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Abstract

Background: Red foxes (Vulpes vulpes) have historically been interacting with human societies, thus being an
important component of socio-ecological systems. In Greece, farmers and hunters have been increasingly
complaining about predation of red foxes on livestock and game, and the recurrence of rabies incidents has raised
concerns about human and animal health. Understanding public preferences about management is necessary for
successful wildlife management. This study aimed at investigating the preferences of north Greece residents for
managing the negative impacts of red foxes and also at understanding variation between stakeholder groups:
farmers, hunters, farmers-hunters, and the general public. Data were collected from on-site face-to-face surveys
(n = 746), between March and May 2017. Respondents were asked to rate their acceptability of management
strategies under three impact scenarios: red foxes attack livestock, reduce game, and carry rabies.

Results: Stakeholders preferred nonlethal management strategies, with generally high consensus, both between
and within groups. Fencing and compensation were the most acceptable strategies for protecting livestock and
vaccination and the removal of sick animals for eliminating rabies. Acceptability and consensus for lethal strategies
were lower, with hunting being the most acceptable lethal strategy for hunters, especially when foxes threatened
game or carried rabies. Doing nothing was becoming more unacceptable and lethal control more acceptable with
increasing severity of the impacts, i.e., livestock and game predation versus rabies transmission.

Conclusions: Variation in the acceptability of and consensus for management strategies was considerable among
scenarios, and both between and within stakeholder groups. Research implications could be used as a guide for
reaching consensus for proper management strategies during the conservation conflict management process in
the study area. As similar studies are scarce, findings might also prove useful elsewhere, especially in the northern
hemisphere where native populations do occur. Findings about managing rabid red foxes would be particularly
useful for countries where rabies has not been eliminated, particularly for neighboring Balkan and Asia Minor
countries. Findings about managing red fox impacts on livestock and game would be most useful for European
countries and especially Mediterranean countries with social and ecological conditions similar to Greece.

Keywords: Canids, Farmers, Hunters, Potential for conflict index, Conservation conflict management, Northeast
Mediterranean

Background
Human–wildlife conflict occurs “when the needs and
behavior of wildlife impact negatively on the goals of
humans or when the goals of humans negatively impact
the needs of wildlife” (Madden 2004, p. 248). The use of

this term has been criticized as detrimental to coexist-
ence between humans and wildlife, in part because it
suggests that wildlife species consciously compete with
humans (Peterson et al. 2010). Marshall et al. (2007) and
Peterson et al. (2010) argued that human–wildlife con-
flicts are, in essence and most often, “human–human
conflicts”; conflicts among humans over wildlife manage-
ment issues. Redpath et al. (2013) proposed the use of
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an alternative term, conservation conflicts, defined as
“situations that occur when two or more parties with
strongly held opinions clash over conservation objectives
and when one party is perceived to assert its interests at
the expense of another” (p. 100). They emphasized that
although the term focuses on conflicts between parties
over species of conservation interest, the issues involved
apply across the full range of conflicts.
Acceptability generally decreases with increasing inva-

siveness of management strategies (e.g., from the less in-
vasive fencing to the highly invasive shooting; Treves
et al. 2006; Heneghan and Morse 2019). It may also dif-
fer between wildlife impacts of varying severity, such as
damage to crops and property, and disease transmission,
and between and within different public groups, like
farmers and hunters (Treves et al. 2006; Frank et al.
2015; Sponarski et al. 2015). Kontsiotis et al. (2020)
found that Greek hunters were less willing than farmers
and the general public to accept the management of
game wild boar (Sus scrofa) than of nongame European
badger (Meles meles). Liordos et al. (2017) found that
the less invasive nonlethal strategies were more accept-
able and less controversial than the more invasive lethal
strategies in scenarios involving the fouling of urban
structures, crop damage, and disease transmission by
wildlife species. They also reported that management
strategies became increasingly more acceptable and con-
troversial as the severity of scenarios was increased, from
the fouling of urban structures to disease transmission.
For successfully addressing a conflict, a management
strategy should be effective at reducing wildlife impacts
and at the same time, all interested parties should
support its use (Redpath et al. 2015). Therefore, the un-
derstanding of differences in the acceptability of man-
agement strategies between and within public groups is
necessary (Manfredo 2008).
Red foxes (Vulpes vulpes), hereafter just foxes, are con-

sidered attractive animals and people enjoy watching
them (König 2008). However, the species’ association
with human environments has caused impacts of varying
severity for centuries, resulting in pest status and wide
persecution (Harris and Lloyd 1991; Wilson and Mitter-
meier 2009). Outdoor livestock farming is extensively
practiced in north Greece, and Papageorgiou et al.
(1988) found goat kids, lambs, calves, and piglets in fox
diet. Also, farmers from north Greece increasingly com-
plain for fox attacks on livestock (Directorate of Animal
Husbandry Systems, Hellenic Ministry of Agricultural
Development and Food, unpublished data). In Europe,
foxes mostly consume rodents, especially microtine ro-
dents (O’Mahony et al. 1999; Pagh et al. 2015). However,
Greek hunters have been increasingly blaming a per-
ceived rise in fox numbers for the decline of grey par-
tridge (Perdix perdix) and especially brown hare (Lepus

europaeus) populations (Vlachos et al. 2006). Rabies
causes each year 55,000 deaths of people worldwide
(Tasioudi et al. 2014). Oral vaccination has led to the
elimination of fox-mediated rabies from most Western
and Central European countries (Freuling et al. 2013),
although the disease still occurs in other parts of Europe
(Tasioudi et al. 2014). Greece had been rabies-free since
1987 with no human cases since 1970 (Tasioudi et al.
2014). During 2012 to 2013, rabies was diagnosed in 17
animals in north Greece, including 14 foxes, two dogs,
and one cat (Tsiodras et al. 2013).
One common strategy to reduce fox impacts is to re-

duce fox population levels. Commonly used fox popula-
tion control strategies are snaring (using non-locking
neck snares), trapping (with live-capture cage or box
traps), culling at denning sites called “earths” (remove
females and cubs from earths), hunting as a game during
the hunting season, and shooting (at night with a spot-
light and rifle: “lamping”; during the day by groups or in-
dividuals with scent dogs) (Harris 1985; Heydon and
Reynolds 2000; Macdonald et al. 2000). Fencing, both
regular and electric, is the most common nonlethal
strategy used to prevent fox predation on livestock or
hand-reared game (Macdonald et al. 2000). Fencing,
hunting as a game, and oral vaccination baits are the
strategies most often applied for minimizing fox impacts
in Greece (Birtsas et al. 2008; Tasioudi et al. 2014).
Public preferences for managing fox impacts have

received little attention in their natural range. König
(2008) examined the opinions of a Munich suburb’s
residents towards the management of fox tapeworm
(Echinococcus multilocularis), and Delibes-Mateos
et al. (2013) evaluated the attitudes and behavior of
game managers with regard to fox management in
Central Spain. We studied stakeholder preferences for
managing red foxes in north Greece. As livestock
farmers, hereafter just farmers, and hunters are the
public groups most affected by foxes, we identified
four stakeholder groups, based on farmer and/or
hunter membership: (1) the general public, including
those being neither farmers nor hunters, but having a
possibility to encounter a rabid animal in the area; (2)
farmers; (3) hunters; and (4) farmers-hunters. Our
first objective was to investigate the degree of accept-
ability by stakeholder groups of different management
strategies when foxes: (1) attack livestock, (2) reduce
game, and (3) carry rabies. Opinions concerning a
management strategy may or may not differ among
individuals and groups. Knowing the level of agree-
ment or disagreement among individuals and groups
can help managers take appropriate measures to alle-
viate social conflict over proposed management strat-
egies. Our second objective was therefore to estimate
the potential for conflict or consensus about different
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management strategies, both between and within
stakeholder groups.
Based on our objectives and previous research, we hy-

pothesized the following:

� H1. Acceptability and consensus both differ between
stakeholder groups in each management strategy.

� H2. Acceptability and consensus both decrease with
increasing invasiveness of the management
strategies.

� H3. Acceptability increase and consensus decrease
for each management strategy with increasing
severity of the impact.

Methods
Sampling
North Greece includes the Districts of Western, Central
and Eastern Macedonia, and Thrace (Fig. 1), an area
with a population of roughly 2,774,000 people (ELSTAT
2011). Data were collected from on-site face-to-face
surveys with north Greece residents, between March and
May 2017. A pretest of the survey (n = 20 random

people) was conducted to test question clarity and com-
pletion time. Cities, towns, and villages were visited in
all the districts during open market hours (9.00–15.00
and 17.00–21.00, from Monday to Saturday). People in
most neighborhoods were surveyed, in both poorer and
wealthier areas, in an effort to assemble a demographic-
ally representative sample. Every fifth person passing in
front of the researcher was asked to participate by com-
pleting a questionnaire (Vaske 2008). In cases in which
more than five persons had passed while a questionnaire
was being completed, the first person encountered upon
completion was selected. Farmers’ cooperatives and
hunting clubs within the study area were also visited to
ensure representation of farmers and hunters in the
sample. It took respondents 10 min on average to orally
complete the questionnaire with the assistance of the
interviewer.

Questionnaire development
Survey participants were classified in a stakeholder
group, i.e., general public, farmers, hunters, or farmers-
hunters, and were then asked a series of questions about

Fig. 1 Map showing the region of Greece in which the study was carried out
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demographic characteristics and the acceptability of
management strategies. Demographic characteristics in-
cluded gender (female and male) and age (aggregated
into three classes of adults (≥ 18 years of age), following
the classification by ELSTAT (2011): 18–34 years old,
35–54 years old, and 55 and over years old.
Subsequently, three impact scenarios were offered: (1)

foxes attack livestock (e.g., lambs, poultry); (2) foxes re-
duce game populations, such as brown hare and grey
partridge; and (3) foxes carry rabies. Under each of these
scenarios, five management strategies were offered. Sur-
vey questions were structured as, using scenario 1 as an
example, “Foxes often roam human settlements and feed
on livestock, such as lambs and poultry. When they
cause significant damage, how acceptable or unaccept-
able would be for you to (1) take no action, (2) cull at
denning sites (remove females and cubs from dens), (3)
reduce populations using trapping or snaring, (4) reduce
populations through hunting (as a game species), and (5)
reduce populations through shooting (at night with a
spotlight and rifle (lamping); during the day by groups
or individuals)”. Participants were then asked to rate
each management strategy on a 5-point scale as “highly
unacceptable” (– 2), “unacceptable” (– 1), “neither” (0),
“acceptable” (1), or “highly acceptable” (2). The same
rating scale was used for all scenarios. The rating of two
additional strategies was asked for each of scenarios 1
and 3: compensation for economic damage and use of
fencing for the protection of livestock (scenario 1) and
oral vaccination and the killing of sick animals for elim-
inating rabies (scenario 3).

Data analysis
One-way analysis of variance (ANOVA) was used to
compare the overall mean responses for each scenario in
each management strategy and the mean responses of
stakeholder groups to each of the management strategies
in each scenario. Repeated-measures ANOVA was used
to compare mean responses within each management
strategy across the five scenarios for each stakeholder
group. Significant differences between groups were
determined with pairwise Tamhane post hoc tests to ac-
count for heteroscedasticity, applying Bonferroni correc-
tion to adjust for multiple testing.
Measures of consensus include standard deviation and

coefficient of variation (Krymkowski et al. 2009). These
measures, however, do not have an upper and lower
bound, making it difficult to interpret findings (Engel
et al. 2017). The potential for conflict index (PCI2) was
developed to help address these issues (Vaske et al.
2010). PCI2 ranges from 0 to 1. The least amount of
consensus and the greatest potential for conflict (PCI2 =
1) occurs when responses are equally divided between
two extreme values on a response scale (e.g., 50% highly

unacceptable, 50% highly acceptable). A distribution
with 100% at any one point on the response scale yields
a PCI2 of 0 and suggests complete consensus and no po-
tential for conflict. PCI2 results can be visualized in bub-
ble graphs (Vaske et al. 2010). The center of a bubble
represents mean acceptability of a particular issue by the
public or segments of the public (e.g., farmers, hunters),
while the size of the bubble depicts the magnitude of the
PCI2 and indicates the degree of potential conflict (or
consensus) regarding the acceptability of that issue. PCI2
was calculated for each of the management strategies
and the four stakeholder groups, under each scenario,
and differences were tested with pairwise d tests (Vaske
et al. 2010) with Bonferroni correction.
One-way and repeated-measures ANOVAs were

performed in SPSS Statistics (version 21.0, IBM Corp.,
2012) and PCI2 statistics were calculated using free
online software (https://sites.warnercnr.colostate.edu/jer
ryv/calculating-pci2-excel/). The significance level was
set at α = 0.0167 (three comparisons) or 0.0083 (six
comparisons) after Bonferroni correction.

Results
Demographics
A total of 746 questionnaires were completed, with 73
refusals, yielding a response rate of 91%. The study area’s
population has a 51% female/49% male gender ratio, and
the age ratio, after excluding those under 18, is 30%/
36%/34% in the 18–34, 35–54, and 55+-year-old age
classes, respectively. The sample’s gender and age
structure was not different to that of the population’s
(comprised of four stakeholder groups: the general
public, farmers, hunters, and farmers-hunters; Table 1;
gender: χ2 = 0.243, df = 1, p = 0.569; age: χ2 = 4.591, df =
2, p = 0.101).

Overall acceptability and consensus
Overall results revealed low acceptability by the survey
participants for taking no action in impact management
(Table 2, Fig. 2). Acceptability was also lower for more
invasive strategies than for less invasive strategies in all
the scenarios. The no action option was significantly
more unacceptable (p < 0.0167; pairwise Tamhane post
hoc tests with Bonferroni correction) and less controver-
sial (p < 0.0167; pairwise d tests with Bonferroni
correction) among participants when foxes carry rabies
(scenario 3; mean acceptability M = – 1.45, PCI2 = 0.06)
than when they attack livestock (scenario 1; M = – 0.80,
PCI2 = 0.29) and reduce game populations (scenario 2;
M = – 0.17, PCI2 = 0.43) (Table 2, Fig. 2). Invasive strat-
egies, i.e., culling at the den, trapping or snaring, and
hunting and shooting, were unacceptable by the partici-
pants in all the scenarios. However, although unaccept-
able, invasive strategies were significantly less so in the
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most severe scenario, foxes carry rabies (culling at the
den: M = – 0.47, trapping or snaring: M = – 0.92,
hunting: M = – 0.59, shooting: M = – 1.13) than the
other scenarios (foxes attack livestock, culling at the
den: M = – 1.03, trapping or snaring: M = – 1.25, hunt-
ing: M = – 0.99, shooting: M = – 1.46; foxes reduce
game, culling at the den: M = – 0.91, trapping or snar-
ing: M = – 1.15, hunting: M = – 0.82) (p < 0.0167). The
level of consensus for the more invasive strategies varied
from high to medium (Fig. 2). The consensus was sig-
nificantly lower for hunting when foxes carry rabies
(PCI2 = 0.42) than when they attack livestock (PCI2 =
0.29) and also for shooting when foxes carry rabies
(PCI2 = 0.33) and reduce game (PCI2 = 0.32) than when
they attack livestock (PCI2 = 0.17) (p < 0.0167; d tests
with Bonferroni correction). Less invasive strategies not
aiming the reduction of fox populations, such as com-
pensation or fencing (in scenario 1), and vaccination or
killing rabid foxes (in scenario 3), were acceptable and
less controversial among participants.

Differences among stakeholder groups, within scenarios
Scenario 1: Foxes attack livestock
On average, compensation and fencing were acceptable
for all stakeholder groups, whereas all other strategies

were largely unacceptable (Table 3, Fig. 3). Taking no
action was significantly more acceptable for the general
public (M = – 0.60) than farmers (M = – 0.96) and
farmers-hunters (M = – 1.35) (p < 0.0083; Tamhane post
hoc tests with Bonferroni correction). Compensation was
significantly more acceptable for farmers (M = 1.17) and
farmers-hunters (M = 1.06) than the general public (M =
0.46) (p < 0.0083). Culling at the den, trapping or snaring,
and hunting were significantly more unacceptable for the
general public (M = – 1.42, – 1.63, and – 1.32, respect-
ively) than the other groups (farmers: M = – 0.79, – 1.09,
and – 0.87, respectively; hunters: M = – 0.30, – 0.19, and
0.00, respectively; farmers-hunters: M = – 0.29, 0.00, and
– 0.24, respectively) (p < 0.0083). The general public (M =
– 1.62) was significantly more negative towards shooting
than farmers-hunters (M = – 0.71) (p < 0.0083). Level of
consensus was generally high (i.e., low PCI2 values) for
taking no action (PCI2 = 0.11–0.32), compensation (PCI2
= 0.09–0.30), and fencing (PCI2 = 0.05–0.22), with
differences being significant between farmers-hunters
(PCI2 = 0.09) and the general public (PCI2 = 0.30) for
compensation (p < 0.0083; Fig. 3). The consensus was
lower for lethal strategies, especially between members of
the farmer-hunter (culling at the den, PCI2 = 0.37; trap-
ping or snaring, PCI2 = 0.53; hunting, PCI2 = 0.60;

Table 2 Comparisons between impact scenarios regarding the acceptability of red fox management strategies (n = 746)

Management strategy Scenario 1 (M) Scenario 2 (M) Scenario 3 (M) F p Eta (η)

No action – 0.80 A – 0.17 B – 1.45 C 214.502 < 0.001 0.432

Compensation 0.81 – – – – –

Fencing 1.67 – – – – –

Culling at the den – 1.03 A – 0.91 A – 0.47 B 34.036 < 0.001 0.212

Trapping or snaring – 1.25 A – 1.15 A – 0.92 B 14.724 < 0.001 0.164

Hunting – 0.99 A – 0.82 A – 0.59 B 17.664 < 0.001 0.182

Shooting – 1.46 A – 1.22 B – 1.13 B 16.017 < 0.001 0.170

Vaccination – – 1.47 – – –

Kill sick animals – – 0.48 – – –

Note: One-way analysis of variance (ANOVA) was used for comparisons. M = mean acceptability. F = the F-statistic produced by ANOVA tests. Eta (η) = effect size,
η = 0.100 denotes a minimal relationship, η = 0.243 denotes a typical relationship, and η = 0.371 denotes a substantial relationship (Vaske 2008). Scenario 1, foxes
attack livestock; scenario 2, foxes reduce game; scenario 3, foxes carry rabies. For each management strategy, mean responses not sharing a superscript letter (A,
B, or C) are significantly different (p < 0.0167; Tamhane post hoc tests with Bonferroni correction)

Table 1 Sociodemographic characteristics of the survey participants (n = 746)

Total General public Farmers Hunters Farmers-hunters

Age

18–34 226 (30) 136 (35) 47 (29) 26 (24) 19 (24)

35–54 245 (33) 129 (33) 63 (38) 32 (28) 20 (26)

55+ 275 (37) 127 (32) 54 (33) 54 (48) 39 (50)

Gender

Female 389 (52) 277 (71) 115 (70) 0 (0) 0 (0)

Male 357 (48) 115 (29) 49 (30) 112 (100) 78 (100)

Note: Column frequencies and percentages (in parentheses) by age and gender categories in total and in each stakeholder group
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Fig. 2 Mean response scores with potential for conflict indices (PCI2), regarding the acceptability of red fox management strategies for 3 impact
scenarios. In each management strategy, mean responses (bubble position) and PCI2 values (bubble size) not sharing an uppercase (A, B, or C) or
lowercase (a, b, or c) letter respectively are significantly different (p < 0.0167; post hoc Tamhane and d tests with Bonferroni correction)

Table 3 Comparisons between stakeholder groups regarding the acceptability of red fox management strategies (n = 746)

Management strategy General public (M) Farmers (M) Hunters (M) Farmers-hunters (M) F p Eta (η)

Scenario 1—foxes attack livestock

No action – 0.60 A – 0.96 B – 0.75 AB – 1.35 B 7.571 < 0.001 0.184

Compensation 0.46 A 1.17 B 0.75 AB 1.06 B 24.240 < 0.001 0.305

Fencing 1.61 A 1.74 A 1.63 A 1.71 A 2.284 0.078 0.105

Culling at the den – 1.42 A – 0.79 B – 0.30 B – 0.29 B 23.895 < 0.001 0.322

Trapping or snaring – 1.63 A – 1.09 B – 0.19 B 0.00 B 34.717 < 0.001 0.379

Hunting – 1.32 A – 0.87 B 0.00 B – 0.24 B 23.056 < 0.001 0.316

Shooting – 1.62 A – 1.44 AB – 1.00 AB – 0.71 B 13.057 < 0.001 0.243

Scenario 2—foxes reduce game populations

No action 0.28 A – 0.38 B – 1.13 C – 1.47 C 33.876 < 0.001 0.375

Culling at the den – 1.38 A – 0.72 B 0.38 C 0.53 C 50.303 < 0.001 0.443

Trapping or snaring – 1.50 A – 1.10 B 0.19 C 0.24 C 47.975 < 0.001 0.434

Hunting – 1.32 A – 0.81 B 1.31 C 1.41 C 121.805 < 0.001 0.609

Shooting – 1.57 A – 1.17 B – 0.19 BC 0.41 C 44.670 < 0.001 0.422

Scenario 3—foxes transfer rabies

No action – 1.41 A – 1.46 A – 1.69 A – 1.53 A 1.634 0.180 0.089

Vaccination 1.43 A 1.58 A 1.13 A 1.41A 2.454 0.062 0.122

Kill sick animals 0.12 A 0.80 B 0.75 AB 0.88 B 18.119 < 0.001 0.285

Culling at the den – 0.97 A – 0.18 B 0.63 B 0.41 B 32.085 < 0.001 0.366

Trapping or snaring – 1.27 A – 0.90 B 0.36 C 0.65 C 46.205 < 0.001 0.428

Hunting – 1.01 A – 0.52 B 0.88 C 1.18 C 49.971 < 0.001 0.442

Shooting – 1.45 A – 1.08 B – 0.06 C 0.12 C 31.097 < 0.001 0.362

Note: One-way analysis of variance (ANOVA) was used for comparisons. M = mean acceptability. F = the F-statistic produced by ANOVA tests. Eta (η) = effect size,
η = 0.100 denotes a minimal relationship, η = 0.243 denotes a typical relationship, η = 0.371 denotes a substantial relationship (Vaske 2008). For each
management strategy, mean responses from stakeholders not sharing a superscript letter (A, B, or C) are significantly different (p < 0.0083; Tamhane post hoc
tests with Bonferroni correction)
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shooting, PCI2 = 0.44), hunter (culling at the den, PCI2 =
0.50; trapping or snaring, PCI2 = 0.33; hunting, PCI2 =
0.42; shooting, PCI2 = 0.30), and farmer (culling at the
den, PCI2 = 0.41; trapping or snaring, PCI2 = 0.35; hunt-
ing, PCI2 = 0.36; shooting, PCI2 = 0.20) groups. Differ-
ences in PCI2 values were significant among the general
public (culling at the den, PCI2 = 0.14; trapping or snaring,
PCI2 = 0.09; hunting, PCI2 = 0.10; shooting, PCI2 = 0.06)

and all other groups for these strategies (p < 0.0083; d
tests with Bonferroni correction).

Scenario 2: Foxes reduce game populations
The sign of acceptability differed between stakeholder
groups in this scenario (Table 3, Fig. 4). Taking no ac-
tion was slightly acceptable for the general public, shoot-
ing was slightly acceptable for farmers-hunters, whereas

Fig. 3 Mean response scores with potential for conflict indices (PCI2) by stakeholder group, regarding the acceptability of management strategies
when red foxes attack livestock. In each management strategy, mean responses (bubble position) and PCI2 values (bubble size) not sharing an
uppercase (A, B, or C) or lowercase (a, b, or c) letter, respectively, are significantly different (p < 0.0083; post hoc Tamhane and d tests with
Bonferroni correction)

Fig. 4 Mean response scores with potential for conflict indices (PCI2) by stakeholder group, regarding the acceptability of management strategies
when red foxes reduce game populations. In each management strategy, mean responses (bubble position) and PCI2 values (bubble size) not
sharing an uppercase (A, B, or C) or lowercase (a, b, or c) letter, respectively, are significantly different (p < 0.0083; post hoc Tamhane and d tests
with Bonferroni correction)
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culling at the den, trapping or snaring, and hunting were
acceptable for farmers-hunters and hunters in varying
degree. All other groups opposed these management
strategies. Taking no action was significantly more ac-
ceptable for the general public (M = 0.28) than all other
groups (M = – 0.38, – 1.13, and – 1.47 for farmers,
hunters, and farmers-hunters, respectively) and also for
farmers than farmers-hunters and hunters (p < 0.0083;
Tamhane post hoc tests with Bonferroni correction). For
culling at the den (M = – 1.38, – 0.72, 0.38, and 0.53 for
the general public, farmers, hunters, and farmers-
hunters, respectively), trapping or snaring (M = – 1.50,
– 1.10, 0.19, and 0.24 for the general public, farmers,
hunters, and farmers-hunters, respectively), and hunting
(M = – 1.32, – 0.81, 1.31, and 1.41 for the general pub-
lic, farmers, hunters, and farmers-hunters, respectively),
mean responses from farmers-hunters and hunters were
significantly higher from those of farmers’ and the gen-
eral public’s, and of farmers’ than the general public’s (p
< 0.0083). Shooting was significantly more acceptable for
farmers-hunters (M = 0.41) than farmers (M = – 1.17)
and the general public (M = – 1.57), for farmers than
the general public and also for hunters (M = – 0.19)
than the general public (p < 0.0083). The level of con-
sensus was moderately high to moderate for taking no
action (PCI2 = 0.25–0.47), with no significant differences
among stakeholder groups (Fig. 4). Consensus for culling
at the den and trapping or snaring was moderate to low
for farmers-hunters (PCI2 = 0.67 and 0.65, respectively),
hunters (PCI2 = 0.53 and 0.57, respectively), and farmers
(PCI2 = 0.42 and 0.29, respectively), and high for the

general public (PCI2 = 0.13 and 0.08, respectively), with
differences being significant between the general public
and all other groups and between farmers-hunters and
farmers (p < 0.0083). Consensus for hunting foxes when
they reduce game was generally high, with differences
being significant between hunters (PCI2 = 0.25) and the
general public (PCI2 = 0.12) (p < 0.0083; d tests with
Bonferroni correction). Consensus for shooting foxes
was low within the farmer-hunter (PCI2 = 0.63) and
hunter (PCI2 = 0.70) groups and high within the farmer
(PCI2 = 0.36) and especially the general public (PCI2 =
0.06) groups. Differences in PCI2 values were significant
among all groups, except between farmers-hunters and
hunters (p < 0.0083).

Scenario 3: Foxes carry rabies
In this severe scenario, taking no action was unaccept-
able and vaccination acceptable for all stakeholder
groups with no significant differences among them
(Table 3, Fig. 5). Killing rabid foxes was also acceptable,
being significantly more acceptable for farmers-hunters
(M = 0.88) and farmers (M = 0.80) than the general
public (M = 0.12) (p < 0.0083; Tamhane post hoc tests
with Bonferroni correction). Culling at the den was sig-
nificantly more unacceptable for the general public (M =
– 0.97) than for farmers (M = – 0.18), hunters (M =
0.63), and farmers-hunters (M = 0.41) (p < 0.0083).
Trapping or snaring (M = – 1.27, – 0.90, 0.36, and 0.65
for the general public, farmers, hunters, and farmers-
hunters, respectively), hunting (M = – 1.01, – 0.52, 0.88,
and 1.18 for the general public, farmers, hunters, and

Fig. 5 Mean response scores with potential for conflict indices (PCI2) by stakeholder group, regarding the acceptability of management strategies
when red foxes carry rabies. In each management strategy, mean responses (bubble position) and PCI2 values (bubble size) not sharing an
uppercase (A, B, or C) or lowercase (a, b, or c) letter, respectively, are significantly different (p < 0.0083; post hoc Tamhane and d tests with
Bonferroni correction)
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farmers-hunters, respectively), and shooting (M = – 1.45,
– 1.08, – 0.06, and 0.12 for the general public, farmers,
hunters, and farmers-hunters, respectively) were signifi-
cantly more acceptable for farmers-hunters and hunters
than for farmers and the general public, and also for
farmers than the general public (p < 0.0083). The level of
consensus was generally high for taking no action (PCI2 =
0.05–0.15), vaccination (PCI2 = 0.06–0.32), and the killing
of sick animals (PCI2 = 0.21–0.35), with no significant
differences among stakeholder groups (Fig. 5). Consensus
for culling at the den was moderate to low, being
significantly higher for the general public (PCI2 = 0.25)
than for farmers (PCI2 = 0.48), hunters (PCI2 = 0.70), and
farmers-hunters (PCI2 = 0.56), and for farmers than
hunters (p < 0.0083; d tests with Bonferroni correction).
Consensus for trapping or snaring was moderate to low
for farmers-hunters (PCI2 = 0.62) and hunters (PCI2 =
0.51) and high for farmers (PCI2 = 0.30) and the general
public (PCI2 = 0.18), with differences being significant be-
tween farmers-hunters and both farmers and the general
public and between the latter and hunters (p < 0.0083).
Level of consensus for hunting rabid foxes was signifi-
cantly higher for the general public (PCI2 = 0.19) than

farmers (PCI2 = 0.43) (p < 0.0083). Consensus for shooting
rabid foxes was significantly higher for the general public
(PCI2 = 0.13) than for farmers (PCI2 = 0.36), hunters
(PCI2 = 0.51), and farmers-hunters (PCI2 = 0.66), and for
farmers than farmers-hunters (p < 0.0083).

Differences within stakeholder groups across scenarios
Taking no action was more unacceptable in the most
severe scenario 3, foxes carry rabies (Table 4). Differ-
ences were significant between scenario 3 (M = – 1.69),
and scenario 1, foxes attack livestock (M = –0.75), for
hunters and among all the scenarios for the general
public (M = – 0.60, 0.28, and – 1.41 for scenarios 1, 2,
foxes reduce game, and 3, respectively) and farmers
(M = – 0.96, – 0.38, and – 1.46 for scenarios 1, 2,
and 3 respectively) (p < 0.001, Tamhane post hoc
tests with Bonferroni correction, Table 4). Culling at the
den was significantly less unacceptable in scenario 3
than in scenarios 1 and 2 for the general public (M =
– 1.42, – 1.38, and – 0.97 for scenarios 1, 2, and 3, re-
spectively) and farmers (M = – 0.79, – 0.72, and – 0.18 for
scenarios 1, 2, and 3, respectively) (p < 0.001). Trap-
ping or snaring was significantly less unacceptable in

Table 4 Comparisons of acceptability within impact scenarios for each of the management strategies and stakeholder groups
(n = 746)

Strategy/
scenario

General public
(M)

Farmers
(M)

Hunters
(M)

Farmers-hunters
(M)

Multivariate
Wilks’λ

Within-subject Greenhouse-
Geisser

Partial eta squared
(ηp2)

No action

Scenario 1 – 0.60 A – 0.96 A – 0.75 A – 1.35 A 49.301* 89.793* 0.137

Scenario 2 0.28 B – 0.38 B – 1.13 AB – 1.47 A

Scenario 3 – 1.41 C – 1.46 C – 1.69 B – 1.53 A

Culling at the den

Scenario 1 – 1.42 A – 0.79 A – 0.31 A – 0.29 A 29.819* 54.512* 0.090

Scenario 2 – 1.38 A – 0.72 A 0.38 A 0.53 A

Scenario 3 – 0.97 B – 0.18 B 0.00 A 0.41 A

Trapping or snaring

Scenario 1 – 1.63 A – 1.09 A – 0.31 A – 0.18 A 25.131* 31.368* 0.073

Scenario 2 – 1.50 A – 1.10 A 0.19 A 0.24 A

Scenario 3 – 1.27 B – 0.90 A 0.36 A 0.65 A

Hunting

Scenario 1 – 1.32 A – 0.87 A – 0.19 A 0.00 A 47.730* 83.901* 0.137

Scenario 2 – 1.32 A – 0.81 A 1.31 B 1.41 B

Scenario 3 – 1.01 B – 0.52 A 0.88 B 1.18 B

Shooting

Scenario 1 – 1.62 A – 1.44 A – 1.00 A – 0.71 A 43.271* 50.622* 0.123

Scenario 2 – 1.57 A – 1.17 AB – 0.19 AB 0.41 B

Scenario 3 – 1.45 A – 1.08 B – 0.06 B 0.12 AB

Note: Repeated measures analysis of variance was used for comparisons. Scenario 1, foxes attack livestock; scenario 2, foxes reduce game; scenario 3, foxes carry
rabies. M = mean acceptability. Partial eta-squared (ηp

2), effect size, ηp
2 = 0.01–0.059 denotes a small effect, ηp

2 = 0.06–0.139 denotes a medium effect, ηp
2 > 0.14

denotes a large effect (Vaske 2008). In each management strategy and stakeholder group, scenarios' mean scores not sharing a superscript letter (A, B, or C) are
significantly different (p < 0.0167, Tamhane post hoc tests with Bonferroni correction). *p < 0.001
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scenario 3 than in scenarios 1 and 2 for the general
public (M = – 1.63, – 1.50, and – 1.27 for scenarios
1, 2, and 3, respectively) (p < 0.0083). Hunting was
significantly more acceptable in scenarios 2 and 3
than in scenario 1 for farmers-hunters (M = 0.00,
1.41, and 1.18 for scenarios 1, 2, and 3, respectively)
and hunters (M = – 0.19, 1.31, and 0.88 for scenarios
1, 2, and 3, respectively), and also less unacceptable
in scenario 3 than in both other scenarios for the
general public (M = – 1.32, – 1.32, and – 1.01 for
scenarios 1, 2, and 3, respectively) (p < 0.001). Shoot-
ing was more acceptable in scenario 2 than in sce-
nario 1 for farmers-hunters (M = – 0.71 and 0.41 for
scenarios 1 and 2, respectively) and in scenario 3 than in
scenario 1 for hunters (M = – 1.00 and – 0.06 for
scenarios 1 and 3, respectively) and farmers (M = – 1.44
and – 1.08 for scenarios 1 and 3, respectively) (p < 0.001).

Discussion
Preferences for fox management
Across scenarios, survey participants accepted the less
invasive nonlethal strategies and rejected lethal strat-
egies. However, they accepted the removal of sick ani-
mals to prevent rabies infection. In addition to being less
acceptable, more invasive methods were also more con-
troversial among participants (i.e., had higher PCI2
values) than less invasive methods. The differences in
the mean acceptability and consensus found between
nonlethal and lethal strategies supported our hypothesis
2: “Acceptability and consensus both decrease with in-
creasing invasiveness of the management strategies.”
Similar results have also been reported by previous stud-
ies (Sponarski et al. 2015; Liordos et al. 2017; Heneghan
and Morse 2019). Among scenarios, doing nothing was
becoming more unacceptable and lethal strategies (i.e.,
culling at the den, trapping or snaring, hunting, and
shooting) more acceptable with increasing severity of the
impact, i.e., livestock and game predation versus rabies
transmission. Lethal strategies were also becoming more
controversial among participants with increasing severity
of the impact. These results mostly supported our hy-
pothesis 3: “Acceptability increase and consensus de-
crease for each management strategy with increasing
severity of the impact.” Similar to our results, many
other studies have found that the acceptability of and
consensus for management strategies vary by situational
context (e.g., Jacobs et al. 2014; Sponarski et al. 2015;
Liordos et al. 2017; Doney et al. 2018; Heneghan and
Morse 2019).
Stakeholder groups involving a farmer and/or hunter

identity were more negative than the general public in
doing nothing to prevent livestock predation by foxes
and also more accepting, although generally neutral to
negative, towards lethal strategies. All stakeholder

groups accepted compensation and more strongly fen-
cing for managing livestock predation, vaccination, and
the killing of sick animals to prevent rabies transmission.
The general public accepted taking no action for pre-
venting fox predation on the game. On the contrary,
groups with a hunting identity were the most opposing
to doing nothing, and at the same time, they accepted
the implementation of lethal strategies when foxes re-
duce game or carry rabies, with hunting being their fa-
vorite strategy. Consensus regarding fox management
was higher for the no action and nonlethal strategies
and lower for lethal strategies. Differences between PCI2
values showed that consensus was missing both within
and between groups in all scenarios. Within groups, the
potential for conflict was high in hunters and farmers-
hunters for the lethal strategies, i.e., culling at the den,
trapping or snaring, hunting, and shooting in all scenar-
ios. Between groups, the potential for conflict was higher
between the general public and all other groups in all
scenarios, especially for the lethal strategies. The differ-
ences in the mean acceptability of and consensus for
management strategies found among stakeholder groups
supported our hypothesis 1: “Acceptability and consen-
sus both differ between stakeholder groups in each man-
agement strategy.” It should be noted that when farmers
were asked about their acceptability of and consensus
for different management strategies when foxes attack
livestock, it had not been taken into consideration
whether they had or had not suffered losses by foxes. Al-
though foxes abound in the study area and the possibil-
ity of depredation always exists, opinions might vary
among farmers depending on the incident occurrence.
Also, foxes mostly prey on brown hares and grey par-
tridges in Greece. Hunters of these species might display
more negative attitudes towards foxes than hunters of
other game species, such as wild boars, woodpigeons
(Columba palumbus), or waterfowl. Such limitations
should be considered before drawing conclusions and
generalizing findings.
Other studies have also found that farmers and

hunters are generally more positive towards lethal con-
trol compared to other strategies and to the preferences
of the general public, especially when wildlife species
threaten their livelihoods and game. Non-selective strat-
egies, such as some types of snares, were the most
preferred strategy for fox control by managers in com-
mercial game estates in Central Spain (Delibes-Mateos
et al. 2013). The general public in Central Italy was in
favor of using preventive strategies and compensation
for the ecological and economic damage of wild boars,
provided they did not directly impact wild boar num-
bers, whereas farmers, the group most impacted by wild
boar damages, supported all strategies suitable for the al-
leviation of wild boar damage on crops (Frank et al.
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2015). Black bear (Ursus americanus) hunters in Central
Georgia (Agee and Miller 2009) and wild boar hunters
in Central Italy (Frank et al. 2015) did not accept lethal
control of their game to reduce negative impacts; how-
ever, black bear hunters in Wisconsin supported lethal
control of grey wolves (Canis lupus) when they attacked
their hunting dogs (Naughton-Treves et al. 2003). Al-
though Greek farmers displayed more positive attitudes
toward lethal strategies when compared to other groups,
they were still reluctant to adopt them. It seemed that
they considered fencing and compensation sufficient to
address the issue.
Fencing is considered effective for the protection of

livestock from foxes if properly installed (Macdonald
et al. 2000), and it is commonly used to exclude foxes
and other predators in Greece. Greek legislation predicts
compensation for damage to livestock by grey wolves
and brown bears (Ursus arctos), but not by foxes. How-
ever, an application for compensation could be consid-
ered under the framework of reimbursements of damage
to crops by wildlife, although with uncertain outcome
(ELGA 2019). Hunters seemed determined to reduce im-
pacts themselves, since they strongly preferred hunting
to other strategies for controlling fox predation on the
game, mostly brown hare. However, there is not a fox-
hunting culture in Greece and although fox hunting is
permitted from 15 September to 28 February, they are
not generally targeted by Greek hunters. Fox hunting
interest is greater in periods of brown hare decline or
following rabies incidents. Shooting, hunting, and the re-
moval of cubs and vixen from dens are the most com-
mon strategies used to reduce fox predation on livestock
and game (Harris 1985; Heydon and Reynolds 2000;
Macdonald et al. 2000). Trapping, snaring, and poison
baiting are non-selective strategies, meaning they could
also harm non-target species such as badgers, martens,
kites; when used, efforts should be made to increase their
selectivity (Macdonald et al. 2000; Birtsas et al. 2008). The
use of non-locking neck snares and cage or box traps is
allowed in the European Union, while poison baiting is il-
legal (Macdonald et al. 2000; Birtsas et al. 2008).
Stakeholders strongly supported acting against rabid

foxes. They strongly supported vaccination programs,
followed by the removal of sick animals. Lethal control
strategies, especially hunting, were more accepted by
hunters. The severity of the situation called for immedi-
ate action, and the general public rather considered that
vaccination would suffice. Farmers and hunters also sup-
ported vaccination, but further considered the killing of
sick animals a necessary action. Oral vaccination pro-
grams have proved effective in eradicating rabies from
Western and Central Europe (Freuling et al. 2013).
Tsiodras et al. (2013) proposed that the effectiveness of
vaccination would increase if combined with strategies

to reduce fox population densities. Hunters might be
more supportive of lethal control probably because they
perceive rabies, in addition to public health, as a threat
to their game. Then again, hunters are consumptive
users of wildlife resources sharing a utilitarian dispos-
ition toward animals, and as such, they are generally
more supportive of lethal control of problem wildlife
than other interest groups (Kellert 1980; Naughton-
Treves et al. 2003).
Even if the most suitable strategies for reducing fox

impacts have been selected and appropriately imple-
mented, they could prove ultimately ineffective when
they are not combined with prey habitat management.
Panek (2009) found that fox predation on brown hares
decreased with increasing habitat diversity. He also
showed that the relationship between the number of
prey consumed and the density of the prey population is
sigmoidal, meaning that foxes will drop hunting efforts
on brown hares when they occur in low densities, thus
preventing their extinction.

Conservation conflict management recommendations
Papageorgiou et al. (1988) found that small rodents were
the main prey of foxes in Greece, followed by lambs, pig-
lets, calves, and goat kids in lower proportions, whereas
Vlachos et al. (2006) found a prevalence of brown hares
in fox diet. Fox rabies reemerged in Greece in 2012
(Tsiodras et al. 2013). Complaints by farmers and
hunters about considerable damage to livestock and
game are currently increasing in north Greece, suggest-
ing that conservation conflicts, conflicts between
stakeholder groups over wildlife issues, have emerged.
Considerable variation was observed in the acceptability
of and the consensus for management strategies among
stakeholder groups in all the scenarios. The high poten-
tial for conflict between stakeholder groups and, most
importantly, within the groups more exposed to wildlife
impacts, i.e., those with hunter and/or farmer identity,
suggested that “human–human conflicts” need to be
firstly resolved to achieve effective fox impact manage-
ment (Marshall et al. 2007).
Our findings should be communicated to stakeholders

through the design of appropriate outreach programs
(Jacobson et al. 2015; Agwu et al. 2018). Farmers and
hunters are those directly affected by fox predation.
Meetings with farmers and hunters should be organized,
at the offices of local farmers’ cooperatives and hunting
clubs. The general public is more concerned about
health issues. Relevant information could be communi-
cated through the arrangement of public meetings at
municipal halls. The most acceptable and less controver-
sial among the management strategies, as identified by
our study, should be prioritized and explicated during
these meetings. Those were fencing and compensation
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when foxes attack livestock, hunting when foxes reduce
game and vaccination and the killing of sick animals
when foxes carry rabies. Other strategies, such as culling
at the den and trapping, could be put forth and elabo-
rated if deemed more effective. Factsheets and bro-
chures, laying out the facts and explaining appropriate
management strategies, should also be distributed to
stakeholders to promote the understanding of the situ-
ation. Posters, news releases, and opinion articles could
also be used to reach a wider audience. Sometimes
people are not persuaded by facts, but their opinions
and decisions are mostly affected by their personal
worldviews and experience. Therefore, the outcomes of
outreach activities should be evaluated.
Communication and outreach activities could be inte-

grated into and inform a participatory process that in-
cludes the engagement of stakeholders in conservation
conflict management groups aiming at finding shared
solutions to reduce negative impacts (Redpath et al.
2013). Stakeholder groups involved in the conservation
conflicts are farmers, hunters, environmental nongov-
ernmental organizations (NGOs), animal welfare groups,
and members of the general public. Third parties that
could improve engagement are government representa-
tives and scientists that evaluate impacts (Frodeman
et al. 2017). Proper implementation of the conservation
conflict management process should help mitigate the
potentially negative impacts of foxes on livestock, game,
and human and animal health and at the same time
achieve the conservation of healthy fox populations. The
Forest Service is responsible for wildlife management,
hunting regulation, and land use classification in Greece.
This might have led to conflicts and distrust with stake-
holder groups, such as farmers and hunters. Therefore,
it would be preferable independent scientists, employed
by the Ministry of Environment and Energy, to serve as
facilitators to the process.

Conclusions
Our findings offer an important guide for managing con-
flicts between stakeholders and reducing fox impacts on
livestock, game, and human and animal health, as the
most preferred and least controversial management
strategies have been identified. Future research should
investigate fox impacts on livestock and game and moni-
tor and evaluate rabies incidents for establishing impact
severity. When a considerable level of impact is deter-
mined, the application of the most effective and least
controversial management strategies should be pro-
posed. Human conflicts over wildlife include two com-
ponents: (a) human–wildlife impacts, which focus on the
direct interactions between humans and other species
(Woodroffe et al. 2005), and (b) the underlying human–
human conflicts between those seeking to conserve

species versus those with other interests (Young et al.
2010). We suggested using the framework proposed by
Redpath et al. (2013) for managing conservation con-
flicts, aimed at reducing wildlife impacts on human ac-
tivities, minimizing social conflicts, and protecting
wildlife populations. However, a conservation conflict
would not be successfully addressed before all stake-
holder groups support the implementation of a manage-
ment plan (Redpath et al. 2015). Therefore, our findings
about stakeholders’ preferences and consensus for man-
agement strategies could be critical for informing the
conservation conflict management process. Further rec-
ommendations for improving the process include the
following:

1) Farmers and hunters might have opposing opinions
to other stakeholder groups such as environmental
NGOs and animal welfare groups. The former
might prioritize the protection of livestock and
game, whereas the latter the protection of wildlife
species. Strongly opposing opinions and worldviews
often lead to distrust between parties, a main
barrier to collaboration. Facilitators should integrate
all stakeholders on an equal footing, in an effort to
build trust between the parties and to the process.
Young et al. (2016) presented evidence that
increased trust through fairness in public
participation, meaning that all relevant stakeholders
are represented and that procedures enable them to
have an input into the format and content of
discussions, makes conflict resolution more likely.

2) Scientists are an important third party to the
conflict management process. They are responsible
for quantifying impacts and suggesting effective
management strategies. Their role is complex as
much as important; they must try to build trust
with parties by remaining unbiased and avoiding
favoring sides (Treves et al. 2006).

3) The process should not discuss unrealistic goals in
an effort to satisfy all parties, but to seek, through
dialogue and compromise, the optimal solution
(Peterson et al. 2010).

4) The media could exacerbate conflicts to attract
public attention. Good media relationships are
therefore critical for the conflict management
process (Barua 2010).

Foxes have a wide distribution across most of the
northern hemisphere and were also introduced else-
where (Wilson and Mittermeier 2009). Therefore, impli-
cations from this study might also prove useful for other
areas where similar fox impacts occur. Rabies does per-
sist in many countries, including neighboring to Greece
Balkan and Asia Minor countries, such as Bulgaria, the
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Republic of North Macedonia, and Turkey (Tasioudi
et al. 2014). Fox impacts on livestock and game have
been recorded throughout the species’ range. However,
our findings would be more readily applicable in areas
within fox’s native range, particularly in European and
most importantly in Mediterranean countries with social
and ecological conditions similar to Greece’s, such as
Italy, France, and Spain (Delibes-Mateos et al. 2013).
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