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Anthropogenic hybridization is widely perceived as a threat to the conservation of

biodiversity. Nevertheless, to date, relevant policy and management interventions are

unresolved and highly convoluted.While this is due to the inherent complexity of the issue,

we hereby hypothesize that a lack of agreement concerning management goals and

approaches, within the scientific community, may explain the lack of social awareness
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on this phenomenon, and the absence of effective pressure on decision-makers. By

focusing on wolf x dog hybridization in Europe, we hereby (a) assess the state of the

art of issues on wolf x dog hybridization within the scientific community, (b) assess the

conceptual bases for different viewpoints, and (c) provide a conceptual framework aiming

at reducing the disagreements. We adopted the Delphi technique, involving a three-round

iterative survey addressed to a selected sample of experts who published at Web of

Science listed journals, in the last 10 years on wolf x dog hybridization and related

topics. Consensus was reached that admixed individuals should always be defined

according to their genetic profile, and that a reference threshold for admixture (i.e.,

q-value in assignment tests) should be formally adopted for their identification. Tomitigate

hybridization, experts agreed on adopting preventive, proactive and, when concerning

small and recovering wolf populations, reactive interventions. Overall, experts’ consensus

waned as the issues addressed became increasingly practical, including the adoption

of lethal removal. We suggest three non-mutually exclusive explanations for this trend:

(i) value-laden viewpoints increasingly emerge when addressing practical issues, and

are particularly diverging between experts with different disciplinary backgrounds (e.g.,

ecologists, geneticists); (ii) some experts prefer avoiding the risk of potentially giving

carte blanche to wolf opponents to (illegally) remove wolves, based on the wolf x dog

hybridization issue; (iii) room for subjective interpretation and opinions result from the

paucity of data on the effectiveness of different management interventions. These results

have management implications and reveal gaps in the knowledge on a wide spectrum

of issues related not only to the management of anthropogenic hybridization, but also to

the role of ethical values and real-world management concerns in the scientific debate.

Keywords: conservation, delphi technique, genetic admixture, introgression, lethal removal, management, ethics,

values in science

INTRODUCTION

Hybridization is a biological process defined as the intermixing
of two distinct yet closely related taxa, which may deeply
affect the genetic make-up, long-term survival and evolution
of the species (Gompert and Buerkle, 2016). While natural
hybridization is associated with several positive evolutionary
outcomes (e.g., genetic rescue, Brennan et al., 2014; speciation,
Lavrenchenko and Bulatova, 2016), anthropogenic hybridization
is widely perceived as a potential threat for species conservation.
Anthropogenic hybridization is defined as hybridization
facilitated by human impact and interference, either on purpose
or accidentally, that often results in the elimination of barriers
between otherwise distinct populations, which may go through
the processes of genetic admixing and loss of evolutionary
adaptation (Rhymer and Simberloff, 1996; Allendorf et al., 2001).
Cases of anthropogenic hybridization are well-documented in
canids (Gottelli et al., 1994; Elledge et al., 2008; Khosravi et al.,
2013; Freedman et al., 2014; vonHoldt et al., 2016), including
interbreeding between wolves (Canis lupus) and dogs (C. l.
familiaris; Randi, 2008; Leonard et al., 2014). In the European
continent, episodes of wolf x dog hybridization (hereafter:
WDH) have been detected in several wolf populations (Vilà
et al., 2003; Godinho et al., 2011; Randi, 2011; Hindrikson et al.,

2012; Kusak et al., 2018), thus offering an excellent case study for
exploring anthropogenic hybridization challenges and solutions.

While WDH has likely occurred on multiple occasions since
dog domestication (Freedman et al., 2014; Fan et al., 2016; Pilot
et al., 2018), there is concern in the scientific community that
increased rates in the Anthropocene may represent a rising
threat to the conservation of wolf populations (Boitani, 2003;
Randi, 2008). Specifically, because hybrids between wolves and
dogs are usually fertile, WDH may threaten wolf populations
with different extents of genomic introgression up to complete
admixture and genomic extinction (i.e., Type 5 and Type 6
introgressive hybridization, respectively, sensu Allendorf et al.,
2001; Figure 1). The problems with hybridization between a
domestic species and its wild ancestor are: (i) domestic forms
are often present in much higher densities than wild forms,
and (ii) the domestication process has been associated with
intensive selection for traits that may be disadvantageous in
the wild. Hence, several researchers and conservationists have
urged management authorities to address the WDH issue (cf.,
notably Allendorf et al., 2001; Hindrikson et al., 2017). A recent
review on the status of wolf populations in Europe, identified
interactions with domestic dogs leading to disease transfer
and/or hybridization amongst the major threats common to
almost all wolf populations (Hindrikson et al., 2017). Notably,
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hybridization was brought forth as one of the significant gaps
in the current knowledge, and the initiation of a Europe-
wide scientific project on WDH was proposed to fill this gap
(Hindrikson et al., 2017).

However, management ofWDH is difficult for several reasons.
First, due to the technical problem of identification of hybrid
individuals (VonHoldt et al., 2011; Lorenzini et al., 2014; Randi
et al., 2014; Godinho et al., 2015), the scientific debate has
lagged behind contemporary management. While hybridization
is increasingly detectable through the advent of genetic markers,
phenotypic cues of hybridization are less reliable and more
difficult to interpret (e.g., Hindrikson et al., 2012; Galaverni
et al., 2017). In addition, even though first generations hybrids
(F1s), F2s, and first- and second-generation backcrosses (B1s,
B2s) may be genetically conspicuous enough to be reliably
identified (Lorenzini et al., 2014; Randi et al., 2014; Godinho
et al., 2015), further generations of backcrosses into the parental
wolf population are increasingly difficult to detect. Under these
conditions, the risks of erroneously classifying an admixed
individual as a wolf (i.e., Type II error) are substantial and higher
than the complementary error (i.e., erroneously classifying a wolf
as an admixed individual, or Type I error; Lorenzini et al., 2014;
Randi et al., 2014; Galaverni et al., 2017).

Second, global policy regarding the management of
hybridization remains largely unresolved to date. In the
United States, a first attempt at developing a clear policy for
the mitigation of anthropogenic hybridization was proposed in
1996 (US Fish and Wildlife Service, 1996). However, to date, it
remains neither accepted nor rejected (Wayne and Shaffer, 2016).
Similarly, in Canada, the “Species at Risk Act” (SARA) does
not address the legal status of admixed individuals (Piett et al.,
2015). In Europe, directions by the two main legal instruments
governing biodiversity conservation (i.e., the EU Council
Directive 92/43/EEC and the Bern Convention) are generally
unclear on how to manage admixed individuals (Trouwborst,
2014), though recent improvements in the WDH context have
occurred. Specifically, EU Member States are now required
to implement effective management and monitoring of WDH
to decrease the impact of hybridization on wolf populations,
including removal of hybrids1, as originally recommended by
the Bern Convention (i.e., Recommendation no. 173, 2014).
Moreover, the management of hybrids was specifically delegated
to official agencies only (Recommendation no. 173, 2014, of the
Bern Convention) to avoid legal loopholes justifying the killing
of protected taxa (Trouwborst, 2014; Peltola and Heikkilä, 2018).
Such fragmentation of European legislation into separate facets
underscores its legal complexity and articulation.

Third, even though increasing rates of hybridization are being
reported in certain wolf populations and local situations (e.g.,
Italy: Caniglia et al., 2013; Galaverni et al., 2017; Portugal:
Pacheco et al., 2017; Croatia: Kusak et al., 2018), some researchers
contest the idea that WDH is a serious conservation concern
or even that anthropogenic hybridization represents an issue at
all (Rohwer and Marris, 2015; Lescureux, 2018). Concurrently,

1http://www.europarl.europa.eu/doceo/document/E-8-2017-004563-ASW_EN.
html?redirect

conflicting ideas on the management goals for WDH and other
types of anthropogenic hybridization further reinforce the debate
within the scientific community. On one hand, some researchers
suggest managing admixed individuals on the bases of their
ecological function (i.e., the concept of ecological surrogates;
Daniels and Corbett, 2003; Glen, 2010; Fitzpatrick et al., 2015;
Jackiw et al., 2015; van Eeden et al., 2018), increased evolutionary
potential (Fitzpatrick et al., 2015; Jackiw et al., 2015; Wayne and
Shaffer, 2016), or “cultural function” (Daniels and Corbett, 2003;
Glen, 2010; van Eeden et al., 2018). On the other hand, all these
ideas contradict the most influential guidelines on anthropogenic
hybridization, which rather recommend preserving the genetic
integrity of wild species (i.e., Allendorf et al., 2001).

Fourth, diverging ethical values may hinder the
implementation of certain management interventions to
manage anthropogenic hybridization, especially if this entails
lethal removal (Way and Bruskotter, 2012; Lewis et al., 2017).
Although lethal removal has been widely used in conservation
(Wallach et al., 2015), changing societal values might represent
an increasing barrier to its implementation (Manfredo et al.,
2003; Lewis et al., 2017; Lute et al., 2018). There is also
opposition toward addressing the mitigation of anthropogenic
hybridization, arising from moral and ethical values concerning
the management of hybrids. For instance, von Essen and
Allen (2016) suggest that it would be “unconscionable” to
not recognize the rights of wolf x dog hybrids, as we have
sole responsibility for their existence, and there would be no
justifiable basis for having resentment against them. These
authors sought an amendment to the EU Council Directive
92/43/EEC to explicitly recognize hybrids in legal frameworks
(von Essen and Allen, 2016). While all of the above rests purely
on theoretical grounds, wildlife practitioners and managers
dealing with practical issues on a daily basis follow different
protocols (e.g., Vilà et al., 2003; Godinho et al., 2015), and
believe such arguments are neither adequate nor practical to deal
with reality, though counter-arguments to this have been raised
(e.g., Nelson et al., 2016).

The mitigation of anthropogenic hybridization generally
involves three types of interventions: preventive, proactive,
and reactive interventions (Table 1). In Europe, mitigation of
WDH is informed by legally binding supranational legislation,
management guidelines endorsed by the European Commission
(developed by scientific and expert groups with stakeholder
input, but not legally binding), and peer-reviewed publications.
There are three critical facets to note here:

1. European conservation legislation (i.e., the EU Council
Directive 92/43/EEC, and Recommendation nr 173, 2014
of the Bern Convention) requires that WDH be mitigated
through effective management;

2. The European population level management guidelines2,3

recommend implementing reactive interventions
whenever possible;

2http://ec.europa.eu/environment/nature/conservation/species/carnivores/pdf/
guidelines_for_population_level_management.pdf
3http://ec.europa.eu/environment/nature/conservation/species/carnivores/pdf/
key_actions_large_carnivores_2015.pdf
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FIGURE 1 | A framework to categorize types of hybridization according to a seminal paper by Allendorf et al. (2001). Types 1–3 are forms of natural hybridization, and

the resulting taxa should be eligible for conservation. Types 4–6 are forms of anthropogenic hybridization, and the three categories have different consequences from a

conservation perspective.

TABLE 1 | Key strategies, and corresponding management interventions,

available to address the mitigation of anthropogenic hybridization (adapted for a

case study on wolf × dog hybridization).

Intervention

strategy

Definition Practical approach in WDH

contexts

Preventive Anticipating change before

it happens

Community engagement and

education to decrease the

number of free-ranging dogs

Proactive Taking action by causing

change and not only

reacting to change when it

happens

Removal of free-ranging dogs,

and reduction of other factors

facilitating WDH (e.g., habitat

restoration, addressing

poaching)

Reactive Responding to a change

after it happened

The active management of

admixed individuals as to reduce

their prevalence in the parental

wolf population (i.e., capture,

captivity, sterilization and release,

or lethal removal)

Definition according to Cambridge Dictionary (www.dictionary.cambridge.org).

3. Part of the scientific community at the European scale
is skeptical about adopting reactive interventions, because
they are believed to be trivial without pervasive proactive
interventions (cf., notably Lorenzini et al., 2014), and because
their effectiveness is thought to be limited (e.g., Godinho et al.,
2015; Pacheco et al., 2017).

To our knowledge, there are no experimental studies comparing
the effectiveness of the three types of interventions (i.e.,
preventive, proactive, and reactive), in WDH contexts.
This dearth of empirical studies may result from the poor
implementation of WDH interventions at different national
levels. In Europe, some countries address WDH in their local
laws and/or management plans (e.g., Germany, Luxembourg,
Norway, Poland, Slovakia, Slovenia, Spain, Switzerland),
while other countries (e.g., Albania, Austria, Bosnia, and
Herzegovina, Bulgaria, Croatia, France, Greece, Italy, Lithuania,
Macedonia, Portugal, Romania, Serbia) do not have any specific
strategy (Salvatori and Ciucci, 2018). When interventions

are not addressed in national or federal programs, it may be
problematic to implement them purely for evaluation or research
purposes. In case of reactive interventions, this issue is further
complicated due to the legal status of wolves according to the
Bern Convention and the EU Council Directive 92/43/EEC, and
any management intervention additionally interweaves with the
animal welfare issues addressed in the Directive 2010/63/EU.
To our knowledge, the only experimental studies published on
the effectiveness of interventions meant to mitigate and reduce
occurrence of anthropogenic hybridization in wild canids have
been conducted in North America, as part of a federal program
to control introgression of red wolves (C. rufus) by coyotes
(C. latrans; Gese and Terletzky, 2015; Gese et al., 2015). The
findings of these studies suggest that adopting lethal removal in
conjunction with sterilization and release of both coyotes and
introgressed individuals can be an effective strategy. Particularly,
the authors emphasize that genetically testing wild-born litters is
a key management intervention to remove hybrids before they
reach breeding age (Gese et al., 2015).

Management of WDH is a complex issue, intermingling
biological, technical, social, ethical and legal issues, which
currently remain largely unaddressed and unresolved in
the conservation community. Greater consensus among
scientists dealing with management issues may be key to
effectively raise social awareness (Lewandowsky et al., 2013;
Aklin and Urpelainen, 2014), exert coordinated pressure on
decision-makers (de Kerckhove et al., 2015), and ultimately
implement interventions.

The acceptance of the public (e.g., of various groups of
stakeholders) of management interventions is crucial to the
success of any wildlife conservation strategy (Fix et al., 2010;
Teel and Manfredo, 2010). This is especially true when dealing
with highly charismatic flagship species such as the wolf, or with
domestic/companion animals such as dogs that have extremely
complex relationships with humans. In particular, justifying
the implementation of reactive interventions to the public,
comprising lethal removal (Way and Bruskotter, 2012; Lewis
et al., 2017), may be an arduous task for wildlife managers and
politicians alike without strong scientific consensus supporting
this course of action.
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Here, we hypothesize that the technical, social, ethical, and
legal dimensions of the WDH issue may affect each other and
generate fragmented opinions within the scientific community
and, in particular, among experts of different expertise and
educational backgrounds. The debate may then be strongly yet
cryptically value-laden, with disagreement possibly explaining
why science-based management of anthropogenic hybridization
(generally) lags behind compared to other conservation issues
(e.g., climate change; van der Linden et al., 2015) in developing
a common view and crafting effective management criteria
and protocols.

Given the above, our study specifically aims to:

(a) Assess the current discourse on anthropogenic hybridization,
with WDH as a specific case study;

(b) Disentangle whether scientific disagreement emerges from
technical uncertainties or value-laden grounds;

(c) Provide a conceptual framework useful to reduce
disagreement and uncertainties within the scientific
community in dealing with WDH.

METHODS

We used the expert-based, anonymous, iterative Delphi
technique as it is well-suited to address complex issues where
there is high divergence of opinion between different experts
(Mukherjee et al., 2015). Compared to other qualitative
techniques such as surveys, interviews or questionnaires, the
Delphi technique is particularly useful in gathering consensus
and exploring the rationale behind conflicting value positions
(Mukherjee et al., 2018). This technique comprises two or
more rounds of structured questionnaires, each followed by
aggregation of responses and anonymous feedback to the
participants (Mukherjee et al., 2015). Participants may reassess
their views according to the feedback, which may also aid the
reaching of a consensus (Lemieux and Scott, 2011). In our case,
the Delphi technique consisted of three rounds, and respondents
were invited to participate as authors in the final round after the
analysis. The participants were unaware of each other’s identity
while the survey was being conducted. Ethics clearance was
obtained from the University of Exeter before the survey was
launched. Participation in the Delphi technique was based on
informed consent and from the first round onwards, respondents
were self-selected.

We selected a total of 55 European researchers recently
active (i.e., ≥2 publications in the last 10 years) in fields of
WDH and wolf conservation through two complementary
searches on the Scopus4 database. The searches were
conducted on 28th February 2018 and the search terms
used were (“wolf OR wolves+dog+hybrid∗ OR introgres∗”)
and (“wolf OR wolves+ecolog∗+conserv∗”), respectively.
Two other experts were separately contacted based on a
snowball sampling approach, which involves a non-random
sampling method whereby respondents are asked to nominate
other potential respondents (i.e., referrals; Vogt, 2005). The

4www.scopus.com

TABLE 2 | Total response rate to this survey, and response rate by expert title.

Expert title Delphi survey phase

Round I Round II Round III

Ecologist 22 17 17

Geneticist 18 17 17

Biologist 5 4 4

Multidisciplinary scientist 1 1 1

Sustainability scientist 1 1 1

Ethologist 1 1 1

Eco-statistician 1 1 1

Total 49 42 42

Response rate 86% 86% 100%

experts self-identified themselves within their professional
discipline (Table 2).

The questionnaire for Round I, comprised of fourteen
questions, was structured and derived from the current
management guidelines2, 3 on WDH. Respondents were
provided with the option to explain their responses in Round
I and II. The questions for Round II (n = 30) were derived
from a thematic analysis of the responses received in Round I.
Item-specific (IS) responses were selected over agree/disagree
responses, since they can significantly reduce the risk of response
biases in social surveys (Saris et al., 2010; Höhne and Krebs,
2018). Finally, Round III was a structured, close-ended survey
aimed at reaching a consensus on the issues that remained
unresolved in Round II. One additional (open-ended) question
was included in this round, to address in greater detail the
definition and establishment of a genetic threshold to identify
hybrids. None of the questions were compulsory, and the experts
were made aware that all of their responses were anonymous
with respect to the other participants. The questions of all the
three rounds can be found in the Supplementary Material. The
survey was performed via Google forms.

For the purpose of this study a clear distinction was
drawn between three categories of free-ranging dogs
(Boitani et al., 2006):

(a) Stray dogs are abandoned and survive on the streets or in the
countryside, and are relatively comfortable around people as
they were previously in contact with them;

(b) Feral dogs are born in the wild and were never in close
contact with people, thus they might avoid humans or pose a
threat to them;

(c) Owned free-ranging dogs have an owner but are
left unguarded and are thus able to roam off their
owner’s property.

Analysis
Questions were organized along a gradient from conceptual
to practical value (Figure 2). At the Ground Level and Level
1 (Figure 2) questions were targeted at the definition and
management of admixed individuals. At higher levels (i.e., Levels

Frontiers in Ecology and Evolution | www.frontiersin.org 5 May 2019 | Volume 7 | Article 175

www.scopus.com
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org
https://www.frontiersin.org/journals/ecology-and-evolution#articles


Donfrancesco et al. Addressing Wolf-Dog Hybridization in Europe

2–4; Figure 2), questions were framed around management
interventions to address WDH. We performed a permutational
analysis of variance (PERMANOVA; Anderson, 2014) to test
whether consensus significantly varied between question levels.

Using a percentage threshold to evaluate consensus is a
widely-adopted approach in Delphi studies (Diamond et al.,
2014). Setting the threshold depends strictly on context, and it is
an arbitrary decision (Mukherjee et al., 2015). In a recent review
of 98 consensus-based Delphi surveys, Diamond et al. (2014)
report that the consensus threshold tends to range between 50
and 97%, with 75% as themedian value. Considering the inherent
complexity of managing the anthropogenic hybridization issue,
and the multifaceted factors possibly playing a role in fueling
diverging opinions and debate in the scientific community (see
Introduction), we decided to adopt a consensus threshold of
65% (≥27 experts agreeing out of 42), just below the reported
median value (Diamond et al., 2014). Crucially, the threshold
value was decided before commencing the Delphi process
(Mukherjee et al., 2015).

The reasons for dissensus amongst the experts were
explored through a thematic analysis, which was performed
using NVivo (Crotty, 1998). Through NVivo we were able to
arrange the unstructured text collected through our survey
into conceptual themes, following an inductive approach.
Such thematic arrangement was key to neatly provide
explanations for some of the findings of this study. When
assessing consensus level (i.e., Round II and III), a Kruskall-
Wallis test was also performed to explore whether experts
specialized in different subdisciplines held significantly different
opinions. To this aim, only ecologists and geneticists were
considered for this analysis, considering the small sample size of
other groups.

RESULTS

Forty-two experts completed all three rounds of the
Delphi (Table 2). Agreement was reached on 18 out of 30
questions, after three rounds of investigation. Consensus
significantly varied between question levels (PERMANOVA,
p = 0.05); as question levels increased, consensus
decreased (Figure 3).

Definition and Context
Consensus was reached among experts that anthropogenic
hybridization should always be mitigated (32/42
experts agreeing).

Experts (30/42) agreed on always defining admixed
individuals according to their genetic profile. Experts (28/42)
also agreed that management strategies should always be aimed
at preserving the genetic integrity of the species, ensuring
that evolutionary and ecological processes are maintained
exempt from anthropogenic interference. Moreover, experts
(33/42) agreed that admixed individuals should be managed by
formal institutions only, rather than by hunters or the general
public (Figure 4).

Identification of Admixed Individuals
Experts (27/42) agreed that a genetic threshold, representing a
probability value beyond which an individual is considered to be
a hybrid (such as the q-value in assignment tests; Pacheco et al.,
2017) should always be used in detecting admixed individuals.
Experts (27/42) also agreed that such a threshold should be
established through simulation studies aimed to minimize the
risk of incurring assignment errors (i.e., Type I and Type II
errors). Moreover, experts (27/42) agreed that, in small wolf
populations, Type II errors should be expected to have the
most meaningful conservation consequences, and they should be
preferentially avoided in such situations (Figure 4).

Experts (32/42) agreed that sometimes genome-wide analyses
should be adopted for the purpose of management (Figure 4).
Amongst the seven experts who provided an explanation for
“sometimes,” two suggested that whether or not to use genome-
wide analyses would depend upon the quality of the samples
collected. Another two suggested adopting them only when
circumstances are neither critical nor urgent, since these analyses
could be highly time-consuming. Two more experts suggested
that genome-wide analyses should be adopted for backcrossed
individuals only, since they are the least conspicuous from a
genetic perspective. Lastly, one expert suggested that genome-
wide analyses may be adopted in demographically threatened
wolf populations which may be the most vulnerable to the effects
of assignment errors (i.e., both Type I and II errors).

Experts did not agree on how to consider individuals bearing
putative morphological traits indicating hybridization (e.g.,
Ciucci et al., 2003), but which are genetically identified as non-
admixed (Figure 4). Amongst the 13 experts who provided an
explanation for their response, five suggested that anomalous
phenotypic traits may not always be a reliable sign of admixture,
and that diagnoses should always be based on genetic evidence.
In contrast, the remaining experts suggested that the choice
may vary according to technical circumstances, such as the
laboratories that conducted the analyses and the respective
number of genetic markers used.

Experts also did not agree on whether admixed individuals
should be conserved if they are good ecological surrogates
of parental individuals (Figure 4). Amongst the nine experts
who provided an explanation to their response, three opposed,
and two were skeptical, about adopting this approach because
there is a paucity of data on whether admixed individuals
can actually be considered good ecological surrogates of
parental individuals. One expert also opposed this approach
because admixed individuals may be poorly perceived by and
have lower conservation value to the public regardless of
their ecological role. In contrast, three experts were open
to the idea of adopting this approach, because they valued
the ecological role of admixed individuals regardless of their
genetic identity.

Lastly, experts did not agree on whether admixed individuals
should be conserved if they have greater evolutionary potential
than parental individuals (e.g., increased Darwinian fitness;
Figure 4). Amongst the nine experts who provided an
explanation to their response, three opposed this approach
because management should not be aimed at preserving fitter,
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FIGURE 2 | Hierarchical structure of the questions used in a Delphi survey to assess the degree of consensus among 42 European experts in dealing with

management of wolf × dog hybridization. The questions in this survey were ranked according to the type of approach they addressed, from conceptual to practical,

aiming to investigate at which level disagreement occurred. At the Ground Level is found Q1. At Level 1 are found questions 2–11. At Level 2 are found questions

12–15. At Level 3 are found questions 16–26. At Level 4 are found questions 27–30. See Supplementary Materials for the questions.

FIGURE 3 | Degree of consensus reached by selected experts (n = 42), on

topics of wolf x dog hybridization. Bold lines represent the median, boxes

represent the upper and lower quartile range, and the whiskers represent the

maximum and minimum value of outliers. As Level increases, the questions

addressed to the experts discuss increasingly practical issues (see Figure 2).

Question level has a significant effect on consensus (PERMANOVA, p = 0.05),

which wanes as question level increases.

rather than preserving natural, populations. One expert was
supportive of this approach because admixture may allow
populations to adapt to changing environmental conditions.
The remaining experts were skeptical about using this approach,
because there is a lack of knowledge on whether, and what,

traits may bring increased fitness to admixed individuals over
the long-term.

Management
Experts agreed to always implement preventive (i.e., community
education) and proactive (e.g., control of free-ranging
dogs, constraining human-driven factors facilitating WDH)
interventions (37/42 and 30/42 experts, respectively). In
contrast, experts (27/42) agreed on using reactive interventions
(i.e., the active management of admixed individuals) only for
small and recovering wolf populations. The use of reactive
interventions in large and stable populations did not reach
consensus. Amongst the 20 experts who provided an explanation
to their response, two suggested that active management
should always be applied as much as possible to prevent gene
introgression. In contrast, another two suggested that single
admixed individuals do not pose a significant genetic threat to
stable and large wild populations, and thus active management
in these cases should not be adopted. The remaining experts
suggested that such choices would depend on the spread and rate
of hybridization in local contexts.

Experts (30/42) agreed that sometimes capture, sterilization
and captivity may need to be adopted as a management
intervention for admixed individuals (Figure 5). Amongst the
eight experts who explained their response, all suggested that one
such a circumstance favoring the use of captivity would be a social
context in which lethal removal is strongly opposed by the public.

In contrast, experts did not agree on whether to adopt capture,
sterilization and release (i.e., the placeholder concept; Gese and
Terletzky, 2015) as a non-lethal measure (Figure 5). Dissensus
was driven by diverging ethical and socio-ecological views.
Amongst the 16 experts who provided an explanation to their
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FIGURE 4 | Visual representation of conceptual areas of wolf x dog hybridization where consensus was reached, in a Delphi study with a group of selected experts (n
= 42). Four dimensions/bases (i.e., Ecological, Evolutionary, Human, Genetic) are adopted to characterize definition issues, and their respective management

implications (in the boxes underneath them). Boxes outlined in black reached consensus (i.e., at least 27/42 experts agreeing). Boxes faded-in did not reach

consensus, and the respective topics they address need to be particularly emphasized in discussions and symposium settings, to aid effective management.

FIGURE 5 | Visual representation of management interventions to mitigate wolf × dog hybridization, explored in a Delphi study with a group of selected experts

(n = 42). Management approaches on which experts’ consensus (i.e., at least 27/42 experts agreeing) was reached are outlined in black. Consensus was reached

against the management approaches that are outlined in red. Approaches that are faded-in did not reach consensus, and deserve particular emphasis in discussions

and symposium settings, to aid effective management.

response, five suggested never releasing admixed individuals
because of either: (i) increased resource competition with wolves,
(ii) potential conflicts with livestock, or because (iii) the presence
of admixed individuals in wolf populations may affect the social
perception of the latter. The remaining experts suggested that

whether or not release should be available as a tool would depend
upon local contexts, such as the social attitudes toward the
release of individuals. Nonetheless, should admixed individuals
be captured, sterilized, and released, experts (28/42) agreed that
sterilization should be performed through methods ensuring
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the maintenance of regular hormonal levels, associated with
the normal social and territorial behavior of the individuals
concerned (Figure 5).

Experts did not agree on whether to lethally remove admixed
individuals (Figure 5), and in this case the dissensus was
influenced by diverging ethical viewpoints. Amongst the 21
experts who provided an explanation to their response, four
supported it on the basis of being the most humane method, and
another five supported it because management needs access to a
range of different tools. In contrast, three experts opposed lethal
removal of admixed individuals because it would be morally
wrong, and another expert opposed it because it would be socially
unacceptable among the public. The remaining experts suggested
adopting it only as a last resort, when no other interventions
are feasible. None of the lethal tools for removal of admixed
individuals (i.e., direct shooting, removal of pups from dens,
and live-capture followed by euthanasia) reached the consensus
threshold (Figure 5).

When managing stray and feral dogs, experts’ consensus was
reached against the use of capture, sterilization, and release
(Figure 5), both times with 27/42 experts agreeing. This was
largely due to the socio-ecological impacts of free-ranging dogs
that extend beyond wolf conservation (e.g., predation on wild
animals and livestock, involvement in zoonosis, and potential
danger for people).

Experts (30/42) agreed that capture, sterilization, and captivity
should always be available as a management intervention for
stray dogs. Experts also agreed that owned, but free-ranging
dogs should always be captured and returned to their owner,
and that their owners should always be considered accountable
by local law for letting their dogs loose (29/42 and 40/42
experts, respectively). No consensus was reached on adopting
lethal means to manage free-ranging dogs (Figure 5). Amongst
the experts who explained their response, two opposed lethal
removal of both stray and feral dogs because this tool would be
either socially unacceptable, or morally wrong. In contrast, two
experts who supported lethal removal considered it an efficient
and practical tool. Lastly, six experts considered adopting lethal
removal only occasionally, such as when dogs cause issues with
people, or when there is no feasible alternative.

Experts from different disciplines gave significantly different
responses to five questions in the consensus-based rounds of the
survey (i.e., Round II and III). Overall, ecologists were more
supportive of reactive interventions and lethal removal than
geneticists (Figure 6). For instance, 10/17 ecologists compared
to 4/17 geneticists supported a systematic removal of admixed
individuals from stable wolf populations (Kruskas-Wallis Test,
p= 0.03; Figure 6).

Differences Between Rounds
Although not all the questions reached consensus after Round
III, consensus levels increased from Round II to III, on three
questions. Disagreement decreased concerning the adoption
of reactive interventions in large and stable wolf populations
(from 12/42 experts replying “never,” to 3/42), while agreement
increased (from 9/17 experts replying “always,” to 17/42).
Disagreement also decreased toward the lethal removal of stray

dogs (from 10/42 experts replying “never,” to 6/42), while
agreement increased (from 9/17 experts replying “always,” to
13/42). Lastly, disagreement decreased toward the lethal removal
of wolf pups from dens (from 12/42 experts replying “never,”
to 7/42).

DISCUSSION

Despite disagreement on some WDH issues, the experts agreed
that anthropogenic hybridization represents a conservation
problem that needs to be mitigated. Such agreement provides
bases for further development in the debate amongst scientists.
Furthermore, it allows us to conclude, through our survey, that
there is agreement at the level of the problem but not quite yet at
the level of the solutions (i.e., mitigation strategies).

Although not all experts were geneticists, agreement was
reached on the need for a genetic-based evidence to detect
admixed individuals (Figure 4). In particular, the experts agreed
on using a probabilistic threshold based on simulation studies
and, when managing small and recovering wolf populations, on
always showing a preference toward adopting a conservative
threshold—that is, toward a relatively lower risk of incurring
Type II error. Agreement on the need to base management
interventions on genetic assessments suggests that the standards
currently reached by genetic tools (e.g., type and number of
markers, diagnostic procedures; cf., Hindrikson et al., 2017)
provide more coherent and objective results compared to those
obtainable using phenotypic cues. On this note, consensus on
how to define hybrids provides concrete indications to establish
legal framework, normative, and management criteria/protocols.

Experts’ agreement tended to be stronger at lower, more
conceptual levels, and weaker at higher, more practical levels
of the WDH conceptual framework (Figure 3). In particular,
while the use of preventive, proactive, and reactive interventions
(especially in small and recovering wolf populations) reached
consensus, lack of agreement prevailed on the tools to implement
reactive interventions, especially concerning the adoption of
lethal removal (Figure 5). Firstly, this finding suggests that
possible value-laden viewpoints held by scientists of different
expertise and disciplinary backgrounds increasingly emerge
when dealing with practical, hands-on issues. Although we
cannot dismiss the role that other confounding factors (e.g.,
age, gender, cultural background, country of origin, working
context, perception of management issues) may play in affecting
experts’ opinions, we believe that the contrast between, and the
commonalities within, disciplines that we observed reveal the
overarching effect that the educational background and the field
of expertise may have in shaping experts’ points of view. This
hints to an ongoing “paradigm shift” (i.e., the shift of intellectual
frameworks of ideas; Kuhn, 1962) in conservation biology,
whereby communities of scientists, each specialized in their own
field, progressively develop intrinsically contrasting views on how
to handle wildlife management problems. Embracing the idea
of shifting paradigms is central to avoid alienating parts of the
scientific community, and to promote a more unified scientific
knowledge and wisdom, which is pivotal to effectively transmit a
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FIGURE 6 | Responses to a series of questions on wolf x dog hybridization by a selected group of experts, who self-identified themselves as either ecologists (n = 17)

or geneticists (n = 17). The p-value in italics indicates that the responses of ecologists and geneticists were significantly different (Kruskal-Wallis Test). Ecologists were

more supportive of reactive interventions and lethal removal than geneticists.

conservation concern to the society at large (Lewandowsky et al.,
2013; Aklin and Urpelainen, 2014).

Secondly, opposition toward lethal removal of admixed
individuals may arise as a form of strategic conservation planning
amongst the respondents in our study. Some scientists may prefer
avoiding the risk of giving carte blanche to wolf opponents to
(illegally) remove wolves based on theWDH issue, as it is already
occurring in parts of Europe (e.g., Peltola and Heikkilä, 2018).
While this point was not specifically raised by the respondents
to the appropriate question (i.e., lethal removal), it explains
the strong consensus reached on the management of admixed
individuals by formal institutions only, as opposed to by hunters
or the general public. Moreover, this point was also raised
by the respondents when discussing the implementation of
reactive interventions.

Thirdly, disagreement and the influence of value-laden
viewpoints on the scientific debate underline the lack of scientific
evidence on the effectiveness of management alternatives (e.g.,
lethal removal vs. sterilization and release). Controversial
management tools for WDH are currently proposed in the
absence of clear evidence from scientific studies. While this is
customary in conservation biology as a crisis discipline (Walters
and Hilborn, 1978; Burgman, 2005), when the recommended
interventions touch upon issues that are particularly ethically
and socially sensitive it is not surprising to face skepticism,
disagreement, and lack of support (cf., van Eeden et al., 2017).

Rather than being a cultural taboo that evades the scientific
rationale within the scientific community, these aspects should
be urgently addressed by specific studies aimed at producing the
necessary evidence to foster the scientific debate and consensus
toward more robust, effective, and feasible management
approaches. Approaches that are supported by scientific evidence
may attract less controversy both within the scientific community
and the society at large, even when they are socially and

ethically challenging (Carter and Wiles, 2014). Contrastingly,
controversial interventions may have expectedly lower chances
of being agreed upon, and routinely adopted by management
authorities, if they are not evidence-based.

Similar conclusions, concerning the dearth of studies, may
be drawn about the lack of agreement documented on whether
the ecological role and evolutionary potential of admixed
individuals should influence management decisions (e.g., Daniels
and Corbett, 2003; Fitzpatrick et al., 2015). In this context,
hybridization between wild and farm salmon (Salmo salar)
represents a textbook example of what scientific research
can achieve when enough effort is undertaken. For instance,
compared to wild salmon, F1 and B1 hybrids are poorer
competitors (Skaala et al., 2012), grow significantly larger, and
mature significantly slower (Yates et al., 2015). Nevertheless,
further backcrosses seem to reach reproductive maturity earlier
and gain higher breeding success than parental individuals,
enhancing chances for gene introgression (Garant et al., 2003).

Through our survey, we observed that the recent literature
on WDH is essentially represented by genetically-based studies
compared to other disciplines relevant to management (e.g.,
ecology, behavioral ecology, physiology). This is foreseeable
in a period when genetic tools/techniques are developing
rapidly and are critically needed to provide answers to most
fundamental issues (e.g., how to detect hybrids in a wild
population), and without which anymanagement progress would
be either controversial or ineffective at best. However, this may
also conceal an underlying issue if the views of experts of
different background are significantly diverging. To that account,
ecologists and wildlife managers are now in the position to build
on the most recent developments in the field of genetics and
conduct empirical, experimental, or simulation studies to design,
inform, and support management programs through robust and
reliable evidence.
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Concluding Remarks
The findings of our study on WDH can be applied to
the broader issue of anthropogenic hybridization, given the
current unresolved policies (e.g., Trouwborst, 2014; Piett et al.,
2015; Wayne and Shaffer, 2016) and the likely hindered
implementation of mitigation interventions (e.g., Salvatori
and Ciucci, 2018). In a recent study, Lute et al. (2018)
explored professionals’ (including social and natural science
researchers, wildlife managers and NGOs) views on large
carnivore conservation, noting that greatest polarization of
opinions occurred on the use of lethal removal. Our study
corroborates Lute et al. (2018)’s findings, reinforcing the idea that
dissensus on lethal removal represents a clear and tangible issue
within the scientific community. In addition to ethical reasons,
however, opposition to lethal removal as a WDH management
tool by a large sector of the scientific community could also
reflect awareness by scientists that this, on practical grounds, may
provide wolf opponents with opportunities to remove wolves
even when the act is illegal (e.g., Peltola and Heikkilä, 2018).
Moreover, a paucity of experimental data on the effectiveness
of lethal removal as a management intervention fosters the
dissensus. Thereby, there is a need for empirical studies to
advance an effective and evidence-based management of WDH.

Our study also provides a conceptual framework highlighting
areas of scientific agreement/disagreement on topics of WDH,
and anthropogenic hybridization in general, which may be a
valuable tool in shaping focused debates (Figures 4, 5). Most
crucially, we believe that such debates may benefit from (i) a
clearer identification of the management goals and objectives
(e.g., biological vs. political and socio-economic) and their
temporal framework (i.e., short vs. long-term); and by (ii)
obtaining empirical and reliable evidence on the effectiveness and
feasibility of lethal removal as a management tool compared to
available alternatives.

Dissensus within the scientific community can have far
reaching consequences. In contexts of WDH, one-size-fits-
all solutions may not be feasible, and greater engagement
in determining case-by-case interventions is recommended,
especially within the scientific community, but also amongst
scientists, practitioners and decision-makers.
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