquetes-publiques).

QMNA [equivalent in English to MMAMD
(Mean Monthly Annual Minimum Discharge)]:
in hydrology, the value of the monthly low flow
reached by a watercourse for a given year. Calculated
for different durations: 2 years, 5 years, etc, it
makes it possible to statistically assess the smallest
flow of a watercourse over a given period. The most
common QMNA is QMNAS5 (source: Wikipedia).

Resilience: the ability of a system (ecological or
otherwise) to return to its previous operating
state after disruption (source: MNHN).

Riverine vegetation: all the wooded or bushy
formations present on the banks of a watercourse
(source: Wikipedia).

Rosette: arrangement of numerous and fanned
out leaves, arranged in a circle, close together,
all ending in an underground stem or rhizome
or aerial branches (source: Centre national de
ressources textuelles et lexicales).

GLOSSARY

Rutting: mating cry of deer or fallow deer
(source: Universalis).

Sapling: young tree that begins to show its first
shoots.

Saproxylic (species): carrying out all or part of
its life cycle in decaying wood, or the products of
this decomposition. It is associated with both
living and dead trees (source: Wikipedia).

Small fauna passage: small sized structures
mainly reserved for the passage of small animals.
They can have a specific vocation (batrachian
tunnel, canopy passage, etc.), but are more generally
small recovery structures (box culverts®, ducts)
which, without too much difficulty, offer a minimum
level of transparency for a large proportion of
animals ranging from the size of a fox to the
smallest species of microfauna.

Species: a monophyletic group of individuals
that recognise themselves as sexual partners and
are capable of producing fertile offspring. Basic
grouping of the classification of living beings. For
current animals, the species can be defined as the set
of inter-fertile individuals, that is to say capable of
reproducing among themselves and of producing
offspring. A specimen is referred to by its genus name
and then its species name (source: MNHN).

Spraints: in zoology, otters' faeces.

Stone pitching: cladding of dry stone or masonry,
intended to reinforce an embankment, the banks
of a river, the walls of a canal, etc. (source: Centre
national de ressources textuelles et lexicales).

Sub-grid: on a given territory, brings together
all the spaces constituted by the same type of
environment (wooded, humid, etc) and the
network constituted by these more or less
connected spaces. It is composed of biodiversity
reservoirs, ecological corridors and, possibly, other
spaces that help to form the sub-grid for the
corresponding type of environment.



GLOSSARY

B Swath: a cluster of branches, stumps or stones

forming a continuous strip that creates a continuity
of hiding places or microhabitats for wildlife.

B Terrace: called a "Restanque” in Provence, consisting

of dry stone walls supporting terraced farming
(source: Larousse).

Trophic: which relates to the nutrition of an
individual, of a living tissue, e.g. trophic needs
(source: Larousse).

B Upgrading: regulatory upgrading in terms of

nature and environmental protection, for
example of a road, motorway or railway route,
when development work is planned on an existing
route (e.g. widening of the emergency stop strip,
creation of a slip road, etc.).

Urodele: order of batrachians characterised by
an elongated body, a developed tail and four limbs
(salamanders, newts) (source: Centre national de
ressources textuelles et lexicales).
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List of abbreviations

Avant-projet autoroutier - Preliminary motorway project

Continuités écologiques d'importance nationale - Ecological networks of national importance
Capture-Mark-Recapture

Conseil national de la protection de la nature - National Conservation Council

Centre national de la recherche scientifique - National scientific research centre

Centre permanent d'initiatives pour I'environnement - Permanent centre for environmental initiatives
Conseil scientifique régional du patrimoine naturel - Regional natural heritage scientific council
(séparateur ou glissiére) double en béton adhérent

Direction interdépartementale des routes ile-de-France - Greater Paris interdepartmental roads directorate
Direction interdépartementale des routes Ouest - West interdepartmental roads directorate

Direction régionale de I'Environnement, de I'Aménagement et du Logement - Regional Department
for the environment, urban planning and housing (or DEAL in French overseas territories).
Decentralised services of the French State, under the joint supervision of the Ministry of Ecological
Transition and the Ministry of Territorial Cohesion (source: Wikipedia).

Déclaration d'utilité publique - Declaration of public utility
Espace naturel sensible- Sensitive natural area
Glissiére en béton adhérent

Geographical information system. System designed to collect, store, process, analyse, manage and
present all types of spatial and geographic data (source: Wikipedia)

Groupe de recherche et d'étude pour la gestion de I'environnement - Research and study group for
environmental management

Glass reinforced polyester

High density polyethylene. Opaque, impact-resistant plastic, impermeable to water, certain chemicals,
gas and flavourings

Institut méditerranéen du patrimoine cynégétique et faunistique - Mediterranean institute of hunting
and wildlife

Institut national de recherche pour I'agriculture et I'environnement - National research Institute for
agriculture and the environment

Installations, ouvrages, travaux et activités - Installations, structures, works and activities
Intergovernmental science-policy platform on biodiversity and ecosystem services
Interruption de terre-plein central

Infrastructures de transports terrestres, écosystémes et paysages - Land transport infrastructure,
ecosystems and landscapes

International Union for Conservation of Nature

Ministére de la Cohésion des territoires - Ministry of territorial cohesion



LIST OF ABBREVIATIONS

MNHN
MTE
OAP
OFB
OGE
ONCFS
ONF
ONTVB
ORE
PAH
PLU(i)

PLUM
PRAD
SCoT

SEA
SRADDET

SRCE

TVB
ZNIEFF

Muséum national d'Histoire naturelle - Natural history museum

Ministere de la Transition écologique - Ministry of ecological transition

Orientation d'aménagement et de programmation - Planning and programming guideline
Office francais de la biodiversité - French biodiversity office

Office de génie écologique - Ecological engineering office

Office national de la chasse et de la faune sauvage - National office of hunting and wildlife
Office national des foréts - National forestry office

Orientations nationales trame verte et bleue - National green and blue grid guidelines
Obligation réelle environnementale - Real environmental obligation

Polycyclic aromatic hydrocarbon

Plan local d'urbanisme (intercommunal) - Local urban development plan. Main urban planning
document at municipal (PLU) or intercommunal (PLUI) level. It is a general development project of
the municipality or municipalities, targeting sustainable development, within the framework of the
planning and sustainable development project (PADD), while respecting urban planning, housing
and urban transport policies (source: Wikipedia)

Plan local d'urbanisme (intercommunal) - Local metropolitan urban development plan
Pont a poutres précontraintes par adhérence

Schéma de cohérence territoriale - Regional integrated development plan. Tool for the design and
implementation of inter-municipal strategic planning, at the level of a living or urban area, as part of
a sustainable development and development project (PADD) (source: Ministry of Territorial Cohesion
and Relations with Local Authorities)

Sud Europe atlantique - Atlantic Southern Europe

Schéma régional d'aménagement, de développement durable et d'égalité des territoires - Regional
plan for management, sustainable development and territorial equality Regional planning scheme
that merges several existing sectoral documents or schemes: Regional Land Use Planning
and Sustainable Development Scheme (SRADDT), Regional Waste Prevention and Management
Plan (PRPGD), Regional Intermodality Scheme (SRI), Regional Air Energy Climate Scheme (SRCAE)
and SRCE. SRADDET - which replaces SRADDT, created in 1995 and amended in 1999 - was
established by the NOTRe Act in the context of the establishment of the new Regions (in 2016)
(source: Wikipedia)

Schéma régional de cohérence écologique - Regional ecological coherence scheme. Spatial
planning scheme (prior to SRADDET) and the protection of certain natural resources (biodiversity,
ecological network, natural habitats) aimed at achieving the healthy ecological status of water
imposed by the Water Framework Directive. It is a framework document developed in each region,
updated and monitored jointly by the Region (Regional Council) and the State (Regional Prefect)
in association with a Green and Blue regional committee (source: TVB Nouvelle Aquitaine).
In particular, it presents and analyses regional issues relating to the conservation and restoration
of the ecological network

Trame verte et bleue - Green and blue grid

Zone naturelle d'intérét écologique, faunistique et floristique - Natural zone of ecological, flora
and fauna value
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Les passages a faune

Preserver et restaurer les continuites ecologiques
avec les infrastructures linéaires de transport

L'érosion de la biodiversité s'accélere en France comme ailleurs. La France est le 5¢ pays d'Europe abritant le plus
grand nombre d'espéces de faune et de flore mondialement menacées. Parmi les causes de destruction de la
biodiversité figurent la disparition et la fragmentation des écosystémes induites par les infrastructures de
transport terrestre telles que les autoroutes ou les LGV. La diminution de I'impact de ces infrastructures sur la
biodiversité passe par le maintien des continuités écologiques existantes lors de la conception de nouveaux
projets mais aussi par la restauration des fonctionnalités écologiques anciennement interrompues lors de la
construction des infrastructures existantes. Les solutions étudiées prennent notamment la forme de passages a
faune ou d'aménagement de dépendances vertes. Tres richement illustré, ce guide trés complet a pour objet
d'aider et de faciliter la prise en compte de ces enjeux lors des différents projets d'aménagement d'infrastructures
linéaires de transport. Il constitue notamment une réactualisation des anciens guides de référence Passages pour
la grande faune, SETRA, 1993 et Aménagements et mesures pour la petite faune, SETRA, 2005. Il s'adresse aux
opérateurs d'infrastructures mais plus largement a ceux qui sont concernés par la préservation de la biodiversité
dans un contexte de développement des infrastructures de transport.
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Los pasos para la fauna

Preservar y restaurar las continuidades ecologicas
en los proyectos de infraestructuras lineales de transporte

La erosion de la biodiversidad se acelera en Francia, al igual que en el extranjero. Francia es el 5t pais de Europa que
alberga la mayor cantidad de especies de fauna y flora mundialmente amenazadas. Entre las causas de destruccion
de la biodiversidad figuran la desaparicion y la fragmentacion de los ecosistemas inducidos por las infraestructuras
de transporte terrestre como son las autopistas o las lineas de alta velocidad. La disminucion del impacto de estas
infraestructuras sobre la biodiversidad pasa por el mantenimiento de las continuidades ecologicas existentes al
disefiar nuevos proyectos, asi como por la restauracion de las funcionalidades ecologicas interrumpidas en el pasado
al construir las infraestructuras existentes. Las soluciones estudiadas en particular tomaran la forma de pasos para
la fauna o acondicionamientos de dependencias verdes. Muy ricamente ilustrada, esta guia muy completa tiene por
objeto ayudar y facilitar la toma en consideracion de estos retos al realizar diferentes proyectos de acondicionamiento
de infraestructuras lineales de transporte. En particular, constituye una reactualizacion de las antiguas guias de
referencia Pasos para la fauna mayor, SETRA, 1993 y Acondicionamientos y medidas para la fauna menor,
SETRA, 2005. Estd dirigida a los operadores de infraestructuras, pero mas ampliamente a los que estan concernidos
por la preservacion de la biodiversidad en un contexto de desarrollo de las infraestructuras de transporter.
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FAUNA PASSAGES

Maintaining and restoring the ecological network
with linear transport infrastructure

The erosion of biodiversity is picking up speed in France as it is elsewhere.
France is the European country with the fifth-highest number of globally
threatened species of fauna and flora. The causes of biodiversity destruction
include the disappearance and fragmentation of ecosystems brought about
by land transport infrastructures such as motorways or high-speed railways.
Reducing the impact of these infrastructures on biodiversity means maintaining
the existing ecological network when designing new projects, as well as restoring
ecological functions that have been interrupted during the construction of existing
infrastructure. The solutions studied take the form of wildlife crossings or the
development of green areas. This richly illustrated, comprehensive guide sets out
to foster and facilitate consideration of these issues in different linear transport
infrastructure development projects. In particular, it is an update of the former
reference guides Passages pour la grande faune, SETRA, 1993 and Aménagements
et mesures pour la petite faune, SETRA, 2005. It is intended for infrastructure
operators and, more broadly, for all those concerned with the preservation of
biodiversity in connexion with transport infrastructure development.
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