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Abstract

Large predators are recolonizing areas in industrialized countries, where they have

been absent for decades or centuries. As they reach these areas, the predators often

encounter unwary livestock and unprepared keepers, which translates into large

economic costs. The cost per individual may have important repercussions on the

conservation and management of large predators. During the years 2003–2004, we

collected 136 feces preliminarily identified as belonging to gray wolves Canis lupus

along the north-eastern limit of the wolf range in the Iberia peninsula (Basque

Country, Spain). Genetic analyses allowed us to identify the species of origin in 86

cases: 31 corresponded to wolves, two to red foxes Vulpes vulpes and 53 to dogs

Canis familiaris. Among the wolves, we identified 16 different individuals. We

estimated the cost of conserving wolves to be 4h3000 per wolf per year, based on

the cost of damage compensation and prevention during the 2003–2004 period.

However, most of the wolf feces contained wild prey whereas dog feces contained

mostly remains of domestic animals. This finding suggests that uncontrolled dogs

could be responsible for some of the attacks on livestock, contributing to negative

public attitudes toward wolf conservation and increasing its cost.

Introduction

Some large carnivores, including gray wolves Canis lupus,

are coming back to many areas in industrialized nations

(Boitani, 2003). As wolves return to areas that they have not

occupied for generations, they encounter poorly guarded

livestock, which often leads to predation on domestic

animals and large economic losses (Sand et al., 2006;

Bostedt & Grahn, 2008). As a result, governments are both

spending large amounts of money in damage prevention and

compensation, as well as designating areas where predator

populations are strictly regulated or eliminated (e.g. for

Sweden, see Bostedt & Grahn, 2008; for Finland, see

Ministry of Agriculture & Forestry, 2005). These policies

slow down the potential growth of the predator population.

Furthermore, feral and uncontrolled dogs Canis familiaris

are common and are also capable of attacking livestock,

especially sheep (Pimentel et al., 2000). Their possible

contribution to the depredation of livestock – and to the

wolf’s bad reputation – is usually not evaluated by managers

due to technical difficulties and remains unrecognized by the

public.

Over the last two decades, the densely populated Basque

Country (7234 km2, 295 people km�2) in northern Spain has

represented the eastern limit of the Iberian wolf population

(Blanco & Cortés, 2002) (Fig. 1). The Iberian wolf popula-

tion is composed of a minimum of 254 packs (Álvares et al.,

2005) and is distributed mainly in the north-western quad-

rant of the Iberian peninsula. The European mammal

assessment considers the Iberian wolf population ‘near

threatened’ because of human-induced threats and the lack

of coordinated management (Boitani, 2000). In some parts

of the Iberian Peninsula, wolves are protected, whereas in

other areas they are considered a game species. Despite the

geographic expansion of this wolf population in recent

decades, wolves have not permanently settled in the Basque

Country because they have been regularly eliminated.

Of the 1300 km2 regularly occupied by wolves in the

Basque Country, about 85% is in the province of Álava

(3047 km2), where the average human population density is

relatively low (91 people km�2). Herds of endemic latxa

sheep, used to produce the highly appreciated Idiazábal

cheese, are the most abundant livestock species (83 500

sheep occur in the entire province, 41% of them within the

range of the wolf). Sheep are often free ranging and are not

under continuous supervision by shepherds. These sheep are

often reported to suffer attacks from wolves, which has led

to conflict between farmers, managers and conservation

agencies and groups.

Official accounts from the regional government of Álava

showed that during 2003–2004, a total of 432 domestic

animals were attacked in 154 separate incidents; 94% of

these attacks were attributed to wolves (Aguirrezábal &
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Sánchez, 2007). In response to these attacks, 27 collective

drives were organized to hunt wolves during those 2 years

and permits were awarded to kill wolves during wild boar

hunts, resulting in the known death of two wolves.

Livestock farmers were compensated in all of the attacks

attributed to wolves. Sheep accounted for 92% of the

animals attacked, corresponding to 0.3% of all sheep in the

region and about 80% of the costs. Direct compensation

and prevention of wolf attacks in that 2-year period summed

to h108 696. About 60% of these funds were invested in

prevention activities, including the use and maintenance of

large guard dogs. During this time period, only 10 attacks

(affecting 30 animals) were attributed to dogs. Some groups

feel that these costs are unsustainable (Askacı́bar & Ocio,

2006).

We used noninvasive sampling of feces and the genetic

identification of individuals to estimate the number of

wolves living in and near the Basque Country during

2003–2004. We also used genetic methods to assign each

feces to either wolf or dog and compared the occurrence of

domestic and wild prey in their diets

Methods

During 2003–2004, we collected 136 feces along 690 km of

transects in Álava and surrounding areas. The region

surveyed included the area where all reported wolf attacks

and sightings occurred during 1999–2002, and neighboring

areas where the presence of wolves was probable. The

sampling was opportunistic and some areas were more

thoroughly explored and some transects were explored more

than once. Feces were identified in the field as most likely

corresponding to wolves based on size (diameter 42.5 cm)

and the presence of large ungulate prey remains. Geo-

graphic coordinates were collected for each sample. Feces

were kept dry and frozen at�20 1C until they were analyzed.

Genomic DNA was extracted using the QIAamps DNA

Stool Mini kit (Qiagen, Solna, Sweden). Partial mitochon-

drial DNA (mtDNA) control region sequences were obtained

as described in Vilà et al. (1999). In order to identify the

species of origin for each feces, sequences were compared with

those reported in previous studies of wolves and dogs (Vilà

et al., 1997, 1999; Savolainen et al., 2002) and with sequences

deposited in GenBank (http://www.ncbi.nlm.nih.gov/).

Feces identified as corresponding to wolves were subse-

quently typed for 20 autosomal microsatellites as in Vilà

et al. (2003): c2001, c2006, c2010, c2017, c2054, c2079, c2088

and c2096 (Francisco et al., 1996), vWF (Shibuya et al.,

1994), u109, u173, u225, u250 and u253 (Ostrander, Sprague

& Rine, 1993) and PEZ01, PEZ03, PEZ05, PEZ06, PEZ08

and PEZ12 (Perkin Elmer, Zoogen, Davis, CA, USA; see

NHGRI Dog Genome Project, http://research.nhgri.nih.

gov/dog_genome/). Sex determination was conducted fol-

lowing the protocol and markers of Seddon (2005). Because

the amplification of DNA from feces can be heavily affected

by allelic dropout (Taberlet et al., 1997), each amplification

was repeated six times and consensus genotypes were built

for each sample. For a heterozygous genotype to be con-

firmed, it had to be observed in at least three replicates, four

for a homozygote. Although these conditions were more

stringent than those used in other noninvasive studies of

carnivores (e.g. see Flagstad et al., 2003; Hedmark et al.,

2004), it is still possible that allelic dropout affected some of

the consensus genotypes. The number of different consensus

genotypes was used as an estimate of the minimum number

of wolves in the area.

With the help of a microscope, the contents of each feces

genetically assigned to wolf or dog were identified following
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Figure 1 Study area in relation to the distribution

of wolves Canis lupus in Spain in 1988 (vertical

hatching) and 2001 (horizontal hatching) (Blanco

& Cortés, 2002), and location of feces identified

as corresponding to wolves. Each individual is

marked with a different number. Question marks

indicate unidentified individuals (incomplete gen-

otypes). The line marks the limit of the Basque

Country (the southern 2/3 marks the limit of the

Basque province Álava, where the study was

centered). Squares correspond to UTM grid cells

of 10�10 km.
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the key of Teerink (1991) and by comparison with reference

collections compiled by the authors. Fecal analysis was

conducted by the same person who conducted the genetic

analysis (J. E.), but the two procedures were separated by a

period of several months and knowledge regarding species

identification was not considered.

Results and discussion

Previous studies identified a small number of maternally

inherited mtDNA haplotypes in Iberian wolves (Vilà et al.,

1999 and unpubl. data) that were clearly differentiated from

dog haplotypes (Vilà et al., 1997; Savolainen et al., 2002).

We successfully extracted and sequenced mtDNA from 86

of the 136 feces sampled (63% success). A single Iberian

wolf-specific haplotype was identified in 31 feces (corre-

sponding to lu4, in Vilà et al., 1999). Dog haplotypes were

identified in 53 feces and 2 had red fox Vulpes vulpes

sequences.

We then typed 20 canine autosomal microsatellite mar-

kers and molecularly sexed the wolf feces. The consensus

genotypes for each of the samples successfully typed at a

minimum of 12 loci revealed the presence of 16 individual

genotypes, representing the minimum number of individual

wolves in our study area (Fig. 1). The genetic profiles did not

suggest the presence of any wolf–dog hybrid in the sample

and all of them fit within the diversity observed in a larger

survey of Iberian wolves (data not shown). In combination

with the sex typing, these profiles indicated the presence of

five males, seven females and four individuals of unknown

sex. We decided not to estimate the number of wolves in the

area with rarefaction curves (Kohn et al., 1999; Eggert,

Eggert & Woodruff, 2003) because field sampling was not

random; we sampled the interior of the region more inten-

sively than the periphery; we typically avoided resampling

areas; most genotypes were observed only once; the popula-

tion within the Basque Country was part of a much larger

wolf population. These factors would collectively contribute

to large confidence intervals in estimates of population size

based on rarefaction curves.

If we assume that all wolves contributed equally to

attacks on livestock, we can estimate the average cost of

conserving a wolf by dividing h108.696, the total cost of

damage prevention and compensation in 2003 and 2004, by

32 (16 wolves� years, assuming that all individuals are alive

and in the area during the two years). This implies that each

wolf costs the public c. h3397 per year. This amount would

be lower if the number of wolves had been underestimated.

Given the small number of wolves and the large number

of attacks, the diet of the Basque wolves appears be heavily

dependent on domestic livestock, especially sheep. We

investigated whether this was the case by comparing the

remains of prey identified in both wolf and dog feces. Each

feces contained only a single prey item. Among the prey

items identified in 30 wolf feces (the remains in one wolf fecal

sample were unknown), 22 contained wild prey (17 roe deer

Capreolus capreolus, three wild boar Sus scrofa, one Eur-

asian badger Meles meles and one European hare Lepus

europaeus) and eight contained domestic animals (four

horses, three cattle and one sheep) (Fig. 2). Wild species

represented 73% of all prey identified in wolf feces and sheep

only 3%. Considering how rare attacks are on horses and

cattle, it is possible that these food items were scavenged.

Of the 39 prey items identified in dog feces (prey remains

in 14 feces could not be identified), 14 (36%) contained

remains of sheep and seven (18%) contained remains of

either horses or cattle (Fig. 2). Domestic animals repre-

sented 54% of all prey identified in dog feces. Of the 39 prey

items identified in dog feces (remains not identified for 14

feces), 14 (36%) corresponded to sheep (Fig. 2). Because we

biased our sampling toward finding wolf feces, these data

should not be considered to be indicative of the diet of all

dogs in the area. Nevertheless, domestic animals, particu-

larly sheep, are part of the diet of some dogs. Although our

analyses cannot discern whether the consumption of sheep

by dogs is a result of their scavenging carcasses or direct

predation, they do suggest the possibility that some of the

attacks on sheep could have been perpetrated by dogs.

Shepherd, hunting or feral dogs have been reported to

prey on both wild and domestic species (Lowry &

McArthur, 1978; Vos, 2000; Butler & Du Toit, 2002; Butler,

Du Toit & Bingham, 2004). In the United Kingdom, where

wolves are absent, 30 000 sheep and 5000–10 000 lambs are

killed each year by dogs (Taylor et al., 2005). These losses

add up to h2.5 million per year. In a neighboring region of

the Basque Country, 14% of the attacks on domestic

animals initially attributed to wolves were refused compen-

sation after a technical team determined that wolves were

not the cause of the attacks (Resumen Plan Actuaciones

Principado Asturias, 2005–2006). Wolves have been present

in Basque Country since the 1980s (Blanco, Cuesta & Reig,

1992), but dogs were not considered as potential predators

of domestic livestock there until 2003.

One reason why dogs often may not be considered

predators of domestic livestock is probably related to how

difficult it is to determine the predator responsible for an

attack. Evidence left at a kill site or on the prey animal is
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Figure 2 The per cent occurrence of wild and domestic prey in the

feces of wolves Canis lupus (n=31) and dogs Canis familiaris (n=39)

collected in the Basque Country, Spain, in 2003 and 2004.
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often ambiguous (Bousbouras, 1997), especially if the car-

cass has been scavenged (Selva et al., 2005). Even experi-

enced personnel using standardized protocols were unable

to determine whether wolves or dogs caused 30% of the

attacks on domestic livestock in nearby regions of Castille

and Leon (Talegón, 2003). This area contains a large wolf

population. In contrast, our estimate of the number of

wolves in the Basque Country is much less than the number

of dogs present in the area. Although the number of

uncontrolled and feral dogs is unknown, there are at least

153 guard dogs within our study area, nearly 10 times the

number of wolves we estimated.

Analysis of the diet of predators rarely allows separating

predation from scavenging of carcasses (Fedriani & Kohn,

2001; Chavez & Gese, 2005). Similarly, an analysis of the

evidence left at kill sites will rarely, if ever, be conclusive.

The application of genetic methods to identify the species

and individuals that may be preying on domestic species can

be a valuable contribution to the development of compre-

hensive damage prevention and compensation programs

(Bulte & Rondeau, 2005). Furthermore, genetic approaches

may also aid in elucidating the role of feral or uncontrolled

dogs in domestic animal depredation cases (Sundqvist,

Ellegren & Vilà, 2008) and show authorities the importance

of controlling feral dogs. Well-designed, respected and

operational damage prevention and compensation pro-

grams are vital to minimizing depredations on livestock

and reducing the conflict between natural predators and

society (Sagor, Swenson & Roskaft, 1997; Boitani, 2000;

Bisi et al., 2007). Here, we show that genetic methods are an

important tool for developing such programs.

Because farmers in many areas only receive economic

compensation for wolf attacks, biases can develop favoring

the report of attacks by wolves or blaming them in cases of

difficult assignment (Askacı́bar & Ocio, 2006). Excessive

blame placed on wolves encourages negative attitudes to-

ward wolf recolonization, exacerbates conflict leading to

further wolf population control and reduces the application

of non-lethal measures that could protect both domestic

animals and wolves (Bulte & Rondeau, 2005; Chavez, Gese

& Krannich, 2005; Bisi et al., 2007).
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Vilà, C., Savolainen, P., Maldonado, J.E., Amorim, I.R.,

Rice, J.E., Honeycutt, R.L., Crandall, K.A., Lundeberg, J.

& Wayne, R.K. (1997). Multiple and ancient origins of the

domestic dog. Science 276, 1687–1689.
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