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ABSTRACT. One of the most important human-wildlife conflictsin the world is that where predators are involved. Predators
may compete with usfor the same resources, such as game species. Asaconsequence, predators have been frequently controlled
by game managers, which has negatively affected many predator populations worldwide. The understanding of human-wildlife
conflictsrequiresamultidisplicinary framework that israrely considered. We aim to evaluate the attitudes and behavior of game
managers with regard to predator management in central Spain, as well as to explore factors that lead to these attitudes and
behavior. Data were gathered through face to face interviews with game managers from 59 small-game hunting estates within
central Spain. Predator control was employed in 90% of the estates, but control intensity was very variable among estates.
Economic interests and perceptions about predators apparently influenced variation in control intensity. The main methods
employed were cage-traps and shooting, but someillegal practices (e.g., leg-hold traps or snareswithout stopping devices) were
also admittedly used for carnivores. M ost managers considered that efficacy of legal methodsfor control of foxes (Vul pesvul pes)
was very limited. Overall, nonsel ective methods, such as some types of snares, were more frequently employed in commercial
than in noncommercial estates. Most managers believed that predators had an important effect on prey, and therefore that not
doing it would lead to smaller hunting bags. Only managers from commercial hunting estates used stronger discourses such as
that hunting would be impossible without carrying out predator control, which suggests that their tolerance for predators was
lower than that of managers whose main motivation was not economic. Most managers considered that predator control was
effective to reduce the number of predators, but only in the short term. Therefore, they highlighted the need of maintaining
predator control every year. Our results highlight the important role that both social and economic factors (even stronger than
ecological factors) play driving predator control, and therefore the need of incorporating these factors when making decisions
to mitigate the human-predator conflict.
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INTRODUCTION

We humans exploit an increasingly higher proportion of the
world’s resources to support our own kind. Thisimplies that
we often and increasingly come into conflict with wildlife.
Importantly, conflict between humans and wildlife is one of
the most critical threats facing many wildlife species today,
and it is therefore considered a hot topic in conservation
(Macdonald and Service 2007). In this regard, perhaps the
most important human-wildlife conflictsintheworld arethose
where predators are involved (Woodroffe et a. 2005).
Predators may eat our livestock, may compete with us as
hunters for wild prey populations, and may even injure and
kill us(e.g., Vakamaetal. 2005, Kaartinenet al. 2009, Kushnir
et al. 2010). Where predators cause, or are perceived to cause,
serious damage to human livelihood, a common response has
beento kill them (Woodroffe et al. 2005). Infact, people have
been subjecting predators to control for centuries if not
millennia (Reynolds and Tapper 1996). For example, asearly
as AD 800 the Emperor Charlemagne founded an order of
knights, called the L ouveterie, for killing wolves(Canislupus;
Boitani 1995). This persecution of predators has led to the
extinction of several speciesand caused massive contractions
of the geographic ranges of many others (e.g., Langley and
Yalden 1977, Whitfield et al. 2003). Predator control, when

illegally implemented but even that carried out legally, till
causesat present thedeclineof speciesof conservationconcern
in many areas worldwide. For example, nonscience based
management designed to reduce grizzly bear (Ursus arctos)
abundance aimed at increasing ungul ate numbersavail ablefor
hunters seems to be jeopardizing portions of the largest and
most intact population of grizzly bears in North America
(Alaska; Miller etal. 2011). Ontheother hand, many predators
are considered of conservation concern or are flagship species
(Sergio et a. 2008), and predator control is considered
unethical by some sectors of society. However, predator
control has become atool frequently used by conservationists
when predation constitutes a major problem for the
conservation of endangered prey species (Smith et al. 2010).
In fact, some scientists have claimed that preventing an
undesirable increase in density of some opportunistic and
anthropophilic predator species is one of the main
contributions of hunting management to nature conservation
(Tapper 1999).

Although a wide range of technical approaches exist for
damage limitation (reviewed in Dickman 2010), complete,
long-term conflict resolutionisrare (e.g., Webber et a. 2007).
Thisis mainly because causes of conflict are often complex
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and some are rarely considered in conflict studies. Thus,
although human-predator conflicts are generally embedded
into an ecological, economic, and social context (Fig.1; White
et a. 2009), most studies performed to date focus only on
ecological aspects(e.g., Keecheta. 2011). For example, there
have been many ecological studies aiming to assess predator
control effectivenessin reducing livestock or gamebag losses;
these have produced various results, suggesting that predator
control effectiveness is highly context dependent (reviewed
inSmithetal. 2010). In contrast, social aspectsdriving human-
predator conflict, and hence predator control, have
traditionally received little attention in the literature, and this
has mainly concentrated on attitudes by general public
(Messmer et al. 1999). Only recently, the attitudes of people
affected by predators have been considered in predator control
studies. For instance, recent studies have found that lion
(Panthera leo) killing in Kenya is shaped, to a great extent,
by Maasai people's perception of livestock depredation
(Hazzah et al. 2009). Nevertheless, most of these studies have
addressed conflict caused by livestock loss (e.g., Dar et al.
2009, Hemson et al. 2009), whereas only a few of them have
investigated conflict derived from the depredation of game
species (but see Marker et al. 2003). Similarly, economic
factors related to predator control in hunting contexts have
been rarely considered in the literature, although it is known
that the attitude of stakehol derstowardspredators may depend
on their economic interests (e.g., Hazzah et al. 2009).

In summary, the understanding of biodiversity conflicts
requires amultidisciplinary framework that integrates social,
economic, and ecol ogical factorsand their interplay (White et
al. 2009). We aim to evaluate the attitudes and behavior of
game managerswith regard to predator management in small-
game estatesin central Spain, aswell asto explore the social,
economic and ecological factors and their interplay that lead
to these attitudes and behavior (Fig. 1). Our specific goals
included: 1) to evaluate quantitatively the extent of the
implementation of predator control in central Spain, and to
assess the frequency of use of different predator control
methods; 2) to explore socia factors driving predator control
activities by evaluating the stated reasons that lead game
managers to control predators, as well as their perception of
the efficacy of this management practice; 3) to assess the
interplay between social and economic factors through the
investigation of whether managers’ perceptions regarding
predator control vary according to the potential economic loss
a stake by comparing noncommercia and commercial
hunting estates; 4) to explore the relationship between social,
ecological, and economic factors and their interplay and the
practicescarried out by gamemanagers, e.g., whether predator
control intensity or the methodsused varied accordingto game
managers perceptions and/or to the type of hunting estate
(commercial or not).
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Fig. 1. The diagram shows examples of ecological,
economic and socia factors relevant to the conflict between
human and predators in the Iberian Peninsula (inspired by
White et al. 2009), and their influence in the practices
carried out by game managers. Note that the actors
behaviour as well as the consequences are extreme
examples.
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METHODS

Context and study area

Central Spain constitutes a very good place to investigate
conflicts between hunting and predators. On the one hand,
hunting is a very important socio-economic activity in this
region, where >80% of the territory is covered by hunting
estates(Rios-Saldafia2010). Practically all theseestates (99%)
are managed privately, whereas only a few are managed by
the government agency. Either an individual game manager
or the board of a hunting society isin charge of management
decision making in each estate. Game management, which
usually includes predator control, takes place in most hunting
estates in central Spain (Virgos and Travaini 2005, Delibes-
Mateos et a. 2008, Rios-Saldafia 2010). On the other hand,
Spain harbors one of the richest predator communities within
Europe, which includes several raptors and carnivores of
conservation concern, such asthe endemic I berian lynx (Lynx
pardinus) and Spanish imperial eagle (Aquila adalberti),
which are considered among the most endangered predators
in the world (Ferrer and Negro 2004).

Our study was conducted in small-game estates mainly
devotedtothehunt of thered-legged partridge (Alectorisrufa).
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This is the most important gamebird in Spain both socially
and economically, and like other ground-nesting birds, may
be subject to high predation rates (Herranz 2001), although it
is not clear whether predation is the main driver of its
demography (Casasand J. Vifiuela2010, Blanco-Aguiar et al.
2012, Mateo-Morioneset al. 2012). Wild red-legged partridge
popul ations have strongly declined during last decades, which
has promoted releases of millions of farm-bred birdsthat may
be highly susceptible to predation (Alonso et al. 2005).

In central Spain, four predator species are currently listed as
small-game species: the red fox (Mulpes vulpes), the jackdaw
(Corvus monedula), the magpie (Pica pica) and the carrion
crow (Corvus corone). Thismeansthat huntersare allowed to
shoot these animal s during the regular hunting season, which
lastsfrom October to February. Accordingtothehunting laws,
the control of these predators using methods other than
shooting (i.e., snares with stopping devices and cage traps)
and/or outsidetheregular hunting seasonisonly exceptionally
permitted and can only be carried out after receiving a legal
permit from theregional administration. In practice, morethan
85% of hunting estates consider asking for that special permit
in their five-year hunting management plans (Rios-Saldafia
2010), although it has not been evaluated whether they use it
every year or only occasionaly. In addition, game managers
can also request special permitsto eliminate feral cats (Felis
catus) and dogs (Canislupusfamiliaris). In general, foxesand
magpies are the main species legally subjected to control by
game managers in central Spain (Rios-Saldafia 2010). The
control of nongame predator species and the use of other
methods (e.g., poisoning) are strictly prohibited according to
the legidation (although sometimes there are exceptional
permits to control other species, such as some rodents).
However, illegal predator killing by hunters has been
frequently documented in central-southern Spain (Villafuerte
et al. 1998, Marquez et al. 2012), and indeed it is considered
among the main causes explaining the decline of some
endangered predators. For example, the analysis of 267
records of nonnatural mortality of the Spanish imperial eagle
over a 16-yr period (1989-2004) showed that near 40% of the
deathswere caused by predator control, and almost al of them
occurred in central-southern Spain (Gonzélez et a. 2007).

In central Spain there are three different types of small-game
hunting estates according to their profitability aims: 1)
noncommercia estates, wherethe stated aimisleisure(i.e., to
provide access to game to local hunters or a group of friends
that rent the hunting rights for a time period); 2) commercial
estates, where the stated aim is to obtain economic benefit
fromthehuntingrights; 3) intensiveestates, which areaspecial
type of commercial estatein which the release of farm-reared
partridges is legaly permitted without numerical limits
throughout the year. Intensive estates are qualitatively
different from other commercial estates: partridge annual bags
there are much higher, and are linearly related to the number
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of released partridges (thusindicating that hunting thereisnot
based on wild stock, but on game releases; Diaz-Fernandez et
al. 2012a); numbersrel eased per year are approximately 1000
times higher than in other commercia estates (Arroyo et a.
2012), and the intensity of most management practices
(including predator control) is also much higher than in other
commercia estates (Arroyo et al. 2012). In addition, arecent
study has shown that the total expenses are much higher in
intensive estates (range 9298-66,273 €/km?) than in
nonintensive estates (175-6270 €/kmz, Diaz-Fernandez et al.
2012b). Interestingly, oneof themain expensesof these estates
isthe salary of the gamekeepers (on average 22.5% of thetotal
expenses, Diaz-Fernandez et a. 2012b), who typicaly
undertake predator control. Intensive estates al so obtain much
greater profits per km? than others (range 5264 to 67,123 €/
km2 vs -2472 to 512€/kn?, Diaz-Fernandez et al. 2012b).

Data collection and analysis

Our study wasconducted in 59 partridge hunting estateswithin
central Spain, which cover a total surface of 208,648 ha
(Arroyoet al. 2012). Overall, thewhole range of management
situations, from unmanaged to very intensively managed, was
surveyed. Predator control datawere gathered through faceto
face in depth interviews with game managers, conducted in
2005 (n = 26), 2008 (n = 10) and 2009 (n = 23). Many of the
managers were selected from a data base of hunting estates
that was provided to us by two hunting associationswith large
influence areas; among these were all the managers of the
intensive estates. In addition, we contacted some managers
through hunters who had previously collaborated with our
institute. In these cases, we identified initial interviewees as
people responsible of hunting associations or individual
hunters for participating in a different project, and these
provided contact information for subsequent participants(i.e.,
a snowballing procedure; Ofiate and Peco 2005, Schiittler et
al. 2011).

The interviews were between two and three hours long, and
were always conducted by the same person (Silvia Diaz-
Fernandez). The interview had four main sections, dealing
with 1) general characteristics of the hunting estate (size,
ownership, other land usessuch asagriculture, livestock, etc.);
2) hunting styles and pressure; 3) game management practices
(gamekeepers, predator control, habitat management, disease
treatments, and release of farm-reared partridges); 4)
economic information (expenses, price asked for hunting,
etc.). In arecent study, Arroyo et a. (2012) provided a global
description of the characteristics of the hunting estates (e.g.,
their size, main land uses, etc.), aswell asageneral overview
of the management carried out in these estates and the hunting
styles and pressure, in relation to their profitability aims(i.e.,
comparing commercial and noncommercia estates). In the
present manuscript, we specifically focus on the practices and
perceptionsregarding predator control. To do so, weanalyzed
in depth the specific section of theinterviewsdealing with this
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Table 1. Themes covered in the interview and the specific questions asked to game managers. The number of respondents for
each specific question in noncommercial, commercial, and intensive hunting estates is shown.

Number of respondents

Question Noncommercial Commercial Intensive estates Total
estates estates
Predator control use
Do you carry out any type of predator control ? 14 37 8 59
Predator species subjected to control
Are magpies controlled in your estate? 13 36 8 57
How many magpies are removed annually in your 12 33 8 53
estate?
Arered foxes controlled in your estate? 14 36 8 58
How many foxes are removed annually in your 14 34 8 56
estate?
Predator control methods
Do you use shooting to control magpies? 14 33 8 55
Do you use cage traps to remove magpies? 14 33 8 55
Do you use shooting to control foxes? 14 33 8 55
Do you use cage traps to capture foxes? 14 33 8 55
Do you use snares with stopping devices to remove 14 33 8 55
foxes?
Do you use snares without stopping devices to 14 33 8 55
remove foxes?
Do you use leg-hold traps to capture foxes? 14 33 8 55
Do you hunt foxes in warrens using terrier dogs? 14 33 8 55
Do you use poison to control predators? 13 30 7 50
Effect of predators on small game
Do you think predators negatively affect small-game 12 12 8 32
species?
Why do you think predators negatively affect small 10 8 8 26
game?
Which are, in your opinion, the main predators 13 30 7 50
affecting small game?
Reasons that lead to control predators
Why do you use predator control? 10 7 8 25
Effectiveness of predator control
In your opinion, is predator control effective to 8 21 6 35

reduce the number of predators?

topic. Not all the managersresponded fully to all the questions
related to this, which means that sample size varied among
analyses (Table 1).

We provided confidentiality and anonymity to managers to
positively influence their willingness to share information on
predator control, which is usualy viewed as a highly
controversial issue. Inaddition, wetriedto reducethe potential
effect of social desirability bias (where the participants wish
to appear socially or morally worthy; Maccoby and Maccoby
1954) as a conseguence of the interviewer’ sidentity (natural

scientist) through adopting a neutral position during the
interviews (Schittler et al. 2011). Because familiarity and aid
builds trust, we did not ask about predator conflict or other
sensitivetopicsduring theinitial stepsof theinterview, which
were used to inquiry about the general characteristics of the
hunting estates. Once the manager became familiarized with
theinterviewer, he/shewas questioned in depth about predator
control issues. This helped us to gather data with greater
confidence in its accuracy. To foster a comfortable,
nonintimidating exchange between the interviewer and
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respondents, the interviews were conducted in an informal,
conversational manner (Kvale 1996). A semistructured
approach was adopted, combining closed questions and the
flexibility of more open questions targeted at capturing the
gamemanagers perceptions (see an example of thisapproach
in Ofate and Peco 2005).

In particular, and in regard to predators and their control, we
asked whether or not this practice was carried out in each
estate, aswell ashow many red foxesand magpieswerekilled
in each estate during the year prior to theinterview (which we
report per km2for comparisons; Table1). Inaddition, weasked
whether or not several legal or illegal predator control methods
wereused (Tablel). Theseincluded, amongthelegal, shooting
and cage traps for magpies (Diaz-Ruiz et a. 2010), and
shooting, snareswith stopping devices, cagetraps, and hunting
in warrens using terrier dogs for carnivores (Herranz 2001,
Ferreras 2009, Duarte et al. 2012, see aso Heydon and
Reynolds 2000). Among the illegal methods considered, we
asked about poison, snareswithout stopping devices, and leg-
hold traps for carnivores.

Regarding perceptions, weasked gamemanagerswhether they
thought that predators affected game populations or not, the
reasons supporting their beliefs, and which predator species
they thought mostly affected game species (Table 1). In
addition, we questioned them about their main reasons for
carrying out predator control, and whether predator control
was considered effective or not to reduce the number of
predators. All these were open questions, and hence very
different answers were obtained. We adopted a qudlitative
designto categorize answersfor analyses. Such methodology,
which is increasingly applied to explore environmental
phenomena in depth (e.g., Fischer and Y oung 2007), alows
perceptionsto emergethat, to some extent, go beyond our own
setsof beliefs(Schittler et al. 2011). Thisapproach (described
by Mayring 2000, see also an examplein Schilttler et al. 2011)
istheory driven following analytical rules (generalization and
reduction of paraphrases), and is a descriptive method to
interpret systematically textual data. Step by step, wededuced
categories from the text materia, revised them and reduced
them to main categories (inductive category development,
Mayring 2000).

Since game management intensity (including intensity of fox
and magpie control) varies with the profitability aim of the
hunting estate (see above; Arroyo et al. 2012), we suspected
that other aspects associated with predator control may also
vary between different types of estates. We thus assessed, for
example, the differences in the perception of managers
regarding the effect of predators on prey populations and/or
the effectiveness of predator control between noncommercial
(n = 14), commercial (n = 37) and intensive estates (n = 8).
Similarly, we tested whether control methods that require a
great effort and specialized personnel (i.e., gamekeepers),
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such as snares, were more frequently employed in intensive
estates, where more gamekeepers are employed on average
than in other estates (Arroyo et al. 2012).

RESULTS

Predator control intensity and methods employed
Predator control was used as a management tool in ~90% of
the hunting estates (n = 59), including al of the intensive
estates. Only six hunting estates reported not using it.
However, among these six, foxes and magpieswere harvested
during the regular hunting season in two estates (for control
purposes, not asvalued game). |n another one, predatorswere
not controlled because managers did not receive the official
permit required to carry out this activity (although it was
applied for). Thus, only inthree estates the game manager had
no intention of performing predator control. Red foxes were
controlled in 46 hunting estates (>85% of the hunting estates
that employed predator control; n=53), whereasmagpieswere
controlled in 44 estates (>80% of the hunting estates that
employed predator control; n = 53). In 37 estates, both foxes
and magpies were removed. The number of foxes killed
annually per estateranged from 0.01to0 25.12 foxes/’km? (mean
=1.93; SE=0.56; median = 1.03; lower quartile=0.43; upper
quartile = 1.97; n = 45). In the case of magpies, the number
of birds killed annually per estate varied between 0.21 and
113.44 magpies’km? (mean = 20.22; SE = 3.57; median =
13.98; lower quartile = 9.06; upper quartile = 22.61; n = 40).

The proportion of hunting estates that used different predator
control methods is shown in Figure 2. Overal, the most
frequently employed methods to capture magpies were cage
traps and shooting, the latter being aso the most frequently
one used to kill foxes. Interestingly, afew managers reported
using illegal methods such as leg-hold traps (5.35%; n = 56)
or snares without stopping device (10.71%; n = 56). No
manager stated that they used poison, but one specified that
“they had not used it in the last 4-5 yrs’, implying that they
used it before (even if it was also illegal at the beginning of
the 2000s). The frequency of hunting estates that used snares,
which are potentially nonselective capture devices (Duarte et
a. 2012), increased from noncommercia (21.24%; n = 14),
tocommercial (44.11%; n = 34), and to intensive game estates
(75%; n = 8). In contrast, the frequency of hunting estates in
which foxes were killed in their warrens using terrier dogs, a
very selective control method, was much higher in
noncommercial hunting estates (71.42%; n = 14) than in
commercial and intensive hunting estates (26.47%; n=34 and
25%; n = 8, respectively).

Per ceptions about predators and reasonsfor carrying
out predator control

Most managers (87.5%; n = 32) considered that predators
negatively affected small-game species in their hunting
estates. When asked about the predators most affecting game,
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most managers (39 out of 50) mentioned protected species:
rodents (n = 4), reptiles (n = 7), protected carnivores such as
mustelids or Egyptian mongoose (Herpestes ichneumon; n =
13), raptors (n = 14) or other birds (white stork, Ciconia
cinocia, or Eurasian jay, Garrulus glandarius; n = 4). The
perception of protected species among the most damaging to
game was equally frequent among managers of commercial
or noncommercial estates (76%, n = 37 vs 77%, n = 13,
respectively). Only four managers thought that there was no
(or not significant) effect of predators on small game, and two
of them believed that this was because they had controlled
predators very efficiently in the past. According to their
answers, their perception of the effect of predators on game
was based mostly on their frequent observation of predators
within the estate (Table 2). The belief of predators being too
abundant was more common in noncommercial hunting
estates (70% of the managers of these estates used this
argument; n = 10) and in commercia hunting estates (62.5%;
n = 8), than in intensive hunting estates (25%; n = 8).
Observation of predation events (i.e., having found small-
game animals killed by predators, or depredated nests) was
also a frequent argument among managers (Table 2). This
argument was more common in commercial and intensive
hunting estates (50%; n = 8 in both commercial and intensive
hunting estates) than in noncommercial ones (20%; n = 10).
Interestingly, only one manager specifically declared to
believe that predators affected game because he had directly
observed an increase in small-game animals when predators
were controlled (Table 2).

Fig. 2. Proportion of estates (in black) that used different
methods for controlling predators
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Most managers stated that they performed predator control
because not doing so would lead to smaller hunting bags, or
that predators interfered with their hunting objectives (Table
3). Some of them even considered that hunting would not be
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possibleif predatorswerenot removed; thisstronger argument
was exclusively given by managers from commercial (57%;
n = 7) and intensive hunting estates (37%; n = 8). Almost a
quarter of the interviewed managers also said that they
controlled predators to maintain an ecological equilibrium
(Table3). Thisargument wasused by managersfromintensive
(25%; n = 8), commercia (15%; n = 7), and noncommercial
estates (30%; n = 10). Other arguments, such as aesthetic or
traditional reasons, were occasionally given to explain why
predators were removed (Table 3).

Although differences were not statisticaly significant
(Kruskal-Wallis chi-squared = 1.64, df = 2, P = 0.43),
managers who considered that hunting would be impossible
without carrying out predator control removed on average
more foxesthan those who thought that the main consegquence
of not performing predator control would be that partridges
would be less abundant (and hence game bags would be
smaller). In addition, the latter killed more foxes than those
that thought that predator control did not affect their game
bags (Fig. 3a). Although less markedly, this pattern was also
observed in the case of magpies (Fig. 3b; Kruskal-Wallis chi-
squared = 1.23, df =2, P = 0.53).

Fig. 3. Number of predators controlled, (a) fox, vulpes
vulpes and (b) magpies, pica pica, by three types of game
managers. 1) managers who believed that predator control
doesn't affect hunting bags; 2) those who thought that more
partridges are harvested when predators are controlled; 3)
those who believed hunting would be impossible without
predator control
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Table2. Mainargumentsgiven by managersto support their belief that predatorsnegatively affect small-game species; arguments
revealed from 26 qualitative interviews. Note that some managers gave more than one argument.

Number of
managers

Argument

Sample quotes

14 (53.84%) Predators are too abundant

“...predators are increasingly more abundant, especially foxes’

“There are many foxes and the abundance of other predatorsisincreasing”
“There are many Egyptian mongooses and cats, which are the most harmful
predators, and which were not present some time ago”

9 (34.61%) Predators prey on animals and nests

predated”

“...every year near 15,000 of the partridges that we release for hunting are

“We monitor in depth our hunting estates, and find carcasses of animals that
have been consumed by predators’
“Finding predated nestsis very common in our estate”

4(15.38) Predators have to eat (and prey are

abundant)

2 (8%)

“There are many predators, and they have to eat every day”
“Farm-reared partridges constitute a good food source for predators’

Effect of predators from neighbor areas “ThereisaNationa Park close to our estate, and predators come from there to

prey on small-game animals”
“The abundance of small-game species on neighbouring hunting estatesis very
low, and as a consequence predators living there are forced to move to our

estate”

1 (4%) The density of small-game speciesis

“Some years ago, there was a high density of foxes, and the abundance of

lower when predators are not controlled small-game species was low. After controlling them, we have observed an
increase in small-game animals’

Per ceptions about efficacy of predator control

Most managers considered that predator control was effective
to reduce the number of predators (> 75%; n = 35). However,
more than 50% thought that it was effective only in the short
term. For example, a manager quoted: a reduction in the
number of predators is noticed, but the following year they
recover their original numbers, if predator control is not
maintained. Therefore, game managers highlighted the need
of maintaining the control of predators every year. A few
managers stated that athough predator control could be
effective as a management tool, it was not efficient enough
within their estates because there were too many protected
predators or because it was not carried out in neighboring
hunting estates. Only eight managers considered that predator
control was not effective to reduce the number of predators.
Two of them said that only currently illegal methods, such as
poi soning and snares without stopping device, were effective.
It was also mentioned that there was a need of controlling
protected predators (i.e., mustelids) to make predator control
really effective. In relation to the type of predator, it was
frequently stated that predator control was effective in
reducing the number of magpies; thiswas mentioned by seven
respondents (n = 35). In contrast, the general view was that
predator control was less useful (or even totally inefficient;
this was answered by three managers) to control foxes.

DISCUSSION

Practices about predator control in small-game estatesin
central Spain

Predator control was performed to some degree in almost all
of the studied small-game estates. Only in Castilla-LaMancha
(the main part of our study region), 49,000 km? are devoted
to smal game (Rios-Saldafia 2010), which means that,
according to our findings, predator control there would take
placein > 44,000 kmz. This surface substantially exceeds that
covered in other better-studied human-predator conflicts
within Europe; e.g., the surface of the land managed for red
grouse (Lagopus lagopus scoticus) shooting in the British
Uplandsis approximately 7500 km? (Thirgood et al. 2000).

Theintensity of predator control (evaluated as numberskilled
per km?) varied however strongly among hunting estates. The
average levels of foxes killed reported here are of the same
order as those reported in Great Britain (Macdonald and
Johnson 1996, Heydon and Reynolds 2000). Surprisingly, the
maximum number of reported foxes and magpies controlled
in our study area considerably exceeds the highest published
abundances of these species in the Iberian Peninsula (2.5
foxes/km? and 80 magpies’kmz; Gortézar 1997, Diaz-Ruiz et
al. 2010, respectively). Thismay imply that predator removal
in small-game management areas may favor immigration and
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Table 3. Mainargumentsgiven by managersfor carrying out predator control; argumentsreveal ed from 25 qualitativeinterviews.

Note that some managers gave more than one argument.

Number of Argument Sample Quotes
managers
21 (84%) Not doing so would negatively affect hunting bags

(A) 7 (28%) (A) Hunting would be impossible

(B) 14 (56%) (B) Hunting bags would be scarcer

6 (24%)

4 (16%) Others (Tradition, aesthetics, etc.)

Itisessential to maintain the ecological equilibrium

(A) “If predators were not controlled, hunting could not be
commercialized”

“otherwise, there would be no partridges’

“If predator control was not practiced, partridge populations
would become extinct”

(B) “If wedid not control predators, hunting bags would be
smaller”

“We control predators to increase game species’

“Predator populations would increase substantially if we did
not control predators’

“...to maintain the ecological equilibrium”

“Predators would increase alot, asthere are no
superpredators”

“We control magpies for aesthetic reasons’
“...because it has been carried out since many years ago”

recruitment of younger animals from adjacent areas, and
therefore game estates with strong predator control can
constitute predator population sinks (Robinson et al. 2008,
Begja et a. 2009). An dternative explanation would be that
gamekeepers may be under pressureto exaggerate the number
of predators killed when reporting to managers (see an
example in Heydon and Reynolds 2000). This pressure may
arise because gamekeepers are employed by managers, who
may believethat thebest gamekeepersarethosewhokill more
predators.

Inany case, among-estatevariationinthenumbersof predators
killed may reflect different predator abundances and/or
different efforts made to capture predators (Heydon and
Reynolds 2000). We did not have information about predator
abundance, so we cannot eval uate the impact of this variable
on explaining the numberskilled in each estate. However, our
resultssuggest that it isalso likely that observed valuesreflect
different effort as well, which may relate to motivations or
means. A previous study showed that more foxes and magpies
are killed on average in commercia than noncommercial
estates, and this is associated with the fact that more
gamekeepers are employed in the former than in the latter
(Arroyo et al. 2012). Therefore, having the means (i.e., more
gamekeepers) may allow more intensive predator control.
Additionally, we show in this study that managers' tolerance
of predators may influence intensity of predator control (see
below).

In terms of methods, there was a much wider variety of
methods used for foxes than for magpies. Almost 70% of the
studied hunting estates used cage traps to control magpies.
Thisisnot surprising since many managers believed that this
constitutes an effective way to reduce the number of magpies
(seeresults), andinfact it has been experimentally proven that
these traps are very selective and that their efficiency ishigh
during the breeding season (Diaz-Ruiz et al. 2010). Shooting
was also commonly employed to kill both magpies and foxes,
perhaps because it is a cheap method but also because it
congtitutes an additional hunting opportunity outside the
hunting season. Other methods were much less frequently
employed to control foxes, either because their perceived
efficiency, as mentioned by several managers in our
interviews, is very low (e.g., cage traps, Baker et a. 2001,
Mufioz-Igualada et al. 2008), or because they require specific
personnel (i.e., they are expensive), such as the use of snares.
Interestingly, the use of several methods, such as leg-hold
traps, that are currently forbidden by the European and Spanish
laws was also mentioned. This could be explained by the fact
that many managers believed that current legal methods to
capture carnivores are inefficient. Finally, game managers
from commercia estates (especially from intensive estates)
more frequently used methods that are potentialy less
selective, such as snares (see Duarte et a. 2012). This may
reflect the fact that they are more labor-intensive to use and
that, as stated, thistype of estate employs a higher number of
gamekeepers (Arroyo et al. 2012) or differencesin tolerance
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towards all predators between managers of commercial and
those of noncommercial game estates (see below).

Per ceptions and economics driving predator control
Removal of predators due to their perceived contribution to
game or stock loss is a common characteristic of carnivore
management all around theworld andiswell illustrated by the
cases of the red fox on farmlands in the United Kingdom
(Baker and Macdonald 2000) or Cheetahs (Acinonyx jubatus)
on Namibian farmlands (Marker et a. 2003). In general,
peoplebasetheir perceptionsand attitudes not only upon facts,
but also upon a myriad of factors such as cultural norms,
expectations, and beliefs (Dickman 2010). In this study, we
noticed that although game managers perceive predators as
very harmful for small game, this was rarely based on their
observation of alower abundance of small-game specieswhen
predators are not controlled (only one game manager had
apparently experienced this; Table 2). In contrast, game
manager perceptionstowards predatorswereapparently based
ontheir expectations (Table 2); asgame managersbelievethat
predators are too abundant (or simply observe that they are
present in their estate) and they have observed animals and/or
nests consumed by predators, then they expect that the effect
of predation on small-game speciesis high.

A “hyperawareness’ of risk can emerge because respondents
intentionally or unintentionally exaggerate the losses they
suffer due to wildlife (Dickman 2010). In this respect, the
belief of game managers regarding the negative effect of
predators on small-game species and on hunting bags seems
to be exaggerated, at least on certain cases. On the one hand,
the consumption of small-game speciesby predatorsisusually
low (e.g., Diaz-Ruiz et al. 2013), and, on the other hand, other
sources of mortalities may be more important than predation.
For example, in Alaska predator-induced moose (Alces alces)
calf winter mortality was proportionally much lower than that
attributable to other causes, such as snow depth and
temperature (Keech et al. 2011). Similarly, in central Spain,
agricultural practices, and not predation, appear to bethemain
cause of nest failure in red-legged partridge (Casas and
Vifiuela 2010). In fact, scientific information do not support
that predation is the main cause of red-legged partridge low
productivity or long-term population decline (Casas and
Vifiuela 2010, Blanco-Aguiar et a. 2012), nor that predator
control isthe most efficient technique to manage popul ations
of this game species (Mateo-Moriones et a. 2012, Diaz-
Fernandez et al. 2013). Thishyperawareness, also highlighted
by thefact that several game managersconsidered that hunting
would be unfeasible without predator control (Table 2), might
be based on traditional prejudice of predators by the Spanish
hunter community, as occurred in other areas worldwide (for
example, Lindsey etal. 2005). Thistraditional prejudicearises
because deliberate policies to reduce numbers of predators
have been typical of the European culture everywhere until
the last century (Reynolds and Tapper 1996). In Spain, for
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example, a governmental agency called “Junta de Extincion
de Alimafas’ (“Vermin extinction council”) promoted and
sponsored the control of predators until the 1970s, directly
causing the killing of tens of thousands of predatorsin just a
decade (Corbelle-Rico and Rico-Boquete 2008).

We acknowledge that concepts such as popul ation limitation/
regulation, sustainable rates of predation losses, intraguild
predation, etc. (Polisand Holt 1992, Sinclair and Pech 1996,
Sinclair 2003) are not commonly used in everyday
conversation by nonscientists (including managers).
However, it was interesting that those concepts appeared not
to be intuitively understood by game managers, and thus any
lossto predators appeared to be valued as excessive (probably
due to the historical prejudice, as stated above). Again, the
interplay between ecological factors, such as observations of
high numbers of predators, and social factors, such as values
regarding predators vs. shooting (White et a. 2009), play an
important role driving the behavior of game managers (Fig.
1). In this sense, a stronger effort for better communication
between researchers and resource managers has been long
recognized as a critical need in environmental science
(Groffmanetal. 2010). Researchersneed to beactiveand share
their ecological knowledge about controversial issues, such as
predator-prey relationships and predator control, in
understandable ways for game managers. Educationa
programs could also help to ameliorate the historically hostile
attitude towards predators (Marker et al. 2003).

In general, most reasons for negativity among managers
towards predators are based on perceived economic costs (for
example, Daviesand du Toit 2004, Lindsey et al. 2005). Thus,
the perception of predators is usualy influenced by the
economic dependency on the resource of the manager (i.e.,
the interplay between economic and socia factors). For
instance, in Czech Republic professiona and hobby fish
farmers show a more negative attitude towards otters (Lutra
lutra) than recreational anglers, whose motivationsto fish are
not economic but driven by outdoor experience (Vaclavikova
et al. 2011). Similarly, in southern KenyaMaasai peoplewho
raise livestock for sale have a higher reported likelihood of
retaliating against predatorscompared to thosewho keep stock
only for domestic consumption or traditional reasons (Hazzah
et a. 2009). In the present study, we observed that only
managers from commercial estates used stronger arguments
indicating their belief that hunting would not be possible if
predators were not removed, which suggests that their
tolerance of predators (or thetolerance of thelossof any game
to predators) may belower than that of managerswhose main
motivation was not economic. Interestingly, we observed a
relationship between the strength of the arguments about the
effect of predators on hunting and the intensity of predator
control carried out, which suggests that perceptions and
economic interests influence management decisions or
behavior.
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CONCLUSIONSAND THE WAY FORWARD

Hunting is an important economic activity in rural areas of
central Spain, and thereisan interest to devel op the economic
value of hunting in rural areas (Bernabeu 2000). Therefore, if
economic interests increase the negative perception of
predators, itislikely that conflicts may increase. On the other
hand, hunting estatesarehometo most of thecountry’ swildlife
(since they occupy such a large proportion of the national
surface). From this perspective, seeking to isolate predators
from hunters and to conserve them in protected areas is
inadequate. Therefore, a land-use strategy is required that
integratesthe needs of both hunting and conservation, through
which hunters become custodians rather than adversaries of
predators and their prey (Marker et a. 2003). Partly, thisis
prevented because managers al so consider predator control a
steward activity; i.e., they consider this keeps some sort of
ecological balance, and thus that this represents a service to
society at large (see results but also Treves 2009). Indeed,
predator control hasbeen proven to beassociated with benefits
for some biodiversity indicators (Fletcher et a. 2010),
although these results are not general in al contexts. In our
study area, it has been shown that predator control may be
beneficial for other species of conservation concern, such as
some ground-nesting steppe birds (Suérez et al. 1993, Estrada
et al. 2012). In addition, most partridge lossesto predation are
caused by anthropophilic common predators (Herranz 2001),
such as foxes and magpies, which can be legally controlled.
Under this perspective, a global consensus about predator
control could be reached among traditionally opposing views
of environmentalists and hunters. This would benefit the
maintenance of an important socio-economic activity in rural
areas while benefiting overall biodiversity conservation,
which would give to hunting an additional value that could
improve the image of this activity in the wider society. To
reach this optimal win-win situation, more work on the
perceptions about predators and wildlife at large among
managers and conservationists should be developed to look
for common ground, and more work about quantifying the
economic losses to predation (in comparison with economic
investments on predator control) should be developed, as
quantification may help influencing perceptions. Beyond that,
game managers should stop using illegal and nonselective
control methods in order to modify the perception of
nonhunters that the use of illegal methods is widespread
(Thompson et a. 2009). On the other hand, ecological
scientists should boost the ongoing process of evaluation of
the selectivity of predator control methods (M ufioz-Igualada
et a. 2008, Diaz-Ruiz et al. 2010), should encourage the
development of sound experimental research on aternative
selective methods that are viewed as effective by managers,
and should continue work on the effects of predation on
population ecology of red-legged partridge, and other game
and nongame prey. Moreover, an effective communication of
scientific findings to the general public, and in this particular
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case to the game managers (particularly those with strong
economic interests), should be promoted (Groffman et a.
2010).

In summary, our study showsthat predator control for hunting
interests is very widespread in central Spain, which reflects
the general perception of managers observed in this study that
predators (including, frequently, protected ones) are
responsible for significant game losses and should be
removed. It also shows that the intensity of predator control
seems influenced by the perceptions of managers about
predators, and thisinturnisal so associated with the economic
interests of the game manager, which also seemsto influence
the methods used. Thus, our results highlight the important
rolethat both social and economic factors (even stronger than
ecological factors) play driving predator control, and therefore
the need of incorporating thesefactorswhen making decisions
to mitigate the human-predator conflict (see also White et .
2009). Wewouldthusliketo call to attention ontheimportance
of combining ecological studies with social and economic
sciences (Robinson 2006), as well as the need of involving
stakeholdersin the conservation processto effectively resolve
the conflicts between human activities and protected species
(Vaclavikovaet a. 2011).

Responsesto this article can be read online at:
http://www.ecol ogyandsoci ety.org/i SSUes/responses.

php/5367
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