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Abstract: The extraordinary population growth of certain ungulate species is increasingly a concern in agro-
forestry areas because overabundance may negatively affect natural environments and human livelihoods. How-
ever, society may have negative perceptions of killing wildlife to reduce their numbers and mitigate damage. We
used an online survey that included a choice experiment to determine Spanish citizens’ (n = 190) preferences
toward wildlife population control measures related to negative effects of ungulate overabundance (negative
impacts on vegetation and other wildlife species and disease transmission to livestock) in 2 agroforestry national
parks in Spain. We used latent-class and willingness-to-pay in space models to analyze survey results. Two percent
of respondents thought a national park should have no human intervention even if lack of management may cause
environmental degradation, whereas 95% of respondents favored efforts to reduce damage caused by overabundant
ungulate species. We estimated human well-being losses of survey respondents when sustainable effects of deer
overabundance on the environment became unsustainable effects and well-being gains when sustainable effects
transitioned to no visible effects. We found that the type of wildlife-control program was a very relevant issue
for the respondents; indirect control in which killing was avoided was the preferred action. Sixty-six percent of
respondents agreed with the option of hunters paying for culling animals to reduce ungulate impacts rather than
management cost coming out of taxes, whereas 19% of respondents were against this option and willing to pay
for other solutions in national parks. Our results suggest that killing wildlife in national parks could be a socially
acceptable tool to manage overabundance problems in certain contexts, but it could also generate social conflicts.
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Soluciones para las Actitudes Sociales hacia el Control Letal de la Fauna en Parques Nacionales

Resumen: El extraordinario crecimiento de ciertas poblaciones de ungulados es cada vez más preocupante en
las áreas agroforestales ya que la sobreabundancia puede afectar negativamente al ambiente natural y el sustento
humano. Sin embargo, la sociedad puede percibir negativamente el exterminio de fauna para reducir sus números
y mitigar el daño. Usamos una encuesta en ĺınea que inclúıa un experimento de elección para determinar las
preferencias de los ciudadanos españoles (n = 190) por las medidas de control poblacional relacionadas con
los efectos negativos de la sobreabundancia de ungulados (impactos negativos sobre la vegetación y otras especies
silvestres y el contagio de enfermedades al ganado) en dos parques nacionales agroforestales de España. Usamos
la clase latente y la disposición para pagar dentro modelos espaciales para analizar los resultados de la encuesta. El
2% de los respondientes creyó que un parque nacional no debeŕıa tener intervención humana, incluso si la falta de
manejo pudiera causar una degradación ambiental. Mientras tanto, el 95% de los respondientes estuvieron a favor
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2 Wildlife Control

de los esfuerzos para reducir el daño causado por la sobreabundancia de ungulados. Cuando los efectos sustentables
sobre el ambiente de la sobreabundancia de venados se convert́ıan en efectos insostenibles, los estimamos como
pérdidas de bienestar humano para los respondientes de la encuesta; cuando los efectos sustentables transitaron
hacia la nula visibilidad de efectos, los estimamos como ganancias de bienestar. Descubrimos que el tipo de
programa de control de fauna era un tema muy relevante para los respondientes; el control indirecto, en el que se
evita el exterminio, fue la acción preferida por los respondientes. El 66% de los respondientes estuvo de acuerdo
con la opción de que los cazadores paguen por sacrificar animales para reducir el impacto de los ungulados en
lugar de que el costo del manejo provenga de los impuestos, mientras que el 19% de los respondientes estuvo
en contra de esta opción y dispuesto a pagar por otras soluciones en los parques nacionales. Nuestros resultados
sugieren que el exterminio de vida silvestre en los parques nacionales podŕıa ser una herramienta socialmente
aceptable para manejar problemas de sobreabundancia en ciertos contextos, pero también podŕıa generar algunos
conflictos sociales.

Palabras Clave: caceŕıa, conflicto, experimento de elección, sobreabundancia, retorno a la vida silvestre,
ungulados
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Introduction

In most developed countries there is a growing de-
mand for natural landscapes and a desire to let areas un-
dergo natural succession (i.e., rewilding [Corlett 2016]).
However, nonintervention could produce environmen-
tal degradation in certain cases (Delibes-Mateos et al.
2019). For example, seminatural habitats traditionally
maintained by anthropogenic activities, such as grazing
or extensive agriculture, harbor a high diversity of ani-
mals and plants (San Miguel et al. 2010), and a lack of
active management may be ecologically less favorable for
some species (Delibes-Mateos et al. 2019). This has led to
an increasing scientific debate between conservation sci-
entists who believe natural processes should be allowed
to take their course without human intervention (Deary
& Warren 2017) and those who advocate for managing
nature actively (Linnell et al. 2015). Some of the general
public also thinks there should be no intervention, and
the debate about when and where to carry out interven-
tions to maintain, reduce, or enhance wildlife popula-
tions has been heated at times (Nelson et al. 2016).

This debate may be particularly contentious in relation
to national parks. These areas are meant to be a reflec-
tion of wilderness, but management of certain ecological

situations may be needed, particularly when habitat pro-
tected by national parks is already created or maintained
through human activities or when national parks are rel-
atively small and thus largely influenced by activities out-
side them, as happens frequently in Europe. Management
objectives of protected areas are usually based on scien-
tific information about the ecology of the system and the
efficiency of different management tools. However, there
is a need to assess how people perceive management of
protected areas because social preferences may influence
the management tools chosen to attain certain objectives
and their success (Treves et al. 2006; Mace 2014). An
extreme case of valuable ecosystems that could be com-
promised by a nonintervention model is national parks in
agroforestry systems.

In many agroforestry systems in Europe and North
America, the expansion of forests as a consequence of
land abandonment (e.g., Lasanta et al. 2015), intensifica-
tion of certain hunting management practices (supple-
mentary feeding, fencing, etc.), and a lack of large preda-
tors has resulted in a tremendous increase in ungulate
numbers (e.g., Côté et al. 2004; Apollonio et al. 2010;
Herruzo & Mart́ınez-Jauregui 2013). These increases are
related to a number of negative impacts on ecosystems
and human livelihoods, including detrimental effects on
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vegetation (e.g., Gerhardt et al. 2013) and other fauna
(e.g., Gill & Fuller 2007), disease transmission to live-
stock (e.g., Gortázar et al. 2007), traffic accidents (e.g.,
Bruinderink & Hazebroek 1996), and damage to crops
(e.g., Bobek et al. 2017). Models predict that the number
and extent of favorable areas for ungulates will increase in
the next decades (Acevedo et al. 2011), suggesting that
their distribution and abundance and the damage they
cause could increase. There is growing concern about
overabundant (i.e., beyond carrying capacity) ungulate
populations in Europe and North America (Côté et al.
2004).

Reducing ungulate numbers and mitigating their dam-
age can be done multiple ways, such as culling (Nugent
et al. 2011), translocation (Massei et al. 2010), contra-
ception (Boulanger et al. 2012), introduction of large
carnivores (Ritchie et al. 2012), fencing to prevent veg-
etation browsing (VerCauteren et al. 2006), vaccination
to prevent disease transmission (Gortázar et al. 2011),
management of food and water points to prevent contact
between wild and domestic animals (Putman & Staines
2004), etc. The application and success of different man-
agement tools depend on many ecological and human
factors (Simard et al. 2013; Nelson et al. 2016). Among
other things, acceptance of the techniques employed and
collaboration between stakeholders involved are impor-
tant (Treves et al. 2006). Several societies have a negative
perception of different wildlife population management
tools (e.g., Liordos et al. 2017). Lethal control may be one
of the most effective tools to mitigate wildlife damage
(Van Eeden et al. 2018), although consequences are not
always certain (Simard et al. 2013). Nowadays, there is
a growing repudiation of it (Dandy et al. 2011; Liordos
et al. 2017), which may be influenced by mass media
campaigns against it (Gore & Knuth 2009). Acceptance
may depend on damage or threat levels, on the species
involved, and on the goal of the intervention (e.g., Jacobs
et al. 2014; Sponarski et al. 2015; Liordos et al. 2017),
which all in turn have ethical and emotional underpin-
nings (Nelson et al. 2016).

Most knowledge about people’s attitudes toward
wildlife management that takes into account the per-
ceived level of damage has been generated in studies that
considered direct impacts on human livelihoods or safety
(e.g., Jacobs et al. 2014; Sponarski et al. 2015; Liordos
et al. 2017). Much less information is available on atti-
tudes toward wildlife management linked to ecosystem
effects (Jacobs et al. 2014; Johnson & Horowitz 2014).
It is essential to assess not only people’s acceptance of
different management methods, but also how this relates
to the economic costs associated with the use of alterna-
tive management tools. However, the use of environmen-
tal economics to quantify societal preferences is rarely
considered (Austin et al. 2011; Brock 2015). It is particu-
larly interesting to address these points in relation to na-
tional parks because societal acceptance of human inter-

ventions in these areas may differ from acceptance of in-
terventions in other areas less valued from a conservation
perspective. Assessing the balance between sensitivities
related to nonintervention, nonlethal control, and lethal
control used to minimize ungulate damage in agroforestry
protected areas may inform and contribute to rethink-
ing the concept of pristineness and wilderness manage-
ment dilemmas in these areas of high conservation value
(Kalamandeen & Gillson 2007; Hobbs et al. 2010). It
might also contribute to the debate around the use of
recreational hunting to provide funding for conservation
(Nelson et al. 2016).

We sought to improve knowledge of the societal ac-
ceptance of different management tools to control over-
abundant populations of ungulates in national parks in
southern Europe. We used environmental economics
tools based on individual stated preferences to analyze
the trade-offs between environmental and human costs
of overabundance and management tools. This approach
allowed us to estimate the change in well-being asso-
ciated with different scenarios and to consider soci-
etal preferences related to lethal and nonlethal wildlife
control.

Methods

Study Area

The Spanish Cabañeros and Monfragüe National Parks
(Fig. 1), established in 1995 and 2007, respectively, are
representative of Mediterranean agroforestry areas. These
parks are 408 and 184 km2, respectively. The main objec-
tives of Spanish national parks are to ensure the conser-
vation of their natural and cultural values. According to
the Spanish legislation, national parks are places where
natural processes are a priority, although proactive man-
agement may become necessary to preserve ecological
equilibrium.

The red deer (Cervus elaphus) is a hallmark of these
parks. Large predators that may prey on ungulates do
not occur in the study area. Red deer densities in both
parks are >15–30 individuals/km2 (similar to densities
in surrounding areas) (Acevedo et al. 2008). Such high
deer numbers are associated with significant damage to
vegetation (Perea et al. 2014), high disease prevalence
(Gortázar et al. 2006), and the displacement of other
wildlife species (Lozano et al. 2007) in similar ecosys-
tems. Also, large densities of ungulates lead to increased
physical contact between wildlife and livestock, result-
ing in increased disease transmission risk (Gortázar et al.
2007). Traffic accidents and crop damage are also cited
among the effects of overabundant ungulate populations,
although there are fewer such problems in the study areas
because crops inside the parks do not have a production
aim and traffic is limited. Further description of the effects
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Figure 1. National parks and location of the Monfragüe National and Cabañeros National Parks in Spain.

of deer overabundance in the study areas is in Supporting
Information.

In the studied national parks, deer densities and their
impacts are considered sufficiently high by park man-
agers to warrant regular ungulate management to reduce
damage. Actions are usually live trapping of deer (carried
out by park rangers) and subsequent transportation of
trapped animals to a private hunting ground (trap and
relocate) or a slaughterhouse (trap and kill). Culling and
other indirect measures to mitigate ungulate impacts,
such as fences for the protection of vegetation and un-
gulate vaccination, are also used. Recreational hunting is
not allowed in Spanish National Parks.

Data

An online survey was conducted in February 2018 on
the web platform www.tickstat.com. We used a stratified
consumer panel and identified 190 people representative
of Spanish society relative to rural and urban populations,
age, and gender. Respondents had to be �18 years old.
The online questionnaire included several initial ques-
tions on knowledge of and experience with Spanish na-

tional parks (questionnaire in Supporting Information).
The questionnaire also dealt with respondents’ a priori
perceptions of the effects of overabundant ungulates on
ecosystems and human livelihoods and current ungulate
management tools in Spanish National Parks.

The questionnaire included 12 choice cards (details
in “Choice Modeling” below). After responding to the
choice cards, respondents chose their preferred deer-
management program taking into account that the cost
of the program varied depending on the chosen level of
management. The costs reflected the average marginal
willingness to pay (WTP) estimated in a pilot phase (see
below) of the questionnaire. Once they selected their
preferred management program, respondents were re-
ferred to a scenario in which recreational hunters cover
the cost of the preferred program, rather than the cost
being covered by tax payments.

Choice Modeling

Choice modeling (CM) includes a set of economic valu-
ation methods based on stated individual preferences.
Respondents choose or rank several scenarios (Lou-
viere et al. 2000) that present different combinations of
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levels of the attributes related to the subject matter. These
combinations are the result of an experimental design
based on D-efficient criteria (Rose et al. 2008) and were
produced with Ngene software. Several pretests of the
questionnaire were performed, including 2 pilot surveys
with 39 and 35 individuals, respectively. Pilot surveys
were conducted to get the priors for the experimental
design.

We examined the social preferences of respondents
for different management tools employed in relation to
the level of effects of red deer overabundance on vege-
tation and other wildlife species and the level of risk of
infection to livestock (an indirect measure of the effect
on human activities). Effects were categorized as damage
not visible (no damage); damage visible but the system
is sustainable (sustainable); and damage visible and the
system is unsustainable (unsustainable). In the cards pre-
sented to the respondents, the terms sustainable and
unsustainable were not used. Rather, we used specific
terms to describe each category. For sustainable, we
mentioned only that damage was visible; for unsustain-
able, we used, for example, “there are problems with
the growth of some plants and some species are missing
from the park” (definitions of terms are in Supporting In-
formation). A no-management alternative was presented
as a “no program” scenario (i.e., no management in na-
tional parks). In this context, lack of a program to con-
trol deer overabundance would have negative effects on
these 2 national parks. A detailed description of selected
attributes and their respective levels are disaggregated in
Fig. 2.

Individuals chose their most preferred and least pre-
ferred programs, and a full ranking was obtained. Figure 3
shows an example of choice cards. A respondent’s choice
among the scenarios presented on each card represented
their idea of trade-offs among management tools, envi-
ronmental impacts, and the price attribute. This let us
estimate their WTP for each of the management tools rel-
ative to the different levels of environmental impacts. We
used the most preferred choices (Caparrós et al. 2008)
in a WTP-in-space model to estimate respondents’ pref-
erences. The model was run with the software NLOGIT
version 6.0. We assumed normally distributed random
parameters (Train & Weeks 2005). We also used a latent
class model (LCM) with random parameters (Soliño &
Farizo 2014; Soliño et al. 2018) to analyze heterogeneity
among respondents (Varela et al. 2014) with Latent GOLD
version 5.1 software (Vermunt & Magidson 2016) (details
in Supporting Information).

Results

Respondents included 95 men and 95 women, and their
average age was 47 years (range 18–85 years). Most
(>80%) had visited a national park in Spain at least once.

Monfragüe (15% of respondents) and Cabañeros (13%
of respondents) were in the tenth and twelfth visitation
positions, respectively, among the 15 Spanish national
parks. Seventy percent of the respondents were willing
to visit a national park in the following year. Monfragüe
and Cabañeros were chosen for a visit <12% of the
time.

More than 90% of respondents expressed their a priori
opinion about the effects of overabundant ungulates on
ecosystems and livelihoods, whereas few selected the
not-sure option. On a scale of 1–5 (1, most negative; 5,
most positive), respondents thought that the more nega-
tive impacts of ungulate overabundance were road acci-
dents (2.1 score on average), crop damage (2.4), and veg-
etation damage (2.5). The rest of the analyzed attributes
were perceived as being less affected by an overabun-
dance of deer (Table 1). Among the set of management
tools to deal with deer overabundance in national parks,
respondents were only in a priori agreement (1, strong
disagreement; 5, strong agreement) with use of indirect
measures (3.8) to mitigate ungulate damage. Respondents
were indifferent to other management options (Table 1).
Approximately one-third of the participants (32%) were a
priori against the use of lethal control of deer in National
Parks, and 52% of them did not change their position
in extreme cases, such as overabundant deer increasing
the risk of lethal traffic accidents, damaging protected
animals and plant species, or threatening the red deer
population.

Choice modeling showed that most respondents (95%)
had positive preferences toward managing deer over-
abundance. All the attributes’ coefficients (WTP) were
statistically significant at the 95% level, and the signs of
the effects were as expected (Table 2). Human well-being
was subject to losses as sustainable effects transitioned
to unsustainable effects and to gains as effects transi-
tioned to no visible effects (no damage). Coefficients
were higher for unsustainable effects than for sustainable
effects, indicating stronger well-being losses in the former
case. Respondents thought the unsustainable impact of
deer overabundance on livestock was the most important
effect to avoid (WTP €137), followed by unsustainable
effects of overabundant deer on wildlife (€80) and on
vegetation (€75). However, comparisons of WTP for the
no-damage options showed that the largest gain in well-
being was on no damage to vegetation (€37), followed by
no damage to wildlife (€23) and no damage to livestock
(€22), precisely the opposite order of effects. Indirect
measures were on average the preferred management
tool (€201), followed by live trapping (€141).

Only 2% of respondents always chose no interven-
tion in the choice experiment and thus thought a na-
tional park should follow its course without human
intervention. These respondents explicitly expressed
their reasoning in answers to a follow-up question and
were willing to accept the environmental degradation of
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Attribute Level of attribute Image used in 
the experiment

How the overabundance of red deer 
is managed (HOW): overabundance 
of red deer and their effects can be 
controlled in various ways

culling: park rangers shoot some 
red deer

live trapping: some red deer are 
captured alive and are carried to 
a private hunting ground (trap
and relocate) or a slaughterhouse 
(trap and kill).
indirect measures, such as 
installing fences to protect 
vegetation, deer vaccinations to 
limit disease transmission, etc.

Effects on vegetation (VEG): 
overabundance of red deer can cause 
damage to vegetation because the 
leaves, branches, flowers, and fruits 
are eaten 

damage not visible in vegetation 
(VEG_nodamage)

damage to the vegetation can be 
observed (VEG_sust)

damage to the vegetation can be 
observed; there are difficulties 
for the growth of new plants;
and some species are missing in 
the park (VEG_unsust)

Effects on other wildlife (WILD): 
overabundance of red deer can 
displace other wildlife species that 
compete for the same food, shelter, 
water, habitat, or the use of space. 

damage to other wildlife species 
not visible (WILD_nodamage)

damage to other wildlife can be 
observed (WILD_sust)

damage to other wildlife can be 
observed; some animals have 
difficulty reproducing and are 
missing in the park 
(WILD_unsust)

Effects on livestock (LIV):
overabundance of red deer increases 
probability of contact with livestock 
and thus favors the transmission of 
diseases to livestock. 

low probability of infection 
(LIV_nodamage)

moderate probability of infection 
(LIV_sust)

high probability of infection 
(LIV_unsust)

Cost: annual payment for selected 
program via increase of taxes 
( /year)

10, 20, 30, 40, 50, 60

Figure 2. In the choice experiment, attributes and levels of damage and interventions to mitigate damage from
overabundance of red deer.
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Figure 3. Example of a card used in the choice experiment.

Table 1. Perception of the impacts caused by deer overabundance and
of management tools available to mitigate such damage in 2 Spanish
national parks.

n Average
a

SD

Factors deer overabundance affects
traffic accidents 176 2.1 0.80
agricultural crops 184 24 0.90
plants 183 2.5 1.03
water 177 2.7 0.91
soil 171 2.8 0.84
other wildlife species 176 2.8 0.92
cattle 178 2.9 0.88
own deer population 176 2.9 1.06
landscape 176 3.3 1.09

Management tools in Spanish national parks
b

recreational hunting 190 3.1 1.24
trap and relocate or trap and kill 190 2.7 1.35
culling 190 2.7 1.40
indirect measures 190 3.8 1.01

aPerception score: 1, very negative perception or strong disagreement;
2, negative perception or slightly disagreement; 3, indifferent; 4, pos-
itive perception or slight agreement; 5, very positive perception or
strong agreement.
bRecreational hunting, hunters pay a fee to hunt red deer; trap,
animals trapped live and removed from the park; cull, rangers kill
red deer; indirect, fencing, vaccination, etc.

these biodiversity-rich areas that would result from no
intervention.

Results of the WTP in space model showed high het-
erogeneity among respondents, and the LCM identified

3 different classes of behavior (Table 3). We found that
44.5% of respondents (class 1, general interventionists)
attached more importance to unsustainable effects than
to management tools. The vegetation interventionists
(class 2, 41.9% of respondents) were significantly in-
fluenced by the tools to be employed, impacts of over-
abundant deer on vegetation, and unsustainable livestock
damage. Wildlife interventionists (class 3) were 13.7%
of the sample, and their WTP was mainly explained by
management tools to be employed, wildlife effects of
deer overabundance, and unsustainable livestock dam-
age. A comparison of WTP values in the WTP in space
and LCMs is in Supporting Information.

Sixty-six percent of respondents agreed to selling per-
mits to hunters to cull deer so they could avoid paying
additional costs to control overabundant deer. In this
way, additional funds would be raised without additional
monetary efforts for the citizens. Nineteen percent of
respondents were willing to implement a management
program to mitigate the impact of overabundant species,
but were absolutely against this being done by recre-
ational hunters in national parks.

Discussion

Perception of Lack of Management

In most developed countries, the vision of management
and conservation of natural resources has shifted from a
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Table 2. Results of space model of willingness to pay for deer overabundance management.
a

Random parameters in utility
functions

Random parameters standard
deviations

Variable
b

coefficient
c

SE coefficient
c

SE

Indirect 200.747∗∗∗ 37.27988 212.128∗∗∗ 49.78373
Live trapping 140.940∗∗∗ 22.52546 107.978∗∗∗ 28.46600
VEG no damage 36.8666∗∗∗ 12.53544 74.4039∗∗∗ 19.67712
VEG unsust. −74.8153∗∗∗ 20.96372 84.1081∗∗∗ 19.06269
WILD no damage 23.0348∗∗ 9.85882 33.3317∗∗∗ 11.72456
WILD unsust. −80.4895∗∗∗ 19.55504 119.174∗∗∗ 28.20470
LIV no damage 21.5094∗∗ 10.07549 58.6264∗∗∗ 15.82540
LIV un sust. −136.501∗∗∗ 25.91556 112.443∗∗∗ 25.60314
Cost (in preference-space form) −0.006∗∗ 0.00305 0.009∗∗ 0.00416

aPanel data with 190 individuals and 12 choices per individual. Replications for simulated probabilities = 500. Halton sequences used in
simulations. McFadden pseudo R2 = 0.386. Log-likelihood function = −1536.748. Restricted log likelihood = −2504.836.
bAttributes, their levels, and abbreviated measures defined are shown in Fig. 2
cSignificance: ∗∗∗, 1% level; ∗∗, 5% level.

Table 3. Results of latent class model of respondents’ preferences for tools to manage overabundance of red deer.
a

Class 1 Class 2 Class 3

General
interventionist

Vegetation
interventionist

Wildlife
interventionist

Classes
1–3

Variable
b

β θ β θ β θ θ i

Intercept 0.41∗∗∗ 0.35∗∗∗ −0.77∗∗∗

Live trapping 0.83∗∗ −0.46 2.44∗∗∗ −0.94∗∗ 2.55∗∗ −3.86∗∗ −0.26
Indirect control

measures
0.91∗∗ 0.68 3.96∗∗∗ 0.54 2.97∗∗ −8.09∗∗∗ 1.48∗∗∗

VEG nodamage 0.41∗∗ 0.59∗ 0.43∗∗ −0.36 0.25 −1.41 0.39∗∗

VEG unsust. −1.04∗∗∗ 0.71∗∗∗ −0.75∗∗∗ 1.18∗∗∗ −0.84 4.42∗∗∗ −0.18
WILD nodamage 0.03 −0.23 0.09 0.44 1.96∗∗ −4.81∗∗∗ 0.04
WILD unsust. −1.881∗∗∗ 0.91∗∗∗ −0.35 0.82∗∗∗ −2.04∗∗∗ 4.61∗∗∗ −0.73∗∗∗

LIV nodamage 0.62∗∗∗ 0.46 −0,05 −0.07 −0.46 4.35∗∗∗ 0.40∗∗

LIV unsust. −1.79∗∗∗ −0.18
−0,86∗∗∗

0.59∗∗ −2.88∗∗ 8.61∗∗∗ −0.05

Cost −0.02∗∗∗ 0.01∗∗ −0.01∗ −0.02∗∗∗ −0.15∗∗∗ 0.17∗∗∗ 0.00
Class size (%) 44.47 41.86 13.67
R² 0.47 0.55 0.79

aPanel data with 190 individuals and 12 choices per individual. Overall R2 = 0.6405. The β is mean coefficient and θ is SD of random
parameters. Significance: ∗∗∗, 1% level; ∗∗, 5% level; ∗, 10% level.
bAbbreviated variables defined in Fig. 2.

utilitarian view to a more mutualistic vision, where nature
and society affect each other (Mace 2014). In this context,
it is important to investigate societal attitudes toward nat-
ural and human disturbance in protected areas such as na-
tional parks (i.e., gather information about possible risks
in biodiversity hotspots derived from society’s attitudes
and behaviors that could deteriorate their conservation
value) (e.g., Corlett 2016; Deary & Warren 2017). The ma-
jority of our respondents agreed with the implementation
of a program to manage overabundance of deer in Spanish
national parks, rather than holding a view of parks as pris-
tine landscapes where no management actions should be
taken. This contributes to the unsettled dilemma about
human intervention versus letting nature take its course
in protected areas (Linnell et al. 2015; Corlett 2016) and

indicates a general perception that human activities are
an essential component of agroforestry habitats and their
maintenance. In other words, Spanish society seems to
believe these 2 biodiversity hotspots are the result of long-
term human activities and that preserving the ecological
equilibrium there may require proactive management.

Trade-offs Between Environmental Costs of Overabundance
and Management Tools

Our results showed that, in general, management tools
used in the overabundance-management program af-
fected respondents’ social well-being more than the en-
vironmental impacts of overabundant deer (vegetation,
wildlife, and livestock), indicating that the way to manage
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deer numbers in these 2 national parks is the main source
of potential conflict to be considered by policy makers.
However, decisions of individuals from class 1 (45% of
respondents) were more influenced by whether environ-
mental costs of deer overabundance were unsustainable
than by the management tools employed.

Our results illustrate the sensitivities of society to ungu-
late lethal and nonlethal management in protected areas,
where recreational shooting is usually much maligned
(e.g., Castilho et al. 2018). Nonlethal management of
overabundant deer impacts was the preferred action. The
second-most preferred action was live trapping of deer
(i.e., indirect lethal management). Direct culling was the
least preferred method to control deer overabundance.
These results are consistent with current management
in these 2 national parks and previous findings in the
scientific literature (Dandy et al. 2011; Jacobs et al. 2014;
Liordos et al. 2017) and are explained by moral and
philosophical considerations discussed by Manfredo et al.
(2009), Fischer et al. (2013), and Brock (2015). Respon-
dents perceived that the consequences of the manage-
ment tool mattered (because high levels of damage are
to be avoided), but they also often viewed killing animals
as something to be avoided (indirect measures are pre-
ferred) and perceived that the context of the killing was
relevant (recreational hunting as a tool to control over-
abundant deer was rejected by part of the respondents).
In any case, a large part of the respondents did not reject
use of lethal control of wildlife when it causes severe
detrimental environmental and social impacts. Similarly,
most people interviewed by Garrido et al. (2017) in south-
ern Spain agreed with the use of hunting to control wild
animals when they present a risk to the health of other
animals, but not when wildlife control was done for other
objectives, such as to improve game populations.

When taking into account the different levels of deer
impact, avoiding unsustainable damage was most valued,
regardless of the management method. This is consis-
tent with results of previous studies that show lethal
and more invasive wildlife management options become
more acceptable as the threat level by wildlife increases
(Jacobs et al. 2014; Johnson & Horowitz 2014; Sponarski
et al. 2015; Liordos et al. 2017). Other factors, such as
the species, motivations for the management action, and
stakeholders involved also explain variations in tolerance
to damage (Kansky et al. 2014; Garrido et al. 2017).

Recreational Hunting in National Parks

We incorporated in the exercise societal attitudes to-
ward recreational hunting as a tool to address overabun-
dance of ungulates because of the difficulties of financing
protected areas (McCarthy et al. 2012; Watson et al. 2014)
and the current debate on hunting in national parks. We
are, however, aware of the potential downgrading effect
that could arise due to the increase in human activities

authorized in protected areas (Mascia & Pailler 2011). Our
results showed that a majority of respondents favored
control via recreational hunters (accompanied by park
rangers) paying to shoot deer in these parks because this
would reduce the cost to the taxpayer of managing over-
abundance. Nevertheless, some people (19%) were not
in favor of this option, despite the cost implications. The
best solution is not obvious because no solution satisfies
everyone, as in many human–wildlife conflicts (Redpath
et al. 2013). In a hypothetical scenario where policy
changed, our results suggest recreational hunting could
be a socially acceptable tool to manage overabundance
problems in national parks, provided some requisites
were met (e.g., supervision by park rangers). However,
selection of this management tool is not easy for policy
makers. For example, recreational hunting would not be
an optimal solution if the manager follows the Pareto
principle (i.e., people against recreational hunting have
a loss of well-being).

Limitations and Future Research

We focused on deer, but this species is only an example
of a common ungulate that negatively affects ecosystems
and human livelihoods over vast agroforestry areas in
Spain and other European and North American regions.
Societal preferences are context specific and vary in
space and time, and we highlight the usefulness of envi-
ronmental economics valuation methods to quantify the
perceived welfare changes induced by wildlife control.

Our method may therefore be extended to other
ecosystems and species, for example elk (Cervus ela-
phus) in North America (Walter et al. 2011), wild boar
(Sus scrofa) in Europe (Barrios-Garcia & Ballari 2012), and
feral horses (Equus caballus) in Australian Alps (Daw-
son & Hone 2012). However, further considerations may
be important when extrapolating methods or results to
flagship species, such as elephants (Loxodonta spp.), gi-
raffes (Giraffa spp.), and lions (Panthera leo) because
biases associated with charismatics species may come
up (Kontoleon & Swanson 2003; Christie et al. 2006;
Delibes-Mateos et al. 2015), or when considering irre-
versible damage and very large territories such as the
megaparks in Africa and the United States, where natural
control of wildlife species that reach very high numbers
and nonintervention policies can be more successful (Van
Aarde et al. 2006). Furthermore, future research consid-
ering uncertainty in the results of the management pro-
grams seems relevant. In any case, information on how
society understands the preservation of ecosystems and
how they perceive the relationship between humans and
nature is essential because it will inform the integration
of society in management decisions, which is needed to
develop sustainable conservation strategies to mitigate
human-wildlife conflicts and to reconcile social concerns
with conservation goals in protected areas.

Conservation Biology
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