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Practical gaps in knowledge of fence ecology or its specific requirements still exist 
despite numerous recommendations scattered throughout various articles. We recently 
carried out two different studies on fences in a French context whose results corrobo-
rate this observation, and highlight the need to synthetise and prioritise scientific and 
technical research. The first study was an exploratory research project on escape devices 
used to allow ungulates to exit fenced transport infrastructure right-of-way. The second 
study entailed drafting a guide on the mitigation of the fence’s ecological impacts, using 
solar energy plants as a case study. Both were based on different types of information 
gathering, ranging from bibliographical research to interviews with governments offi-
cials, operating companies, engineering offices, naturalists and hunters’ associations.
Based on the similarities between these two studies, the urgency of certain needs, and 
the clear potential for these approaches to extend beyond France’s borders, we have 
identified two key categories for future actions. The first category is a series of six 
research priorities: Diversifying monitoring of exclusion fencing; Developing prac-
tice-oriented fence mapping tools; Further studying the impact of fencing on animal 
vehicle collisions; Considering animal behaviour in monitoring protocol; Ex-situ test-
ing of devices’ effectiveness; and Studying large-scale effects of fencing. The second cat-
egory comprises six method recommendations: Accurately documenting fences; Early 
planning of scientific monitoring; Contextualising fencing requirements; Defining 
effectiveness goals and criteria; Taking advantage of opportunistic Animal-Fence Event 
observations; and Developing artificial intelligence and computer vision to map fences. 
All these items are supported by examples drawn from one study or the other.
Our conclusions indicate that, in the context of major expansion of fences, such rec-
ommendations must be integrated at all stages of development work. If this is not 
implemented, the free movement of animal species will not be adequately protected 
and the erosion of biodiversity will be further exacerbated.

Keywords: animal behaviour, ecological impacts, escape devices, fence monitoring, 
fencing, mitigation.
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Context

Fencing off man-made infrastructures is becoming an 
increasingly common requirement in construction projects. 
Fencing is primarily installed to ensure user safety and/or 
to prevent damage to facilities and their equipment. Based 
on the specific requirements, fences aim to restrict access by 
humans and/or animals. However, in all cases, animals are 
significantly impacted by these barriers. Maintaining the 
movement of species and mitigating the impact of ecological 
barriers are essential for conserving biodiversity. Therefore, 
specifications for fences around industrial sites and transport 
routes must balance the need for effective wildlife barriers 
with measures that limit biodiversity erosion.

Generally speaking, ‘a classic fence can be described as 
a physical linear feature with vertical load-bearing compo-
nents (such as poles) and with connecting non-continuous 
structures (such as boards, wires, rails, and netting) spanning 
these components (Xu and Huntsinger 2022).’ Recent sci-
entific research is converging on the concept of a collective 
topic area of ‘fence ecology’ which examines ‘the interactions 
between fences, organisms, ecosystems, and societal needs’ 
(McInturff  et  al. 2020). The importance of the sociologi-
cal contexts has also been highlighted (Xu and Huntsinger 
2022). Practically, the relationship between fencing and wild-
life can be considered from at least two perspectives: 1) evalu-
ating and optimising fence effectiveness and 2) assessing and 
mitigating ecological impacts.

Our two recent parallel projects, each addressing both 
perspectives, have identified practical avenues for future 
research. The first project evaluated the effectiveness of spe-
cific fencing devices, knowing that the effectiveness and 
ecologicial impacts of transport infrastructure fencing have 
already been the subject of a substantial amount of techni-
cal reviews, (Carsignol and Tekielak 2019, CEREMA 2021, 
IENE 2022, as well as the BISON project – Biodiversity and 
Infrastructure Synergies and Opportunities for European 
Transport Networks), and scientific studies (Clevenger et al. 
2001, Jaeger and Fahrig 2004, Rytwinski  et  al. 2016, 
Ford et al. 2022). This project involved reviewing informa-
tion about the escape devices for wild ungulates in road and 
rail fences across France and Europe. The second project 
focused on ‘wildlife friendly fencing’ for ground-mounted 
photovoltaic utility-scale facilities (hereinafter called ‘solar 
plants’), fencing practices and knowledge on solar plants 
facilities projects in France and abroad. Due to the mini-
mal publications on solar plant fencing, the study drew on 
broader knowledge on fences.

Although conducted separately, these projects comple-
ment each other and offer insights into different aspects of 
fence ecology and associated logistics. First, both projects 
focused on industrial utilities, but they operate at different 
scales (a few hundred metres or kilometres for solar plant 
fencing to several dozens of kilometres for roads or railway 
fences). Second, the two projects had different goals such as 
formulating technical recommendations and mitigation mea-
sures, or underlining gaps in knowledge for future research. 

Third, they were aimed at different audiences, depending on 
the type of activity (solar, road or rail) or level of involve-
ment in projets. In short, they differed in scale, goals, target 
audiences, and context, however the comparative analysis has 
broadened the scope for future fence research. The article aims 
to provide a combined summary of these recommendations.

It summarises, revisits and reinforces several directions 
highlighted by our two studies (Buton  et  al. 2022, Buton 
2023) and by other authors, providing further practical 
examples. We have grouped these guidelines into two distinct 
categories: 1) six research axis that offer some of the most 
interesting avenues to be explored, and 2) six method recom-
mendations for quickly optimising fencing practices. These 
twelve proposals, while not exhaustive, urgently address 
knowledge gaps and research opportunities, to enhance fenc-
ing effectiveness, reduce ecological impacts (as established by 
Jakes et al. 2018), and improve escape devices (Huijser et al. 
2015). In addition, our suggestions may also be relevant 
to environmental impact assessments prior to the develop-
ment of any fencing project. The content of the article relates 
mainly to our experience in France but is also likely to be 
equally applicable internationally, benefiting researchers, 
consultants, project managers and organisations involved in 
species movement and wider ecological connectivity.

Data sources

An exploratory project on escape devices

From 2020 to 2022, the ESCAPE XXL exploratory project 
was carried out within the framework of the french National 
Research Programme on Transport Infrastructure, Territories, 
Ecosystems and Landscapes (ITTECOP) to synthesise 
knowledge on escape devices for wild ungulates (Buton et al. 
2022). Escape devices are mostly used in highway and railway 
rights-of-way to enable wild ungulates to escape from exclu-
sion fences. The project aimed to characterise and enhance 
their effectiveness in France and Europe; acknowledging that 
effectiveness may be interpreted in various ways (Method 
recommandation no. 4). Such devices contribute to traffic 
safety by reducing animal–vehicle collisions and decreasing 
animal mortality due to road-kill. They also mitigate the eco-
logical impact of fences by preventing animals from getting 
trapped inside them.

Initially, the project consisted of supplementing our exist-
ing documentation by carrying out a bibliographic study of 
scientific articles and grey literature. This proved to be chal-
lenging as escape devices may be incidentally mentioned 
in studies focusing on fencing. The scientific articles were 
searched on the Web of Science, Scopus, Google and Google 
Scholar. Requests were made in both English and French. 
Secondly, a mini-questionnaire was distributed in France and 
abroad (in English and Spanish) to practitioners, operators, 
scientists and hunters’ associations to identify data sources. 
This was followed up with further oral or written surveys 
based on a more comprehensive questionnaire. All identified 
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publications and reports were then carefully cross-referenced. 
Pre-existing reviews were very useful (notably: Huijser et al. 
2015, Siemers et al. 2015, Jensen 2018), including accessing 
the online database of the Wildlife Crossings Project (wcpro-
ject.eu). A total of 16 scientific articles or reports and 55 other 
sources were used for this analysis, plus data from transport 
infrastructure managers and mainstream media references. 
A database was developed to cross-reference geographical 
locations with published and unpublished references, which 
served as a ‘navigation chart’ for the study.

This study identified various equipment types, e.g. mainly 
ramps, trapdoors, gates or trigger-wired ‘open-cage’ devices. 
It recorded their distribution in France, and initiated prelimi-
nary mapping for Europe and North America. The reported 
data demonstrates that some escape devices were used by ani-
mals leaving fenced rights-of-way. However, many questions 
remain as to the beneficial or limiting factors and the inter-
pretation of the recorded passages (Buton et al. 2024).

The drafting of a guide for solar plant fencing

From 2020 to 2023, a good practice guide on exclusion fences 
for photovoltaic utility-scale power plants was produced with 
the support of the French Biodiversity Agency (Buton 2023). 
The guide involved an extensive analysis of a wide range of 
available references catagorised by taxon and material type, 
and encompassing the direct or indirect ecological impacts 
of exclusion fences. The focus of this work was initially on 
perimeter exclusion fences around solar plants. It was noted 
that there was a lack of specific studies and data on fencing in 
this context (Visser 2016, Guerin 2017, Visser et al. 2019); 
the guide expanded to include knowledge derived from the 
broader application of fencing from various purposes, such 
as ecological conservation, livestock farming and agricul-
ture, transport infrastructure. As opposed to a systematic 
review, the project initially analysed existing meta-analyses, 
which offered a general characterisation of ecological impacts 
(Jakes et al. 2018, Smith et al. 2020, McInturff et al. 2020), 
followed by an extensive bibliography of related references. 
This was supplemented with additional data and expert opin-
ions from scientific, technical and/or ecological networks 
both in France and internationally, including wildlife care 
centres and engineering offices. In the end, over 230 pub-
lications and reports have been analysed. A project commit-
tee was established, including government technical services, 
biologists, solar plant developers and impact assessment spe-
cialists. The committee provided feedback on specific experi-
ences and needs. The project also considered incidental or 
anecdotal data about wildlife events related to fencing (e.g. 
injuries) found in specialist or mainstream media as poten-
tial sources of information or points of interest for futher 
investigations.

Comparing directions

With hindsight, and although this objective was not clearly 
identified at the start, our research on solar power plant 

fencing installations and supplementary fencing devices 
(escape devices) has opened avenues for the broader consider-
ation of objectives and themes in applied research. This also 
extends to environmental impact assessment, encompassing 
both study tools and methodology. It should be noted that 
our recommendations are also substantiated by our extensive 
practical experience of fenced installations, i.e. largely quali-
tative and probably not exhaustive.

Future directions for studies

The paper synthesizes, revisits and reinforces several direc-
tions underlined by our two studies (Buton  et  al. 2022, 
Buton 2023) presented as Research Axis or Methodological 
Recommendations. It is important to note that there is no 
assigned priority to their order.

These guidelines result from collaborative discussions 
between the authors, who come from complementary back-
grounds: research, consultancy, public technical agencies. 
They have been enriched by conversations with developers, 
managers and practitioners. Additionally, many discussions 
occurred within the framework of a monitoring committee 
specifically established for the solar plant fencing work and 
compromising over 15 participants. Readers are encouraged 
to refer to the full reports for more detailed results.

Suggestions for research axis

Research axis no. 1: diversifying monitoring of exclusion 
fencing
To date, the bulk of scientific studies related to fences have 
traditionally focused on natural or agricultural contexts 
(McInturff et al. 2020, Smith et al. 2020). We recommend 
diversifying case studies around different types of installa-
tions, facilities, settlements or building, such as exclusion 
fences for securing goods or property.

Fencing may negatively interact with wildlife (Jakes et al. 
2018) resulting in direct physical impacts such as injuries and 
mortality due to collisions, entanglements or impalments of 
animals (referred to below as ‘direct impacts’). For example, 
directs impacts have been widely documented with Galliform 
birds, particularly in the context of livestock farming or for-
estry and notably for mountain species (Bevanger and Brøseth 
2000, Baines and Andrew 2003, GWCT 2013). However, 
during surveys conducted in France within Galliforms key 
areas, up to two out of three collisions involved ‘non-gal-
liform’ species (Milhau 2019). When considering all types 
of context, numerous bird species are prone to collide with 
fences, such as passerines, columbids, birds of prey, anatidae, 
etc. (Buton 2023); consequently it is crucial to assess this 
issue beyond just specific areas.

For instance, the impact of linear infrastructure fenc-
ing on fragmentation is well studied, but the potential for 
direct impacts remains underexplored. Unfenced roads and 
motorways pose significant wildlife mortality (Lescroart et al. 
2019). This may also occur where fencing is permeable to 
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certain species or individuals (e.g. mesh size). The effective-
ness of fences in preventing animal-vehicle collisions, partic-
ularly for ungulates, is proven (Ford et al. 2022), yet Europe 
lacks comprehensive studies on their direct impacts.

Urban areas also lack accurate studies on direct fenc-
ing impacts (e.g. gardens, commercial and industrial facili-
ties, etc.). The issue of fences in an urban context has been 
notably considered for the European hedgehog Erinaceus 
europaeus, which has emphasised the danger of garden enclo-
sures (Lohmann 2004, Jourde 2008, Hof and Bright 2009 
cited by Pettett et al. 2017). Fences can also funnel hedge-
hogs towards roads, increasing their risk of being run over 
(Berthoud 1980). A number of organisations are inviting 
the public to create ‘hedgehog highways’ through fences 
and walls to enable wildlife movement between gardens 
(British Hedgehog Preservation Society and People’s Trust 
for Endangered Species 2022). However, data on hedgehog-
fence related injuries are few, which underlines the necessity 
for more research. For example, entangled in fencing leads 
to the regular admission of injured animals in wildlife care 
centres as reported to us in a few interviews we carried out 
in France; but there is minimal detail on the type and lay-
out of the fences involved. Consequently, it would be use-
ful to collect data on the causes of hedgehog-fence related 
admission in order to assess risk and establish the link with 
fencing conditions. Other admissions related to fences could 
also be registered. On a broader level, we recommend inves-
tigating the occurence of direct impacts due to fences linked 
to human settlements (residential areas, industry, transport, 
etc.). This research could identify risk situations, contribut-
ing factors and inform the design of appropriate mitigation 
measures, such as fence marking (Trout and Kortland 2012, 
Van-Lanen et al. 2017) or repositioning fences in less promi-
nent locations (OGM 2020). The findings may eventually 
influence environmental impact studies.

As we have pointed out during the work on solar plant 
fencing, a significant methodological challenge is distinguish-
ing specific effects of perimeter fences from the enclosed 
activity or equipment: for instance, understanding whether 
animals are excluded by a certain type of fence or repelled by 
what they perceive through it (e.g. for flying species). This 
could influence the need for mitigation measures or lead 
to specific solutions. Our work on transport infrastructure 
exclusion fencing provided insight into studying the influ-
ence of enclosed activity on the perception of fences and 
of related equipment (such as escape devices) by animals. 
Recommendations include assessing how traffic may influ-
ence the effectiveness of mitigation measures (e.g. success 
of animal exiting through escape devices) and investigating 
the potential difference between roads and railways (e.g. fre-
quency or noise level of vehicles or trains). This would also 
apply to the opportunity to use escape devices in other fenced 
scenarios, such as industrial facilities, canals, etc.

In summary, direct impacts of fences have been proven for 
many bird species but comparative studies on collision rates 
by fence specifications (e.g. height, mesh size, diameter and 
spacing of poles) are scarce, all the more when accounting 

for nearby habitats, types of fenced activity or wildlife spe-
cies and abundance (Buton 2023). In the case of solar plants, 
studies detailing wildlife fence-related casualties remain 
uncommon (Visser 2016, Guerin 2017, Visser et al. 2019). 
Though occurrences are occasionaly reported, studies do not 
attribute a specific level of risk to solar plant perimeter fences 
in terms of animal injuries, collisions or entanglements. In 
addition, no direct mortality cases have been reported to 
us by solar plant operators or engineering offices in France. 
This may be due to a lack of targeted monitoring. This also 
raises the question whether this is due to a specific solar con-
text and its influence on wildlife perception of fences (e.g. 
fence types currently used around solar plants, physical or 
ecological features of sites, proximity of panels and techni-
cal installations). Several follow-up questions arise from this 
observation. For example, do solar panels act as deterrents, 
preventing low-flying species from colliding with the fences 
by creating ‘blind walls’? Alternatively, does the close proxim-
ity of fences to panels alter wildlife’s perception of these barri-
ers? If so, can this perception depend on the geometry of the 
solar panel alignments (i.e. birds arriving in front of a grassy 
strip between two rows of panels or facing the panels)? All 
these questions may relate or be extrapolated to other instala-
tions which rely on fencing.

Research axis no. 2: developing practice-oriented fence 
mapping tools
Fences are widespread over entire territories and their over-
all presence can be evaluated at a regional (large) scale 
through different methods, such as GIS fence location mod-
elling (Poor  et  al. 2014, Buzzard  et  al. 2022), or by satel-
lite/aerial imagery analysis (Buzzard et al. 2022). In France, 
1550 km of fences were mapped in the Loiret department 
(Devilleger et al. 2010), 66% of which were used to secure 
roads or prevent human intrusion, including on factory, mili-
tary or sports grounds, 6% to protect crops or forest planta-
tions and 26% for hunting grounds. In the US, fence lines are 
estimated to be nearly twice the lengths of roads (Jakes et al. 
2018), and recent models indicate that the human footprint, 
including dense fences, is larger than previously thought in 
some areas (McInturff et al. 2020).

At a more localised scale, for example in the vicinity of a 
solar plant project, no standard tools or reference methods 
exist for functionally mapping fences around future facilities 
during legally required environmental impact studies (e.g. 
within 1 to 2 km around a project). As a result, local mapping 
of fences is generally not undertaken for these assessments. 
When this issue is raised, manual mapping on site is often 
suggested as a solution; however, it is commonly avoided 
due to high workload and cost. Additionally, other linear ele-
ments that may hinder wildlife movements (e.g. buildings, 
low walls, gabions, small ditches or gutters, railings, poles 
and supports) are sometimes overlooked in impact studies. 
Therefore, we recommend that work is carried out to define 
fence mapping protocols adapted to the micro-local scale of 
environmental impact studies and to their contingencies (i.e. 
optimisation of the human and financial resources needed for 
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mapping, difficulty arising from the diversity of equipment 
and their state of disrepair, implementation deadlines, etc.).

In the solar plant fencing guide, unfenced ‘buffer zones’ 
around are recommended to ensure wildlife permeability. 
An operational mapping tool should enable effective long-
term monitoring of nearby fences (e.g. at t + 3, t + 5, t + 7 
years). Alongside aerial photograph analysis, evaluating auto-
matic fence recognition applications using field photographs 
(machine-learning) for environmental impact assessments 
prior to project developpement could be beneficial. Assessing 
how developers, engineering offices and state departments 
would use these tools is also important.

In tandem, both fence researchers as well as consultancies 
and engineering offices engaged in post-works environmental 
impact assessment monitoring, could collect more accurate 
data on fence specifications (e.g. type, layout, and condition 
of fences). This collective effort would contribute raw data for 
future meta-analyses and mapping, and aid in the effectively 
‘crowdsourcing’ of fence data, which might be challenging 
to obtain via remote sensing or modelling (Method recom-
mendation no. 1).

Research axis no. 3: further studying the impact of fencing on 
animal vehicle collisions
As we suggest for solar plant environmental impact studies, 
new fencing in the vicinity of roads or railways is likely to 
result in cumulative ecological impacts through two primary 
routes.

Firstly, fencing on a single side of a road is traditionally 
seen as increasing collision risk by potentially trapping ani-
mals within the rights-of-way. Additionally, fencing of adja-
cent land parcels may confine animals that have crossed the 
transport infrastructure within a contiguous risk area. This 
compounding effect requires further research. We recom-
mend reviewing case studies to determine a safe ‘buffer zone’ 
around plots near roads for each species, and considering the 
broader landscape context. These buffer zones should ideally 
be maintained for the entire lifespan of the transport infra-
structure, possibly extending beyond the road right-of-way.

Secondly, the risk that the fencing of a neighbouring plot 
might direct or funnel flying or terrestrial species towards 
transport infrastructure should be assessed. This includes 
understanding factors that increase the risk of animal-vehi-
cle collisions. For example, bats are known to follow certain 
fences, often as a mitigation strategy to lead them to cross-
ing structures (CEREMA 2018). It has been proven that 
fences can deflect low-flying bat species; experimental studies 
revealed that 95% of lesser horseshoe bat Rhinolophus hippo-
sideros followed and flew around 4 m high fences rather than 
flying over them at a higher level (SWILD and NACHTaktiv 
2007). Bats also follow hedgerows, which can funnel them 
towards traffic when perpendicular to roads, increasing risk 
of collision. Therefore, it is reasonable to consider that fences 
on adjacent plots might guide chiropterans towards nearby 
roads, especially if they converge towards roads or extend 
hedges, subject to fence specifications and adjacent vegeta-
tion. Additionally, it is relevant to assess if and under what 

conditions conventional height transport infrastructure 
fences (2 m) can guide low-flying bat species and how this 
may impact road mortality.

Specific study protocols for these two points should be 
developed to gain a more comprehensive understanding of 
cumulative impacts. Additionally, sharing animal–vehicle col-
lision data on transport infrastructure would facilitate future 
research and outcomes for environmental impact assessments 
related to fenced projects. It should be noted that this data 
is readily available; for example, in France, the National 
Museum of Natural History provided hot spot analyses based 
on animal-vehicle collisions recorded by Interdepartmental 
Road Directorates (Billon  et  al. 2015, Billon 2019, Billon 
and de Lacoste 2021) and highway and railway companies 
also operate their own databases.

Research axis no. 4: considering animal behaviour in 
monitoring protocol
In wildlife conservation, the value of descriptive behavioural 
studies understanding population responses to management 
actions is well established (Caro 2007). Several studies have 
assessed how mammals cope with fences. Notably, Xu et al. 
(2021) developed an innovative spatial and temporal explicit 
approach (BaBA for barrier behaviour analysis) that enables 
a nuanced understanding of animals’ responses to fences 
and classifies animal–barrier encounters into six behaviour 
categories: ‘quick cross, average movement, bounce, back-
and-forth, trace and trapped’. Applying BaBA to pronghorn 
Antilocapra americana and mule deer Odocoileus hemionus on 
> 6000 km of fencing in USA, they demonstrated how the 
method can be used to identify problematic fence segments 
for particular species and how it can help to locate remedia-
tion measures. Using camera traps in Kenya, Wilkinson et al. 
(2021) developed a guide to classifying fence-specific mam-
mal behaviors, and showed that seasonality, human activity, 
habitat visibility, and proximity to an adjacent protected area 
were each correlated with species-specific crossing locations. 
The authors emphasised that ‘one-size-fits all’ conservation 
fence designs may be ineffective and costly for restraining 
movement of many wildlife species.

In France and Europe, field monitoring focuses mainly 
on detecting animal passage through escape devices using 
track traps or digital camera traps. The activity, route and 
behaviour of animals prior to using an escape device are 
seldom documented. One notable exception is occasional 
tests carried out in enclosures (Meunier 2000). Additional 
behavioural approaches may help in understanding how spe-
cies access, perceive and use escape devices. We recommend 
developing consistent protocols to observe and quantify, at 
different radii, both exit or refusal rates, including possible 
counter-entry, drawing on existing North American studies 
as a reference framework (Siemers et al. 2015, Huijser et al. 
2016, Jensen 2018, Gagnon et al. 2020). Furthermore, sim-
ply recording exits through an escape device should not be 
interpreted without understanding the use of fenced rights-
of-way by animals (e.g. actual arrival of certain animals in 
front of a feature, or even possible refusal to cross it – see 
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also Method recommendation no. 4). Any successful pas-
sage after several attempts may indicate a ‘progressive passage’ 
requiring learning and habituation to the feature. Similarly, 
we recommend that different radii of observation to evaluate 
the influence of the fence layout, the type of escape device 
and any additional equipment (e.g. ‘bumpers’, laying heather 
on fences, scented or salted attractants – Fig. 1) should also 
be evaluated. The distance between the escape device and 
the transport infrastructure can also play a role; in North 
America, Siemers  et  al. (2015) showed that mule deer O. 
hemionus exited more often rights-of-way through ramps 
that were located relatively close to the road and we suggest 
conducting the same study for European species and using a 
wider range of distances.

The behaviour of animals around a fence and the way they 
manage to cross it can also depend on their rationale for vis-
iting the site or crossing it. This is why we advocate adopt-
ing a behavioural approach through on-site observations to 
help understanding the motivations for a target species enter-
ing and exiting fenced areas (transport infrastructure, solar 
plants, etc.). For instance, investigating the reasons for ani-
mal entry into right-of-ways before installing escape devices is 
crucial. Local factors, such as plants or water sources and salt, 
are likely to attract animals within the right-of-way (Groot 
Bruinderink and Hazebroek 1996) and it is reasonable to 
assume that their presence may interfere with the animal’s 
willingness or urgence to exit through a given escape device, 
possibly preferring to prolong its stay within the right-of-way. 
Thus, Lehnert (1996) utilised the evidence of the willingness 
of mule deer to forage within fenced road right-of-ways to 
inform modification of innovative specific crosswalk devices. 
In practice, effective maintenance or removal of such attrac-
tive factors, combined with fencing reinforcement, could also 
reduce the risk on animal intrusion. Likewise, for solar plant 
fencing, we also recommend understanding and determining 
the pathways of animals around and through the fences, in 
order to better assess the use of animal passages located at 

the foot of the fence (i.e. to facilitate movement through an 
enclosed area), and their use of unfenced buffer zones or cor-
ridors (Sawyer et al. 2022, Reck et al. 2023). This approach 
would help in understanding the factors governing the use of 
these unfenced areas.

Research axis no. 5: ex-situ testing of devices’ effectiveness
Considering both the safety issues associated with fenced 
installations (road traffic accidents, electrocution, etc.) and 
security issues (theft, vandalism, etc.), it can be problematic 
to directly test the reaction of animals to specific or inno-
vative fencing types or layout on site. Therefore, we recom-
mend increasing the number of ex-situ tests in fence ecology, 
building upon existing research and testing for microfauna 
(Conan  et  al. 2022), ungulates (Meunier 2000, Stull  et  al. 
2011), etc. The feasibility of such investigations should align 
with ethical principles and animal welfare regulations. Ex-situ 
tests can identify critical design flaws, such as the ineffective-
ness of fine mesh screens for some species (Conan et al. 2022) 
or validate specifications (e.g. tests reported on specific escape 
devices for wild boar Sus scrofa during our ESCAPE XXL 
project). Depending on the results of the ex-situ phase, only 
subsequent in-situ testing can consider other factors such as 
scale (e.g. length of fence), site constraints (e.g. disturbance 
due to enclosed or neighbouring activities) or operation, etc.

In particular, we propose testing specific ramp designs 
within enclosures that are low enough to aid not just red deer 
Cervus elaphus and roe deer Capreolus capreolus but also wild 
boar, known for their comparatively limited jumping abilities. 
In order to reduce the risk of reverse entry (i.e from outside 
the fenced enclosure), we suggest these low ramps include 
an open-work feature (i.e. guardrail or barrier) at the top, 
similar to designs tested in North America with local species 
(Huijser et al. 2015, Siemers et al. 2015, Gagnon et al. 2020). 
This design would allow an animal to step through and jump 
from the ramp’s top facilitating exit from the fenced right-of-
way, while also dettering entry from outside.

Figure 1. Principle of progressive instrumentation radii around an escape device in future in situ monitoring (source: Buton 2022).
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Research axis no. 6: studying large-scale effects of fencing
Jakes (2018) and Mc Inturff (2020) have highlighted the 
importance of research across different scales. We have 
observed that Environnmental Impact Assesments of solar 
plants or roads often focus on the immediate vicinity (typi-
cally hundreds of metres or few kilometres). However, cumu-
lative, indirects or chain-linked impacts may occurr at larger 
scales. A fence may be considered ‘good’ on a small scale, 
but ‘bad’ on a larger scale. These large-scale impacts inter-
sect with other well-known factors contributing to the frag-
mentation of natural habitats (e.g. transport infrastructure, 
urbanisation). We propose that the ecological impacts of 
each new fencing installation, regardless of its nature, should 
be assessed from a broader perspective. Every new fence is 
essentially a new component in the expanding network of 
fences. This approach requires a deeper understanding of 
these complex large-scale effects, not just on wildlife (e.g. 
migration, etc.), but also on habitats and flora. It requires 
better mapping (Research axis no. 2), supported by advanced 
high-tech tools for characterising fences (Method recom-
mendation no. 6).

Method recommendations for research and 
environmental impact studies

Method recommendation no. 1: accurately documenting 
fences
Fencing is a globally ubiquitous feature (Xu and Huntsinger 
2022). It is also highly diverse in its forms and uses, and is 
subject to evolution over time (e.g. ageing, technical enhance-
ments). Our research, mainly focused on metal structures 

like wire mesh, already includes a wide variety of designs. 
Acknowledging that fence ecology is a nascent research area, 
we encourage the accurate recording of fence types used 
in any study without generalising to a global and ubiqui-
tous concept of a fence. We believe that comparing results 
between sites requires consideration of actual fencing materi-
als, as each type of fence (e.g. flexible or rigid fence, mesh 
size and dimensions, barbed or smooth wire: see Fig. 2) and 
layout (e.g. fences buried or above ground, type or reinforce-
ments at the bottom or on the top) is likely to have different 
effects (Table 1). However, such detailed fence informa-
tion is seldom factored into wider analysis. We recommend 
that studies provide comprehensive fence information, with 
appendices within research reports containing photographs 
and annotated diagrams denoting wire mesh, ground level 
and fence post detail (e.g. diameter, material and spacing of 
fence poles, ground anchors and reinforcements, fence burrs 
or top extensions, etc.). The colour of each component could 
be specified with a qualifying adjective ideally a standard 
colour code, as well as their material (e.g. type of metal, syn-
thetic material, paint and galvanising). The general state of 
obsolescence and condition should also be described, as dam-
age may alter the effectiveness of fencing or, conversely, cause 
hazards to wildlife (e.g. sharp wires). Wilkinson et al. (2021) 
demonstrated the correlation between fence maintenance 
and animal behaviour, underlining the importance of fence 
condition in understanding its effects on wildlife. It would 
also facilitate designing effective fencing policies that address 
long-term presence, maintenance and decay of fences, as well 
as removal when redundant or unneeded.

Figure 2. Illustration of the main types of fencing encountered, showing the differences in wire: barbed (1) or non-barbed (others), rigid (4) 
or soft (5), the differences in mesh size: small (6) or large (2 and 5) and the differences in material: metallic (1, 2, 3, 4 and 6) or plastic (5). 
(credit: 1, 2, 3, 4 and 5: C. Buton – Cabinet X-AEQUO, 3: Ch. Saint-Andrieux – OFB)
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Method recommendation no. 2: early planning of scientific 
monitoring
Post-construction monitoring are often legally required. The 
challenge for a project owner is to produce objective data to 
determine whether the mitigation measures specified in the 
impact assessment have achieved the expected results. It is 
crucial to follow a systematic approach that ensures objectiv-
ity and replicability. Ideally, such data would also be useful 
for broader research applications. The key prerequisite is to 
undertake a systematic approach based on: 1) contextualizing 
the study with a bibliographical review of existing informa-
tion and knowledge; 2) clear definition of the study chal-
lenges or hypothesis to be tested; 3) an experimental protocol 
adapted to the monitoring objective; 4) statistical analysis of 
the data to determine objectively whether the observed effect 
is significant and; 5) critical analysis of the results and sub-
sequent discussion (Kaldonski  et  al. 2020). In summary, a 
scientific approach enables an objective testing of monitoring 
results, as opposed to informal post-construction monitor-
ing, which will only highlight trends (Sordello et al. 2019).

We would encourage undertaking post-construction assess-
ments as part of a before-after-control-impact (BACI) proto-
col to address spatial and temporal variations (Conner et al. 
2016). Nevertheless, we acknowledge that a BACI protocol 

may not always be possible in the context of post-construc-
tion monitoring legally required within an environmental 
impact assessment or imposed by the authorities in their 
permits, e.g. when the project is located at a single site. For 
example, as noted during our work on solar plant fencing, it 
may be difficult to fence off only part of the perimeter (e.g. to 
study the impact of the presence or absence of fencing on the 
site) where human access to the facility is to be restricted for 
security reasons. However, early engagement of researchers in 
the construction process with the project owner may enable 
consensus and foster innovative monitoring approaches.

This implies considering the requirements of the subse-
quent monitoring protocol from the design stage. This is not 
just a question of being able to gather baseline data prior 
to development impact (i.e. the ‘zero point’ corresponding 
to the protocol’s objectives). It is also a question of ensur-
ing that the operations carried out during the construc-
tion phases (e.g. disturbance by construction vehicles at the 
target site) do not interfere with the monitoring, and vice 
versa. It is key that the correct information and involvement 
of all stakeholders (in particular, construction workers and 
subsequent operating company) feed into the protocol (i.e. 
technical decisions, anticipation of disturbance effects, etc.) 
which will determine the effectiveness of the monitoring 

Table 1. Examples of direct negative effects of fences (in all contexts and activities worldwide). CO: collision (injury or death) – EN: entangle-
ment and/or snaring – EL: electrocution or electrification. Boxes left blank indicate a lack of data, but not a certainty of no impact (adapted 
from Buton 2023).
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programme. We recommend that the monitoring protocols 
are co-designed with the project owner, the ecologist, biostat-
istician (as required) and operational staff, at the design stage 
of development projects and with periodic joint rewiews dur-
ing its implementation.

Method recommendation no. 3: contextualising fencing 
requirements
Each fencing project has specific goals (e.g. fences to exclude 
humans or wildlife, escape devices to move animals out of 
a fenced transport infrastructure right-of-way) that should 
be well defined and agreed with relevant stakeholders before 
implementation. In particular, from our experience on solar 
plants, we have highlighted the necessity for clearly defin-
ing the level of tightness or permeability of exclusion fences 
around each plot so as to 1) set up technical fencing specifi-
cations, 2) consider measures to mitigate ecological impacts 
and 3) monitor results on the long term.

Each project is also subject to multiple technical require-
ments to ensure its longevity and effectiveness (e.g. layout 
and design of poles and fences). It must also comply with 
specific constraints that apply more generally to the sector of 
activity (e.g. security, safety, regulations, right-of-way main-
tenance procedures). All of these constraints must be fully 
considered in any research, including overall technical and 
budgetary feasibility. For example, during the ESCAPE XXL 
project, an issue arose in relation to the proximity of escape 
devices to the traffic and the potential risk of a vehicle leav-
ing the road (i.e. ramp effect with a vehicle colliding with an 
escape device). Therefore, with a view to supplement later 
versions of guidance (CEREMA 2021), we suggest inclusion 
of a legal analysis to determine the risks and constraints asso-
ciated with a site’s specific context (e.g. types of infrastruc-
ture, road geometry, traffic volume); although no incident 
involving any escape device is known to us to date. In addi-
tion, an understanding of legal implications for stakeholders, 
(e.g. infrastructure managers, device designer) is also required 
to account for scenarios such as escape device failure (e.g. 
animals using the escape device in reverse and entering the 
fenced right-of-way, resulting in road traffic accidents). The 
occurence of reverse entries have been documented in North 
America and are often contingent on species, type of escape 
device and layout, or additional equipments (Reed  et  al. 
1974, Gagnon et al. 2020). However, based on the literature 
review undertaken for this study, there were no reports iden-
tified of car accidents directly attributable to reverse entries. 

In practice, we encountered two schools of thought 
among designers and operators for ramp-type escape devices. 
Some argue that the jump height cannot be lower than the 
minimum height recommended by national standards for 
wildlife exclusion fences (e.g. 2 m minimum for roe deer 
in France (Carsignol and Tekielak 2019)), even if this lim-
its the rate of successful exit. Other designers advocate lower 
heights to facilitate animal egress. This particularly empha-
sises the importance of undertaking tests on ramps as pro-
posed above (Research axis no. 5). Additionally, legal risks 
associated with activities or facilities near escape device may 

need consideration (e.g. risk of an animal exiting on a sec-
ondary road through an escape device). We believe there is 
a need to reconcile the results of a scientific approach only, 
and the legal examination of the application. For example, 
we have previously highlighted the gap between the empirical 
or statistical methods developed to analyse priority risk areas 
(i.e. hot spots) for animal-vehicle collisions and the case-by-
case legal review following a road accident resulting from 
an animal (Lescroart et al. 2019). The factors considered in 
court rulings can vary significantly from scientific calculation 
methods. Therefore, it is crucial to analyse legal ramifications 
alongside scientific research to ensure practical applicability.

The discussions and research undertaken for the solar 
plant fencing guide emphasised the importance of specifying, 
on a case-by-case basis, the constraints that a developer might 
face regarding perimeter fencing. This is also relevant to other 
facilities or infrastructure types; and it includes consider-
ing if fencing is required, for what reason, level of security/
safety or detailed specifications, etc. These factors not only 
influence the nature and type of site work but also affect the 
research protocols applicable to a given site. Understanding 
and addressing these nuances is essential for the effective 
implementation and study of fencing in various infrastruc-
tural contexts.

Method recommendation no. 4: defining effectiveness goals 
and criteria
In our work on escape devices, we have highlighted that 
users and scientists have different ways of interpreting their 
effectiveness. These understandings are related to the per-
ceived objectives for these devices and the criteria used to 
assess effectiveness. This statement is equally applicable to 
other ecological measures or devices. For example, defining 
an effective escape device raises questions about what con-
stitutes success. Should the safe passage of a single animal 
be considered as conclusive in that it potentially prevented 
an accident as suggested by FDC13 (2012)? Is it possible to 
set a threshold, i.e. a minimum ‘exit’ success rate for a target 
species or animal? In North American comparative studies, 
cost-benefit analyses included only those escape devices that 
demonstrated efficiency rates of 80% or higher, either for 
enabling large mammals to exit fenced rights-of-way or for 
preventing reverse entries (Huijser et al. 2015). Conversely, 
before concluding that a device is ineffective, the absence of 
its use must obviously be analyzed in the light of the presence 
or absence of animals in the right-of-way. Observing the non-
use of an escape device on a given site, on its own, does not 
conclusively indicate its ineffectiveness.

In our work, we have carried out a quick search of the 
various aspects underlying the notion of effectiveness (or its 
common synonyms: efficacy, efficiency, etc.) based on the 
French translations. However, an in-depth semantic analy-
sis may identify further considerations. For example, effec-
tiveness may relate to functionality in terms of possibilities 
or potential functions offered by the device, i.e. whether it 
actually allows animals to leave a fenced area. Introducing a 
notion of performance may involve assessing the percentage 
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of successful exits in relation to the initial number of ani-
mals inside the fenced area (in situ or during ex situ tests). 
As an integrated criterion, this may also involve assessing 
the impact of equipment installation on accident rates. In 
a behavioural approach, assessing the effectiveness implies 
characterising how animals cross or refuse to use an escape 
device (e.g. routes toward the device, time before exiting). 
Refusal can equally be difficult to define: for example, does an 
unsuccessful attempt to activate a mobile escape device (e.g. 
trapdoor, gate) qualify as refusal? Is the presence of an animal 
in front of such a device without trying to operate it to be 
considered as a refusal? If so, from what distance? Lastly, how 
should animals be classified if they refuse to cross the escape 
device in the first instance, but then return to successfully 
pass through it later? From a behavioural perspective, effec-
tiveness might also imply estimating the increased time spent 
by animals inside the right-of-way, although this may be dif-
ficult to assess on-site. It can also raise a question of compara-
tive efficiency as the ability to produce maximum results with 
minimum effort or expense. Comparative analysis of devices 
can then be carried out in terms of return on investment. 
Escape devices have been the subject to several cost benefit 
analyses in North America, but such studies are limited in 
Europe, apart from inventories of only supply costs (Buton 
2022). This approach would also require a detailed compara-
tive analysis of installation costs and contingencies under 
comparable site and access conditions, as well as a delineation 
between new work and work on existing infrastructure. For 
cost benefit analyses, we suggest referring to the parameters 
used in North America (Huijser et al. 2015). This includes 
factors such as construction (from planning to installation), 
maintenance and repairs, reduction of animal mortality (e.g. 
big game), etc. There may be other ways of defining effective-
ness and we underline the importance that studies on mitiga-
tion measures (not just escape devices) clearly indicate which 
approach has been selected.

In relation to human–wildlife conflict, various aspects of 
technical efficiency (i.e. influencing animal behaviour) and 
ecological effectiveness (i.e. achievments of final ecological 
goals) is linked with the social acceptability of solutions in 
an overall Social Effectiveness concept (Volski  et  al. 2021). 
A practical example is demonstrated in our work on solar 
plants during which stakeholders identified the necessity to 
integrate landscape and environmental approaches during 
the environmental impact assessment process. For instance, 
one way of mitigating potential risks of bird-fence collisions 
could be to reinforce the visibility of fences by adding specific 
markers to divert birds as demonstrated in other contexts 
(Van-Lanen et al. 2017). However, this may alter the overall 
integration of the fence within the landscape by creating a 
visual intrusion for local stakeholders/communities. When 
considering the possible interaction between ecological and 
societal constraints in the broadest sense (including visual 
sensitivities for neighbouring residents, applicable techni-
cal standards, legal framework and jurisprudence, terms of 
insurance, etc.), we align with Xu and Huntsinger (2022) 
when they advocate ‘a comprehensive framework that situates 

fencing within coupled human and natural systems, or social-
ecological systems’, as well as considering how societal con-
straints influence technical choices, with the possibility of 
co-evolution and potential feedback loops.

Method recommendation no. 5: taking advantage of 
opportunistic animal–fence event observations
In France, and possibly in other countries, wildlife incidents 
involving fences are not well-documented, with the notable 
exception of studies on mountain Galliforms. This lack of 
documentation may be attributed to the low likelihood of 
passers-by directly witnessing such events (although inci-
dental observations were reported to the authors on a few 
occasions). This also includes encountering a carcass with 
obvious indications of fence entanglement or collision. Other 
difficulties correspond to the biases commonly reported in 
any mortality monitoring programme, such as scavenger 
activity, the observer’s acuity in a given environment and for 
given body sizes, the frequency of observation, the distance 
of search from the fence and determining cause of mortal-
ity based on evidence present (Visser 2016, Jenkins  et  al. 
2017, Milhau 2019). A general lack of awareness, along 
with the absence of guidance and training also contributes 
to poor documentation. In line with the principle of ‘citi-
zen science’, we propose establishing an on-line public par-
ticipatory tool to record cases of collisions, entanglements 
or impalements of wild animals on fences of all types. Such 
participatory surveys have already highlighted the adverse 
impacts of fences and resulted in the development of guid-
ance, e.g. in Switzerland by the Swiss National Association 
for Animal Protection (Schlup and Furrer 2021). BirdLife in 
South Africa (https://www.birdlife.org.za/what-we-do/land-
scape-conservation/what-we-do/birds-and-fences/) and the 
Entangled Wildlife Australia project (bit.ly/3q1EHPH) have 
created online crowdsourcing tools. The implementation of 
such a platform dedicated to fences in France could provide 
case studies (including photographs), locate incidents (geo-
referencing) or collect additional data (questionnaire). This 
platform could be hosted on the internet (with an accom-
panying smartphone application), possibly within a wider 
framework of general participatory data collection platforms 
already in use and popularized, such as Vigienature in France 
(www.vigienature.fr). It should be possible to design several 
levels or a hierarchy of information (e.g. public/expert level) 
to use the tool in the framework of specific inventories. The 
objective of such a permanent participatory survey would 
be: 1) documenting local examples (for instance in France, 
but with potential extension to Europe scale), 2) allowing 
a multi-year analysis, 3) suggesting appropriate mitigation 
measures and 4) identifying specific and new research themes 
for scientific investigation. It is also probable that targeted 
publicity of such a platform will raise public awareness and 
encourage the submission of observations. Of course, proce-
dures for validating the information collected will have to be 
defined. Importantly, the new French legislation no. 2023-
54 of February 2023 which limits the enclosure of natural 
areas may also support public interest and participation. This 

 1903220x, 0, D
ow

nloaded from
 https://nsojournals.onlinelibrary.w

iley.com
/doi/10.1002/w

lb3.01152 by Portail B
ibC

N
R

S IN
E

E
, W

iley O
nline L

ibrary on [05/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.birdlife.org.za/what-we-do/landscape-conservation/what-we-do/birds-and-fences/
https://www.birdlife.org.za/what-we-do/landscape-conservation/what-we-do/birds-and-fences/
www.vigienature.fr


Page 11 of 14

legislation not only restricts fencing dimensions but also man-
dates that fences must not harm or trap wildlife. It would be 
beneficial if the future application decree defined these terms. 
The participatory inventory we suggest would significantly 
contribute to a better understanding of these situations.

Method recommendation no. 6: developing artificial 
intelligence and computer vision to map fences
Aligned with research axis no. 2, we propose to test the inte-
gration of computer analysis of fence images obtained by 
remote sensing with recognition of fence types using artificial 

Table 2. Summary of the six research axis and six method recommendations, with brief explanations and the main sources of recommenda-
tions (work on solar plant fencing or on escape devices).

Sources of recommandation

Recommandations Details

Work on 
solar plant 

fencing

Work on 
escape 
devices

Research axis
No. 1: diversifying monitoring of 

exclusion fencing
• studying ecological impacts of fences surrounding different types of 

installations, facilities, settlements or buildings
X X

• distinguishing potential specific effects of perimeter fences from 
effects due to the enclosed installation or equipment

X

• collecting data on animal–fence related admission in wildlife care 
centres

X

No. 2: developing practice-
oriented fence mapping tools

• testing mapping protocols suited for environmental impact studies of 
projects

X

No. 3: further studying the impact 
of fencing on animal vehicle 
collisions

• defining safe unfenced ‘buffer zone’ around plots close to roads X
• assessing the risk that the fencing of a neighbouring plot guide or 

funnel animal towards transport infrastructure
X

• sharing of animal–vehicle collision data from transport infrastructure X
No. 4: considering animal 

behaviour in monitoring 
protocol

• documenting animal route and activity prior it uses a mitigation 
feature (e.g. escape device, passage at the foot of fence, unfenced 
corridors between enclosures, unfenced buffer zone surrounding a 
project)

X X

• studying exit or refusal rates, including possible counter-entry X
• studying the use of the rights-of-way by animals and their reasons for 

entering / exiting fenced areas
X X

No. 5: ex-situ testing of devices’ 
effectiveness

• testing within enclosures specific ramps for deers and wild boars X

No. 6: studying large-scale effects 
of fencing

• study the cumulative effects of a growing network of fences across an 
entire region, adding them to other factors of fragmentation (transport 
infrastructure, urbanisation, etc.)

X

Method recommendations
No. 1: accurately documenting 

fences
• providing full information on fence materials, dimensions, layout, 

colour and state of obsolescence
X

No. 2: early planning of scientific 
monitoring

• following a scientific approach to monitor environmental impact 
mitigation measures (definition of goals, adapted protocol, statistical 
data analysis, critical analysis of results)

X X

• following a before-after-control-impact (BACI) protocol if possible X
• co-designing of protocols by the project owner, ecologist, 

biostatistician and operational staff, at the design stage of 
development projects, with periodic joint rewiews during 
implementation

X X

No. 3: contextualising fencing 
requirements

• before research/implementation, considering with stake holders 
fencing goals and comprehensive constraints, including technical and 
budgetary feasibility, legal risks, and societal constraints

X X

No. 4: defining effectiveness goals 
and criteria

• indicating the definition used for effectiveness in each research or 
studies upon a mitigation measure or ecological device

X

• analyzing the semantics associated with the notion of effectiveness X
• studying the possible interaction between ecology and societal 

constraints
X

No. 5: taking advantage of 
opportunistic observations of 
animal-fence events

• setting up an on-line public participatory tool to record collisions, 
entanglements or impalements of wild animals on fences (with 
public/expert level, data validation procedure)

X

No. 6: developing artificial 
intelligence and computer vision 
to map fences

• improving aerial/satellite image analysis combined with on-ground 
fence-type recognition backed up by artificial intelligence and deep 
learning in order to assess the cumulative impacts of fences at different 
scales and to support territorial governance of issues relating to the 
ecological impacts and effectiveness of fences

X
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intelligence. Depending on study scope, remote sensing can 
be based on satellite or high-resolution aerial drone. In par-
ticular, the automatic ‘labelling’ could rely on deep learning, 
using both specific field surveys and possibly crowd-sourced 
data. For each of these uses, quick and practical input tools 
should be developed, for example on tablets or smartphones. 
Photo upload and metadata information utilities could be 
adapted either to expert users or general public. This grow-
ing integration of technology would aid in mapping fences 
and evaluating their cumulative impacts across various scales. 
This approach would not only assist in assessing the ecologi-
cal impacts and effectiveness of fences, but also support their 
integration into territorial planning documents and envi-
ronmental assessments of plans and projects. By doing so, it 
would enhance the governance of territorial issues related to 
fences, contributing significantly to informed decision-mak-
ing in environmental planning and management.

Conclusion

Our two in-depth synthesis on fencing focusing on escape 
devices and perimeter fencing of solar plants, have high-
lighted or consolidated key guidelines applicable to any study 
related to fencing, regardless of its purpose. These guidelines, 
outlined in Table 2, contribute to the technical development 
of the nascent field of fence ecology.

Each new fencing project presents an opportunity 
to expand knowledge, capitalise on lessons learned and 
improve future project outcomes, provided that protocols 
are implemented, designed and monitored with scientific 
rigour. This is also contingent on engaging with fence users 
in a genuine ‘co-production process’ as recommended by 
Hyde  et  al. (2022). Users’ constraints and perceptions 
can influence the range of feasible mitigation measures at 
a given location, their adoption by users, and acceptance 
by stakeholders, as well as conditioning the terms of pos-
sible assessment protocols. Integration of social factors and 
implementing a multi-partner approach offers a significant 
opportunity for applied research, aiming to make wildlife 
friendly fencing maximally functional for users and widely 
adopted. We recognise that the knowledge of fencing issues 
is still largely unfamiliar and there may be wider reluctance 
to address this agenda; consequently, this will require a great 
deal of information dissemination and awareness raising to 
mainstream fence ecology.

Finally, preventing ecological impacts may require work-
ing at scales that go beyond the territorial scope of a project 
or the regulatory contingencies of official impact assessments. 
This means that the cumulative effects of fragmentation 
should be consider at larger scales in environmental impact 
assessments. We recommend that these considerations, 
including the coordination of research, knowledge improve-
ment, diagnosis, action and feedback, be managed by a gov-
ernance body formulated to match the scale of the territories. 
Such an approach will ensure a comprehensive and integrated 
perspective in addressing the ecological impacts of fencing.

Acknowledgements – We would thank two anonymous reviewers 
as well as Nuria Selva Subject Editor at Wiley’s for their insightful 
comments and suggestions. We would also like to warmly 
acknowledge Rory Canavan (IENE) for his meticulous proofreading 
and help with the English translation. The exchanges and comments 
having also contributed to clarifying our ideas.
Funding – CB was funded by the French Biodiversity Agency 
for the writing of a good practice guide for fencing around solar 
photovoltaic power plants, for which CSA and NK were part of 
the monitoring committee and reviewers. CB, FN and CS were 
supported by the french National Research Program on Transport 
Infrastructure, Territories, Ecosystems and Landscapes (ITTECOP) 
for an exploratory project on escape devices for ungulates. Other 
contributors to our reflections and who should be thanked have 
been gratefully listed within the final reports of both projects. The 
use of the free DeepL software was a great help.

Author contributions

Caryl Buton: Writing – original draft (lead). Nicolas kal-
donski: Writing – review and editing (equal). François 
Nowicki: Writing – review and editing (equal). Christine 
Saint-Andrieux: Writing – review and editing (equal).

Transparent peer review

The peer review history for this article is available at https://
publons.com/publon/10.1002/wlb3.01152.

Data availability statement

Data sharing is not applicable to this article as no new data 
were created or analyzed in this study.

References

Baines, D. and Andrew, M. 2003. Marking of deer fences to reduce 
frequency of collisions by woodland grouse. – Biol. Conserv. 
110: 169–176.

Berthoud, G. 1980. Le hérisson (Erinaceus europaeus L.) et la route. 
– Rev. D’Ecol. Terre Vie 34: 361–372.

Bevanger, K. and Brøseth, H. 2000. Reindeer Rangifer tarandus 
fences as a mortality factor for ptarmigan Lagopus spp. – Wildl. 
Biol. 6: 121–127.

Billon, L. 2019. Note d’analyse de la répartition des collisions faune/
véhicule – DIR Méditerranée – Données récoltées en 2017, 
UMS 2006 Patrimoine naturel (AFB, CNRS, MNHN), 24 pp.

Billon, L. and de Lacoste, N. 2021. Bilan de la mise en œuvre du 
protocole Collisions en DIR Méditerranée. Analyse des données 
récoltées de 2017 à 2020, UMS 2006 Patrimoine naturel (OFB/
CNRS/MNHN), 66 pp.

Billon, L., Sordello, R., Witte, I. and Touroult, J. 2015. Méthode 
d’analyse des données issues du protocole de recensement des 
collisions faune/véhicule pour la détection de zones à risque, 
Service du patrimoine naturel, Muséum national d’Histoire 
naturelle, SPN 2015-55: 30 pp.

Hedgehog Preservation Society and People’s Trust for
Endangered Species. 2022. Hedgehogs and development, 20 pp. – 

https://www.hedgehogstreet.org/wp-content/uploads/2022/08/
PTES-BHPS-Hedgehogs-and-development-guide-2022.pdf

 1903220x, 0, D
ow

nloaded from
 https://nsojournals.onlinelibrary.w

iley.com
/doi/10.1002/w

lb3.01152 by Portail B
ibC

N
R

S IN
E

E
, W

iley O
nline L

ibrary on [05/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://publons.com/publon/10.1002/wlb3.01152
https://publons.com/publon/10.1002/wlb3.01152
https://www.hedgehogstreet.org/wp-content/uploads/2022/08/PTES-BHPS-Hedgehogs-and-development-guide-2022.pdf
https://www.hedgehogstreet.org/wp-content/uploads/2022/08/PTES-BHPS-Hedgehogs-and-development-guide-2022.pdf


Page 13 of 14

Buton, C. 2023. Impacts écologiques des clôtures et solutions de 
remédiation possibles. État des connaissances et bonnes pra-
tiques spécifiques aux centrales photovoltaïques au sol, Cabinet 
X-AEQUO, 128 pp. – https://trameverteetbleue.fr/documenta-
tion/references-bibliographiques/impacts-ecologiques-clotures-
solutions-remediation

Buton, C., Nowicki, F. and Saint-Andrieux, C. 2022. Projet explor-
atoire Escape XXL, Etat des connaissances et retour d’expérience 
sur les dispositifs de sortie des clôtures pour les ongulés sau-
vages, rapport final. – Programme ITTECOP, 81p. 

Buton, C., Nowicki, F. and Saint-Andrieux, C. 2024. Vers une 
écologie des clôtures: quel sens donner aux échappatoires pour 
la grande faune? Chapter 9 in Bonin, S. et al. 2024. Infrastruc-
tures de transport créatives. Mieux les intégrer aux écosystèmes, 
paysages et territoires, QUAE ed, 252 pp.

Buzzard, S. A., Jakes, A. F., Pearson, A. J. and Broberg, L. 2022. 
Advancing fence datasets: comparing approaches to map fence 
locations and specifications in southwest Montana. – Front. 
Conserv. Sci. 3: 958729.

Caro, T. 2007. Behavior and conservation: a bridge too far? – 
Trends Ecol. Evol. 22: 394–400.

Carsignol, J. and Tekielak, G. 2019. Clôtures routières et ferrovi-
aires & faune sauvage – Critères de choix et recommandations 
d’implantation.

CEREMA. 2018. Chiroptères et infrastructures de transport: Note 
d’information n°7 - Cerema, Bron. 23 pp.

CEREMA. 2021. Les passages à faune. Préserver et restaurer les 
continuités écologiques, avec les infrastructures linéaires de 
transport. – Cerema, Bron. 304 pp.

Clevenger, A. P., Chruszcz, B. and Gunson, K. E. 2001. Highway 
mitigation fencing reduces wildlife-vehicle collisions. – Wildl. 
Soc. Bull. 29: 646–653.

Conan, A., Fleitz, J., Garnier, L., Le Brishoual, M. L., Handrich, Y. 
and Jumeau, J. 2022. Effectiveness of wire netting fences to pre-
vent animal access to road infrastructures: an experimental study 
on small mammals and amphibians. – Nat. Conserv. 47: 271–281.

Conner, M. M., Saunders, W. C., Bouwes, N. and Jordan, C. 2016. 
Evaluating impacts using a BACI design, ratios, and a Bayesian 
approach with a focus on restoration. – Environ. Monit. Assess. 
188: 555.

Devilleger, C., Roulet, J.-J., David, Y., Serre, D., Lesage, C. and 
Reverchon, S. 2010. Fragmentation du territoire par les clô-
tures: une dynamique préoccupante dans le Loiret. Étude 
d’impact sur le cerf élaphe. – Faune Sauvage 289: 7.

FDC13. 2012. Suivi des échappatoires routiers pour les sangliers. 
– Chass. En Provence 24: 18.

Ford, A. T., Dorsey, B., Lee, T. S. and Clevenger, A. P. 2022. A 
before-after-control-impact study of wildlife fencing along a 
highway in the Canadian Rocky Mountains. – Front. Conserv. 
Sci. 3: 935420.

Gagnon, J. W., Loberger, C. D., Ogren, K. S., Beach, C. A., Nelson, 
H. P. and Sprague, S. C. 2020. Evaluation of the effectiveness 
of wildlife guards and right of way escape mechanisms for large 
ungulates in Arizona, 82 pp.

Groot Bruinderink, G. W. T. A. and Hazebroek, E. 1996. Ungulate 
traffic collisions in Europe. – Conserv. Biol. 10(4): 1059–1067.

Guerin, T. 2017. A case study identifying and mitigating the envi-
ronmental and community impacts from construction of a 
utility-scale solar photovoltaic power plant in eastern Australia. 
– Sol. Energy 146: 94–104.

GWCT. 2013. Black grouse. Fence collisions and marking. – 
https://www.gwct.org.uk/media/208710/Black-grouse-fence-
collisions-and-marking.pdf.

Hof, A. R. and Bright, P. W. 2009. The value of green-spaces in 
built-up areas for western hedgehogs. – Lutra 52: 69–82.

Huijser, M. P., Kociolek, A. V., Allen, T. D. H., McGowen, P., 
Cramer, P. C. and Venner, M. 2015. Construction guidelines 
for wildlife fencing and associated escape and lateral access con-
trole measures. – Western Transportation Institute, 218 pp.

Huijser, M. P., Camel-Means, W., Fairbank, E. R., Purdum, J. P., 
Allen, T. D. H., Hardy, A. R., Grhama, J., Begley, J. S., Basting, 
P. and Becker, D. 2016. US 93 north post-construction wildlife-
vehicle collision and wildlife crossing monitoring on the flat-
head Indian reservation between Evaro and Polson, Montana. 
– Western Transportation Institute, Montana State University, 
144 pp.

Hyde, M., Breck, S. W., Few, A., Beaver, J., Schrecengost, J., Stone, 
J., Krebs, C., Talmo, R., Eneas, K., Nickerson, R., Kunkel, K. 
E. and Young, J. K. 2022. Multidisciplinary engagement for 
fencing research informs efficacy and rancher-to-researcher 
knowledge exchange. – Front. Conserv. Sci. 3: 938054.

IENE. 2022. Wildlife & traffic. A European handbook for identify-
ing conflicts and designing solutions. 7 Solutions to reduce 
transport infrastructure impacts on wildlife. – https://handbook-
wildlifetraffic.info/ch-7-solutions-to-reduce-transport-infra-
structure-impacts-on-wildlife/7-2-reducing-wildlife-mortality.

Jaeger, J. A. G. and Fahrig, L. 2004. Effects of road fencing on 
population persistence. – Conserv. Biol. 18: 1651–1657.

Jakes, A. F., Jones, P. F., Paige, L. C., Seidler, R. G. and Huijser, M. 
P. 2018. A fence runs through it: a call for greater attention to 
the influence of fences on wildlife and ecosystems. – Biol. Con-
serv. 227: 310–318.

Jenkins, A. R., Ralston-Paton, S. and Smit-Robinson, H. A. 2017. Best 
practice guidelines. Birds & solar energy. Guidelines for assessing 
and monitoring the impact of solar power generating facilities on 
birds in southern Africa – BirdLife South Africa: 34 pp.

Jensen, A. J. 2018. Crossing corridors: wildlife use of jumpouts and 
undercrossings along a highway with wildlife exclusion fencing. 
Master’s Theses – Faculty of California Polytechnic State Uni-
versity, 102 pp.

Jourde, P. 2008. Le hérisson d’Europe. – Delachaux & Niestlé, 207 
pp.

Kaldonski, N., Thorel, M., Vellot, O., Cluchier, A., Illac, P. and 
Pillods, M. 2020. Pieso Boost. Boîte à Outils pour l’optimisation 
des Suivis écologiques et des Techniques d’intégration de 
l’énergie solaire - ADEME, 76 pp.

Lehnert, M. E. 1996. Mule deer highway mortality in Northeastern 
Utah: an analysis of population-level impacts and a new mitiga-
tive system. – Utah State Univ., 82 pp.

Lescroart, M., Paquier, F. and Daloz, A. 2019. AFB 2019. Con-
tinuités écologiques et collisions avec la faune. Des données 
aux solutions. Collection Les rencontres, (68). – Journée 
d’Échanges Techniques, Paris, 2 Juillet 2019, 6 pp. https://
www.documentation.eauetbiodiversite.fr/notice/continuites-
ecologiques-et-collisions-avec-la-faune-des-donnees-aux- 
solutions0.

Lohmann, M. 2004. Le Hérisson – Artemis, Paris. 95 pp.
McInturff, A., Xu, W., Wilkinson, C. E., Dejid, N. and Brashares, 

J. S. 2020. Fence ecology: frameworks for understanding the 
ecological effects of fences. – BioScience 70: 971–985.

Meunier, F. 2000. Etude expérimentale du comportement de fran-
chissement d’une clôture par des chevreuils. – CERA Envi-
ronnement, 26 pp.

Milhau, B. 2019. Inventaire des clôtures dangereuses pour les Gal-
liformes de Montagne et Bilan de Leur visualisation dans les 
Pyrénées françaises. – Mise J. 2018: 28.

 1903220x, 0, D
ow

nloaded from
 https://nsojournals.onlinelibrary.w

iley.com
/doi/10.1002/w

lb3.01152 by Portail B
ibC

N
R

S IN
E

E
, W

iley O
nline L

ibrary on [05/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://trameverteetbleue.fr/documentation/references-bibliographiques/impacts-ecologiques-clotures-solutions-remediation
https://trameverteetbleue.fr/documentation/references-bibliographiques/impacts-ecologiques-clotures-solutions-remediation
https://trameverteetbleue.fr/documentation/references-bibliographiques/impacts-ecologiques-clotures-solutions-remediation
https://www.gwct.org.uk/media/208710/Black-grouse-fence-collisions-and-marking.pdf
https://www.gwct.org.uk/media/208710/Black-grouse-fence-collisions-and-marking.pdf
https://handbookwildlifetraffic.info/ch-7-solutions-to-reduce-transport-infrastructure-impacts-on-wildlife/7-2-reducing-wildlife-mortality
https://handbookwildlifetraffic.info/ch-7-solutions-to-reduce-transport-infrastructure-impacts-on-wildlife/7-2-reducing-wildlife-mortality
https://handbookwildlifetraffic.info/ch-7-solutions-to-reduce-transport-infrastructure-impacts-on-wildlife/7-2-reducing-wildlife-mortality
https://www.documentation.eauetbiodiversite.fr/notice/continuites-ecologiques-et-collisions-avec-la-faune-des-donnees-aux-solutions0
https://www.documentation.eauetbiodiversite.fr/notice/continuites-ecologiques-et-collisions-avec-la-faune-des-donnees-aux-solutions0
https://www.documentation.eauetbiodiversite.fr/notice/continuites-ecologiques-et-collisions-avec-la-faune-des-donnees-aux-solutions0
https://www.documentation.eauetbiodiversite.fr/notice/continuites-ecologiques-et-collisions-avec-la-faune-des-donnees-aux-solutions0


Page 14 of 14

OGM. 2020. Synthèse: matériel de visualisation pour les clôtures. 
Synthèse réalisée dans le cadre du programme HABIOS, 28 
pp.

Pettett, C. E., Moorhouse, T. P., Johnson, P. J. and Macdonald, D. 
W. 2017. Factors affecting hedgehog (Erinaceus europaeus) 
attraction to rural villages in arable landscapes. – Eur. J. Wildl. 
Res. 63: 54.

Poor, E. E., Jakes, A., Loucks, C. and Suitor, M. 2014. Modeling 
fence location and density at a regional scale for use in wildlife 
management. – PLoS One 9: e83912.

Reck, H., Peter, F., Trautner, J., Böttcher, M., Strein, M., Herrmann, 
M., Meinig, H., Nissen, H. and Weidler, M. 2023. Bundling of 
transport infrastructure (TI) with photovoltaic facilities and bun-
dling of TI with one another: standards for safeguarding bio-
logical diversity and for accelerating planning procedures – a 
contribution to Deliverable 5.3 of the Horizon 2020 BISON 
project. 19 pp. DOI: 10.13140/RG.2.2.11551.74408.

Reed, D. F., Pojar, T. M. and Woodard, T. N. 1974. Use of one-way 
gates by mule deer. – J. Wildl. Manage. 38: 9–15.

Rytwinski, T., Soanes, K., Jaeger, J. A. G., Fahrig, L., Findlay, C. 
S., Houlahan, J., Van Der Ree, R. and Van Der Grift, E. A. 
2016. How effective is road mitigation at reducing road-kill? A 
meta-analysis. – PLoS One 11: e0166941.

Sawyer, H., Korfanta, N. M., Kauffman, M. J., Robb, B. S., Tel-
ander, A. C. and Mattson, T. 2022. Trade‐offs between utility‐
scale solar development and ungulates on western rangelands. 
– Front. Ecol. Environ. 20: 345–351.

Schlup, P. and Furrer, S. 2021. Des clôtures sûres pour les animaux 
de rente et la faune sauvage. – Feuille Inf. PSA, 11 pp.

Siemers, J. L., Wilson, K. R. and Baruch-Mordo, S. 2015. Monitor-
ing wildlife vehicle collisions: analysis and cost-benefit of escape 
ramps for deer and elk on US highway 550. Final report. – 
Department of Fish, Wildlife, and Conservation Biology Colo-
rado State University, 56 pp.

Smith, D., King, R. and Allen, B. L. 2020. Impacts of exclusion 
fencing on target and non-target fauna: a global review. – Biol. 
Rev. 95: 1590–1606.

Sordello, R., Bertheau, Y., Coulon, A., Jeusset, A., Ouédraogo, D. 
Y., Vanpeene, S., Vargac, M., Viillemey, A., Witté, I., Reyjol, 

Y. and Touroult, J. 2019. Les protocoles expérimentaux en 
écologie. Principaux points clefs. – UMS PatriNat, CESCO, 
Irstea, 32 pp.

Stull, D. W., Gulsby, W. D., Martin, J. A., D’Angelo, G. J., Gal-
lagher, G. R., Osborn, D. A., Warren, R. J. and Miller, K. W. 
2011. Comparison of fencing designs for excluding deer from 
roadways. – Hum. Wildl. Interact. 5: 47–57.

SWILD and NACHTaktiv. 2007. Schadensbegrenzung für die 
Kleine Hufeisennase an Straßen – Experimente zur Wirksam-
keit von Schutzzäunen, Schlussbericht, Unveröffentlichter Ber-
icht im Auftrag der DEGES, Berlin., 31 pp.

Trout, R. and Kortland, K. 2012. Fence marking to reduce grouse 
collisions. Technical note. – Forestry Commission Scotland,  
12 pp.

Van-Lanen, N. J., Green, A. W., Gorman, T. R., Quattrini, L. A. 
and Pavlacky, D. C. J. 2017. Evaluating efficacy of fence mark-
ers in reducing greater sage-grouse collisions with fencing. – 
Biol. Conserv. 213: 70–83.

Visser, E. 2016. The impact of South Africa’s largest photovoltaic 
solar energy facility on birds in the Northern Cape, South 
Africa. – MSc thesis, Univ. of Cape Town, 51 pp.

Visser, E., Perold, V., Ralston-Paton, S., Cardenal, A. C. and Ryan, 
P. G. 2019. Assessing the impacts of a utility-scale photovoltaic 
solar energy facility on birds in the Northern Cape, South 
Africa. – Renew. Energy 133: 1285–1294.

Volski, L., McInturff, A., Gaynor, K. M., Yovovich, V. and Brashares, 
J. S. 2021. Social effectiveness and human-wildlife conflict: 
linking the ecological effectiveness and social acceptability of 
livestock protection tools. – Front. Conserv. Sci. 2: 682210.

Wilkinson, C. E., McInturff, A., Kelly, M. and Brashares, J. S. 
2021. Quantifying wildlife responses to conservation fencing in 
East Africa. – Biol. Conserv. 256: 109071.

Xu, W. and Huntsinger, L. 2022. Minding the boundary: social–
ecological contexts for fence ecology and management. – Front. 
Ecol. Environ. 20: 405–412.

Xu, W., Dejid, N., Herrmann, V., Sawyer, H. and Middleton, A. 
D. 2021. Barrier behaviour analysis (BaBA) reveals extensive 
effects of fencing on wide‐ranging ungulates. – J. Appl. Ecol. 
58: 690–698.

 1903220x, 0, D
ow

nloaded from
 https://nsojournals.onlinelibrary.w

iley.com
/doi/10.1002/w

lb3.01152 by Portail B
ibC

N
R

S IN
E

E
, W

iley O
nline L

ibrary on [05/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://10.13140/RG.2.2.11551.74408

	Context
	Data sources
	An exploratory project on escape devices
	The drafting of a guide for solar plant fencing
	Comparing directions

	Future directions for studies
	Suggestions for research axis
	Research axis no. 1: diversifying monitoring of exclusion fencing
	Research axis no. 2: developing practice-oriented fence mapping tools
	Research axis no. 3: further studying the impact of fencing on animal vehicle collisions
	Research axis no. 4: considering animal behaviour in monitoring protocol
	Research axis no. 5: ex-situ testing of devices’ effectiveness
	Research axis no. 6: studying large-scale effects of fencing

	Method recommendations for research and environmental impact studies
	Method recommendation no. 1: accurately documenting fences
	Method recommendation no. 2: early planning of scientific monitoring
	Method recommendation no. 3: contextualising fencing requirements
	Method recommendation no. 4: defining effectiveness goals and criteria
	Method recommendation no. 5: taking advantage of opportunistic animal–fence event observations
	Method recommendation no. 6: developping artificial intelligence and computer vision to map fences


	Conclusion
	References

