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Abstract

In Europe, wild boar s serve as the primary reservoir for African Swine Fever (ASF), and this
requires strategies to control disease transmission, including the separation of their
populations. This report provides an update on current knowledge on the efficacy of fencing

and other population separation methods for wild boar across diverse eco -epidemiological
scenarios . This was carried out by: (i) systematic analysis of peer -reviewed scientific literature
and field experiences obtained through questionnaires distributed to relevant professionals
across Europe , to gather evidence on the effectiveness of fences (solid/mesh and electric),
natural barriers, and other methods such as repellents/deterrents in managing wild boar
movement and ASF transmission; (ii) defining the most important influential cases (scenarios)

for the application of fences and/or other meth ods in managing wild boar populations,
considering factors such as fence types, ASF epidemiology, and different spatiotemporal

variables. Evaluation of the method effectiveness relies on both published and unpublished

data, including responses to a questio nnaire received by end -users and stakeholders across
Europe. The findings reveal that while certain barriers can reduce wild boar movement s, their
effectiveness is influenced by numerous factors such as fence characteristics and landscape

features. The mos t relevant influential factors, determining effectiveness of methods for
separating wild boar populations, are recognized, listed and critically discussed. This will

enable responsible authorities / decision makers to select the most feasible and cost - effe ctive
measure for each situation, considering both epid emiological, ecological, and social factors.
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Summary

In Europe, wild boar  is the major African Swine Fever (ASF) reservoir. In an effort to control

the spread of this disease, management strategies include the separation of wild boar
populations. In the context of the ENETWILD project, which specifically focuses on studying
wildlife ecology and livestock -human -environment interactions to enhance disease
surveillance, an update was requested to review the effectiveness of fencing methods or
population separation methods for wild boar in different eco -epidemiological scenarios.

This report aims to assess the effectiveness of fences and other methods for controlling wild

boar move ment and , consequently, the spread of ASF, in different scenarios through: (1)
Collecting scientific evidence from peer -reviewed scientific literature and field experiences on
the effectiveness of fences (both solid/mesh and electric fences), natural barri ers, and other

methods (e.g. , repellents/deterrents of different kinds) for controlling wild boar movement

and ASF spread ; (2) Identifying and defining s  cenarios for the use of fences and/or other
methods to manage wild boar populations to help define thos e applicable in Europe,
considering factors such as fence types, ASF epidemiology, and spatio -temporal variables of
separation actions.

The effectiveness of methods is evaluated based on the available scientific literature and
unpublished field experience s, taking into consideration categories such as types of fences,
different spatiotemporal features, and eco -epidemiological scenarios with a focus on ASF in

the EU. Analyses were carried out using both published (from literature review) and
unpublished dat a from responses to a questionnaire obtained various end -users and
stakeholders across Europe, who have experience using different method s to control wild boar
movement in different contexts.

The systematic search of literature took place in January 2024, The final number of peer -
reviewed papers included in the systematic literature review was 27. We extracted 14
different wild boar separation methods and/or barriers that might affect wild boar movements

(in majority of cases, more than one method/barrier w as evaluated in a single paper): solid
fences (10 papers), traffic ~ -related barriers (10), rivers (4), electric fences (3), and mountains

(2); in a single paper, we found data also on the following methods/barriers or activities/traits

for which a barrier e  ffect was supposed to occur: gustatory repellents, settlements, natural

fences, grates, guardin g, distance to forest, vegetation clearings, and hunting.

Effectiveness of fences to control wild boar movement was evaluated in different countries.

Majority o f the reviewed studies showed that construction of fences can be effective tool for
separating wild boar populations, but their success often depends on proper installation and
maintenance. The most relevant published evidence to date on the effects of fen ces (electric
and solid, respectively), accompanied by some other measures were obtained in the Czech

Republic and Belgium, which both have become ASF -fre e after the implementation of
measures. In both countries, where virus affected exclusively wild boar populations at a single
point, fencing was used as one of the important measures after immediate zonation
determining the infected zone, and surrounding buffer and control zones.
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In some of the reviewed studies authors investigated how roads with accompan ying fences
and other structures affected the connectivity of the landscape. Various studies have shown

that motorways and parallel structures (settlements, agriculture lands) often reduce gene

flow between wild boar populations. Nevertheless, highways and motorways were rarely
completely impermeable barriers, as wild boar often successfully cross them at unfenced

areas (intersections with rivers/roads) or using underpasses. Indeed, several studies also
reported that wild boar were frequent users of underpa sses and wildlife crossings.

Potential of natural barriers, including sea, major waterways, forest discontinuity areas, plains

and mountainous areas, for reducing wild boar migration was also evaluated in some of the

reviewed papers. In several studies, i t has been found that main (wide) rivers act as barriers

to gene flow, as they reduced the genetic similarity between populations of wild boar on

opposite sides of the waterways. Other separation methods were also taken into consideration

in some peer -revi ewed papers, including active and passive guarding, trenches, diversionary
feeding, natural fences, distance to forest, hunting, and vegetation clearings. However, none

of these methods have proved to be completely effective in limiting the movement of wil d
boar.

Ad-hoc questionnaires were distributed to relevant professionals (e.g. , veterinary authorities
/| veterinarians, wildlife managers, wildlife scientists) across Europe. We received 69 relevant
responses from 17 European countries. Number of answers p er each method used for
controlling/reducing wild boar movements is shown in Table 5.

For experiences with  solid (mesh) fences , we received 40 responses (some of them were
accompanied by other measures, mainly electric fences). ASF was the driver of insta llation of
the fence in 11 cases, while in 27 cases it was not. In almost all areas where solid fences

were implemented, wild boar was a target species. The height of the solid fence was from 0.8

m to 2.2 m (with one fence of even 4 m height), with variabl e height in some cases. Also
mesh size openings were variable, in range between 5x5 cm and 20x20 cm. In almost all
cases, bottom of the fence touched the ground, and in 22 cases (65% out of 34 answers) the

fence was dug into ground. In almost all cases, th e fence was metal, and in one case it was
made from brick and concrete. In 12 cases (38% out of 32 answers), the solid fence was
complemented by an electric fence.

From the summarised results regarding effectiveness of the solid fences in relation to the

main aims of the implementation (Table 7) it is evident that solid fences are very effective

tool for crop protection and forest protection (reasonable to completely effective: 85.7% and

90.0%, respectively), and to lesser extent also when aimed to increas e road/railway safety

or to reduce wildlife  -livestock interactions ( 83.3% and 75.0% , respectively, with grades 3 15,
i.e., reasonably, very or complet ely effective ). Considering ASF control, however, they were
ranked in the highest three grades in only half of cases, and in only 35.7% of cases solid
fences were assessed to be very or completely effective for virus control.

For experiences with  solid fences aimed at ASF control and reducing interactions with
livestock , we received 14 responses. In almost all cases, wild boar was a target species. ASF
was the driver of the installation of the fence in 10 cases. Considering ASF control only, the
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height of the fence was from 1.0 m to 2.2 m, with variable height (e.g. 1.5 2.0 m) in one
case. Also mesh size opening s were variable, in range between 5x5 cm and 20x20 cm. In
almost all cases, bottom of the fence touched the ground, and in 7 cases (64% out of 11

answers) the fence was dug into ground. In all cases, the fence was metal, and in 4 cases
(36%) the solid fenc e was also complemented by an electric fence.

From the obtained responses , it is evident that the effectiveness of solid fences for ASF
controlling is questionable/controversial, as in only 3 cases (42.9%) solid fences were
assessed to be very or completel y effective for virus control, while in one case they were
reported as completely ineffective. However, when considering reduction of wildlife -livestock
interactions, in 4 cases out of 5 (80%) solid fences were reported as reasonably to completely

effectiv e. In 2 cases (out of 7 relevant; 29%) ASF has not spread so far beyond the fenced
area; on the contrary, in 4 cases (58%) it has spread out, but with the important or moderate

delay; in one case (14%), the virus spread out very fast, i.e. , without any exp ected delay.
Similarly, responses related to preventing the crossing of wild boar as a target species over

the barrier indicated that solid fences aimed to reduce ASF virus spread and/or interactions

with livestock have some potential to reduce crossing an d, therefore , also disease
transmission, but i n general they can not completely stop crossings, particularly , hot on a
permanent basis as it would be desired considering the veterinarian/health issues.

For experiences with  solid fences aimed at crop/forest protection , we received 16
responses. The height of the fence was from 0.8 m to 2.0 m, with variable height in some

cases. Also mesh size openings were variable, in range between 5x5 cm and 20x20 (25x15)

cm. In almost all cases, bottom of the fence touche d the ground, and in 8 cases (57% out of

14 answers) the fence was dug into ground. In all cases, the fence was metal. In 5 cases

(36% out of 14 answers), the solid fence was complemented by an electric fence. From results
of the questionnaire , it is evide nt that solid fences (either alone or accompanied by electric
ones) are effective tools for both crop protection and forest protection (reasonable to
completely effective: 93% and 100%, respectively). Moreover, 11 out of 13 relevant
responses (88%) showed that crop damage has been importantly or almost completely
reduced after the solid fence construction, while in only 2 cases (12%) no effect was reported.

For experiences with  solid fences around hunting enclosures , We received 6 responses.
The size of the area enclosed by solid fences was in a range between 4 km 2and 12 km 2. The
height of the fence was from 1.6 m to 2.2 m, with variable height (e.g. , 1.812.0 m) in one

case. Also mesh size openings were variable, in range between 5x5 cm and 15x15 cm. In all

cases, the bottom of the fence touched the ground, and in 3 cases (75% out of 4 relevant

answers) the fence was dug into the ground. In all cases, the fen ce was metal. In 3 cases,
solid fences were complemented by electric fences, in one case they were no t, and 2
responses lacked that info  rmation . Responses related to preventing the crossing of wildlife

over the barrier (n = 4) indicated that solid fences used for hunting enclosures are not

completely impermeable barriers for wild boar. Indeed, in only one case individuals have
never escaped beyond the fenced area, while in other three cases target species did escape,
but only sporadically (<3 cases annually ).
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For experiences with  solid fences aimed at road/railway safety , we received 7 responses.
The lengt h of the fence was between 25 km and 1800 km and the total height of the fence

was from 1.5 m to 2.4 m. Mesh size openings were variable, in range between 5 x 5 cm and

20 x 15 cm, and in some cases with thickening/densification at the bottom. In all cases, the
bottom of the fence touched the ground, and in 5 cases (83% out of 6 answers) the fence

was dug into the ground. In all cases, the fence was metal. Respo nses related to road/railway
safety indicated that solid fences are in general effective tools for increasing road/railway
safety (very to completely effective: 75% answers). Moreover, 2 out of 3 relevant responses

showed that roadkill was almost completely reduced and in one case it was importantly

reduced after the construction of fences along roads. Responses related to preventing the
crossing of wildlife over the barrier, i.e. , fenced roads/railways (n = 6), indicated that solid
fences aimed to increase  road/railway safety are not fully impermeable barriers for wild boar.
Indeed, no case of full pre  vention with no crossing was reported, while partial prevention with

lower number of dispersing/migrating individuals than before was registered in 5 cases

(83%), and no change was registered in one case (17%).

For experiences with  electric fences (either used alone, as in the most cases of crop/forest
protection, or in combination with solid fences/repellents, mainly in case of ASF control), we

received 33 responses. ASF was the driver of installation of the electric fence (in majority of

cases in combinat ion with the solid fence) in 7 cases, while in 25 cases it was not. In the case

of installation of electric fences solely (n = 13), the aim was in 12 cases crop protection and

in one case golf court protection. The total height of the fence was from 0.3 m to 2.0 m (the
total height in the cases where electric fences were the only method used was from 0.4 m to

1.2 m), with variable height in some cases. Number of electric wires was also variable, in

range between 1 and 5 wires with height of the lowest wire in range between 5 cm and 40
cm above the ground. Distance between wires was in range between 15 cm and 50 cm and

voltage was in range between 12 V and 220 V. Frequency of vegetation clearance along the

fence wa s also variable, from weekly to once a year.

It is evident from the summarised results that electric fences (mostly alone or in combination

with other methods) are very effective for crop and forest protection (reasonable to
completely effective: 91% and 88%, respectively), and to lesser extent also when aimed to
reduce wildlife -livestock interactions , ASF control or to increase road/railway safety (75%
67% and 67%, respectively, with grades 3 15).

For experiences with electric fences as a n accompanied measure with solid fences and aimed
either at ASF control or reducing interactions with livestock , we received 8 responses.
The total height of the fence was from 0.8 m to 1.2 m. Number of electric wires was variable,

in the range between 2 and 4 wires, and the height of the lowest wire was between 20 ¢ m

and 40 cm above the ground. The distance between the wires was also variable, in range

between 30 cm and 50 cm, and voltage was between 220 V and 230 V. Electric fences aiming

at ASF control we re mainly implemented as an additional measure parallel to th e solid fence,
therefore , reported outcomes in terms of effectiveness and/or changes in wild boar spatial
behaviour overlapped between both measures and cannot be commented on electric fences

solely. Nevertheless, it is evident that the use of electric fen ces for ASF controlling has some
0\

www.efsa.europa.eu/publications EFSA Supporting publication 2024

The present document has been produced and adopted by the bod ies identified above as authors. This task has been carried out

exclusively by the authors in the context of a contract between the European Food Safety Authority and the authors, awarded f ollowing

a tender procedure. The present document is published comp lying with the transparency principle to which the Authority is subject.

It may not be considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, vi ew and

position as regards the issues addressed and the concl usions reached in the present document, without prejudice to the rights of the

authors.



Effectiveness of methods for controlling wild boar movement ,‘@ E WH.D

potential, as in 60% of areas where electric fences have been used respondents assessed

them to be very or completely effective for virus control. However, only i n one case (out of 6
relevant; 17%) ASF has not spread beyond the fenced area, and in other 5 cases (83%) it

has spread out, but with the important or moderate delay. In the case of reducing wildlife -
livestock interactions, electric fences have proven to be very efficient: in all 4 cases, they

were reported asvery  or even completely effective. Similarly, responses related to preventing

the crossing of wild boar as a target species over the barrier indicated that electric fences

(when installed in parallel with solid fences) have some potential to reduce crossing and ,
therefore , disease transmission, but in general they can not completely stop/block wild boar

movement across the landscape. Indeed, in all 6 reported cases, the number of
dispersing/migrating individuals was lower than before which indicates partial prev ention.

For experiences with  electric fences aimed at crop/forest protection , we received 21
responses. The total height of the fence was from 0.4 m to 1.2 m (in majority of cases 0.6 T
0.8 m). Number of electric wires was variable, in the range between 2 an d 5 and the height
of the lowest wire was between 5 cm and 40 cm above the ground. Distance between wires

was between 15 cm and 50 cm and voltage between 12 V and 230 V. From responses, it is
evident that electric fences are a very effective tool for crop protecti on (reasonably to
completely effective: 100%). Moreover, 10 out of 11 relevant responses (90.9%) revealed

that crop damage has been almost completely reduced after the electric fence construction,

while in  one case damage was importantly reduced (9 .9%). However, responses related to
preventing the crossing of a target species over the barrier indicated that electric fences

aimed to reduce damage in agriculture/forestry are very rarely impermeable barriers for wild

boar. Indeed, in the case of electr ic fence s alone (without combining them with solid fences

or other methods) full prevention of crossings of target species was reported only in 3 cases

out of 10 relevant responses (30%), while partial prevention with lower number of
dispersing/migratingi  ndividuals than before was registered in 7 cases (70%).

In the joint group of repellents , we combined different types of deterrents, namely:
chemical/odour , acoustic/sound, and visual. For experiences with them, we received 17
responses 1 7 forodour,7f orsound, and 3 for visual repellents , respectively. However, only

in 5 cases repellents were considered as a stand -alone method; in all other cases, they were
complemented with other methods. Considering all received responses, the most frequent

driver fo r installation of repellents was crop/forest protection ( 8 cases), followed by
road/railway safety (4), and ASF control (3). Repellents aiming at crop/forest protection were

mainly implemented as an additional measure parallel to the electric and/or solid fences,
therefore reported outcomes in terms of effectiveness and/or changes in wild boar spatial

behaviour overlapped between both measures and cannot be commented on repellents solely.

It seems from the summarised results that acoustic and visual deterre nts are moderately
effective for increasing road safety ( in both two cases assessed as reasonably effective);
similarly, odour repellents were in one case reported as reasonably effective for crop
protection. However, it is very evident that in most cases deterrents were not effective tools
neither for crop/forest protection (completely ineffective in 2 out of 3 cases) nor for ASF

control (completely ineffective in the only relevant response) and reducing wildlife  -livestock
interactions (somewhat effective in the only response).
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To understand the social effects and implications of implementing separation measures, a
series of questions asked respondents to identify: (i) stakeholders involved in decisions to

implement spatial separation methods; and (ii) stak eholders negatively affected by these.
Questions also focused on how: (i) the general public responded to their implementation; (ii)

the levels and type of opposition to fencing, and its motivation; and (iii) the social - political
tensions that were present between different stak eholders. Respondents identified

stakeholders who were negatively affected by the implementation of separation measures.

Table 35 highlights the different stakeholders impacted by separation measures specifically
targeting ASF contro | and reduced domestic -wild animal interactions. The reasons for the
negative impacts vary according to stakeholder groups. For some, including hunting
communities, farming communities, private enterprise and regional/local authorities,
separation measures  can generate economic  costs and financial burden. This might be due to
the movement restrictions put in place for people and animals, a moratorium on carrying out

industry (such as forestry) in the fenced area and hence lost opportunity costs, or else the
responsibility to maintain fencing or facilitate it on your land. As well as economic costs,
negative impacts also occurred when different stakeholders were unable to carry out practices
important to their everyday practices and identity. For example, whe n the public is nolong er
able to access land for recreation or for foraging for natural resources. Finally, negative
impacts were also identified when separation measures clashed with the objectives and
agendas of communities of practice engaged with wild life ecology, such as forestry,
conservation and wildlife protection. These results highlight that extraordinary and rapid
responses carried out in the name of biosecurity can affect a range of interests and businesses

beyond those specifically engaged wit h animal health managem  ent.

53 responses addressed whether there was opposition to any methods of separation, and the

reasons for this. 24 responses (45%) stated there was no opposition. Of the 29 responses

(55%) stating there was opposition, several facto rs were highlighted. This question allowed
multiple answers, reflecting the fact that opposition can often be attributed to more than one

factor. Most commonly, opposition was cited in relation to: restrictions over access (11 cases);

negative impacts on h  unting/game management (11 c ases); economic concerns (11 cases);
and negative ecological impacts (9 cases). Distrust of authorities/decision -makers and the
welfare impacts of target and non -target species were less significant drivers of opposition (3
cases each). In contrast, separation measures relating to ASF and the reduction of wildlife -
livestock interactions caused proportionally more opposition. Out of 17 relevant answers, only

3 (18%) did not generate some form of stakeholder opposition, compared to 14 (82%) which
did, highlig hting that responses to ASF can generate controversy among different
stakeholders. Of these, the most notable reasons related to the restrictions on access and

concerns about economic impacts (7 cases each). These were followed by the negative
impacts caused to hunting and game management (4 cases), and on ecology (2 cases).

Regarding responses relating to measures for ASF control and reducing wildlife -livestock
interactions, 5 out of 17 respondents (29%) said there was no oppos ition. Reflecting the
results of the overall outcomes, the most frequent forms of opposition were moderate in

nature, whether defying requests and instructions (6 cases) or publicly criticising measures

(3 cases). There were two cases of severe opposition materialising as damage or sabotage,
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and two cases where public responses were overlooked. These res ults highlight that
opposition is, firstly, more common than not. Secondly, they also highlight how it manifests

in different forms, sometimes in any given situation. While moderate opposition is most
frequent, this might involve behaviours which compromise biosecurity, such as ignoring
instructions and guidance.

Respondents were offered an open question to reflect on the tensions that separation methods

can cause between different stakeholder groups. A total of 27 respondents addressed this

question, with 13 (48%) stating there was either no, or minimal, social - political tension
present in the cases they describe. On the other hand, 14 respondents (52%) state d that
tensions did exist between stakeholders. Multiple tensions were highlighted by respondents

regarding the different relations between authorities (national and regional), specific

commun ities of practice (e.g. , agriculture and/or hunting) and other s takeholders.

Effectiveness of both solid and electric fences for separating wild boar populations is affected

by different environmental as well as technical influential factors. By combining both
outcomes of the literature review and questionnaire, we can define the following
factors/scenarios that determined effectiveness of fences (with emphasis on ASF control) ,
which should be therefore carefully considered when constructing fences for ASF control:

1 Aim of the fencing : Focal fencing at smaller and concre te locations, aimed at enclosing
susceptible wild boar groups and virus inside infected area or its close vicinity (i.e.,
restricted zones) should be implemented, while longline transboundary fencing, aimed
at protection of large areas or even countries ag ainst dispersing individuals from other
areas/countries should be omitted.

1 Optimal size of the area enclosed : The size should consider the spatial ecology of
wild boar; fenced area should n either be too small nor too large (i.e., optimal size 50 T
200 km?).

1 Effect of topographic characteristics . Effectiveness of solid fences is dependent on
orography, being higher in flat land, where fence construction is a much easier task.

I Landscape type : The forest coverage pattern should be considered and is of strategic
importance to install fences and delimiting the area of containment, as the wave -front
velocity is expected to be faster in forest areas and slower in non -forest areas; open
land actually slows down the ASF progression throughout a non -continuous wild boa r
population . Moreover, mountainous terrain also negatively affects the effectiveness of
the solid fence to stop the ASF spread.

1 Presence of different landscape features (water bodies, villages, longline
infrastructure) . Generally, the presence of rivers a nd streams as well as
anthropogenic corridors increases the permeability of the fence, and , consequently ,

increases also wild boar crossing and virus spread. Moreover, watercourses were
identified as vulnerable points of fences.

1 Inclusion of other (manmade , hatural) barriers in the fence network : Roads as
a longline infrastructure barrier (particularly fenced highways) can be effectively
included in the network of fences and can contribute to decrease ASF virus dispersal
and wave -front velocity. Similarly, rivers (but only wide ones, with high discharge) can
act as an important barrier for the spread of the ASF virus
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9 Culling of wild boar inside/outside the fence . In case of infection, intensive cull of
wild boar on both sides of the fence, strictly followi ng biosecurity measures, is
mandatory to provide an effective outcome of the fence, i.e. , to stop the virus spread.

1 Quality/type of the solid fence . Height, together with maintenance, importantly
affects efficiency of the solid fences for preventing wild b oar crossing; for example, 2.0
m high well -maintained fences that were weekly maintained were on average 30% more
efficient than 1.2 -1.5 m high livestock fences.

9 Digging the solid fence into the ground : When comparing two scenarios (dug vs.
not dug fence s), responses to the questionnaire did not strongly confirm usual idea that
buried fence would be less permeable for wild boar in comparison with non -buried ones.
1 Complementary use of electric fences along solid ones : According to responses to
the question naire, addition of electric fences did not affect general effectiveness of solid
fences.
1 Number of wires in case of electric fences : A minimum of two wires installed

between 25 and 50 cm above ground level is required to deter wild boar movements

across th e fence ; however, some responses indicat ed that using three instead of two
wires would importantly increase the effectiveness of electric fences in specific areas
where they were used.

I Costs and cost  -effectiveness  : Implementation of electric fences is much cheaper in
comparison with solid fences; however, costs of maintenance of electric fences are
higher as they need regular checking of electricity power and cleaning of the vegetation.

I Maintenance of the fence : Proper maintenance of the fences (both solid and electric
ones) is a key for their long -lasting effectiveness, and in the case of solid and electric
fences, 33% and 38% of respondents, respectively, reported lack of adequate
maintenance over time as the main reason why fences were understood to be
ineffective.

Based on these scenarios , it is essential that authorities before making the decision where,

how, and which measure will be implemented check all these factors (and potentially also

some locally important additional ones), and on the basis of comprehensive analysis select
the proper method, which will ensure desired outcomes in the most cost - effective way.
However, the decision should not be partial and based only on solving veterinarian -related
issues (i.e., ASF or other disease control), but has to holist ically consider also all ecological
effects of fencing (e.g. , impact on habitat connectivity and gene flow within populations of

other species) as well as attitudes of public and acceptance of selected measure by different
stakeholders (wh ich will, among others, influence up -following possibility of long -lasting
maintenance of the implemented measure). Due to this, neither findings nor measures can

be transferred to any given country or specific area without major adjustments based on the

ecological, epidem iological, and social context.
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1 Introduction

African Swine Fever (ASF) is a viral highly lethal infectious disease that affects pigs and wild

boar, with no existing vacc ine to combat the virus (Sauter -Louis et al., 2021). Wild boar
populations have been identified as playing an important role in initiating outbreaks and as

maj or reservoir of the disease (Tar asFkFemandeRet 8&i Uej ews
2022); whilst  human -related activities are mainly favouring the long distant spread (Guberti

et al.,, 2022). Although the significance of various transmission modes in epidemiology
remains unclear, several management strategies have been proposed, including those relate d
to the reduction and separation of wild boar populations (EFSA AHAW Panel, 2018). For some

of them (including fencing), feedbacks (and in some cases publications) on field experiences

are available after implementation of control measures in affected are as (e.g. , Charvéatova et
al., 2019; Dellicour et al., 2020; Licoppe et al., 2023; reviewed in Jori et al., 2021).

In wildlife epidemic management, an important intervention is the separation of target
(sub)populations from protected goods and other populati ons (Lee, 2023). Some examples
are the veterinary cordon fence for mitigating foot -and -mouth disease in Namibia (Schneider,
2012), or specific natural barriers and fences in ASF -management in Europe (Pejsak et al.,
2018; Licoppe et al., 2023). In the last case, other strategies have been employed as
alternatives, such as the use of olfactory and gustatory repellents, or light and sound
deterrents (EFSA AHAW Panel, 2018; reviewed in Jori et al.,, 2021). However, their
effectiveness  varies depending on numerou s factors such as fence characteristics (high,
robustness, electrified or not), the timing of fence implementation, the extent, the context,

and the landscape scale. The proliferation of ASF across various regions around the globe,
accompanied by the signi ficant increase in wild boar populations (in both native and
introduced range), has incentivised the development of management plans and research
projects to control its spread.

Systematic reviews provide thorough compilations of existing evidence pertinen t to specific,
well -defined questions, utilising standardised and predetermined methods to identify,

critically appraise, and collate data from relevant studies (EFSA, 2010). This methodology

presents an opportunity to ensure that the collection, documenta tion, and analysis of data
from the incorporated studies are conducted rigorously and systematically. Thus, in this

specific context, it allows for the evaluation of the effectiv eness of various management
strategies that have been implemented in recent ye ars, specifically those related to controlling
wild boar movement through separation methods and using different deterrents.

EFSA has reviewed the existing scientific evidence on the topic with the main conclusions that

no large fences have been effective for the containment of wild suids (EFSA AHAW Panel,
2018). At the time of that report, some new large -scale fences were under construction, so
an updated review of the available literature is an opportunity to evaluate their effectiveness

in separating wil d boar populations. Observations were provided on natural barriers, such as
large rivers, as they have shown to reduce, but n ot completely prevent, the movements of
wild boar (EFSA AHAW Panel, 2018). Due to the spread of ASF Virus (ASFV), and the high

inte rest of the international community, new evidence has been made available. Therefore,

the objective of the present work is to update the knowledge available until 2018, and to
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identify different influential factors (scenarios) affecting the effectiveness o f those barriers.
The scenarios were identified according to type of separatio n method, extent, landscape,
timeline of implem entation, aim of separation, epidemiological situation, outcome, and
human -related factors, in an attempt to be consistent with EFS A AHAW Panel (2018) and
retrieve additional knowledge on the subject.

1.1 Background and terms of reference

The contract entitled AW I dlife and One Health: wi |
interaction with livestock, human population, and environment 0 (framework contract
OC/EFSA/BIOHAW/2022/01) was awarded to the Universidad of Torino by EFSA. From here,

we refer to this framework contract as to the ENETWILD project. The specific objective 1

(SO1) of the framewor k c¢ o ndcalogychealthserfedlanse artdmteracdénl d 1 i f e
with |ivestock, human popul ation and environmento.

Due to the Art. 31 mandate from the European Commission about ASF risk factor analysis,

EFSA requested ENETWILD consortium an update (to integrate the Scientif ic Opinion reported
in EFSA AHAW Panel, 2018) regarding fencing methods, or population separation methods,

available for wild boar ( Sus scrofa ) in different scenarios (e.g. , type of separation method,
extent, landscape, timeline of implementation, etc.) an d implemented for different objectives

(e.g. , ASF control, crop protection, etc.). Therefore, the effectiveness of the different methods
used for separating wild boar is evaluated based on information found in recent scientific

literature (published since 2018), through a systematic review, and an ad hoc questionnaire
distributed to relevant professional profiles (e.g. veterinary authorities/veterinarians, wildlife

managers, landowners, wildlife scientists) across Europe. Specifically, deliverable 6.1b aims

at collecting scientific evidence (literature review) for the effectiveness of fences and other

methods (e.g. , repellents of different kinds) for controlling wild boar movement and ,
consequently, the spread of ASF, considering the previous work from EFSA AHAW Panel
(2018); deliverable 6.1c aims at identifying and defining the different scenarios existing for

the use of fences and other separation methods to manage wild boar populations, considering

types of barriers, aims of separation, epidemiological sit uations of ASF, location
characteristics (orography, land use, etc).

1.2 Scope of the report

The report aims at updating the current knowledge on effectiveness of methods to separate
wild boar populations and limit their movement with particular emphasis on p ractices from
the field aimed at ASF control, crop protection, and wildlife management.

m
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2 Methodology

The ENETWILD consortium collected (i) the scientific evidence from published literature with

a semi -automated systematic literature review and (ii) exp ert/experience -based knowledge
that both assessed and synthesised research on the effectiveness of fences, deterrents and
functional, symbolic, as well as natural barriers for controlling wild boar movements.

The identification of scenarios was carried ou t primarily extracting relevant data from the
identified publications, expanding the methodology used in EFSA AHAW Panel (2018). The
work plan and scenario definition is also available at this link

https:// zenodo.org/records/10516616 . The parameters used to identify and define the
scenarios were collected in the following macro categories:

- types of fences (solid/mesh, electric, razor -wired) and other methods (repellents etc);

- aim of separation (e.g. , ASF control, crop protection, road/railway safety etc);

- spatial features, including extent, permeability, and surrounding landscape characteristics
(e.g. , orography, land cover, land use, etc);

- eco-epidemiological context with a focus on ASF in the EU (e.g. , other wildlife populations,
information on pig/wild boar interface, etc);

- human -related factors, including social and economic implications;
- outcome, including metric used to measure it.

Despite the limited time period analysed (2018 -2023) , the number of relevant published
scientific publications amounted to 27. In the previous systematic review (EFSA AHAW Panel,
2018), which encompassed a much longer period of time (first included paper dating 1986),

only 18 publications were included. Thi s shows a growing interest toward the topic of fencing

and separation methods. To further evaluate and understand the feasibility and effectiveness

of fences and other separation methods to manage wild bo ar populations, we sided the
literature review with direct data collection from professionals that have first -hand

experiences on wild boar movement control through fencing or other natural or artificial

barriers. To collect relevant data, we elaborated a specific questionnaire to identify and collect

unpub lished field experiences and applied wild boar separation methods. This questionnaire

with responses received helped to reveal aspects that in many cases are not fully reported in
publications, but are re  levant to evaluate effectiveness, also in terms of d ifferent contexts, of
wild boar separation methods. The questionnaire was distributed to various professionals from

all EU countries and some other European countries by the ENETWILD consortium (see Table

4). Respondents were contacted directly, i.e. , indi vidually, through the ENETWILD partners
network (mailing list, shared online folders), and in some cases guided interviews were

conducted to maximise data collection outcome. The results obtained were pre sented in an
on-line workshop 3 Apr 2024, record sa ved at:
https://unito.webex.com/unito/Idr.php?RCID=a2743d77e7ddf5257862fcf1a0311d56 )s
where they were discussed among participants (i.e., ENETWILD consortium memb ers and

stakeholders that have participated in questionnaires/interviews and expressed their interest
for participation). This allowed the integration of valuable additional data in the review,
avoiding bias (positive) expected from the analysis of officia | publications.

The effectiveness of separation methods was evaluated using the metrics as well as all
relevant descriptions provided in literature for the published data and, for outcomes identified

through questionnaires, the feasibility/effectiveness w ere finally evaluated through expert
ﬂs\
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opinion and discussion at the on -line workshop. A critical appraisal of the final, integrated
(literature and questionnaire/workshop) results is provided in this report.

2.1 Systematic literature review

For the semi -aut omated review of the scientific literature, we conducted the following process
(see also Figure 1) and also it is available at this report at this link
https://zenodo.org/records/10516616

Creation of a naive search string based on a priori knowledge of the topic and review
question (Table 1), based on keywords and strings from EFSA AHAW Panel (2018),

who have already reviewed and evaluated the existing scientific literature on wild boar
population reduct ion measures, wild boar movement restriction, and wild boar
population separation methods until 2018.

Definition of inclusion and exclusion criteria (Table 2).

Extension of the search by new keywords.

Identification of relevant databases like PubMed, We b of Science, Embase, Scopus,
and Scholar based on the formerly used databases (EFSA AHAW Panel, 2018).

Search in a subset of databases with naive strings and exportation of results.

Analysis of results by using the litsearchr package (Grames et al., 201 9)in R (R Core
Team, 2023), and, after eliminating duplicates, extraction of real keywords and
keywords detected through a function using the Rapid Automatic Keyword Extraction

(RAKE) algorithm (a domain independent keyword extraction algorithm which trie sto
determine key phrases in a body of text by analysing the frequency of word
appearance anditsco -occurrence with other words in the text). We plotted a document
feature matrix and  chose a cut -off to analyse the resulting list of keywords.

Optimisatio n of definitive string search based on cut - off optimisation (long composite
strings elimination and manual analysis by terms group; sensu Jaspers et al., 2018),
in addition to the comparison with the string used in EFSA AHAW Panel (2018) to

create more com plex and direct strings (see overview in Table 1).

Search in the identified relevant databases from 2018 (included) and analysis of results

with the revtools R package (Westgate, 2019): the package eliminates duplicates by

title and DO, eliminate citatio ns, reviews, and conference papers to retain only original
work in articles, theses, and book chapters, keeping only relevant languages.

Screening of remaining articles by topic (using Latent Dirichlet Allocation model), title

and abstract (reiteratively if necessary), according to the inclusion and exclusion
criteria (Table 2). We used this approach for a first screening to avoid the risk of
eliminating relevant articles. Latent Dirichlet Allocation (LDA) is a Bayesian algorithm

used in Natural Language P rocessing (NLP), which is a machine learning technique to
analyse human language. NLP is a specific component of Text Mining (TM), which
performs a special kind of linguistic analysis that comes down to helping a machine

read text. Once the articles are tr ansformed into a suitable input format the machine -
learning algorithm, in this case LDA, can be employed to determine which of the
retrieved articles are relevant for the study and which articles can be omitted in any

further analysis ( sensu Jaspers et al. , 2018).

Screening of full -text articles to refine the selection according to inclusion and

exclusion criteria (Table 2).
o\
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Data extraction from final included papers through a data model (Table 3) comparable
with EFSA AHAW Panel (2018).

Snowballing, by f  ollowing citations from included papers to find additional ones (
Jaspers et al., 2018).

Adding the secondary scientific sources which were considered if other papers (in
addition to the primary sources found by the procedure described above) were
retrieved by relevant information provided by the questionnaire respondents or by
manual searches. Secondary information sources were considered to ensure inclusion
of all available literature by including additional papers not directly found by the
primary searches. The additional papers found as supplementary sources of
information were used if they met the eligibility criteria or if they complemented some
information already achieved through the primary source of information, and their
main findings are su  mmarised in the Results section.

Finalised critical appraisal of the final bibliography, data synthesization designing a
comparable table to Table A.5 in Appendix A.2 from EFSA AHAW Panel (2018) and
listing of the different scenarios existing for the use o f fences/barriers to
manage/separate wild boar populations.

sensu

Table 1: Summary of review questions, the naive string searches, and the definitive strings.
Review question Target Terms Naive string Definitive string
group
Effectiveness (incl. topic (title, population nferal pigo O Aferal pigbo
practical appli cability, abstract, pigso OR boar pigso OR Awi
cost - effectiveness and keywords) swine OR hog OR hogs OR bo ar* OR swine
efficiency) of fencing OR scrofa OR wildboar* OR hog OR hogs OR
methods, or other OR #dAwil d boar  scrofa OR wildboar*
population separation Awild pigo OR Awild boa
methods (as well as Awild pigo
natural barriers), topic (title, method fenc* OR barrier* OR fenc* OR barrier* OR
available for wild boar abstract, repel* OR odor fence OR repel* OR restrain*
in different scenarios keywords) odour fence OR optical OR fAnraatlu bar
(e.g. for protecting fence OR acoustic repe* OR fimanageme
forest, farmland, pig OR restrain* OR trench* strateg*o OR
holdings, urban areas, OR ditch* OR ch annel* OR trap* OR hunt*
highways ) in the OR river* OR OR track* OR
context or prevention imanagement s harvest* OR poison*
and control of ASF OR gunning OR shoot* OR feed* OR bait* OR
OR trap* OR snar* OR steriliz* OR sterilis*
hunt* OR track* OR OR fAfertilit
harvest* OR poison* OR OR fiseparati
feed* OR bait* OR met hod* o OR
steriliz* OR sterilis* OR permeability
Afertility co
permeability
topic (title, process separat* OR move* OR separat* OR dispers*
abstract, moving OR dispers* OR OR fpopul atia
keywords) ipopul ati on s structur*o OF
OR control OR Aipopul ation c¢
ipopul ati on ipopul ation
management o O Managemento (
fpopul ati on d‘npoE)uIatlon_d
Apopul ation r OIS npopu"’?tlo
~ . reductiono OF
OR Apopul ati o L
. N Aipopul ati on s
separationo O
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OR lower* OR limit* OR OR decreas* OR

depopulat* OR cull* OR lower* OR limit* OR

eliminat* OR extermin *  depopulat* OR cull*
OR eliminat* OR
extermin *
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Table 2: List of inclusion and exclusion criteria for the worldwide literature review to gather
comparable results to EFSA AHAW Panel (2018), so that results can integrate existing
knowledge and can be compared to identify differences across time.

Incl usion criteria Exclusion criteria

Separation methods for wild boar or feral pig Separation methods for other wildlife

populations populations

Quantitative or qualitative evaluation of a natural Discussion of a natu ral or artificial barrier

or artificial barrier, reviews excluded without clear evaluation of barrier
effectiveness and review articles

Publication dated 2018 (incl.) onwards (as to Publication older than 2017 (included)

compare to results of EFSA AHAW Panel  2018)
Inclusion criteria (addi tional discussion)

Separation methods for other ungulate
populations (incl. deer and warthog)
Also use publication older than 2018

Records identified through Additional records identified
database searching through other sources
(n=1024) (n=0)
Records e Duplicates excluded
duplicates removed ——————» (n=368)
(n=656) -
Records after Records excluded
LDA model screening ————» by LDA model screening
(n=356) (n=300)
Records selected Full-text articles
after screening title/abstract ———————» excluded with reasons
(n=154) (n=130)

'

Studies included
in the syntesis
(n=125)

Final number of studies
included in the synthesis
after snowballing

(n=27)

Figure 1: PRISMA figure. PRISMA, Preferred Reporting Items for Systematic Reviews and
Meta - Analyses.
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Table 3: Examp le of a spreadsheet which was provided to partners for data extraction (modified from Table A5 in Appendix A.2 in EFSA

AHAW Panel, 2018) and for designing the summary table of literature review .,
Type of
response:
population
Method q Area . ;
Method description Location* i Species gspec_:lfy
ensity,
abundance
Type etc.)
Reviewer[Reference| of :
study Specify
Describe all density.
. . Natural . Secondary !
Electric|Solid . . Other | methods Locality Target A abundance
fence [fence R (Ea;z;;) (specify)| included in [Soliuy (coordinate) S species (zpi((::li?; etc., name
p the study P numbers if
applicable
Scenarios identification as reported in Period Method estimation ASF-infected Economic Short
EFSA AHAW Panel (2018) effectiveness area information comment
Summary of the scenario evaluation as Start Stop . YIN (if yes, . Additional
reported in the above reference (MMYYYY) [ (MMYYYY) D=2 B EmEEIE, zone type) BOSES 1§ notes
+Different scenarios for type of study, country, landscape, specification, etc. were included in drop down menus. Vocabulary a nd definition s were also
included. For example, for ENETWI LD partners filling the tabl e*;withdifferentacdnariospdorerdl, poefdrer e d-afee) udy si t e
within one reference, please fill one row per study site/situation if applicableod.
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2.2 Questionnaire and workshop

In January/February 2024, we prepared the on -line questionnaire in the questionnaire -
dedicated platform 1KA ( https://1ka.arnes.si/ ), which enablesuser -friendly responses as well

as data management. The questionnaire, which can be found at
https://1ka.arnes.si/a/887329ac , was approved by EFSA and distributed to wildlife experts

and other relevant professionals, primarily via the ENETWILD ne twork whose members were
requested to contact relevant experts in their countries individually and conduct guided

interviews if necessary. Moreover, apart from contacting relevant experts and stakeholders

in countries included in the ENETWILD network, the Consortium also contacted T via personal
scientific network 1 several wildlife scientists from other European countries. Aiming to

incre ase the number of respondents, we extended the deadline for answering several times,

and stopped collecting answers on 10 Apr 2024. The majority of responses were collected on -
line, i.e. , directly in the application 1KA, but we also allowed submitting filled questionnaire

in Word, aiming to include respondents with less skills in on -line working arene as well as
those who ask ed for translated questionnaires in native language of respondents (in such

cases, translation from English was made by relevant membe r of the ENETWILD network). In
case of receiving responses in Word (<10% of cases), we imported all of them in the

applica tion 1KA by ourselves, which enabled us consistent data storage and analyses using

the 1KA data management tools.

On 3 Apr 2024, we organised the on -line (Zoom) workshop, which was participated by several
members of the ENETWILD network and stakeholders that had sent their responses and
indicated the interest in the questionnaire to join the workshop. At this event, we presented
participants with preliminary results, and afterwards discussed questionnaire outcomes and

verified them (the link to the worksh op is available at:
https://unito.webex.com/unito/ldr.php?RCID=a2743d77e7ddf5257862fcf1a0311d56 ) As
there were no controversial opinions and/or disagreements amo ng participants on presented

results, there was no need for additional consensus using Delphi approach.

The questionnaire consisted of 85 questions divided into 7 sections: General background
information, Information on separation method, Information on the area where the measures
are implemented, Social effects and implications, Responses of target species, Effectiveness,

and Additional notes. In order to get the most relevant answers, different types of questions

were used, including open  -ended questio ns, multiple choice questions, rating scale questions,
and matrix questions.

We received 69 responses from 17 European countries. The number of responses per country

is presented in Table 4 and maps of the locations where different methods for various mai n
aims of (wild boar) population segregation have been implemented are shown in Figures 2 -
4. Most (62%) of the areas where measures were implemented were/are not part of the

NATURA 2000 network or under any other form of protection.
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Table 4: Number of r elevant responses (received questionnaires) by country.

Country N Percentage (%)
Italy 21 30.9
Spain 9 13.2
Slovenia 6 8.8
Sweden 5 7.6
Hungary 5 7.6
Croatia 4 5.9
Romania 3 4.4
Czech Republic 3 4.4
Bosnia and Herzegovina 3 4.4
Portugal 2 2.9
France 2 2.9
Latvia 1 15
Lithuania 1 1.5
Netherlands 1 15
Serbia 1 1.3
Denmark 1 15
Belgium 1 15
We received responses from various experts, authorities, and end -users as follows: wildlife
scientist T ecologist (10 responses), wildlife sc ientist 1 other (12), hunting ground manager
(8), landowner T agriculture (8), veterinary authority/veterinarian from state agency (5),
wildlife officer/ranger in protected area/wildlife park (3), veterinary authority/veterinarian in
regional authority (3) , wildlife officer/manager in protected area/wildlife park (2), wildlife
scientist T epidemiologist (1), landowner 1 forestry (1) and other (12). Respondents who did
not find their expertise in predefined choice thef answ

following answers : state official, state forest service, department of hunting, Slovenian
infrastructure agency, wildlife consultant, Croatian hunting federation, Confagricoltura

member, game management planner, affairs inspector (hunting and forestry ), private
company for fencing and enclosures, wild boar farmer, and head gamekeeper.

In most cases, aim of the method implemented for the wildlife (wild boar) movement control

was crop/forest protection (40.5%), followed by ASF control (16.7%), road or ra ilway safety
(11.9%), reduced interaction between wildlife and livestock (10.7%), hunting enclosure

(8.3%), wildlife or national park (4.8%), and national border security (3.6%), respectively.

Respondents also listed 3 other aims of the implementation of t he method: hunting ground
establishment in historical times, wild boar farm, and golf court protection. Figure 3 shows a
map of locations where crop/forest protection was the main aim , and Figure 4 a map of the
locations where the implemented method has be en primarily used for ASF control.
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Figure 2:

Map of the locations of the implementation of different methods for controlling

wild boar movements (general overview, regardless the method used). The exact locations

are marked in red, larger areas/entire
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Figure 4: Map of the locations of the implementation of different methods for controlling
wild boar movements. Locations, where the primary aim has been ASF control, are
emphasised (with a white circle). Other aims are indicated by the following colours:
crop/forest protection (dark green), road/railway safety (purple blue), reduced wildlife -
livestock interactions (yellow), hunting enclosure (red).

Methods that were used for controlling/reducing wild boar movements were as follows

(multiple ans wers were possible, therefore , the total number of answers is higher that the
number of filled questionnaires as in several cases two or more methods were implemented

in parallel): solid (mesh) fences (39 cases, 33.3%), electric fences (33 cases, 28.2%),
chemical/odour repellents (9 cases, 7.7%), acoustic/sound repellents (9 cases, 7.7%), in

person guarding/shepherding/patrolling (7 cases, 6%), visual repellents such as fladry/flags
(4 cases, 3.4%), razor  -wired/barbed wire fence (3 cases, 2.6%), gustatory/f ood method (3
cases, 2.6%), complementary use of natural barriers (2 cases, 1.7%), combination of

different methods (8 cases, 6.8%), and other (3 cases: hunting; restrictions of access expect

using roads; no barriers implemented).

In addition, data obtain  ed from the questionnaire were matched with the results of a
prelimin ary questionnaire sent by EFSA to the Member s of the EFSA Animal Health Network
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and discussed during the network meeting in autumn 2023  (Minutes of 22nd - EFSA Scientific
Network on Risk  Assessment in Animal Health and Welfare, 21-22 Sept. 2023)
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3 Results

3.1 Results from the systematic literature review
3.1.1 Description of the dataset

The final number of peer  -reviewed papers included in the systematic literature review was 27
(Figure 1). Thecomp  lete data model summarising details of the evaluated separation methods

is provided as supplementary material to this report, while a summary of this information is

provided as Appendix A. In total, from the 27 papers, we extracted 14 different wild boar
separation methods and/or barriers that might affect wild boar movements (in majority of

cases, more than one method/barrier was evaluated in a single paper): solid fences (10
papers), traffic -related barriers (10), rivers (4), electric fences (3), and moun tains (2); in a
single paper, we found data also on the following methods/barriers or activities/traits for

which a barrier effect was supposed to occur: gustatory repellents, settlements, natural

fences, grates, guarding, distance to forest, vegetation cl earings, and hunting (Figure 5).
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Figure 5:  Number of wild boar separation methods or traits with potential barrier effect as
extracted from peer -reviewed papers, published since 2018.

Majority of the studies that met the inclusion criteria examined sep aration methods in
European countries T most of them were from Spain (5 papers), followed by Italy (3), Poland

(3), and Germany (2). For the following EU countries, we found one relevant paper per

country: Belgium, Croatia, Hungary, Lithuania, and Sweden. Among non -European countries,
3 studies on separation methods were conducted in Japan, 2 in Australia and one in New
Zealand, Zambia, Nepal, India, and Tanzania (Figure 6).
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Figure 6;:  Number of relevant peer  -reviewed papers by country.

The most represen ted landscape type in the relevant peer -reviewed papers was mosaic (13
papers), followed by forest (3). For all other types (residential, wetland, mountain, coastal)

only one paper per each type was included, while for 5 studies no data on landscape type w as
provided (Figure 7).
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Figure 7:  Number of relevant peer  -reviewed papers by landscape type.
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In the majority of studies that met the inclusion criteria, ASF was not present (14 papers).
Infection was present in 3 cases, while 8 papers was without infor mation on the ASF status
(Figure 8).

16
14
12
10

Number of papers

Present Not present N/A
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Figure 8:  Number of relevant peer  -reviewed papers by presence/absence of ASF.

3.1.2 Fencing (solid and electric)

Fences are one of the most widespread manmade features in nature, constituting an artificial

limitation to  the movement of wildlife and are one of the most effective tools to prevent

human -wildlife conflicts. In addition to the initial cost of installing, their effectiveness is highly

dependent on the maintenance status, especially when they are intended to re tain wildlife
populations (Vercauteren et al., 2006; Lindsey et al., 2012). Their effectiveness may be
compromised by some vulnerable points (e.g. , intersection with a river/road), consequently ,
they are almost always permeable to a certain degree. The eff ectiveness of a fence to exclude
wild boar movement requires continuous fence monitoring and maintenance (Negus et al.,

2019). Currently, there is no evidence of affordable fence designs that are 100% wild boar

proof on a large scale and for a prolonged pe riod (EFSA, 2018); however, positive experiences

from the Czech Republic and Belgium (reviewed in Dixon et al., 2019; Jori et al., 2021; see

also Chap ter 3.2) indicated that in spite of this fences (either electric or solid ones) could in
combination with  other methods effectively contribute to the ASF control and prevent the

spread of the disease.

Indeed, the most relevant published evidences to date on the effects of fences, accompanied

by some other measures (zonation, intensive cull of wild boar, syste matic search for
carcasses, restrictions to public access, inclusion of highways, complementary use of odour
repellents and gustatory methods) were obtained in these two countries, which both have

become ASF -free after implementation of measures, and there fore they provide one of the

best case studies in context of a very this exercise. Although we o btained for both countries
m
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some additional information via responses to the questionnaire, which are included in the
Chapter 3.2, we summarise here main publish ed data/results about these two case studies
from two review papers (Dixon et al., 2019; Jori et al., 2021), and for results obtained in
Belgium from two original scientific papers (Dellicour et al., 2020; Licoppe et al., 2023).

In both countries, where vi rus affected exclusively wild boar populations at a single point,
fencing was used as one of important measures after immediate zonation determining the

infected zone, and surrounding buffer and control zones. In the Czech Republic, the infected

zone was p hysically isolated with electric fences to reduce the risk for natural spread of the

disease in wild boar and to delineate the restricted areas. A construction of a massive wire

fence had been discussed in the beginning but final ly discarded because of its high costs and
the long time needed for its deployment. Therefore, 10 km of electric fence (6,500 -11,000 V)
combined with odour repellents were placed on the outer periphery of the highest -risk area
(57 km 2). In the infected and buffer zones, feeding and hunting bans were established to
cause minimal disturbance to the affected and at -risk populations. Effective wild boar carcass
surveillance aimed at efficiently detecting and removing infected carcasses were promoted.

In the con trol zone, strict wild boar depopulation strategies were recommended to reduce

wild boar densities as much as possible with minimal disturbance. All these measures were
implemented successfully, and the Czech Republic was the first country to regain official

freedom from disease, 19 months after the first incursion of the disease in June 2017.
Although it was difficult to assess the contribution of fences to the eradication of the disease

(there were 11 positive animals detected outside the fenced area, sug gesting potential fence
leakage in some places in the neighbourhood of a village that could not be entirely fenced

off), given the successful general outcome it was assumed they had a positive effect (Dixon

et al., 2019; Jori et al., 2021).

In Belgium, installation of fences (a stan dard 1.2 m high wire mesh; unburied) was part of
the ASF control strategy from the first case notification in September 2018. 237 km of fences
aimed at ASF control were erected in 2018 12019, complementing the 70 km of pre - existing

fences that flanked the n  earby highway. An additional 40 km of fences were constructed
outside the management area. After connecting to fences erected in France (132 km) and
Luxembourg (10 km), the complete network created 20 enclosures. T hese fences contained
multiple weak points , such as gates and rivers, which were not secured. The hoped -for
interruption of wild boar movements was achieved, but fence crossings did occur especially

in rural areas where the number of gates was higher. This resulted in an expansion of the

infected area on three occasions in early 2019, and each enlargement automatically resulted

in the installation of new fences to contain these new incursions. During the epidemic, in the

infected areas, organised searches f or carcasses and trapping were the only op erations
conducted (until May 2019). During the post -epidemic (after May 2019), night shooting with
generalised use of baiting points and camera alerts was also implemented to cull the
remaining wild boar. The combination of these techniques, consistently applied within the
fenced areas, allowed almost complete reduction of the population of wild boar. The
development of a dynamic fence network, in combination with depopulation measures and

organised search for carc  asses, considerably helped to reduce the s pread of the disease (Jori

et al., 2021; Licoppe et al., 2023).
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Some more details about outcomes of ASF fencing in Belgium are provided by Licoppe et al.

(2023). In order to measure the effect of fencing on the spatial spread of the virus, the 10

fence seg ments closest to the positive cases were selected. In total, 6 of the 10 segments
directly exposed to the spatial expansion front of the virus successfully contained the virus

and were not crossed by wild boar, although positive cases were found close to t he fence.
Conversely, four fence segments were found to be porou s. Despite the fact that an absolute
seal was not observed, observations showed that the spatial expansion of the infected polygon

was powerfully impeded by the erection of the network of fenc es. The median rate of spread
was <2.0 km/month between emergencies (October 2018) and February 2019. After February

2019, the number of virus -positive animals found outside the infected polygon and the
distance these animals crossed beyond the fences dras tically decreased until a final stop of
the expansion of ASFin  the summer of 2019. The effect of the fence network on decelerating

the spatial spread of the virus was amplified by the collapse of wild boar densities, both inside

the infected area due to t he mortality rate associated with the infection, and outside due to
depopulation operations.

Aiming to understand the positive effects of fences in Belgium more into details, Dellicour et

al. (2020) employed data on GPS -collared wild boar and large set of infection cases to analyse
the permeability of barriers (fences installed during the ASF outbreak, the motorway segment

crossing the study area, and roads or urban areas along which no fence was installed) to ASF

dispersal. They revealed that both forest a nd barriers have significant impact on the wave -
front velocity as follows: it progressed fast er within forest areas and was significantly slowed

down by the presence of barriers. Analyses confirmed the efficiency of the installed network

of fences which - T complemented by pre -existing barriers (roads, urban areas) T impacted

both the effective ASF virus dispersal and the wave -front velocity. However, the wave -front
velocity was higher within forest areas and needed more time to cross non -forest areas which

is probably a consequence of less frequent wild boar movement outside a forest environment

as indicated by GPS telemetry. This is in line with a scenario where open land actually slows

down the ASF progression throughout a non -continuous wild boar population . Therefore, in
the context of an ASF outbreak, considering the forest coverage pattern is of strategic
importance to install fences and delimiting the area of containment.

Again, in Belgium, the effectiveness of fences to prevent the spread of ASF was stu died in
two management zones: in a non -infected zone and inan ASF  -infected zone which was fenced
off from the surrounding ASF free zones. The camera trapping survey confirmed that fences

placed at the infected/non -infected boundary act as an effective bar rier throughout the entire
study period, resulting in abrupt changes in occupancy from one zone to the other. This

suggests that wild boar movement across this barrier was s everely impeded, preventing
inflow of the ASF to the non -infected zones (Bollen et al., 2021).

Laguna et al. (2022) evaluated the permeability of 4 different types of fences (livestock -type
fence, poorly -maintained big game proof type fence, moderately -maintained big game proof
type fence, well -maintained big game proof type fence) for w ild boar in Montes de Toledo,
central Spain. They found that well -maintained big game proof type fences were the most
effective in reducing wild boar crossings, followed by moderately and poorly maintained big
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game proof fences and livestock type fences. 2 00 cm high w ell-maintained big game proof
type fences with tightened horizontal and vertical wires (minimum 15x15 cm) that were

weekly maintained were on average 30% more efficient than livestock -type fences (height
between 120 and 150 cm with horizontal a nd vertical wires and wooden or steel posts).
Authors also found that wild boar crossing success was higher for males than females, during

the food shortage period and around watercourses, which were identified as vulnerable points

of fences, where the fre  quency of cr ossings was higher than expected by chance.

The effect of border fence on wild ungulates mortality (and indirectly on crossing ability) was

tested across the Hungary  -Croatia border (Safner et al., 2021). The authors recorded 64
ungulates that died entangled in the razor  -wire fence installed alongside (in parallel) with a

high solid/mesh fence in a 28 -month period, including three wild boar. The presence of a 4 -
metre high solid mesh fence on the Hungarian side trapped the animals in between the two
fences and increased the mortality risk. When compatri ng results with similar study along
Slovenia -Croatia border (Pokorny et al., 2017), where only razor -wire fence was installed,
authors noted that the razor -wire fences alone are not as important disr upting factor for large
mammal movements and population connectivity as when they are combined with solid mesh

fences, which are in such construction (height of 4 m, dug into soil, very solid construction)
completely impermeable for large mammals and may s eriously diminish the connectivity of
populations. Indeed , along the Hungary -Croatia border fence no crossing of wild ungulates
(including wild boar) were registered, and huge herds of several 100s red deer ( Cervus
elaphus ) were recorded several times when wandering along the fence in a search for possible
migration corridor (Safner et al., 2021). On the contrary, along >170 km of razor -wire fence
at Slovenia -Croatia border despite many mortality cases of red deer, several crossings or wild

boar and no mort  ality of this species were registered (Pokorny et al., 2017).

Outside Europe, in the study on the effectiveness of fences in 12 wetlands in the Archer River
catchment of Cape York Peninsula, Australia, Negus et al. (2019) found that exclusion fences

(int his case constructed as taut fixed -mesh wire (approximately 10 cm 2) with several strands
of barbed wire at and near the base of the fence) can prevent wild boar damage in wetlands

if they are designed specifically for pigs and are properly maintained (i.e. , being complete
and promptly repaired in case of damage). Simi lar findings were also reached by Cox et al.
(2022), who showed that properly maintained fences were successful in preventing wild pig

dispersal and reinvasion on Auckland Island, New Zealand.

3.1. 3 Road (highway) fencing and traffic barriers

Among linear infrastructure, roads are some of the most ubiquitous, and are often found in
conjunction with fences (van der Ree et al., 2015). Roads, especially fenced highways, have
multiple impacts on the environment. They reduce the habitat of the animals and plants,
isolate parts of extant populations from each other, and block migration routes. Although

roads have been extensively studied as barriers to connectivity, the importance of highway

fences has only been recently acknowledged, despite having a greater extent than roads in
many areas.
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Botting et al. (2023) used red deer and wild boar as model species to assess how roads,

fences and wildlife passages affect the connectivity of Dofiana Biosphere Re serve in Spain.
They found that fences had the greatest impact on reducing connectivity and the addition of

road fences (2 m high, single mesh wire with 5 cm span) to the model prevented movement

between the core of the reserve and the west sub -area, which had suitable habitats for
ungulates. Livestock fences (usually 1.5 m high, made of horizonta [ wooden poles with 20 cm
span among them) also restricted movement by 80%. Reiner et al. (2021) used genetic data

from different wild boar hunting grounds in Rhin eland Zalatinate, Germany, to assess the
connectivity and differentiation of wild boar populations in a region threatened by ASF from
neighbouring regions. They found that the Rhine River was the strongest barrier to gene flow

among wild boars, followed by the freeways and their accompanying structures. Although
freeways are not fenced on most of the sections, major A6 freeway is largely fenced, but still

leads over viaducts or to parallel structures (settlements, agriculture lands). For this reason,

the au thors noted that it remains unclear how much of this effect is due to the freeways
themselves . Indeed, it was also possible that the barrier effect was due to natural/landscape

barriers which might have a higher resistance to wild boar movements and be the real barrier
to gene flow (Frantz et al., 2012). In another European study, Mihalik et al. (2018)
investigated the impact of the M3 highway in Hungary on the genetic diversity of wild boar
populations. The research revealed that the M3 highway reduced ge ne flow between wild boar
populations on either side of the road, although they detected only minor differences in allele
frequencies and heterozygosity values between subpopulations. This may be due to the recent

building of M3, which started only 40 year s ago, or to the functioning wildlife underpasses

and the good mobility of wild boars. Howeve r, the authors of the study cautioned that there
exists an isolation effect, which can be intensi
(2021) did not f  ind significant genetic differentiation or population structure among wild boar

from four dif ferent regions in Lithuania  : Fst (fixation index)  analysis showed no evidence of
genetic differentiation between subpopulations living on opposite sides of the motorway.

However, analysis using the Mantel test did show weak correlation between western and

eastern sampling areas which suggests that weak differentiation could occur due to habitat

fragmentation by the main motorways: E67 (Vilnius -K'1 ai p eandathe E85 AVi a 68al

motorway connecting Lithuania and Poland. The E67 and E85 are the busiest roads in
Lithuania (6873 and 9523 vehicles per day, respectively), therefore , high volumes of traffic,
fencing and contiguous urban areas can red uce gene flow and affect the population structure.
However , population genetic structure of wild boar in Lithuania is uniform , indicat ing there
may be no larger barriers hindering dispersal across the landscape. The reason may be that

wild boar often succe ssfully cross highways, also fenced ones, at unfenced areas
(intersections with rivers/roads) or using underpasses. Honda et al. (2020) evaluated

techniques and strategies for improving th e effectiveness of fences in such vulnerable areas.

They developed g rates with slanted steel panels which induced slippage of ungulate hooves

down into the grates; therefore, ungulates couldn't normally walk on the grates which were

laid directly on the road. Results of the study showed that no wild boar was able to pass t he
type 2 grates (85/100 mm height, 55° angle, and 100 mm distance between slant panels .
induc ing hoof slippage and prevented normal walking by wild boar ), but could walk on some
other typ es of grates with lower height, smaller angle , or larger drain space
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In some studies, authors have monitored the use of underpasses by wild animals, including

wild boar. | wi EGki et al. (2019) evaluated the us
the expressway S11 in Napchanie, Poland. Monitoring by camera trap s showed that wild boar
were the most frequent users of the wildlife crossings and that they migrated through the

entire width of the crossing, without paying attention to any possible danger. Also, human

presence did not significantly affect their moveme nts, although there was a decrease in the
number of animal crossings immediately after humans passed through the underpass.
However,ina?24 -hours perspective, the number of crossings did not change. In another study

in Pol and, WaUna et adlthe use afurkdérpasses\by dninals an a fenced
expressway S3 in a suburban area in the western part of the country (Lubuskie province).

They found that wild boar were frequent users of the underpasses, despite their small size

and low openness index which indicates that they can adapt to difficult conditions of mobility

and use available passages to cross the road. Specifically, it did not use all underpasses with

the same frequency, preferring the type IV (25 m long, 7 m wide, 160 m 2 raked area). Authors
also reported that wild boar used the underpasses mainly in spring and rarely in winter, which

may be related to their seasonal breeding and feeding patterns, as well as the availability of

food resources in the surrounding areas. They also observed that w ild boar preferred dry
underpasses and avoided those where rainwater stagnated periodically. In a similar study,

Bhardwaj et al. (2022) investigated the use of one at -grade fauna passage by wild ungulates
in southern Sweden. They found that wild boar were the most frequent users of the passage,
using it regularly throughout the year, but less so from January to May. They also found that

wild boar on average spent less time at the at -grade fauna passage than roe deer and red
deer, crossed the road mostly at nig ht and preferred to use the passage when there was no
traffic. In the study in Dofiana Biosphere Reserve, authors found that wild boar could use all

the underpasses in the study area, whereas red deer could not use some of them due to their

low openness index (Botting et al., 2023).

3.1.4 Natural barriers

Patterns of genetic differentiation within and among populations might vary due to the simple
effect of distance or landscape features hindering gene flow. An assessment of how landscape
connectivity a ffects gene flow can help guide management, especially in fragmented
landscapes (Lecis et al., 2022). Geographical wildlife patterns also reflect historical range
expansion, connectivity of populations and possible presence of natural barriers.

Effects of geographic distance, main roads , and land cover on the genetic differentiation
among subpopulations of wild boar was tested on Sardinia (Italy). Lecis et al. (2022) found

that main roads and urban settings were the most important barriers to gene flow, whi le
natural habitats such as forests and shrublands facilitated animal movements. They also found

that geographic distance had a weaker effect than landscape features on genetic structure of

the species. Sawai et al. (2023) analysed the genetic p opulation s tructure and migration
patterns of wild boar in Japan, covering their entire habitat range. They identified 15 genetic

clusters, each structured within a range of approximately 200 km, suggesting isolation by

distance and limited gene flow among subpopulat ions. They detected six potential geographic
barriers to migration, including the sea, plains, forest discontinuity areas and mountainous

a
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areas, that shaped the genetic diversity and population dynamics of wild boar in Japan. In a

study performe d in the ad ministrative district of Arnsberg, Germany, Methner et al. (2018)
investigated different strains of Salmonella choleraesuis , isolated from 46 wild boar. Because

a specific cluster of ~ S. choleraesuis occurred almost exclusively in only certain regions of th e
district, authors assumed that both natural barriers (mountains, mountain ranges and wide

rivers) as well as artificial ones (major roads) cause the separation of wild boar and their

pathogens.

The potential of main rivers to restrict dispersal of wild b oar has also been described in some
studies. As already mentioned, Reiner et al. (2021) used genetic data to assess the
connectivity and differentiation of wild boar populations in Rhineland ZPalatinate, Germany.
Among the two rivers that cross the region, the Moselle River is about 40 m wide with an
average discharge of 313 m  3/second, which allows enough wild boar to cross the river, thus
limiting detectable genetic differentiation and potentially allowing expansion of ASF. In
contrast, the Rhine River with awidth of 150 71 250 m has an average discharge of about 2,000
m3/second, which makes it more difficult for wild boar to cross, so authors assumed that it

can act as an important barrier for the spread of the ASF virus.

In the study performed in north Quee nsland, Australia, Ryan et al. (2023) also found that
major waterways such as the Herbert River acted as barriers to gene flow, as they reduced

the genetic similarity between populations of feral pigs on opposite sides of the waterways.

However, the main ¢ ause of genetic differentiation seemed to be isolation by distance,
meaning that populations that are farther apart tend to be more genetically different. Saito

et al. (2022) found that the wild boar population in Fukush ima Prefecture (Japan) is
geneticall y divided into two groups by the Abukuma River, which runs through the central

part of the prefecture. They assumed that this river and the urbanised area along it likely act

as barriers to migration and dispersal of wild boar, reducing the gene flow betwe en the two
groups.

3.15 Other separation methods

Other separation methods were also taken into consideration in some peer -reviewed papers,

including active and passive guarding, trenches, diversionary feeding, natural fences, distance
to forest, hunting, and v egetation clearings.

Pascual -Rico et al. (2018) investigated the effectiveness of diversionary feeding in mitigating
human -wildlife conflicts. They found that wild boar were frequent visitors to the feeding sites,

but only temporal, and not spatial, segre gation was recorded with other species accessing the
same sites. Castillo -Contreras et al. (2018) investigated behaviour of wild boar in urban
environments, focusing on the city of Barcelona. Results showed that wild boar enter urban

areas from nearby natu ral habitats using cor ridors, such as streams, looking for available
food (thus intensifying access during births and dispersion seasons). Following the results of

this study, management measures such as vegetation cleaning 100 m wide fringe in the limit
between the Collserola massif and the urban area have been implemented to create a less
comfortable transition, in addition to wild boar population and anthropogenic food availability

reduction.
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In a large -scale study, Gross et al. (2018) investigated the e ffectiveness of traditional and
advanced guarding in reducing crop losses due to wildlife (including wild boar) in different

areas in Africa and Asia. They found that traditional crop protection measures (other than
communal, strategic guarding systems) we re ineffective in reducing crop damage costs, while
advanced guarding, when applied as a communal system, showed promise in mitigating
damage costs caused by wildlife.

3.2 Results from the questionnaire

3.2.5 Description of the dataset

Number of answers per each met hod used for controlling/reducing wild boar movements is

shown in Table 5. Main results for each method are presented in the up -following sections.
For the most common separation methods used (i.e., solid (mesh) fences, electric fences,
chemical/odour repe llents , and acoustic/sound deterrents), results are presented also sub -
structurally, i.e. , considering different aims of the implementation (ASF control + reduced
interaction between wildlife and livestock, crop/forest protect ion, road/railway safety, hunt ing
enclosures), for which we received adequate number of responses. Moreover, for some of

these measures, comparison of outcomes in relation to both technical details of
implementation and environmental features is provided, enabling more detailed evaluat ion of
effectiveness and feasibility of measures.

Table 5:  Frequency of methods used for controlling/reducing wild boar movements (multiple
answers were possible).

Separation  method nt
Solid (mesh) fence 39
Electric fence 33

Chemical/odour repellent s

IAcoustic/sound deterrents

In person guarding/shepherding/patrolling

Visual repellents (e.g., fladry/flags)

Razor -wired / barbed wire fence

Gustatory/food method

Complementary use of natural barriers 2

Artificial light deterrents

Combination of methods 3

wWloo|[o(N[wWw|w|h~[N|]©O©]|©

Other 4

Notes:

LAlthough oO6combination of met hodsd was provided as a pspendents alsoe d

indicated different methods per response, therefore , the number of methods for which we receive d data is higher as was
the number of filled questionnaires.

Natural barriers, which were complementary used: lake, high.

Combination of methods: mesh + electric fence; farist (cattle grid) + road grid; fence + controlling + electric fence +

repellen ts; solid (mesh) fence with electric lining at around 20 cm; electric fence + repellents (odour/sound); dogs + guns.

Other methods: hunting; restrictions of access except using roads; no barriers implemented.

=\

w N

IS

www.efsa.europa.eu/publications EFSA Supporting publication 2024:EN -NNNN
The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out
exclusively by the authors in the context of a contract between the European Food Safety Authority and the authors, awarded f ollowing
a tender procedure. The present doc ument is published complying with the transparency principle to which the Authority is subject.

It may not be considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and
position as regards the issues addressed and the conclusions reached in the pr esent document, without prejudice to the rights of the

authors.

answe



B

Effectiveness of methods for controlling wild boar movement y\_,. E W||_D

3.2.6 Solid (mesh) fences

For experiences with so  lid fences, we received 40 responses from 15 countries (some of them

were accompanied by other measures, mainly electric fences): Italy (11), Spain (7), Hungary

(5), Bosnia and Herzegovina (2), Croatia (2), France (2), Romania (2), Slovenia (2), Belgium

(1), Czech Republic (1), Denmark (1), Latvia (1), Netherlands (1), Serbia (1), and Sweden

(). The first of these fences was built already in March 1944, and three more were built

before 2000, while the majority have been implemented s ince 2015. Data for the
implementation costs for solid fences were provided in 14 cases, and they ranged from 4,000

EUR to 20,000,000 EUR (mean: 2,080,000 EUR), while the annual maintenance costs

(n = 10) were in the range from 1,000 EUR to 200,000 EUR (mean: 26,900 EUR). Aims o f
installing solid fences are presented in Table 6.

Table 6: Frequency of aims of the installation of solid (mesh) fences (multiple answers b.
Aim of the installation of solid fences n
Crop/forest protection 17
ASF control 8
Reduced interaction between wildlife and livestock 7
Road/railway safety 7
Hunting enclosure 6
National border security 2
\Wildlife/national park 2
Other ! 3
Notes:

1 Due to multiple answers, n provided here might exceed n for each aim as presented in subchapters.
2 Other aims: enclosure/hunting ground for the Savoyards; protection of wild ungulates in the park;
wild boar farm.

ASF was the driver of installation of the fence in 11 cases, while in 27 cases it was not.
Similarly, at the time of implementation, ASF was present in 1 0 areas (only in wild boar: 7
cases; in both wild boar and domestic pigs: 3 cases), while in 28 areas it was not present.
Currently, ASF is present in 14 areas of interest (only in wild boar: 11 cases; in both wild

boar and domestic pigs: 4 cases), while i n 25 areas it is not present. Here we should stress
that fences are used in these areas for different purposes (see following subchapters),
therefore , the increase of the number of areas with ASF present per se does not indicate

ineffectiveness of solid fe  nces for controlling spread of ASF virus. More information on solid
fences in relation to responses, relevant to ASF control, are provided in Subchapter 3.2.2.1.

In almost all areas where solid fences were implemented, wild boar was a target species: in
35 cases it was a primary target species, and in 3 cases it was targeted together with other
wild ungulates). Only in one case (related to border security), the target species was another,

i.e., humans (to prevent illegal migrations). In all cases where seco ndary target species apart
from wild boar were mentioned, those were wild ruminants, mainly cervids (fallow deer ( Dama
dama ), red deer, roe deer) and in one case mouflon (- Ovis gmelini musimon ).
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In 16 cases (39%), fences were used as a linear barrier, and in 21 cases (51%) as an
enclosure; for two cases, no data on the shape of the fence was provided. For areas for which

data was provided, the size of the area enclosed by solid fences was in a range between

0.5 haand 600 km 2, while in case of linear bar  rier the length was between 2 kmand 270 km.
The height of the fence was from 0.8 m to 2.2 m (with one fence of even 4 m height), with
variable height (e.g. , 1.27115 m,1.5712.0 m,1.6 i 1.8 m,and 1.8 7 2.0 m)in some cases. Also
mesh size openings were variab le, in range between 5x5 cm and 20x20 cm. In almost all
cases, bottom of the fence touched the ground (only in two cases there was an open space

of 5710 and 20 cm, respectively), and in 22 cases (65% out of 34 answers) t he fence was
dug into ground. In alm ost all cases, the fence was metal (in some cases also galvanised or
reinforced to be more impact resistant), and in one case it was made from brick and concrete.

In 12 cases (38% out of 32 answers), the solid fence was complemented by an electric fence.

Predominant landscape type/land use was mixed forest -farmland (mosaic) with 25 cases out

of 34 responses (61%), followed by forests (n = 7; 17%). Residential (suburban) landscape

and other (i.e., forest and heather landscape) were reported by one case each, while no fence
was installed in farmland or wetland. Considering typical topographical character,
dynamic/variable topography prevailed (17 cases; 41% out of 33 answers), followed by flat

land (n = 12; 29%), steep slopes (n = 3; 7%), and other (variable) by one case. In 19
responses, either natural or artificial elements were used as a part of the barrier system as

follows (multiple answer possibility): highways (10; 53%), villages/urban areas (6; 32%),

main roads (5; 26%), rivers (5; 26%); streams, mounta ins, sea (coast), hunting estate, and
existing fenced natural park by one case each.

Considering harvesting of the target species in the case of enclosures, we received 26 answers

for culling within the enclosed area (intensive cull: 15 cases (58%); hunt ing at normal
intensity: 3 cases (12%); without culling: 8 cases (31%)), and 28 answers for culling outside

the enclosed area (intensive cull: 9 cases (32%); hunting at normal intensity: 18 cases

(64%); without culling: 1 case (4%)).

In general (regardle  ss of the aim of the implementation and influential factors), construction

of solid fence affected population abundance/density of wild boar in 9 cases out of 31
responses to this question (29%), while in 22 cases (71%) no effect was reported. In some

cases, respondents indicated higher density as before due to the following reasons (citation

of direct answers): (i) the fence was built to get a game preserve so densities are higher than

outside the fence; (ii) population density of enclo sed animals increase d; (iii) the production
goal at this wild boar farm is 5 offspring/female. On the contrary, some respondents reported

lower density as before due to: (i) population reduction; (ii) fencing and culling eliminated all

wild boar within enclosure; (iii) limite d migration combined with intensive culling: the fences
created some large enclosures, so it was possible to adapt the culling method according to

the epidemiological status (the virus stopped spreading thanks to the fences and drastic
decrease of the popu lation); (iv) reduction in population density inside the fenced zone, where

lethal actions were carried out, while outside the population remained at a high density; there

were few penetrations of animals from outside to inside, but they were quickly culle d because

they were not habituated to night shooting.
ER
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In comparison with the effect on population density, solid fences were much more effective

when considering their impact on spatial behaviour of wild boar. Indeed, in 20 out of 32
relevant answers (63 %) respondents reported such an effect, and concrete answers were as
follows:

The fence prevented the passage of ASF for a certain amount of time ;
Animals avoided or renounced to visit the area ;
Animals migrated to  parts where there was no implementation ;

A Changes especially in temporal behaviour: because human activity in the forest came to
a halt, the ungulates became active at daytime. With regards to the spatial behaviour,

deer mostly walk along the fence to find an opening, while wild boar are strong an d trend
to pass underneath the fence ;
Animals no longer cross the fence; piglets might go through the 20x20 cm fence , but

they do not cause damage or come out quickly if the sow cannot get through ;
Restriction of wild boar migration ;

Animals did not passt he fence ;

Migration, dispersal and home range size of enclosed animals decreased X

Impossible for animals to escape ;

Animals first searched for passages in the fence, then avoided the area which was
exposed (and which became a danger zone at night with nigh t shooting) ;

Animals were restricted to the enclosure ;

Animals tried to overcome barriers, in some cases succeeding in doing so ;

It seems to reduce, but not prevent, wild boar access in areas of potential contact with
livestock. Above all, it limits the mo vement of livestock and reduce contact with wildlife ;
Animals (presumably red deer) start gathering in a very huge herd X

Animals try to penetrate the fenced areas and may become entangled in the electric fence

and even die. The proliferation of fences has led to a significant reduction of suitable
habitat ;

After the construction of the fence, mammals tried to cross the fence, later they got used

to it, but in some cases smaller mammals can go through.

Changes in animal movements were measured (e.g. , with te lemetry) only in 7 (22%) of these
areas, and change in spatial behaviour was confirmed by the following observations (directly

cited from responses): (i) tracking with game trail cameras, and tracking manually when snow

cover; (ii) the denser distribution of GPS telemetry positions (fixes) along the fence showed
that wild boar were trying to penetrate the fenced area; (iii) GPS telemetry showed that wild

boar were trying to enter the fenced area as pos itions were clustered along the fence.

In spite of the  scarcity of scientific methods used for determining changes in spatial behaviour

of target species, 16 respondents reported the following effects of fences on wild boar that

were (according to their opinion) scientifically confirmed (multiple answers were allowed):
hindered migration/dispersion (7 responses), population separation (4), genetic
differentiation of populations (3), while 2 indicated other plausible response which was

relevant to the question (i.e., genetic selection/purity, cha nge in damage (b efore vs. after)).
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Respondents were also asked to assess the effectiveness of the solid fences in relation to the
main aims of the implementation (Table 7). Although there is some mismatch in number of
answers, showing difficulties of some respondents to clearly understand that they should

provide answer only for the primary aim and , therefore , some of them assessed the
effectiveness also in relation to some secondary outcomes (i.e., fences implemented for ASF
control might also have some positive effects on crop protection e tc.), it is evident from the

summarised results that solid fences are very effective tool for crop protection and forest

protection (reasonable to completely effective: 85.7% and 90.0%, respectively), and to lesser

extent also when aime d to increase road/railway safety or to reduce wildlife -livestock
interactions ( 83.3% and 75.0% , respectively, with grades 3 15, i.e., assessed as reasonably,
very, or completely effective ). Considering ASF control, however, they were ranked in the
highest three grades in half of cases,andinonly 35.7% of cases solid fences were assessed
to be very or completely effective for virus control.

Table 7:  Assessment of the general effectiveness of the solid (mesh) fences in relation to
differentaims ! (1 = completely ineffective, 2 = somewhat effective, 3 = reasonably effective,
4 = very effective,5 = completely effective; N/A = not relevant; number of responses and %
considering all relevant answers are presented).

Grade | Grade | Grade | Grade | Grade N/A All
1 2 3 4 5 relevant
answers
IASF control 3 4 2 3 2 6 14
(21.4% )|(28.6% )|(14.3% )|(21.4% )|(14.3% )
Crop protection 1 2 8 7 3 6 21
(4.8% ) | (9.6% ) [(38.1% )|(33.3% )|(14.3%)
Forest protection 1 0 4 4 1 11 10
(10.0% ) (40.0% )|(40.0% )|(10.0% )
Reducing wildlife -livestock 2 1 1 5 3 10 12
interactions (16.7 %)| (8.3% ) | (8.3% ) [(41.7% )|(25.0% )
Road/railway safety 2 0 2 3 5 8 12
(16.7 %) (16.7% )|(25.0% )|(41.7% )
National border security 2 0 1 2 1 10 6
(33.3% ) (16.7% )|(33.3% )|(16.7% )

Notes:
1 In some cases, respondents also included secondary aims beside the primary one (multiple answer possibility), therefore
the number of responses per aim differs from the frequency of each aim as reported in Table 6.

In accordan ce with this , there were also responses (n = 31) on a very firm effect, i.e. related

to preventing the crossing of a target species over the barrier: fully prevention with no

crossing registered was reported in 4 cases (13%), while partial prevention with lower number
of dispersing/migrating individuals than before was registered in 21 cases (68%). On the

contrary, no changes were registered in 2 cases (6%), while in 4 cases (13%) this data is

lacking as crossing frequency was not monitored . Mainre asonswh yinsome cases solid fences
were assumed to be ineffective  for the designed purpose are presented in Table 8.
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Table 8: Main reasons why solid fences are/were understood to be ineffective.

Reasons N %
Lack of adequate maintenance over time 7 33%
Inappro priate type of method for the objective 3 14%
Poor design 1 5%
Badly constructed 1 5%
Bad timing of the original implementation 0 0%
Sabotage 0 0%
Other * 9 43%
All relevant answers 21 100%
Notes:

1 Other reasons: bad timing of the original implement ation and lack of adequate maintenance over time

(two very the same answers); poor design and badly constructed; badly constructed, very heavy snows
reduce usefulness; other species as vectors; lack of maintenance, sabotage, trees falling; shortage of
staf f employed and intermittent capture action; presence of rivers, even large ones, that cross the fence.

Finally, to provide a check  -crossing of responses on effectiveness of different methods, we
asked in the questionnaire about methods potentially used f or estimating the effectiveness of
different separation measures for wild boar. In case of solid fences (27 responses for this
question), effectiveness was estimated in 10 cases (37%), using one of the following
parameters/methods: camera traps / trail cam eras, damage estimation (economically),
observations at baiting stations and feeding sites used to ensure plenty of feed for remaining
wild boar, number of ASF positive wild boar detected at the other side of the fence, spreading

of disease/infection outsi  de the fenced area, ASF presence in the enclosures, monitoring along

the fence, and the claim for crop damage that has been almost reduced to zero. On the basis

of their own methods/parameters used, the respondents reported the outcomes as follows:

No move ment of wild boar over the barrier was registered ;

707 90% damage reduction

No observed break -out through fence, no entrance of wild boar either; in systematic
searches in enclosure and  surrounding areas, no further carcasses were found ;
ASF was presentin  the enclosure

There was a significant delay, but finally ASF was present ;

The infected animals were immediately closed inside the fence: in the first year, the
infection did not  spread outside the fence, in the second year it spread to areas outside
the fence;

Found dead animals in the razor -wire fence along the solid fence.
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3.2.2.1 Solid fences: ASF control and reducing interactions with livestock

For experiences with solid fences aimed at ASF control and reducing interactions with livestock
(althoug h these two aims were stated separately in the questionnaire, we decided to pool
them due to similar ratio behind as well as to increase the sample size of responses), we

received 14 responses from 10 countries: Italy (3), Spain (2), Bosnia and Herzegovina (2),
Belgium (1), France (1), Latvia (1), Netherlands (1), Romania (1), Serbia (1), and Sweden

(1). Considering ASF control only, we received 7 answers from 6 countries (ltaly (2), Belgium,
France, Romania, Serbia, Sweden), and considering reduction of wi [dlife -livestock

interactions, 7 responses from 5 countries (Bosnia and Herzegovina, Latvia, Netherlands,
Romania, Spain), with one overlap between both aims. Although it is clearly evident from
responses that almost all fences aimed at ASF control were co mplemented by other measures
(mainly electric fences, also odour repellents in some cases), we present below results related

to solid fences as obtained from 1KA application (i.e., for each case where solid fence was
implemented as 1 assuming so i the main m easure), but in case of clear indication whether
they were accompanied by electric fence or not (specific question) we also provide
comparisons of outcomes between both scenarios. However, in independent subchapter we
present outcomes when a combination of methods was used; although this causes some
redundancy in presenting results, it is the only way to include the two possibilities (solid fence

alone an d solid fence with parallel electric fence vs. combination of different measures,
including solid fences ).

One of the fences (related to reducing interactions with livestock) was built in 2001, while all

others have been implemented since 2018. Data for the implementation costs were provided

in 7 cases (6 in the case of ASF control), and they ranged from 15, 000 EUR to 20,000,000
EUR (mean: 4,120,000 EUR), while the annual maintenance costs (n = 4in both cases) were
in the range from 2,000 EUR to 200,000 EUR (mean: 97,000 EUR).

In almost all cases, wild boar was a target species: in 11 cases it was a primary target species
(certainly in all cases, issued to ASF control), and in two cases aimed in reducing interactions

with livestock it was targeted together with other ungulates. ASF was the driver of installation

of the fence in 10 cases. At the time of imple mentation, ASF was present in 9 areas (only in

wild boar: 7 cases; in both wild boar and domestic pigs: 2 cases), while in 4 areas it was not

present. In 4 cases (36% out of 11 relevant answers), fences were constructed in the infected

zone (accordingtot he EU zoning policy) and in 2 cases (18%) in the restricted zone II; with

one case each, fences were also implemented in: (a) the restricted zone lll, (b) the restricted

zones |, Il and outside, and (c) in unrestricted zone. Domestic pigs are present in 11 of the
relevant areas (4 indoor only; 7 indoor and outdoor T among them, in 2 cases pigs are also
free -ranging). Currently, ASF is also present in 9 areas of interest (only in wild boar: 6 cases;
in both wild boar and domestic pigs: 3 cases). In one case (Belgium), the area has become
an ASF free area, presumably also because of the successful reduction of wild boar
movements due to implementation of the fence.
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In 6 cases (55%), fences were used as a linear barrier, and in 5 cases (45%) as an enclosure;

for two cases, no  such details were provided. Considering ASF control only, the size of the

area enclosed by solid fences was in a range of 12 km ? to 100 km 2, while in case of linear
barrier the length was between 2 km and 270 km. The height of the fence w asfrom1.0 mto
2.2 m, with variable height (e.g. , 1.512.0 m) in one case. Also , mesh size openings were
variable, in range between 5x5 cm and 20x20 cm. In almost all cases, bottom of the fence
touched the ground (only in one case there was an open space of 5110 cm), and in 7 cases
(64% out of 11 answers) the fence was dug into ground. In all cases, the fence was metal,

in some cases also galvanised, and in one case with the following additional description:

"skirt" of 6 cm mesh metal wire fence added ang| ing into enclosure, laid on ground, not buried,
to avoid wild boar lifting fence bottom; moreover, poles of wood at 2 m high aimed at adding
electric wire higher up in case of deep snow cover 0.

complemented by an elect  ric fence, for example as an electric lining at around 20 cm.

Predominant landscape type/land present in the area was mixed forest -farmland (mosaic)
with 6 cases out of 11 responses (45%), followed by forests (n = 3; 27%). Residential
(suburban) landscape  and other (i.e., forest and heather) were reported by one case each,

while no fence was installed in farmland or wetland. Considering typical topographical
character, flat land prevailed (6 cases; 55%), followed by dynamic/variable topography

(n = 5;45%). In 8 responses, either natural or artificial elements were us ed as a part of the
barrier system as follows (multiple answer possibility): highways (6; 43%), villages/urban
areas (5; 36%), main roads (4; 29%), rivers (3; 21%); streams, mountains, hunting e state,

and existing fenced natural park by one case each.

Considering harvesting of wild boar in the case of enclosures aiming both at ASF control and

reducing interactions with livestock, we received 9 answers. Culling within the enclosed areas

was as f ollows 71 intensive cull: 5 cases (56%), hunting at normal intensity: 3 cases (33%),

without culling: 1 case (11%); culling outside the enclosed areas T intensive cull: 4 cases
(44%), hunting at normal intensity: 4 cases (44%), without culling: 1 case (11%)
Considering ASF control only, the harvesting of wild boar was much more intensive, i.e.: (a)
within the enclosed areas (6 responses) T intensive cull: 5 cases (83%), hunting at normal
intensity: 1 case (17%); no area without culling; (b) outside the encl osed areas (5 responses)
i intensive cull: 4 cases (80%), and hunting at normal intensity: 1 case (20%), respectively.

Construction of solid fences for ASF control or reducing interactions with livestock affected
population abundance/density of wild boa rin 4 cases out of 11 responses (36%), while in 7
cases (64%) no effect was reported. When considering ASF control only (7 responses),
population density was affected (i.e., decreased) in 3 cases (43%). The decrease in density

was a complex consequence of the measure (fencing), i.e. , due to limited migration combined
with intensive culling as was the case in Belgium, where t he fences created some large
enclosures (approx. 20 together with French and Luxembourgish network), so it was possible

to adapt the ¢ ulling method according to the epidemiological status. Similarly, according to
another response, reduction in population density inside the fenced zone was accompanied

with lethal actions carried out there; in case of (few) penetrations of animals from out side to
inside, wild boar were quickly culled because they were not habituated to night shooting.
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In general, solid fences (mainly accompanied by other measures, e.g. electric fences) aimed

at ASF control and reducing interactions with livestock have bee n more efficient when
considering change of the spatial behaviour of wild boar; indeed, 9 out of 11 relevant answers

(82%) reported such an affect, as follows: (i) animals did not pass the fence; (ii) impossible

for animals to escape; (iii) animals tried t 0 overcome barriers, in some cases succeeding in
doing so; (iv) it seems to reduce, but not prevent, wild boar access in areas of potential
contact with livestock; (v) animals first searched for passages in the fence, then avoided the

area which was expose d (and which became a danger zone at night with night shooting); (vi)

the fence prevented the passage of ASF for a certain amount of time. However, changes in

animal movements were measured only in one (7%) of these areas, i.e. , by tracking with
game trail cameras and snow tracking. Nevertheless, several respondents reported effects of

fences on wild boa r that were (according to their opinion) scientifically confirmed (multiple

answers were allowed): hindered migration/dispersion (4 responses), population s eparation
(2), genetic differentiation of populations (1), reduction of the population T an answer given
as an explanation beyond other effects.

Respondents were also asked to assess the effectiveness of the solid fences in relation to ASF

control and redu cing interactions with livestock as the primary aims of the implementation
(Table 9) as well as to assess the effect on ASF spreading beyond the fenced area (Table 10).

Data on the effectiveness of fences in relation to their main aims were presented also in
general presentation of the responses on the effectiveness of solid (mesh) fences (Table 7),

but there some respondents obviously assessed effectiveness in relation to the secondary

aims, therefore , results when using only preselected primary aims (ASF control; reducing
interactions with livestock) are more rele vant. Again, it is evident that the effectiveness of

solid fences for ASF controlling is questionable/controversial, as in only 3 cases (42.9%) solid
fences were assessed to be very or completely effective for virus control, while in one case
they were reported as completely ineffective. However, when considering reduction of wildlife -
livestock interactions, in 4 cases out of 5 (80%) solid fences were reported as reasonably to

completely effective  (Table 9).

Table 9: Assessment of the effectiveness of the solid (mesh) fences in relation to ASF control

and reducing wildlife  -livestock interactions as their primary aims (1 = completely ineffective,

2 = somewhat effective, 3 = reasonably effective, 4 = very effective, 5 = completely
effective; N/A = not relevant; number of responses and % considering all relevant answers

are presented).

Grade Grade Grade Grade Grade N/A All
1 2 3 4 5 relevant
answers
IASF control 1 1 2 1 2 0 7

(14.3% )|(14.3% )|(28.6% )|(14.3% )|(28.6% )

Reducing wildlife -livestock 0 1 1 2 1 0 5
interactions (20.0% )|(20.0% )|(40.0% )|(20.0% )
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However, it is important to note that in 2 cases (out of 7 relevant; 29%) ASF has not spread
beyond the fenced area; on the con trary, in 4 cases (58%) it has spread out, but with the
important or moderate delay; in one case (14%) the virus spread out very fast (Table 10).

Table 10: Reported effects on ASF spread beyond the fenced area after the solid fence
construction.

Effect N %

No spread of ASF outside the fenced area 2 28.6%
\Very fast spread, without any expected delay 1* 14.3%
Moderate delay (<3 months after implementation) 3 42.9%
Important delay (>3 months after implementation) 1 14.3%
All relevant answers 7 100%

1 The fence was constructed in Alessandria Province (Northern Italy).

Similarly, responses related to preventing the crossing of wild boar as a target species over
the barrier (n = 12) indicated that solid fences aimed to reduce ASF virus spread and/or

interac tions with livestock have some potential to reduce crossing and , therefore , also disease
transmission, but in general they can not completely stop crossings, particularly not on a
permanent basis as it would be desired considering the veterinarian/health i ssues. Indeed,
while at one side 2 cases (17%) of fully prevention with no crossing registered was reported,

at the opposite side no change sin crossings was reported in one case (8%), while the majority

of respondents indicated partial prevention with low er number of dispersing/migrating
individuals than before (7 cases; 58%); in 2 cases (17%) this data is lacking as there was no

possibility to monitor crossing frequency. In case of ASF control solely (7 responses), these

figures are as follows: fully prev ention, no crossings registered (2 cases; 29%), partial
prevention with lower number of dispersing/migrating individuals than before (4 cas es; 57%),
and no changes in crossing frequency (1 case; 14%), respectively.

Main reasons for ineffectiveness of sol id fences (in some cases) as a measure for ASF control
or reducing wildlife -livestock interactions are, according to the opinion of respondents
(N = 8), as follows: lack of adequate maintenance over time (4), poor design (1), badly
constructed (1), inappro  priate type of the method for the objective (1), and others
(unfortunately, without any further specification; 1).

Effectiveness of solid fences aimed at ASF control or reducing wildlife -livestock interactions
(10 responses) was estimated in 5 cases, using the following methods/tools/parameters: (i)
camera traps; (i) trail cameras, observations at baiting stations and feeding sites; (iii)

number of ASF positive detected at the other side of the fence; (iv) spreading of disease; (V)

the spread of the infect  ion outside the fenced area. The respondents reported the outcomes

as follows: (a) no movements of wild boar overt he barrier; (b) no observed break -out through
fence, no entrance of wild boar either; in systematic searches in enclosure and surrounding

are as, no further carcasses were found; (c) ASF was already presentin the enclosure; (d) the
infected animals were immediately closed inside the fence: in the first year, the infection did

not spread outside the fence, in the second year it spread to areas o utside the fence.
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Unfortunately, the number of responses on using solid fences for ASF control is rather low,

therefore relevant analysis of explanatory/influential factors (scenarios), enabling firm
conclusions, is impossible. However, we can extract from the more sub -structured analysis
(i.e., by adding some additional factors) some findings presented below:

1. When/where solid fence was complemented by electric fence, they affected spatial
behaviour of wild boar, and the method was assessed either as someho w or reasonably
effective, with partially preventing wild boar from crossing; moreover, they caused
moderate or important delay of ASF spread beyond the fenced area. For comparison,
when/where solid fence was not complemented by electric fence, it affected
behaviour of wild boar in 3 out of 5 cases, and effectiveness of the method was assessed
along the whole diapason of provided answers. High variabilities were reported also when
considering effects on wild boar crossing, and the effect on ASF spre ad beyond the fenced
area, i.e. , from preventing the spread over the fence (two cases) to only moderate delay
(Tables 11, 12). Obviously, implementation of the electric fence along the solid fence did
not affect general effectiveness of solid fences.

spatial

Tab le 11: Comparison of the assessed effectiveness of the solid fences aimed to ASF control
in respect to the complementary use of the electric fence (1 = completely ineffective,
5 = completely effective).

Grade Grade Grade Grade Grade N/A All
1 2 3 4 5 re levant
answers
IAccompanied with electric 0 1 1 0 0 0 2
fence (50% ) (50% )
\Without accompanied electric 1 0 1 1 1 1 5
fence (20% ) (20% ) | (20% ) | (20% ) | (20% )
Table 12:  Comparison of reported effects of solid fences T in respect to the com  plementary
use of the electric fence T on preventing wild boar from crossing and ASF spread.
Effect Electric fence Electric fence NO
YES

Effect on wild boar crossing
Fully, no crossing was registered 0 2(40%)
Partially, the number of dispersing/migrat ing individuals 2 (100% ) 2 (40%)
was lower than before
No changes were registered 0 1(20% )
Unknown, not possible to monitor 0 0
All relevant answers 2 5
Effect on ASF  spread beyond the fenced area
No spread of ASF outside the fenced area 0 2(40%)
I mportant delay (>3 months after implementation) 1(50% ) 1(20% )
Moderate delay (<3 months after implementation) 1(50% ) 1(20% )
Very fast spread, without any expected delay 0 0
All relevant answers 2 4
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2. For 7 responses, we were able to separate reported outcomes in respect to digging the
fence into the ground (Table 13, 14). These outcomes are somehow controversial and do
not confirm that digging the fence has any important effect on separating wild boar
populations. Indeed, when considering assessed eff ectiveness of fences, two out of three
of the most favourable outcomes (very and completely effective) were related to fences
not being dug, while in one case such a fence was found to be completely ineffective (Table
13). On the contrary, no crossings of wild boar as well as no spread of ASF after
implementation of fences were reported in both scenarios (dug vs. not dug; one area per
each). However, a very fast spread of ASF outside the fenced area as well as no changes
in wild boar crossing were registere d once only in a case without digging ( Table 14),
indicating that this action might on a short -term basis have a beneficial effect.

Table 13: Comparison of the assessed effectiveness of the solid (mesh) fences aimed to ASF

control in respect to digging i t into the ground (1 = completely ineffective, 2 = somewhat
effective, 3 = reasonably effective, 4 = very effective, 5 = completely effective; N/A = not
relevant; number of responses and % considering all relevant answers are presented).

Grade | Grade | Grade | Grade | Grade N/A All
1 2 3 4 5 Relevant
answers
Dug into the ground 0 1 2 0 1 0 4
(25% ) | (50% ) (25% )
Not dug into the ground 1 0 0 1 1 0 3
(33% ) (33% ) | (33%)
Table 14. Comparison of reported effects of solid fences Tin respect of digg ing it into the

ground T on preventing wild boar from crossing and ASF spread beyond the fenced area.

Effect Dug into ground Dug into ground
YES NO

Effect on wild boar crossing

Fully, no crossing was registered 1(25%) 1(33%)

Partially, the number of d ispersing/migrating 3(75%) 1(33%)

individuals was lower than before

No changes were registered 0 1(33%)

Unknown, not possible to monitor 0 0

All relevant answers 4 3

Effect on ASF spread beyond the fenced area

No spread of ASF outside the fenced ar ea 1(25%) 1(50% )

Important delay (>3 months after implementation) 1(25% ) 0

Moderate delay (<3 months after implementation) 2(50% ) 0

Very fast spread, without any expected delay 0 1(50% )

All relevant answers 4 2
R

www.efsa.europa.eu/publications EFSA Supporting publication 2024:EN -NNNN

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out

exclusively by the authors in the context of a contract between the European Food Safety Authority and the authors, awarded f ollowing

a tender procedure. The present doc ument is published complying with the transparency principle to which the Authority is subject.

It may not be considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and

position as regards the issues addressed and the conclusions reached in the pr esent document, without prejudice to the rights of the
authors.



-

Effectiveness of methods for controlling wild boar movement ,\_,. E W||_D

3. For 7 responses, we were also able to separate reported outcomes in respect to typical
topographic characteristics of the area of interest (Table 15, 16). These outcomes indicated
important  differences in effectiveness of fences in different landscapes. Indeed, all
favourable/desired outco  mes were from flat land, where in three cases the implemented
measure was found to be very or even completely effective (Table 15), and it importantly
affected both wild boar crossing (i.e., fully preventing, no crossing was registered) and
ASF spread (i.e ., no spread of ASF outside the fenced area). On the contrary, no such
outcomes were reported in areas characterised by dynamic/variable topography, where
solid fencer either did not prevent wild boar crossings or prevent it only partially, and where
ASF in all cases has spread beyond the fenced area (Table 16). Although also in case of
flat land solid fences might be completely ineffective (one case, where ASF spread beyond
the fenced area with moderate delay), it is clear that effectiveness is dependent o n
orography, being higher in flat land, where solid fence construction is a much easier task.

Table 15: Comparison of the assessed effectiveness of the solid (mesh) fences aimed to ASF

control in respect to typical topographic character (1 = completelyin effective,5 = completely
effective).
Grade | Grade | Grade | Grade | Grade N/A All
1 2 3 4 5 relevant
answers
Flat land 0 0 1 1 2 0 4
(25% ) | (25% ) | (50% )
Dynamic, variable 1 1 1 0 0 0 3
topography (33% ) | (33% ) | (33% )
Table 16: Comparison of repo rted effects of solid fences T in respect to typical topographic

character 1 on preventing wild boar from crossing and ASF spread beyond the fenced area.

Effect Flat land Dynamic
topography

Effect on wild boar crossing

Fully, no crossing was registered 2 (50% ) 0

Partially, the number of dispersing/migrating 2 (50%) 2 (66% )

individuals was lower than before

No changes were registered 0 1(33%)

Unknown, not possible to monitor 0 0

All relevant answers 4 3

Effect on ASF  spread beyond the fenced area

No spread of ASF outside the fenced area 2 (66% ) 0

Important delay (>3 months after implementation) 0 1(33%)

Moderate delay (<3 months after implementation) 1(33%) 1(33%)

Very fast spread, without any expected delay 0 1(33%)

All relevant answers 3 3
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3.2.2.2 Solid fences: crop/forest protection

For experiences with solid fences aimed at crop/forest protection, we received 16 responses
from 5 countries: Italy (7), Spain (4), Hungary (3), Croatia (1), and Latvia (1). Also in these
cases, some fences we re accompanied by electric fences, but the majority were not. The first
of these fences was built in 1998, while the majority have been implemented since 2005.
Data for the implementation costs were provided in 6 cases, and they ranged from 4,000 EUR

to 10 0,000 EUR (mean: 38,900 EUR), while the annual maintenance costs (n = 4) were in
the range from 3,500 EUR to 15,000 EUR (mean: 9,100 EUR). At the time of implementation,
ASF was present in one of these areas (in both wild boar and domestic pigs); there, AS F

presence was also a driver for the implementation of the method. Currently, ASF is present

in 3 areas of interest (only in wild boar: two cases; in both wild boar and domestic pigs: one

case). In almost all cases, wild boar was a target species: in 16 ca ses it was a primary target
species, and in one  case it was targeted together with other species (i.e., the answers on the

target species: wild ungulates). In all cases where secondary target species apart from wild

boar were mentioned (7 cases), those wer e cervids: red, fallow and roe deer.

In 4 cases (24%), fences were used as a linear barrier, and in 12 cases (71%) as an
enclosure; for one case, no data on the shape of the fence was provided. The size of the area

enclosed by solid fences was in a range between 0.5 ha and 100 ha, while in case of linear
barrier the length was between 20 kmand 40 km. The height of the fence was from 0.8 m to
2.0 m, with variable height (e.g. , 1.2715 mand 1.6 71.8 m)in some cases. Also mesh size
openings were variable, in range between 5x5 cm and 20x20 (25x1  5) cm, and in some cases
with thickening/densification at the bottom in the case of special braided/flexible nets. In

almost all cases, bottom of the fence touched the ground (only in one case there was an open

space of 20 cm), and in 8 cases (57% out of 14 answers) the fence was dug into ground. In

all cases, the fence was metal. In 5 cases (36% out of 14 answers), the solid fence was
complemented by an electric fence.

Predominant landscape type/land use was mixed for est -farmland (mosaic) with 13 cases out
of 14 responses (93%), and in one case the fence was built in forest (7%). Considering typical
topographical character, dynamic/variable topography prevailed (8 cases; 62% out of 14

answers), followed by flat land (n = 3; 23%), and steep slopes (n = 2; 15%). Natural or
artificial elements were generally not used as a part of the barrier system: only in one case,
sea (coast) was reported to be included. Considering harve sting of the target species, we

received 14 answe rs for culling within the enclosed area, which might in this case be
understood also as a protected area on the cultivated side of the fence (intensive cull: 6 cases
(43%); hunting at normal intensity: 1 case (7%); without culling: 7 cases (50%)), and

anot her 14 answers for culling outside the enclosed area (intensive cull: 3 cases (21%);
hunting at normal intensity: 10 cases (71%); without culling: 1 case (7%)).

Construction of solid fences affected population abundance of wild boar in one case out of 14
responses to this question (7%), while in 13 cases (93%) no effect was reported. In the case

of the change of the density, it actually increased

guarding, there were more wild boar a dronttheeegpormd).l went
m
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In general, solid fences aimed at crop/forest protection have not changed importantly the

spatial behaviour of wild boar; nevertheless, 5 out of 14 relevant answers (36%) reported

such an affect, e.g.: (i) animals avoided or renounced t o visit the area; (i) animals migrated
to parts where there was no implementation of fences; (iii) animals no longer cross the fence;

piglets might go through the 20x20 cm fence but they do not cause damage or come out
quickly if the sow cannot get throug h; (iv) impossible f  or animals to escape; and (v) animals
try to penetrate the fenced areas and may become entangled in the electric fence and even

die; the proliferation of fences has led to a significant reduction of suitable habitat. However,
changesin animal movements were measured (e.g. , with telemetry) only in 2 (14%) of these
areas, and change in spatial behaviour was confirmed by the following and very similar
observations (directly cited from responses): (i) the denser distribution of GPS telemetr y
positions (fixes)  along the fence showed that wild boar were trying to penetrate the fenced
area; (ii) GPS telemetry showed that wild boar were trying to enter the fenced area as
positions were clustered along the fence. One respondent reported hindered
migration/dispersion as the effect of fences on wild boar that was (according to his/her
opinion) scientifically confirmed; another one added change in damage (before vs. after) as
another plausible response of wild boar.

From Table 17, it is evident that solid fences (either alone or accompanied by electric ones)
are effective tools for both crop protection and forest protection (reasonable to completely
effective: 93% and 100%, respectively). Moreover, 11 out of 13 relevant responses (88%)
showed that cr op damage has been importantly or almost completely reduced after the solid
fence construction, while in only 2 cases (12%) no effect was reported (Table 18).

Table 17:  Assessment of the effectiveness of the solid (mesh) fences in relation to crop/forest

protection as their primary aim (1 = completely ineffective, 5 = completely effective).
Grade | Grade | Grade | Grade | Grade N/A All
1 2 3 4 5 relevant
answers
Crop protection 0 1 6 5 3 0 15
(6.7% ) |{(40.0% )|(33.3% )|(20.0% )
Forest protection 0 0 1 3 1 4 5
(20.0% )|(60.0% )|(20.0% )

Table 18:  Reported effect on crop damage after the solid fence construction.

Effect N %

Not relevant 1 7%

Damage was almost completely reduced (>75%) 8 57%

Damage was importantly reduced (25 T 75%) 3 21%

Damage w as moderately reduced (<25%) 0 0%

No effect 2 12%

All relevant answers 14 100%
m
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However, responses related to preventing the crossing of wildlife over the barrier (n = 11)
indicated that solid fences aimed to reduce damage in agriculture/forestry are no t
impermeable barrier for wild boar. Indeed, no case of full prevention with no crossing was
reported, while partial prevention with lower number of dispersing/migrating individuals than

before was registered in 8 cases (73%). On the contrary, no change wa s registered in one

case (9%), while in 2 cases (18%) this data is lacking as there was no possibility for monitor

crossing frequency. Main reasons why in some cases solid fences are/were understood to be
ineffective or only partially effective for reducin g crop/forest damage are, accor ding to the
opinion of respondents (N = 8), as follows: lack of adequate maintenance over time (3),
inappropriate type of the method for the objective (2), and others (3: bad timing of the

original implementation and lack of adequate maintenance over time (two very the same
answers); shortage of staff employed and intermittent capture action).

Effectiveness of solid fences aimed at crop/forest protection (11 responses) was estimated in
2 cases only (18%): (i) by damage estimat ion (economically); (ii) the claim for crop damage
that has been almost reduced to zero, i.e. , by 70 7 90%.

3.2.2.3 Solid fences: hunting enclosures

For experiences with solid fences around hunting enclosures, we received 6 responses from

5 countries: Sloven ia (2), Bosnia and Herzegovina (1), France (1), Romania (1), and Serbia

(1). Data for the implementation costs were provided in 2 cases (15,000 EUR and 20,000

EUR), while the annual maintenance costs (n = 3) were in the range from 1,000 EUR to

15,000 EUR ( mean: 6,800 EUR), respectively. Atthe time of implementation, ASF was present

in one of these (assuming broader) areas (in both wild boar and dome stic pigs). Currently,
ASF is present in 2 areas of interest (in both wild boar and domestic pigs), while in 3 areas it
is not present (1 response lacking that info). In all cases, wild boar was a target species. In

2 cases where secondary target species apart from wild boar were mentioned, those were

fallow deer and mouflon.

The size of the area enclosed by sol id fences was in a range between 4 km 2and 12 km 2. The
height of the fence was from 1.6 m to 2.2 m, with variable height (e.g. , 1.812.0 m) in one
case. Also mesh size openings were variable, in range between 5x5 cm and 15x15 cm. In all

cases, the bottom of  the fence touched the ground, and in 3 cases (75% out of 4 relevant
answers) the fence was dug into the ground. In all cases, the fence was metal (in one case

also galvanised). In 3 cases, solid fences were complemented by electric fences, in one case
the y were not, and 2 responses lacked that info.

Predominant landscape type/land use was forest with 4 cases out of 5 responses, and in one

case the enclosure was built in mosaic landscape (mix of forest and farmland). Considering
typical topographical charac  ter, dynamic/variable topography prevailed (4 cases), and in one
case the enclosure was on steep slopes. Considering harvesting of the target species, we
received 5 answers for culling within the enclosure (intensive cull: 3 cases; hunting at normal

intens ity: 1 case; without culling: 1 case), and 4 a nswers for culling outside the enclosed area
(intensive cull: 1 case; hunting at normal intensity: 3 cases).
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In all cases with relevant answer (n = 4), solid fences have changed importantly the spatial

behavio ur of wild boar; e.g.: (i) migration, dispersal and home range size of enclosed animals
decreased; (ii) animals were restricted to the enclosure. Three respondents reported hindered
migration/dispersion as the effect of fences on wild boar that was (accord ing to his/her
opinion) scientifically confirmed; moreover, two respondents reported genetic differentiation

of population, one reported population separati on, and another one added genetic selection
(purity) of wild boar.

Responses related to preventing t he crossing of wildlife over the barrier (n = 4) indicated that

solid fences used for hunting enclosures are not completely impermeable barriers for wild

boar. Indeed, in only one case individuals have never escaped beyond the fenced area, while

in othert hree cases target species did escape, but only sporadically (<3 cases annually). Main

reasons why in some cases solid fences are/were understood to be ineffective or only partially

effective for hunting enclosures, accordin g to the opinion of respondents ( n = 3), are as
follows: lack of adequate maintenance over time (2), bad maintenance, sabotage, and falling

trees that damaged the fence.

3.2.2.4 Solid fences: road/railway safety

For experiences with solid fences aimed at road/railway safety, we received 7 responses from
5 countries: Spain (2), Hungary (2), Czech Republic (1), Italy (1), and Latvia (1). All fences

have been built since 2005. Data for the implementation costs was provided in one case

(10,000 EUR), while the annual maintenance costs were appr ox. 3,500 EUR.

At the time of implementation, ASF was present in one of these areas (wild boar and domestic

pigs) and in 5 of them, ASF was not present. Currently, ASF is present in 4 areas of interest

(only in wild boar: 3 cases; in both wild boar and dom estic pigs: 1 case), while in 3 areas it
is not present. In majority of the cases, wild boar was a target species: in 4 cases it was a
primary target species, and in 3 cases it was targeted together with other species (i.e.,
answers as follows: large mamma Is, large ungul ates). In all cases where secondary target
species apart from wild boar were mentioned, those were cervids: red, fallow and roe deer.

The length of the fence was between 25 km and 1800 km and the total height of the fence

was from1.5mto 2.4 m. Also mesh size openings were variable, in range between 5 x 5 cm

and 20 x 15 cm, and in some cases with thickening/densification at the bottom in the case of

special braided/flexible nets. In all cases, the bottom of the fence touched the ground, an din
5 cases (83% out of 6 answers) the fence was dug into the ground. In all cases, the fence

was metal.

Predominant landscape type/land use was in all reported cases (n = 5) mixed forest -farmland
(mosaic). Considering typical topographical character, dyn amic/variable topography prevailed
(4 cases), and in one case landscape type was flat land.
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In general, solid fences aimed at road/railway safety have changed the spatial behaviour of

wild boar; 3 out of 4 relevant answers (75%) reported such an affect, e .g.: (i) restriction of
wild boar migration; (ii) after the construction of the fence, animals tried to cross the fence

but only smaller species of mammals were able to get through in some cases; (iii) the system

has been designed to redirect wildlife that has crossed the fences out of the risk zone, using

a system of gates and sensors that lead t he wildlife out of the infrastructure. One respondent
also reported population separation as the effect of fences on wild boar.

From Table 19 it is evident that so lid fences are in general effective tools for increasing
road/railway safety (very to completely effective: 75% answers). Moreover, 2 out of 3
relevant responses showed that roadkill was almost completely reduced and in one case it
was importantly reduced after the construction of fences along roads (Table 20).

Table 19:  Assessment of the effectiveness of the solid (mesh) fences in relation to
road/railway safety as their primary aim (1 = completely ineffective, 2 = somewhat effective,

3 = reasonably effect ive, 4 = very effective, 5 = completely effective; N/A = not relevant;
number of responses and % considering all relevant answers are presented).

Grade Grade Grade Grade Grade N/A All
1 2 3 4 5 relevant
answers
Road/railway 1 0 0 2 1 1 5
safety (25%) (50% ) (25% )

Table 20:  Reported effect on roadkill after the solid fence construction.

Effect N %
Not relevant 1 25%
Roadkill was almost completely reduced (>75%) 2 50%
Roadkill was importantly reduced (25 T 75%) 1 25%
Roadkill was moderately reduce d (<25%) 0 0%
No effect 0 0%
All relevant answers 4 100%
Responses related to preventing the crossing of wildlife over the barrier, i.e. , fenced

roads/railways (n = 6), indicated that solid fences aimed to increase road/railway safety are

not fully impe rmeable barriers for wild boar. Indeed, no case of full prevention with no

crossing was reported, while partial prevention with lower number of dispersing/migrating

individuals than before was registered in 5 cases (83%), and no change was registered in on e
case (17%). Main reasons why in some cases solid fences are/were understood to be

ineffective or only partially effective for increasing r oad/railway safety are, according to the
opinion of respondents (n = 3): bad construction (2), poor design, heavy sn ow, and personnel
shortage.
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3.2.3 Electric fences

For experiences with electric fences (either used alone, as in the most cases of crop/forest
protection, or in combination with solid fences/repellents, mainly in case of ASF control), we

received 33 responses f rom 12 countries: Italy (9), Hungary (3), Slovenia (3), Romania (3),

Sweden (3), Spain (2), Czech Republic (2), France (2), Bosnia and Herzegovina (1), Croatia

(1), Latvia (1), and Serbia (1); two responses lacking that info. The first of electric fences

was built in April 1966, and two more were built before 2000, while the majority have been
implemented since 2015. Data for the implementation costs for electric fences were provided

in 14 cases, and they ranged from 1,000 EUR to 100,000 EUR (mean: 23,600 E UR), while the
annual maintenance costs (n = 13) were in the range from 500 EUR to 15,000 EUR (mean:

5,400 EUR). In some cases of the highest implementation and maintaining costs, we can not

exclude the possibility that those costs were actually given for the combination of methods,
i.e., as a sum of costs together with the costs of solid fence. Aims of installing electric fences

are presented in Table 21.

Table 21:  Frequency of aims of the installation of electric fences (multiple answers).

Aim of the inst allation of electric fences n
Crop/forest protection 21
ASF control

Hunting enclosure

Reduced interaction  between wildlife and livestock
Road/railway safety

National border security

Wildlife/national park

Other !

N|IRP|RP|IRP|ARIOO|OD

Notes:
1 Other aims:  golf court protection; wild boar farm.

ASF was the driver of installation of the electric fence (in majority of cases in combination
with the solid fence; an exception was in the Czech Republic, where electric fence was
implemented in combination with odou r repellents) in 7 cases, while in 25 cases it was not

(one response lacking that info). In the case of installation of electric fences solely (n = 13),

the aim was in 12 cases crop protection and in one case golf court protection. At the time of
implement ation, ASF was present in 7 areas where electric fences were installed (only in wild

boar: 5 cases; in both wild boar and domestic pigs: 2 cases), while in 24 areas it was not
present (without information provided: 2 cases). Currently, ASF is present in 10 areas of
interest (only in wild boar: 7 cases; in both wild boar and domestic pigs: 3 cases), while in

22 areas it is not present. In almost all areas where electric fences were implemented, wild

boar was a target species: in 32 cases it was a primary tar get species and only in one case
the target species was another, i.e. , hot specified large ungulates . Secondary target species
were in most cases cervids (fallow, red and roe deer), in one case mouflon, and in one case

large carnivores (brown bear ( Ursus a rctos ), grey wolf ( Canis lupus )).
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In 6 cases (20%), fences were used as a linear barrier, and in 24 cases (80%) as an
enclosure; for 3 cases, no data on the shape of the fence was provided. For areas for which

data was provided, the size of the area enclo sed (or complemented) by electric fences was in
a range between 0.5 ha and 12 km 2 while in case of linear barrier the length was between 6
km and 200 km. The total height of the fence was from 0.3 m to 2.0 m (the total height in

the cases where electric f  ences were the only method used was from 0.4 m to 1.2 m), with
variable height (e.g. , 1.0-1.2m, 1.8 -2.0 m)in some cases. Number of electric wires was also
variable, in range between 1 and 5 wires with height of the lowest wire in range between 5

cm and 4 0 cm above the ground. Distance between wires was in range between 15 cm and

50 cm and voltage was in range between 12 V and 220 V. Frequency of vegetation clearance
along the fence was also variable, from weekly to once a year.

Predominant landscape type/  land use was mixed forest  -farmland (mosaic) with 21 responses
(72%), followed by forests (n = 5; 17%). Residential (suburban) landscape and other (i.e.,

golf court, mix of suburban and mosaic) were reported by one case each, while no fence was

installed in farmland or wetland. Considering typical topographical character,
dynamic/variable topography prevailed (18 cases; 64%), followed by flat land (n = 6; 21%),

steep slopes (n = 3; 11%), and other by one case. In 19 responses, eith er natural or artificial
elements were used as a part of the barrier system as follows (multiple answer possibility):

highways (4; 21%), villages/urban areas (4; 21%), main roads (4; 21%), rivers (3; 16%);

streams (1), mountains (1), sea (1), and lake (1). As electric fences were se veral times
installed in parallel with solid fences (and in all cases related to ASF control), we received
huge overlap with responses presented in the chapter 3.2.1, therefore , at this spot we do not

present more info about envi ronmental/population featur es in areas of interest.

In general (regardless of the aim and influential factors/scenarios), construction of electric

fences affected population abundance/density of wild boar in 7 cases out of 27 responses to

this question (26%), while in 20 cases (74 %) no effect was reported. However, reasoning
behind is almost the same as in case of solid fences (chapter 3.2.1), indicating again that

these effects were related to joint use of both measures and not of electric fences per se. The

same holds true alsow  hen considering impact of e lectric fences on spatial behaviour of wild
boar (20 out of 27 relevant answers (74%) reported such affect), where the following new
answers (connected with using only electric fences, mainly aimed to crop/forest protection)

appe ared:

b Wild boar avoided the fence, entering suburban area ;
b Animals have become habituated to following different paths and no longer crossed fields ;
b Wild boar did not cross the fence when 3 strands of wire were used, with 2 wires some
individuals still cro  ssed;
b Wild boar could not cross the fields, resulting in more road crossings (warning signs were
put up) ;
b Animals movement was restricted ;
b Wild boar completely and permanently avoided entering the fenced meadows.
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Changes in animal movements were measured ( e.g., with telemetry) only in 3 (12%) of these
areas, all being fenced also by solid fences, therefore , we cannot connect
findings/observations (i.e., the denser distribution of GPS telemetry fixes along the fence;

GPS telemetry showed that the wild boar w ere trying to enter the fenced area as positions
were clustered along the fence) with direct effects of electric fences.

The effectiveness of the electric fences in relation to the main aims of the implementation is
presented in Table 22. It is evident fro m the summarised results that electric fences (mostly
alone or in combination with other methods) are very effective for crop and forest protection
(reasonable to completely effective: 91% and 88%, respectively), and to lesser extent also

when aimed to red uce wildlife -livestock interactions , ASF control or to increase road/railway
safety (75% , 67% and 67%, respectively, with grades 3 15).
Table 22: Assessment of the general effectiveness of the electric fences in relation to different

aims ! (1 =completely ineffective, 2 = somewhat effective, 3 = reasonably effective, 4 = very
effective, 5 = completely effective; N/A = not relevant; number of responses and %
considering all relevant answers are presented).

Grade Grade Grade Grade Grade N/A All
1 2 3 4 5 re levant
answers
ASF control 2 1 2 1 2 3 7 9
(11.1% ) | (22.2% ) | (11.1% ) | (22.2% ) | (33.3% )
Crop protection 1 1 8 9 3 3 22
(4.5% ) (4.5% ) (36.4% ) | (40.9% ) | (13.6%)
Forest 1 0 3 3 1 8 8
protection (12.5% ) (37.5% ) | (37.5% ) | (12.5% )
Reducing 2 0 0 3 3 7 8
wildlife -livestock | (25.0 %) (37.5% ) | (37.5% )
interactions
Road/railway 2 0 2 0 2 8 6
safety 2 (33.3 %) (33.3% ) | (33.3% ) | (33.3% )
National border 1 0 1 0 1 9 3
security ? (33.3% ) (33.3% ) (33.3% )
Notes:

1 In some cases, respondents also included seco ndary aims beside the primary one (multiple answer
possibility), therefore the number of responses per aim differs from the frequency of each aim as

reported in Table 21.

2 In case of ASF control, road/railway safety and national border security, electric fences were mainly
used as an addition to solid fences, therefore results presented here showed a comprehensive effect of

both measures; due to this, we do not analyse and comment more into details the effect of electric

fences in connection to these two a ims.
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Full prevention of crossings of target species with no crossing registered after implementation

of electric fence was reported in 5 cases out of 24 relevant responses (21%), while partial
prevention with lower number of dispersing/migrating individual s than before was registered
in 17 cases (52%). In 2 cases (6%) this data is lacking. Main reasons why in some cases

electric fences or their combination with solid (mesh) fences are/were understood to be
ineffective are lack of adequate maintenance overt ime ( 6 responses; 38%) and inappropriate
type of method for the objective (3; 19%); among other reasons, a very concrete technical

details of implementation was also mentioned (i.e., start with 2 strands of wire which was not

as effective in comparison wit h 3 wires, which is much better).

For estimating the effectiveness of electric fences (alone or in combination with solid fences)

for reducing wild boar movement/activity, respondents (n = 7) were using the following:

monitoring with thermovision cameras on drones and helicopters, damage estimation
(economically), ASF presence in the enclosures, monitoring if the virus has spread outside

the fenced areas. Regarding the main aims of the electric fence implementation (crop/forest
protection; ASF control and reducing interactions with livestoc k), outcomes of the
questionnaires are presented in the following subchapters, but we focused only on crop/forest

protection where electric fences were in majority of cases used alone, while for ASF control

they were as a rule used together with solid fences, therefore , results would overlap with
outcomes, presented in Chapter 3.2.2.

3.2.3.1 Electric fences: ASF control and reducing interactions with livestock

For experiences with electric fences as a n accompanied measure  with solid fences and aimed
either at ASF control or reducing interactions with livestock, we received 8 responses from 6

countries: Czech Republic (2), Romania (2), France (1), Bosnia and Herzegovina (1), Latvia

(1), and Serbia (1). Considering ASF contr ol only, we received 5 responses from 4 countries
(Czech Republic (2), France, Romania, Serbia), and considering the aim of reducing
interactions with livestock, 4 respondents were from 3 countr ies (Romania (2), Bosnia and
Herzegovina, Latvia). All of the fences have been implemented since 2017. Data for the
implementation costs were provided in 2 cases (both in the case of ASF control) and they

amounted 20,000 EUR and 50,000 EUR, while the annual maintenance costs (n = 3) werein
the range from 2,000 EUR to 10,000 EUR (mean: 5,400 EUR).

ASF was the driver of installation of the (combined) fence in 6 cases. At the time of
implementation, ASF was present in 6 areas (only in wild boar: 5 cases; in both wild boar and
domestic pigs: 1 case), while in 2 areas it was not present. In 2 cases, fences were
constructed in the infected zone (according to the EU zoning policy) and in another 2 cases

in the restricted zone Il; fences were also implemented in the restricted zone (1), and in
infected zone which became a res tricted zone Il during the imple mentation of the fence (1).
Domestic pigs are present in all 6 ASF -affected areas (1 indoor only; 5 indoor and outdoor
and among them in 1 case pigs are also free -ranging). Currently, ASF is still present in all 6
areas of i nterest (only in wild boar: 4 cases; in both wild boar and domestic pigs: 2 cases).

In all cases except one, wild boar was a primary target species (in all cases, issued to ASF
control), and in one case it was targeted together with other ungulates.
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In 3 cases (43%), (combined) fences were used as a linear barrier, and in 4 cases (57%) as

an enclosure; for one case, no data on the shape of the fence was provided. The size of the

area enclosed by electric fences was in a range between 0.8 km 2 and 58 km?2, w hile in case
of linear barrier the length was between 16 kmand 200 km. The total height of the fence was
from 0.8 mto 1.2 m. Number of electric wires was variable, in the range between 2 and 4

wires, and the height of the lowest wire was between 20 ¢ m an d 40 cm above the ground.
The distance between the wires was also variable, in range between 30 cm and 50 cm, and

voltage was between 220 V and 230 V. Vegetation clearance along the fence was in all cases

weekly or monthly.

Predominant landscape type/land use was mixed forest -farmland (mosaic) with 4 cases
(57%), followed by forests (n = 1; 14%), residential (suburban) landscape (n = 1; 14%),

and other (mix of mosaic and suburban; 1), while no fence was installed in farmland or

wetland. Dynamic/variable to pography was the most represented (6 cases; 86%) and in one

case typical topographical character was flat land. In 15 responses (multiple answer
possibility), either natural or artificial elements were used as a part of the b arrier system as
follows: villa ges/urban areas (4; 27%), main roads (4; 27%), rivers (3; 20%), highways (2,

13%); streams and mountains by one case each.

Electric fences aiming at ASF control were mainly implemented as an additional measure

parallel to the solid fence, therefore , repor ted outcomes in terms of effectiveness and/or
changes in wild boar spatial behaviour overlapped between both measures and cannot be
commented on electric fences solely. Nevertheless, it is worth mentioning that electric fences

together with solid fences, a imed at ASF control or reducing wildlife -livestock interactions, in
all reported cases (n = 6) have changed spatial behaviou r of wild boar. Apart from answers
presented in Chapter 3.2.2, a respondent reported that wild boar looked for ways of avoiding

the fence. Respondents also reported some effects on wild boar that were (according to their

opinion) scientifically confirmed, but they overlapped with the same answers provided for

solid fences built in parallel with electric ones, therefore , those effects a re not only (if at all)
the consequence of electric fence effectiveness.

It is evident that the use of electric fences for ASF controlling has some potential, as in 60%
of areas where electric fences have been used respondents assessed them to be very or

completely effective for virus control (Table 23). However, only in one case (out of 6 relevant;
17%) ASF has not spread beyond the fenced area, and in other 5 cases (83%) it has spread
out, but with the important or moderate delay (Table 24). Importantly, inthe case of reducing

wildlife -livestock interactions, electric fences have proven to be very efficient: in all 4 four,
they were reported as very or even completely effective (Table 23).
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Table 23:  Assessment of the effectiveness of the electric fe nces in relation to ASF control
and reducing interactions with livestock as their primary aims (1 = completely ineffective,

2 = somewhat effective, 3 = reasonably effective, 4 = very effective, 5 = completely
effective; N/A = not relevant; number of respon ses and % considering all relevant answers
are presented). In all cases of ASF control, electric fences were installed in parallel with solid

ones.

Grade | Grade | Grade | Grade | Grade N/A All
1 2 3 4 5 relevant
answers
IASF control 0 1 1 1 2 1 5
(20% ) | (20% ) | (20% ) | (40% )
Reducing wildlife -livestock 0 0 0 3 1 1 4
interactions (75% ) | (25%)

Table 24: Reported effect on ASF spread beyond the fenced area after the implementation
of electric fence (in all cases in parallel to solid fences).

Effect N %
No spread of ASF outside the fenced area 1 16.7%
\Very fast spread, without any expected delay 0 0%
Moderate delay (<3 months after implementation) 2 33.3%
Important delay (>3 months after implementation) 3 50.0%
All relevant answers 6 100%

Similar ly, responses related to preventing the crossing of wild boar as a target species over

the barrier indicated that electric fences (when installed in parallel with solid fences) have

some potential to reduce crossing and , therefore , disease transmission, bu t in general they
can not completely stop/block wild boar movement across the landscape. Indeed, in all 6

reported cases, the number of dispersing/migrating individuals was lower than before which

indicates partial prevention.

3.2.3.1 Electric fences: crop [forest protection

For experiences with electric fences aimed at crop/forest protection, we received 21 responses

from 8 countries: Italy (9), Hungary (3), Sweden (3), Spain (2), Croatia (1), Latvia (1),

Romania (1), and Slovenia (1). The first of these fe nces was built in 1998, while others have
been implemented since 2005. Data for the implementation costs of the electric fences solely
(without combining them with other methods) were provided in 9 cases, and ranged from

1,000 EUR to0 20,000 EUR (mean: 7,30 0 EUR; mean perkm: 4,600 EUR/km), while the annual
maintenance costs (n = 6) were in the range from 500 EUR to 15,000 EUR (mean: 3,400

EUR, mean per km: 1,000 EUR/km).

=\

www.efsa.europa.eu/publications EFSA Supporting publication 2024:EN -NNNN
The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out
exclusively by the authors in the context of a contract between the European Food Safety Authority and the authors, awarded f ollowing
a tender procedure. The present doc ument is published complying with the transparency principle to which the Authority is subject.

It may not be considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and
position as regards the issues addressed and the conclusions reached in the pr esent document, without prejudice to the rights of the

authors.



Effectiveness of methods for controlling wild boar movement K - g E W|LD

At the time of implementation, ASF was present in one of the studied areas, both in wil d boar
and domestic pigs (data are presented in broader landscape context, not directly related to

the fenced area). Currently, ASF is present in 3 areas of interest (only in wild boar: 2 cases;

in both wild boar and domestic pigs: 1 case), while in 18 are as it is not present. In almost all
cases, wild boar was a target species responsible for the most damages: in 20 cases it was a

primary target species, and in one case it was targeted together with other large ungulates.

In cases where secondary target sp ecies were mentioned (11 cases), those were cervids (red,

fallow and roe deer) or large carnivores (brown bear, grey wolf). In 3 cases (15%), electric

fences were used as a linear barrier, and in 17 cases (85%) as an enclosure. The size of the

area enclose d by electric fence was in a range between 1 ha and 100 ha, while in case of

linear barrier the length was between 6 km and 8 km. The total height of the fence was from

0.4 m to 1.2 m (in majority of cases 0.6 -0.8 m). Number of electric wires was also vari able,
in the range between 2 and 5 wires and the height of the lowest wire was between 5 cm and

40 cm above the ground. Distance between wires was in the range between 15 cm and 50

cm and voltage was between 12 Vand 230 V, respectively. Frequency of veget ation clearance
along fences was also variable, from weekly to once per year.

Predominant landscape type/land use was in all cases mixed forest -farmland (mosaic)
Considering typical topographical character, dynamic/variable topography prevailed (10

cases; 59% out of 17 answers), followed by flat land (n = 5; 29%), and steep slopes (n = 2;

12%). Natural or artificial elements used as a part of the barrier system were: highway(s) (2

cases), sea (1 case), and lake (1 case). Considering harvesting of the target species, we
received 17 answers for culling within the fenced area, which mig ht in this case be understood
also as a protected area on the cultivated side of the fence (intensive cull: 7 cases (41%);

hunting at normal intensity: 3 cases (18%); without cul ling: 7 cases (41%)), and another 17
answers for culling outside the fenced area (intensive cull: 4 cases (24%); hunting at normal

intensity: 11 cases (65%); without culling: 2 cases (12%)).

Construction of electric fences affected local population abunda nce/density of wild boar in 2

cases out of 18 responses to this question (11%), while in 16 cases (89%) no effect was

reported. I n the case of the change of the density,
no fences and guarding, there were more wild boar as they all/l went t her e
Afiwhere wild boar were kept from the cropslhthgepatal,r ect ¢
electric fences aimed at crop/forest protection have chang ed the spatial behaviour of wild

boar; 12 out of 18 relevant ans wers (67%) reported such an affect, e.g.: (i) animals avoided

or renounced to visit the area; (ii) animals migrated to parts where there was no
implementation of fences; (iii) animals do not cross the barrier unless they arrive quickly and

the currentis n ot felt enough; (iv) wild boar have hardly crossed the fence; (v) animals have

become habituated to follow paths not crossing the field; (vi) when 3 strands of wire were

used animals did not ¢ ross the fence (with 2 wires occasional crossings were seen); (v ii)
animals were kept away from crops; (viii) wild boar has completely and permanently avoided

to enter the fenced meadows; (ix) animals try to penetrate the fenced areas and may become

entangled in the electric fence and even die; (x) animals avoided the fenced areas. However,
changes in animal movements were measured (with telemetry) only in 2 of these areas,

where also solid fences were used.
m

www.efsa.europa.eu/publications EFSA Supporting publication 2024:EN -NNNN
The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out
exclusively by the authors in the context of a contract between the European Food Safety Authority and the authors, awarded f ollowing
a tender procedure. The present doc ument is published complying with the transparency principle to which the Authority is subject.

It may not be considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and
position as regards the issues addressed and the conclusions reached in the pr esent document, without prejudice to the rights of the

authors.



3 S

A
Effectiveness of methods for controlling wild boar movement P E

WILD

From responses presented in Table 25, it is evident that electric fences are a very effective

tool for crop prote ction (reasonably to completely effective: 100%). Moreover, 10 out of 11

relevant responses (90.9%) revealed that crop damage has been almost completely reduced

after the electric fence construction, while in 1 case damage was importantly reduced (9.9%)

(Table 26). However, responses related to preventing the crossing of a target species over

the barrier indicated that electric fences aimed to re duce damage in agriculture/forestry are

very rarely impermeable barriers for wild boar. Indeed, in the case of el ectric fences alone
(without combining them with solid fences or other methods) full prevention of crossings of

target species was reported only in 3 cases out of 10 relevant responses (30%), while partial
prevention with lower number of dispersing/migrati ng individuals than before was registered
in 7 cases (70%). Effectiveness of electric fences aimed at crop/forest protection (15
responses) was estimated in 2 cases only (13%) as follows: (i) by damage estimation
(economically); (ii) the claim for crop dam age that has been almost reduced to zero, i.e.

90% damage reduction was observed.

, 707

Table 25:  Assessment of the effectiveness of the electric fences in relation to crop protection

as their primary aim (1 = completely ineffective, 2 = somewhat effective, 3 = reasonably
effective, 4 = very effective, 5 = completely effective; N/A = not relevant; number of

responses and % considering all relevant answers are presented).

Grade Grade Grade Grade Grade N/A All
1 2 3 4 5 relevant
answers
Crop protection 0 0 3 6 2 0 11
(27.3% )| (54.5% )| (18.2% )
Table 26: Reported effect on crop damage after the electric fence construction.
Effect N %
Not relevant 0 0%
Damage was almost completely reduced (>75%) 10 90.1%
Damage was importantly reduced (25 T 75%) 1 9.9%
Damag e was moderately reduced (<25%) 0 0%
No effect 0 0%
All relevant answers 11 100%
Main reasons why in some cases electric fences are/were understood to be ineffective or only
partially effective for reducing crop/forest damage are, according to the opini on of

respondents (n = 8), the same as presenting in previous (sub)chapters, with the lack of
adequate maintenance over time as the mean reason (50%); moreover, also construction

faults (i.e., bad construction; inappropriate type of the method for the obje ctive; and starting
with two strands of wire which was not as effective, while after adding a third wire the effect

was much better) were mentioned as reasons.
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3.2.4 Repellents (chemical/odour, acoustic/sound, visual)

In the joint group of

repellents, we ¢

> L/ 'WILD

ombined different types of deterrents, namely:

chemical/odour; acoustic/sound, and visual. For experiences with them, we received 14
responses from 7 countries: Spain (3), Croatia (2), Czech Republic (2), Hungary (2), Slovenia

(1 ). We received responses for odour, sound
in 7, 7, and 3 cases, respectively. However, only in 5 cases repellents were considered as a
stand -alone method; in all other cases, they were complement
27). The most frequent combination was odour repellents + electric fence (6 cases), followed
by odour repellents + solid fence, acoustic deterrents + solid fence, and acoustic deterrents

(2), ltaly (2), and Latvia

, and visual repellents

ed with other methods (Table

+ electric fence. In Table 27, also combinations between other methods, that w ere used
complementary across areas for which we received responses, are presented (outcomes of
these combinations are in some cases described in other subchapters).
Table 27:  Frequency of different repellents used with accompanied methods.
Odour | Acousti ¢ | Visual Solid Electric | Gustatory Razor-wire | In person
fence fence method fence guarding
Odour 5 3 5 6 2 0 2
Acoustic 3 5 5 1 1 2
Visual 3 2 1 0 1
Solid fence 5 1 1 2
Electric fence 2 1 2
Gustatory 0 1
Razor -wire 0

Aims of installing repellents as stand

-alone methods and in combination with other methods

are presented in Table 28. Considering all received responses, the most frequent driver was

crop/forest protection (8

cases), followed by r

oad/railway safety (4), and ASF control (3). In

all areas where repellents were aimed at crop protection, wild boar was a primary target
species (in 2 cases it was targeted together with cervids: red, roe, and fallow deer). In the
mplemented to increase road safety, the

areas where deterrents
primary tar

(a  coustic and visual) were i

get species was

roe

dee

Table 28:  Frequency of aims of implementing the repellents alone

other methods ** (mu

Itiple answers).

r and

Al ar ge

* and in combination with

Aim of the  implementation of repellents n* n** n
Crop/forest protection 2 6 8 (47%)
ASF control 1 2 3 (18%)
Road/railway safety 2 2 4 (23%)
Reducing wildlife -livestock interactions 0 1 1 (6%)
National border security 0 1 1 (6%)
All relevant answers 5 12 17 (100%)
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Repellents aiming at crop/forest protection (i.e, the only aim with a reasonable large dataset)

were mainly implemented as an additional measure parallel to the electric and/or solid fences,
therefore , reported outcomes in terms of effectiven ess and/or changes in wild boar spatial
behaviour overlapped between both measures and cannot be commented on repellents solely.

Due to this, we are briefly presenting here only cases where repellents were used as an
independent method.

It seems from the summarised results (Table 29) that acoustic and visual deterrents are
moderately effective for increasing road safety (in both two cases assessed as reasonably

effective); similarly, odour repellents were in one case reported as reasonably effective for

crop protection. However, it is very evident that in most cases deterrents were not effective

tools neither for crop/forest protection (completely ineffective in 2 out of 3 cases) nor for ASF

control (completely ineffective in the only rele vant response) and  reducing wildlife -livestock
interactions (somewhat effective in the only response).

It should be noted that the number of relevant responses was very limited (for ASF control

and wildlife -livestock interactions we received only one response per each), the refore , itis
not possible to draw firm conclusions. Nevertheless, it seems evident that (with the exception

of increasing traffic safety for which they do have some -at least short term - potential)
deterrents can only be effective in combination with othe r methods when aimed at reducing
wild boar (wild ungulates) movement and separating p opulations.

Table 29:  Assessment of the effectiveness of repellents in relation to their primary aim (1 =
completely ineffective, 5 = completely effective).

Grade Grad e Grade Grade Grade N/A All
1 2 3 4 5 relevant
answers
Cropl/forest 2 0 1 0 0 2 3
protection
Road/railway 0 0 2 0 0 3 2
safety
AFS control 1 0 0 0 0 4 1
Wildlife -livestock 0 1 0 0 0 4 1
interactions
3.2.5 Other methods: in person guardi ng

For experiences with in person guarding/shepherding/patrolling, we received 5 responses
from 5 countries: Bosnia and Herzegovina (1), Sweden (1), Spain (1), Serbia (1), and
Romania (1). In one case, guarding was the only method used, while in other case s it was
used in combination with fences (solid or electric). Aims of the in person guarding are

presented in Table 30.
52\
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