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Over the last decades, wolf Canis lupus predation in northern Spain
has focused on wild ungulates, even though livestock and other prey,
such as other carnivores and small mammals, and garbage have been
available. During 1994 and 1995, we studied the impact of wolf preda-
tion on wild boar Sus scrofa in four study areas in Asturias, Spain. The
diet of the wolf was assessed by scat collection and analysis (N = 106,
329, 372 and 649, respectively). The mortality of wild boar was de-
duced from density estimates and hunting records from the Nature
Reserve of Somiedo. Wild boar represented 3-31% of the biomass of
food found in the wolf scats in the study areas. We estimated that 75%
of wild boars eaten were piglets. The wild boar mortality rate was es-
timated at 38% (146 dead individuals out of 385). Wolf predation was
estimated to cause 12% of the mortality of wild boar and to affect
4.5% of the wild boar population. Hunting had a higher importance
as a mortality factor than wolf predation (31 and 12%, respectively).
Even though, a two-year study is insufficient to come to a final con-
clusion, our results suggest that wolf predation may have a low impact
on young wild boar and that a hunting pressure of the size we found
is unlikely to control the wild boar population.
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The wolf Canis lupus is a natural predator of wild
ungulates (Okarma 1995). However, in disturbed
habitats of southern Europe, where wild ungulates
had been depleted but where other abundant food
sources exist, wolf has diversified its diet to include
livestock, other carnivores (mainly dogs Canis fa-
miliaris) and small mammals. Wolf even feeds on
fruits and carrion found among garbage (Meriggi&
Lovari 1996).

Wild boar Sus scrofa has experienced the great-
est expansion (Nores et al. 1995). The increase in
the number of wild boar has occurred over almost
all of Europe (Sáez-Royuela & Tellería 1986). In
Spain it took place around the 1960s (Tellería &
Sáez-Royuela 1985), although in the Cantabrian
area, and particularly in Asturias, it did not occur
until the late 1980s. One of the consequences of the
recent increase in wild ungulate numbers has been a

Figure 1. Overall location of the study area in Asturias, northern Spain, with indi-
cation of the study areas A-D from which the wolf scats were collected. The Nature
Reserve of Somiedo is area C.

change in the feeding behaviour of wolves (Meriggi
et al. 1996).

It has been suggested that the increase in wild
boar is related to decreases in the wolf populations
(Tellería & Sáez-Royuela 1985, Gerard et al. 1991),
but this has not been adequately explored.Themost
important studies carried out on the subject have
beenconducted in theBiałowieżaPrimevalForest in
Poland(Okarmaetal. 1995, Jędrzejewski etal. 2000,
2002), in an environment that differs very much
from the environment in southern Europe. Melis
et al. (2006) found that the presence of wolves has
a limited effect on boar population density in Eu-
ropeasawhole,albeit theywerenotable toelucidate
whether the impact of wolf predation on wild boar
actually declines northwards or whether the harsh
winters have a greater bearing on determining wild
boar densities at high latitudes, and whether pre-

dator-inflicted mortality is com-
pensatory or not. In this article,
weaimtodescribe the importance
of wild boar as a wolf prey in
theCantabrianMountainRange,
northern Spain. We also compare
the effect of wolf predation and
hunting on wild boar mortality in
the Somiedo Natural Park to test
how,ifatall,wolfpredationcould
control wild boar populations in
southern Europe.

Study area and methods

Asturias is a region located be-
tween the north coast of Spain
and the Cantabrian Mountain
Range (Fig 1). It has an ocean-
ic climate with altitudes ranging
within 0-2,648 m a.s.l. and it cov-
ers 10,500 km2, in most of which
wolf andwildboararepresent.

The Nature Reserve of Somi-
edo covers almost 300 km2 on the
Asturian side of the western Can-
tabrian Mountain Range, with
altitudes ranging within 800-
2,100 m a.s.l. The most abundant
type of habitat is heath (41%),
followed by deciduous forests
(23%) and pastures (18%), and
some rocky outcrops, subalpine
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vegetation, evergreen forests, shrubs and urban set-
tlements. It is a well-conserved mountain pasture
land, with a human density of 6.2 inhabitants/km2,
and abundant livestock kept in an extensive free-
grazing system. The fauna includes large mammals
such as brown bear Ursus arctos, wolf, red deer
Cervus elaphus, southern chamois Rupicapra pyre-
naica, roedeerCapreolus capreolusandwildboar,of
which wild boar has been hunted in hunting drives
since1966.

We studied the diet of wolves in four different ar-
eas of Asturias, each covering 50-100 km2 (see Fig.
1), by collecting scats during March 1994-March
1995. We based prey identification on hair, hooves
and bones, and we used several identification keys
(e.g. Faliú et al. 1980, Teerink 1991) as well as a lo-
cal hair collection. In some cases, the age class of the
prey items could be defined through the presence
of smaller sized remains such as hooves and small
bones in the scats. We expressed the diet in terms
of percentage of biomass ingested using the equa-
tionofFloyd et al. (1978), revisedbyWeaver (1993),
and followed the recommendations of Ciucci et al.
(1996); (Table 1). The biomass of Asturian animals
was fromLlaneza et al. (1996).

We carried out two wild boar population esti-
mates in the Natural Reserve of Somiedo in 1994
and 1995 using the procedure described by Nores
et al. (2000). The process is an adaptation of the
method used by Langvatn (1977) to estimate deer
during rutting (roaring stag estimation), which con-
siders the social structure of the groups observed.
The method has often been used in mountainous
areas with a low detectability (Albaret et al. 1986,
Bobek et al. 1986,Mazzarone et al. 1991) and it is an

Table 1. Percentage of prey biomass in wolf scats collected
in the areas A-D (see Fig. 1) in Asturias, northern Spain,
during March 1994-March 1995. N gives the number of scats
collected.

Area A Area B Area C Area D
Prey species (N = 649) (N = 372) (N = 329) (N = 106)

Wild boar 6.0 31.0 11.9 2.8
Roe deer 5.5 42.4
Roe deer & red deer 41.3 43.8
Chamois 2.8 5.8 24.3
Sheep 2.3 0.5 4.9 6.5
Goat 9.5 5.1 10.4 4.7
Cattle 4.0 4.0 1.9
Horse 61.5 7.4 4.6 1.9
Small carnivores 2.0 2.8 1.22
Small mammals 2.1
Others 9.2 8.1 13.5 14.1

adaptation of the estimation method named Index
and Control method (Caughley 1977). In our case,
we used the minimum number of family groups ob-
tained by all procedures available (random walks to
locatepiglet footprints, automatic camerasand tele-
scopic watching sites) as the control; the estimation
was made using the proportion between the num-
ber of family groups observed and any other type
of wild boar group (single or grouped subadult or
adult individuals) as indices.

In the study areas, we used the number of wild
boar killed by hunters per day (catch-per-unit-
effort) during the hunting season as a relative
density index. We calculated mortality by taking
into consideration that the number of individuals
that were >1 year old in 1995 were the survivors
of the total estimated population in 1994, follow-
ing the procedure outlined by Johnson (1994) for
the estimation of the mortality ratios of population
sizes.

We estimated the number of wild boar killed by
wolves in the Nature Reserve of Somiedo in two
different ways. First, we compared the proportion
of wild boar and domestic species in the wolf diet
(scats) with the number of domestic animals killed
by wolves with the claims for damages filed by the
Park. We thus estimated the number of wild boar
killed by wolves on the basis of the percentage of
wild boar, sheepOvis aries anddomestic goatCapra
aegagrushircusbiomasspresent in thewolfdiet (cor-
rected by the mean weight of every species), and we
compared their values with the sheep and domestic
goats killed by wolves in Somiedo during the same
period. We did not use the proportion of horse Equ-
us caballus and cattle because, due to their larger
size, the carcasses are usually removed by the own-
ers beforewolves can eat themup completely and so
wouldbe less represented in the scats.

Secondly, we used an alternative method based
on Fuller (1989), assessing that a 20-kg wolf would
eat 438 kg of food per year. By multiplying this sum
by the intake of biomass percentage (11.9% of bio-
mass consumed ∼52.12 kg wild boar) and dividing
it by the average weight of an ingested wild boar
(three piglets per adult averaging 33 kg per adult in-
dividual), a wolf can be estimated to consume 1.6
wildboars annually.

We used the Spearman coefficient of rank cor-
relation (rs) as a non-parametric correlation coef-
ficient to test the relation between wild ungulate
abundance in the wolf diet and their abundance
as a prey, because our data did not show a normal
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bivariate distribution. We used only four ranks
(just within the limit for using rank correlation
tests). Due to the small amount of data available,
we ascribed greater importance to the P-value as a
means of comparing the correlation abundance-
consumption of the different species in relative
terms than the correlation coefficient obtained it-
self. We used the Fisher’s exact test to compare
selective wolf predation on piglets with numbers in
relation to non-piglets in the scats aswell as in living
animals sampled in the field. All estimates are given
±SE.

Results

Wild boar in wolf diet and as a game species
The percentage of wild boar biomass in the diet of
wolves in Asturias ranged within 2.8-31% among
study areas (A-D inFig. 1), and ranked fromsecond
to fourth among prey, depending on the area. It was
ranked after roe deer or after horse, sheep and goat,
reddeeror chamois (seeTable 1).

The percentage of wild boar biomass in the wolf
prey diet was unrelated to the relative density of
wild boar (rs = -0.2, N = 4, P = 0.8). Contrasting
this, other wild prey such as deer (roe + red deer;
rs = 0.667, N = 4; P = 0.174) and chamois (rs = 1,
N = 3; P = 0) exhibited more obvious relations be-
tween abundance and consumption. Nevertheless,
wild boar consumption did reveal a certain negative
correlation with the Simpson’s dominance index of
the remaining ungulate species (rs = -0.8; N = 4,
P = 0.2;Table 2).

Table 2. Density of some wolf prey species in the areas A-
D in Asturias, northern Spain, during the 1994/95 hunting
season. Data on wild boar and deer are presented as relative
density (number of individuals killed by hunters per day) and
on other prey species as absolute densities (individuals per
km-2). NP indicates that the species was not present in the
area. D gives the Simpson’s Dominance Index of wolf prey,
without including wild boar. Data on chamois were obtained
from transect counts, and on sheep, goat, cattle and horse
from official veterinary records.

Prey species Area A Area B Area C Area D

Wild boar 0.53 0.82 0.75 1.43
Red deer NP NP 0.80 0.74
Roe deer 0.38 0.83 0.54 0.85
Chamois NP 0.76 6.40 18.89
Sheep 1.4 2.4 4.2 1.4
Goats 9.5 5.1 10.4 4.7
Cattle 10.3 18.4 20.1 15.1
Horse 10.0 0.1 0.9 1.0
D 0.401 0.196 0.210 0.278

Table 3. Seasonal variation of wild boar biomass (in %) in
wolf diet in the areas A-D in Asturias, northern Spain. The
highest values of wild boar consumption are italicised. N gives
the number of scats collected.

Area A Area B Area C Area D
(N = 649) (N = 372) (N = 329) (N = 106)

Spring 0 26.0 8.3 1.7
Summer 4.6 28.6 7.4 4.8
Autumn 9.9 28.9 11.4 0
Winter 9.5 42.0 19.4 5.9

No. of wild boar items 36.0 122.0 39.0 3.0
% of wild boar biomass 6.0 30.9 11.9 2.8

Wild boar consumption was generally greater
during winter than during spring, summer and au-
tumn (Table 3). In spring and summer, wolf preda-
tion was focused on juveniles rather than on adults.
Of thewild boar inwolf scatswhose age couldbede-
termined (N = 16), 75% were in their first year of
life, compared with an estimated 21% of piglets in
the population in summer (Nores et al. 2000). This
differencewas highly significant (Fisher’s exact test:
P = 0.0036, N = 62).

Wild boar mortality in the Natural Park of
Somiedo
Wild boar density and demography in the Nature
ReserveofSomiedowere estimatedduring1994and
1995 (Nores et al. 2000). The population loss rate
(mortality + emigration) can be estimated by com-
paring the data from both years. Although we had
no data on immigration and emigration rates, we
assumed that they were balanced as wild boar num-
bers hunted per day remained stable for the whole
of the Regional Game Reserves from 1990 to 1995
(Teresa Sánchez Corominas, pers. comm.).

Following the procedure outlined by Johnson
(1994), of the total of 385 ± 63 (80 piglets and 305
non-juveniles) estimated wild boar in the Nature
Reserve of Somiedo in 1994, 239 were ≥1-year-olds
in 1995 (350 ± 60 animals estimated of which 111
werepiglets).This leads toanannual survival rateof
0.621. Of the estimated 146 individuals (38%) that
died, 45% were killed during the hunting season, i.e.
an estimatedharvest of 11.7%.

Based on 10 sheep and nine domestic goats killed
by wolves in 1994, we estimated that 16.2 ± 5.4 wild
boars were killed by wolves. These kills represented
4.2% of the 1994 wild boar population (11.1% of
dead wild boar). Using the Fuller (1989) method,
andassumingsevenwolves ineachof the twoknown
reproductivepacks inSomiedo,whichused200 km2
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(see Vilà et al. 1990), we estimated that an average
of about 11 wolves used the 300 km2 of the whole
NatureReserve.Weestimated that at least 17.5wild
boars were to be killed by wolves (4.5% of the popu-
lation and 12% of the estimated numbers of dead
wildboar).The twomethodsgave similar results.

Discussion

About the methodology
Our methods give approximations of mortality
causes. A more precise method should be used to
test our conclusions, using mark-recapture and
long-termradio-trackingmethods.Amongpossible
biases are: the estimation of the mortality rate de-
pends on population estimates, and counting wild
boar is well-known to be a difficult task, because
of their wide-ranging movements, their preference
for dense forests and their highly aggregated distri-
bution patterns (Barret 1982). But while the num-
bers of wild boars shot or killed by wolves are inde-
pendent of the wild boar population estimates, they
are not independent of the other causes of death
that influence thewildboarpopulation.

Fuller’s (1989) method for calculating the num-
ber of wild boar consumed by wolves is based on
a fixed intake of meat by each wolf. The intake
estimates made in Central Europe (i.e. Poland; Ję-
drzejewski et al. 2002) are higher, but daily intake
increases with snow cover, which enhances pre-
dation efficiency by increasing prey vulnerability
and the coherence of the wolf packs. The smaller
amounts of snow in Somiedo and the coincidence
of the estimates obtained in each of the methods ap-
pear to reveal that our estimation of the amount of
wild boar consumed by wolves may in fact be quite
realistic.

Nevertheless, wolf predation might be smaller
than recorded in our estimation, because we were
unable to determine whether wild boar in wolf scats
came from an actual predation or were consumed
as carrion. Only four of the 45 shot wild boars were
wounded and did not recover, but illegal hunting
(wild boars are illicitly snared in Somiedo to avoid
damages to meadows) and natural mortality other
thanpredationmustbe includedas 'other causes'.

It is also difficult to generalise our results on the
mortality of wild boar in the Somiedo National
Park because they were obtained over just a year.
The acorn crop in the autumn of 1994 was slightly
below the mean (the mast was in the 42 percentile;

Domínguez1996).Yet, 1994/95wasaverymildwin-
ter; i.e. >85% of all the recorded December months
were colder. So, the mortality during 1994/95 may
havebeen lower thanusually.

Wild boar as wolf prey
The diet of the wolf in Asturias is very variable even
in locations which are not far apart. The distances
from area A to B and from area B to C are < 25 km
and the differences in consumption of wild boar
are quite large (five times higher in area B than in
A and nearly three times higher in B than in C).
Similar variations are seen in other prey species,
particularly in deer (very scarce in area A), horse
(the main prey in area A) and chamois (very abun-
dant in area D). Cattle, although abundant in all
the areas, are seldom predated due to, among other
reasons, the greater attention being paid by farm-
ers and to the fact that the animals are stabled for
half of the year. The frequency of wild boar occur-
rence in the wolf diet does not seem to depend on
the density of the species, because the consumption
of wild boar appears to be inversely related to the
availabilityofotherprey, as revealedby thenegative
correlationwith the dominance of the rest of the un-
gulate community. A possible explanation for wolf
consumption of wild boar in our study area might
be ascribed to the differences in the availability or
accessibilityof alternativeprey species.

Consumption of young wild boar by wolves, as
witnessed in Somiedo, is a well-known phenom-
enon. In theBiałowieżaForest (Poland), youngwild
boar represent as much as 94% of the wild boar eat-
en by wolves (Jędrzejewski et al. 1992), and in the
northern Apennines (Italy) they represent >77%
of occurrences (Mattioli et al. 1995). This may be
ascribed to a higher vulnerability of dispersing ju-
veniles to predation than of adults (Mattioli et al.
1995,Meriggi&Lovari 1996).

InBiałowieżaForest, the importanceofwolf pre-
dation in ungulate mortality varies considerably
among years and depending on winter severity and
prey availability, but deaths caused by diseases and
starvation seem to be more important than killings
resulting from wolf predation (Okarma 1995).
Wild boar winter deaths were mainly influenced by
snow cover and the acorn crop in the previous year
(Okarmaet al. 1995).

The influenceofwolfpredationonwildboarpop-
ulationsmayvary fromone site toanother.Kanzaki
et al. (1998) believe that in Bieszczady Mountains
(Poland), with low densities of wild boar and high
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densities of wolf, predation may be more decisive
than other environmental factors (e.g. winter tem-
perature, snow cover and beech nut crop) on wild
boar population dynamics. However, there are two
factors that should be kept in mind in order to inter-
pret these results: 1) Although the density of wolves
in these Polish mountains was similar to the den-
sity in Somiedo, the density of the wild boar in the
BieszczadyMountainswas less than half of the den-
sity in Somiedo; 2) Kanzaki et al. (1998) did not
consider the time lags in the correlation between
wild boar density and the other environmental fac-
tors,yet theseare fundamental inotherstudies (Neet
1995). In contrast, other studies of wolf predation
reveal that it has a low impact on wild boar popu-
lations. At least, that is the case in the Białowieża
Forest (Jędrzejewska & Jędrzejewski 1998, 2005 in
Melis et al. 2006), where the wolf density is similar
to the density in Somiedo and the wild boar densi-
ty is higher. The predation pattern in theBiałowieża
Forest is similar to the pattern in Somiedo, both
in terms of the selection of piglets and young indi-
viduals, as well as in terms of the percentage of the
population killed (4-8%; Jędrzejewski et al. 2000,
2002).

Wild boar as big game
InAsturias,wildboar is a secondaryprey species for
the wolf, and also the most widely hunted big game.
During the 1994/95 season, 1,744 wild boars were
legally killed in Asturias, which is twice as many as
of all the other big game species combined (i.e. red
deer, roedeer, southernchamoisandfallowdeer). In
the 2005/06 season, the number of wild boar killed
increased to 6,284 (Teresa Sánchez-Corominas,
pers. comm.). The catch-per-unit-effort annual
increase of wild boar in Somiedo is >7% (Uzal &
Nores 2004), slightly less than for the whole of As-
turias.

According to our study, the annual mortality of
wild boar as estimated by use of our two methods is
comparable to the mortality rate recorded in areas
of low hunting pressure, such as Petit Pierre (Gail-
lard et al. 1987) or Camarge (Spitz 1989). The wild
boar harvest in theNatureReserve of Somiedo, and
in general in Asturias, is low and smaller than har-
vests obtained in other regions in northern Spain,
which varies from 17 to 37% of the population es-
timated by drive counts (Sáez-Royuela & Tellería
1988, Leránoz & Castién 1996, Herrero 2003). It
clearly remains below the harvest levels that have
been reported in many areas of Europe and which

usually exceed 30% (Spitz et al. 1984, Gaillard et al.
1987, Boitani et al. 1995). The scarcely harvested
populations in northern Spain are characterised by
higher juvenilemortalityandhigher survivalof indi-
viduals >3 years old (Nores et al. 2000), as reported
for other wild boar populations with low hunting
pressure (Jezierski 1977,Gaillard et al. 1987).

In Somiedo, hunting and wolf predation, even if
both were similar in their intensity, might have dif-
ferent demographic importance, as they operate
on different age groups. Because the wolf exerts a
higher pressure on juveniles rather than on adults
duringwinter inSomiedo, it allowsa relative greater
survival of the reproductive animals, thus permit-
ting them to compensate for the losses more easily
in the year to come. On the contrary, the mortal-
ity caused by hunting drives tends to affect the
adult age groups more (Milkowski & Wojcik 1984),
and a higher proportion of reproductive females
are killed. Nonetheless, the importance of the age
groups that have the greatest bearing on popula-
tion increase varies depending on the availability of
food;duringmast years the survival of juveniles that
becomebreeders ismore important,whereas during
years of scant yield (small or no crops), in the ab-
sence of juvenile reproduction, the most important
segment from the population dynamics perspective
is the adult females (Bieber & Ruf 2005). So, wolf
predation could acquire a more important role in
years of abundant resources for wild boar, but their
control is not suchas toavoidwildboar increase.

On a European scale, Melis et al. (2006) stated
that predation by wolves appears to have a weaker
effectonwildboardensity thanwinter temperatures
and vegetation productivity, but they were unable
to quantify the role of hunting. Even so, most stud-
ies have concluded that it is very unlikely that sport
hunting can control wild boar density (Boitani et al.
1995,Csány 1995), althoughhigh hunting pressures
may change the population structure (Gaillard et al.
1987). In our study, wolf predation seemed to have
less importance as a control means of population
dynamics thandidhunting.
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