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Abstract Using records from archives detailing bounties
for wolves killed in northern Spain during the eighteenth
and nineteenth centuries, we investigated demographic and
spatial distribution parameters of the population to deter-
mine whether direct persecution or prey availability was
responsible for the observed population decline. Captures
of adult, subadult, and young individuals, including those
of litters, showed a downward trend. Progressive decreases
in age ratio and litter size, and the increase in the proportion
of males, were compatible with a population under food
stress, driven by the extinction of wild ungulates, the sharp
reduction in livestock numbers, and the lack of alternative
prey. The immigration and dispersal process does not seem
to have functioned under such conditions. In the study area,
where strychnine was not used until the end of the
nineteenth century, the broadly accepted idea of human
persecution having an exclusive or primary role in wolf
decline does not necessarily apply.
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Introduction

Understanding the role of interacting factors leading to
population decline and extinction is currently a central topic
in conservation biology (Green 2002; Mills 2007; Carrete et

al. 2007). In particular, the conservation of carnivore
populations needs to be based on a complete knowledge
of specific causes of decline, so as to permit implementa-
tion of efficient adaptive strategies (Woodroffe 2001).
Scientific literature has generally attributed the long-term
decline in most gray wolf (Canis lupus) populations to the
direct effect of persecution, ascribing a minor or secondary
role to prey reduction (Mech 1995; Woodroffe 2001; Fuller
et al. 2003; Nilsson 2003). But recently, some emphasis has
been put on assessing which of these two is the prevalent
factor and on identifying the response to variations in each
(Johnson 2004). In North America, it has been proposed
that the lack of wild ungulates could have driven predation
on livestock, therefore, promoting control and extirpation
(Phillips et al. 2004). In Europe, it has been widely
accepted that the main regulating factor for wolf popula-
tions has been the level of compatibility with human
activities, but the ultimate reasons for decline have rarely
been assessed (Andersen et al. 2006).

The resilience of this species in non-isolated populations,
even under intense persecution, relates to its ability to disperse
from refugia (immigration) and to increase in reproductive
output (proportion of breeding females, litter size, and pup
survival), which in turn depends on available per capita
trophic resources (Mech 1981; Linnell et al. 2005). In this
context, prey abundance and its accessibility could be a
factor related to decline, once the behavioral and diet
flexibility of the species has been taken into account (Mech
and Peterson 2003; Espuno 2004). Thus, if prey reduction is
responsible for a decline in a given wolf population, coherent
demographic and reproductive responses should be expected.

To test this hypothesis, demographic data suitable for
analysis as long-term time series are needed (Johnson
2004), but this is rarely available in current populations.
The analyses of declines in historic and regional contexts
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may prove to be helpful (Fuller et al. 2003; Boitani et al.
2004) because such data can be extracted from records of
official bounties paid for wolf kills, a surrogate for wolf
occurrence and abundance (Beaufort 1987; Orsini 1996;
Elgmork 1996; Grau et al. 1990; Rico and Torrente 2000;
Riley et al. 2004). These bounties were a common
mechanism in Europe and North America in the seven-
teenth, eighteenth, and nineteenth centuries, in an attempt to
stimulate eradication and solve the long-lasting conflict
with pests and dangerous animals (Sillero-Zubiri and
Schwitzer 2004).

Western European wolf populations suffered from a
steep spatial and numerical decline throughout the seven-
teenth and eighteenth centuries, leading to their extinction
in several countries (Yalden 1999; Boitani 2003; Mech and
Boitani 2004). Iberian populations persisted longer (Blanco
et al. 1992; Boitani 2003), and their decline, along with
regional extinctions, took place largely in the nineteenth
century (Caussimont 1981; Grande del Brío 1984; Valverde
and Teruelo 2001). This process was described in terms of
range reduction using encyclopedic or geographic literature
over the last few centuries, containing occurrence data
about wolves in a number of locations.

The availability of hunting records with explicit time and
space references allows the development of datasets which
can be analyzed from an ecological perspective and helps to
test predicted demographic responses. In this way, our goals
are: (1) to explore the use of this type of information to
provide knowledge about the numbers and reproductive
output of a wolf population in decline, (2) to test whether
observed response supports either the “persecution” or
“prey reduction” hypothesis, and (3) to describe the spatial
distribution of such a population.

Materials and methods

Study area

The Basque country is a region of 7,230 km2 situated in
northern Spain, straddling the Atlantic and Mediterranean
biogeographic regions and made up of three administrative
provinces. Widely scattered human settlements, greater
population density, and private land ownership in the
northern half of the area contrast with the social and
environmental situation in the southern half, where public
forest ownership was maintained and sustainable exploita-
tion of woods persisted (Aragón 2003). The early con-
sequences of these processes were forest depletion through
deforestation in the northern half (Garayo 1992).

At a landscape scale, this territory plays an important
role as a connecting area for large mammal populations
between the main Spanish mountain chains, the Pyrenees

and the Cantabrian range. The east–west alignment of
Basque mountains strengthens this biological corridor.
There is theoretical and empirical evidence of this function,
including the immigration dynamics of roe deer (Capreolus
capreolus) and wolves in the last decades of the twentieth
century (Sáenz de Buruaga et al. 2000; Echegaray et al.
2007). Roe deer along with livestock constitute the staple
food of wolves in northern Spain, judging from current data
(Cuesta et al. 1991).

Data

In northern Spain, institutional action against wolves was
implemented through bounties as a means of improving
conditions for extensive livestock rearing. Bounties were
managed by local authorities and generated an economic
and bureaucratic activity that can be traced today. The
search for and gathering of reports related to bounties were
carried out in the historical archives of provincial councils
and again, separately, in municipal councils. Four types of
sufficiently explicit reports were found: applications from
hunters, certificates issued by local authorities, receipts
issued by treasurers, and annual account book entries.

In the provincial archives, data on locality, site, number of
individuals, age (“adult and young” or “pup”), sex, hunting
method, and date of kill were usually recorded. These
references to spatial, temporal, and biological features were
due to two main reasons: the existence of bounty rates
according to so-called individual reproductive value (around
500, 400, and 100 Spanish reales each for adult female, adult
male, and pup, respectively) and to avoid fraud. The time
span studied in provincial archives was from 1805 until
1905. Records corresponding to the eighteenth and twentieth
centuries were few and far between: in the first case through
loss of files and in the second as a result of the virtual
extinction of the wolf population.

As far as the archives of municipal councils are
concerned, account books mentioning bounties paid annu-
ally for wolves and red foxes (Vulpes vulpes) bagged were
found for the periods 1693–1804 and 1813–1841. Data
about location, date of kill, sex, and age were mostly absent
in these files, with just the number of individuals and the
amount of money issued being reported.

Analysis

Provincial and municipal datasets were analyzed separately.
The information compiled was stored in a Microsoft Access
database. The information about localities where the wolves
were captured was transformed into municipalities—in
agreement with modern boundaries, which by and large
have not changed with respect to those of the nineteenth
century—since this was the unequivocal territorial unit.

170 Eur J Wildl Res (2010) 56:169–179



Specific dates were subsumed into months. The distribution
of the available data made it necessary to group these in
10-year periods and to consider the most appropriate
intervals in each situation. To perform a spatial analysis, a
geographical information system (Arcview 3.2 program,
spatial analyst module and assign proximity function) was
used. Statistical analyses were performed with the programs
SPSS and Statistica, using association and correlation tests,
linear regression, analysis of variance (ANOVA), and time
series analysis (single spectrum Fourier). Spectrum analysis
explores cyclic long-term patterns of data, decomposing a
complex time series with cyclical frequency components
into a few underlying sinusoidal (sine and cosine) func-
tions, estimating the relative importance of each. Peak
values in a periodogram are interpreted as the period of
oscillation for the observed variable (Chatfield 2003).

Results

Trend in young and adult records

We compiled 293 records of adult and young wolves
(including subadults), with an age in excess of 3–4 months,
captured during 1805–1905 and corresponding to a total of
308 individuals (Xyear=3.05 wolves, s=5.73, max=32,
min=0). Most of the records (96%) referred to just one
wolf killed. With regard to the first half of the century, the
series of records was interrupted for three periods (1806–
1813, 1817–1821, and 1835–1837). The box plot in Fig. 1
illustrates the difference regarding hunting bags between
1814 and 1853, with extended annual variation and high
upper limits, and 1854–1893, with narrow ranges and upper
limits close to zero. The most extreme records (1805 to
1813 and 1894 to 1905) were excluded.

Young and adult hunting methods

The hunting method was assessed for 165 wolves. About
54.5% were captured by means of leg-hold traps and 15.1%
by means of collective actions (drive hunts). To the latter
percentage must be added another 16.9% of drive hunts
associated with the use of loberas (traditional Spanish and
Portuguese constructions with long convergent walls
ending in a pit, existing only at the western end of the
study area). In 12.1% of the cases, death by shooting was
mentioned, and only in 1.2% death by poison.

By displaying proportions of every cause of mortality for
10-year periods (Fig. 2), a downward trend was observed in
the use of leg-hold traps (linear regression with arcsine
transformation and analysis of significance with one-way
ANOVA; b=−0.184, F=17.705, p=0.052) and an upward
trend in that of drive hunts (b=0.182, F=29.640, p=0.032),

up to the middle of the century. From that moment on,
proportions fluctuated. Only after 1880 could the use of
poison be assessed.

Trend in litters captured in dens

During 1815–1894, we found 59 records in which pups were
mentioned, thus corresponding to captured litters (Xyear=0.58,
s=1.39, max=4, min=0), totalizing 257 individual pups.
Although bounties for adult wolves remained in force over a

Fig. 1 Annual number of adult and young wolves (1814–1893, a
above) and litters (1815–1894, b below) recorded in 10-year periods.
Median (thick bar), interquartile range (box), range to the highest and
lowest values within 1.5 interquartile ranges (whiskers), and outliers
are shown for each time period
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longer period, the last litter was recorded in 1894. By
grouping records for 10-year periods, a shift was observed
again between 1815–1854 and 1855–1894, when litter
captures became extremely scarce (Fig. 1).

Age ratio

The global age ratio (pups/adults and young) was 0.83
(257:308) for the period 1805–1905. By selecting the series
of years with pups recorded (1815–1894), both variables
showed a statistically significant association (rs=0.529, p>
0.001, n=80; data without bivariate normal distribution,
Kolmogorov–Smirnov test). After grouping data on a
10-year basis (Table 1), it was observed that the age ratio
decreased progressively, though it suffered fluctuations
during the last two periods.

Sex ratio

During the period 1805–1905, 168 males and 140 females
(ratio 1.19) included in the “adults and young” age class
were recorded. When 10-year periods between 1814 and
1893 were examined, the proportion of males showed an
upward trend (Table 2).

Litter size

The average size of litters was 4.36 (s=2.60, max=13,
min=1, n=59). Litters with just one pup were the most
common (17.5%), but the frequencies of each size, 1 to 5,

reached similar values and formed as a whole about 70.2%
of the records. The annual average litter size on a 10-year
basis decreased around mid-century and increased later
(Fig. 3).

Spatial distribution of mortality

The annual average density of adults and young wolves
killed in the study area, deduced from provincial archives,
was 0.04 wolves/100 km2 for the period 1814–1905.
Nonetheless, the spatial distribution of the bag was not
regular. The harvest density model helped to identify three
main continuous ranges (Fig. 4): north-western, western,
and eastern. As for litters taken, the annual average during
the period 1815–1894 for records extracted from provincial
archives was 0.01 litters/100 km2. The distribution model
identified three distinct breeding ranges: north-western,
central, and eastern (Fig. 4). Interestingly, the western adult
range provided no record of litters taken.

Seasonal distribution of adult and young mortality

The monthly distribution of frequencies (n=298) showed
that hunting pressure on adults and youngsters was mainly
exerted in winter (November–March, 73.5%), with a
reduction in spring and autumn (April–May and Septem-
ber–October, 20.8%) and especially in summer (June–
August, 5.7%). Though a seasonal influence seemed to
exist on the type of non-natural mortality, with a predom-
inance of leg-hold trapping during the winter months and a
relative increase in drive hunts in spring and autumn, a
statistically significant association between both variables
(χ2 test of independence grouping the cases on a two-
monthly basis, df=8, p=0.07) could not be established. The
two-way ANOVA with replication (Table 3) showed that
the level of mortality was influenced both by season and by
hunting method, but in addition, the two factors interacted
so that each type of mortality shifted its importance
temporarily. The effect of seasonal variation was more
pronounced in mortality by leg-hold traps than by drive
hunts (Fig. 5).

Data from municipal archives

Records of 237 wolves killed in the period 1693–1804 were
compiled (Xyear=2.2 wolves, s=2.46, max=13, min=0),
and 42 in the period 1813–1841 (Xyear=1.4 wolves, s=1.95,
max=9, min=0), mostly without reference to age, sex, or
location, although 14 additional records of litters were
explicitly mentioned. We took the broadest continuous
available series (1693–1804, a 112-year span) to detect a
possible cyclic pattern with spectrum density analysis
(smoothed of Tuckey–Hamming to eliminate irregular

Fig. 2 Percentage of frequencies of adult and young wolves killed by
different hunting methods per 10-year periods, between 1814 and
1893. The last three periods were merged together. Number of wolves
assessed for each period were 22 (1814–1823), 61 (1824–1833), 18
(1834–1843), 43 (1844–1853), 14 (1854–1863), and 7 (1864–1893)
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variation, extent 3). Short- and long-term (cyclic) oscilla-
tions were revealed (Fig. 6). Annual wolf and red fox
records were plotted and lineal regressions with 95%
confidence interval carried out on the period when wolf
and red fox bounties were in force simultaneously in the
study area (1726–1841; Fig. 7).

Discussion

Degree of consistency of data sources

As in every piece of archive research, the eventual
partiality of records can obscure the detection of spatial
and temporal patterns in mortality (Riley et al. 2004).
Other demographic studies that have used archive data
were forced to complete and normalize their series by
means of regression (Jedrzejewska et al. 1996; Alcántara
and Cantos 1992; Torrente 1999). In our datasets, it was
initially assumed that the number of records in provincial
archives closely matched the actual number of kills. Checking
provincial archive numbers against municipal ones, with
regard to the overlap period (1813–1841), supported this view,
as few additional records could be detected.

Wolf hunting pressure probably remained constant in the
study area. First, according to bounties issued by municipal
councils during 1726–1841, the number of wolves decreased
(r=−0.13, p=0.18), while that of red foxes tended to increase
(r=0.09, p=0.37). In Biscay (a province that accounts for
one third of the study area), during 1814–1815, 38.3 foxes/
100 km2 (including adults and pups) were hunted, whereas
in 1864–1865 they numbered 61.1 (Junta General de
Estadística 1865; Fernández and Ruiz de Azua 2003). This
suggests that the activity of professional and part-time
hunters did not diminish, either as a result of a
compensatory shift between the species that provided
the main incomes, or as a consequence of an increase of
fox population, due to the absence of top predators.
Second, if the approved tariffs are taken into account,
the bounties granted by the provincial councils remained
fairly constant during most of the nineteenth century, as
did economic incentives for hunters, compared with
other sources of income in rural society (Torrente 1999).
So, we assume that such circumstances did not distort
our data, unlike the case presented by Joly and Messier
(2000) relating to the wolf pelt prize and wolf harvest in
Canada. Besides, any distortion could have been
compensated by an increase in collective drive hunts,

Table 1 Age ratio and annual average on a 10-year basis

10-year periods Age ratio (pups/adults and young) Number of pups Number of adults and young Age ratio annual average s

1815–1824 1.66 108 65 1.02 0.95

1825–1834 0.75 58 77 0.82 0.69

1835–1844 0.56 36 66 0.46 0.93

1845–1854 0.53 33 62 1.51 3.07

1855–1864 0.27 3 11 0

1865–1874 0 0 7 0

1875–1884 10 10 1 0

1885–1894 1.50 9 6 0

Global 1815–1894 0.88 257 293 0.90 1.96

10-year periods Sex ratio (males/females) Number of males Number of females χ2

1814–1823 0.71 25 35 0.197

1824–1833 1.20 49 41 0.399

1834–1843 1.35 31 23 0.258

1844–1853 0.91 31 34 0.426

1854–1863 2.50 15 6 0.050

1864–1873 6 6 1 0.059

1874–1883 1 0 0.317

1884–1893 6 0 0.005

Global 1814–1893 1.17 164 140 0.169

Table 2 Sex ratio on a 10-year
basis and statistical significance
associated with the probability
of a χ2 test
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a method more suited to the progressively rarer presence
of wolves (Mech 1981).

A last point relates to the temporal discontinuity of files in
provincial archives. The lack of reports before 1813 and
during the period 1835–1837 is explained by the absence of
administrative stability during war periods that affected the
study area. We conclude that hunting pressure was interrupted
because simultaneous research in municipal council archives
did not render records for either of those periods, and the
combined reasons of a lack of bounties and a ban on fire arms
should reasonably prevent persecution (as actually conveyed
by contemporary texts). The recovery of wolf populations as a
consequence of hunting ceasing during periods of unrest has
occasionally been reported (Grande del Brío 1984; Butzeck et
al. 1988; Gutiérrez 2005), and our data are coherent with
that. The alternative option of an increase in persecution after
periods of war is dismissed because we found a lag of years

Fig. 3 Variation in annual average of litter sizes on a 10-year basis
(1815–1894). Median (thick bar), interquartile range (box), range to
the highest and lowest values within 1.5 the interquartile ranges
(whiskers), and outliers are shown for each time period. Number of
litters recorded for each period were 22 (1815–1824), 13 (1825–
1834), 11 (1835–1844), 9 (1845–1854), 1 (1855–1864), 0 (1865–
1874), 2 (1875–1884), and 1 (1885–1894)

Table 3 Results of a two-way ANOVA with replication about the
influence of factors “cause of mortality” (leg-hold trap, drive hunt, or
shooting) and “seasonality” (bimonthly)

Factor df SS MS F p

Cause of mortality 2 198.5 99.25 15.27 <0.001

Seasonality (bimonthly) 5 314.7 62.93 9.68 <0.001

Interaction 10 244.8 24.48 3.77 0.007

Error 18 117 6.50

Fig. 4 Models for density of
records concerning adult and
young wolves (left) and litters
(right), developed with assign
proximity function implemented
in spatial analysis module in
Arcview 3.2 (raster image with
1 km side pixels). Intervals were
obtained with natural breaks
algorithm (Jenk’s optimization
method to minimize sum of
variance within each class).
Areas with apparent spatial
continuity are delimited
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between the resumption of bounties and the observation of
the highest bags, relative to a delayed numerical response as
noted in some wolf populations (Sidorovich et al. 2003).

Human persecution or food stress? Demographic insights

The progressive increase in the male/female wolf ratio in
the time series may be a consequence of an increasing

shortage in trophic resources or, alternatively, the result of
immigration processes in the context of a non-saturated
population. As for the first of these explanations, Mech
(1981) proposed differential competitive ability favoring
males in wolf populations under social or food stress,
responsible for a sex ratio deviation, and rejected sex-
influenced trappability. Moreover, the higher economic

Fig. 7 Lineal regressions and 95% confidence intervals for wolf and
red fox records, compiled in account books from Urcabustaiz
municipal archive, during the period 1726–1841

Fig. 5 Interacting effect between “cause of mortality” (leg-hold trap,
drive hunt, and shooting) and “seasonality” (bimonthly) over average
number of hunting records of adult and young wolves (95%
confidence intervals)

Fig. 6 Spectral density for the
time series of adult and young
wolves (1693–1804), showing
long-term oscillation around
35 years

Eur J Wildl Res (2010) 56:169–179 175



value of females should induce constant overrepresentation
in archive records. The explanation justifying the second
interpretation would be that dispersal is influenced by sex
in wolf populations, which has been suggested in some
cases of resettlement (Wabakken et al. 2001), but not as a
general rule (Fuller 1989; Gese and Mech 1991; Huber et
al. 2002). As for dispersing wolves hunted in the study area
during 1987–1997 (n=24) and those sexed in 2003–2004
by molecular analysis from scat samples (n=12), there were
no deviations favorable to males either (Sáenz de Buruaga
et al. 2000; Echegaray et al. 2007).

On the other hand, the diminishing trend in age ratio and
litter size does not tally with the expected increases in a
population which is regulated by means of hunting and
which has enough food resources (Fuller et al. 2003).
Increases in the proportion of breeding females and in litter
size are the main compensatory mechanisms verified in
exploited populations (Fuller 1989; Messier 1995; Mech et
al. 1998; Mech 1981). Litter size depends mainly on pup
survival because the number of fetuses per pregnant female
seems to be quite a stable parameter (Mech 1981; but see
Fuller and Sievert 2001). In this way, Harrington et al.
(1983) proposed that the reduction of pup survival during
the rearing period—and not young or subadult dispersal—is
the outstanding piece of evidence for trophic stress in wolf
populations, and Espuno (2004) observed a decrease in
pack size in French Mercantour wolf population as a
consequence of wild ungulate vigilance and livestock
protection. This variable is therefore the most sensitive to
per capita food availability (Harrington et al. 1983; Fuller et
al. 2003).

Role of poisoning

Poison is regarded as the most effective method for the
eradication of wolf populations (Mech 1981; Boitani 2003).
Only two late records were gathered concerning poisoned
wolves and just one reference in the bibliographic review
relative to the nineteenth century and the study area
(Múgica 1895). We reject a possible underestimation of
poisoning because the use of strychnine in northern Spain
was not common before 1880 (Dirección General de
Agricultura, Industria y Comercio 1861; Grande del Brío
1984; Valverde and Teruelo 2001). It could be argued that
the carcasses of poisoned wolves were not easily recovered
and not taken for bounty. Nevertheless, archive reports
often show how hunters made great efforts to find wolves
that had been wounded and had escaped, so one can deduce
that the bounty was sufficiently attractive, in a similar way,
to warrant searching for poisoned wolves (Múgica 1895).
Therefore, we conclude that poisoning does not appear to
be a determining factor in wolf population decline in the
study area during most of the nineteenth century.

Prey availability

The gradual fragmentation of roe deer distribution in the
study area and its extinction around the last decades of the
nineteenth century are well established from records
published in Madoz’s dictionary (1845–1850) and other
documents (Markina 2000). The decline in the range of the
wild boar (Sus scrofa) was also sharp, although a few
individuals persisted in remote corners of the study area.
This species probably played a minor role in the Iberian
wolf’s diet, quite unlike the roe deer, as deduced from
current food habits (Salvador and Abad 1987; Vilá et al.
1990; Cuesta et al. 1991; Fernández 2004), and no spatial
correlation between the evolution of boar and wolf numbers
over time has been detected in Spain (Nores et al. 1995).

As for livestock in the study area, the reports available
from the Statistical Yearbook of Spain (Junta General de
Estadística 1865, 1915) provide evidence for a numerical
collapse during the last third of the nineteenth century (loss
of 64% of the sheep herd, 43% of goats, 25% of horses, and
17% of cattle), as a consequence of a severe crisis in the
livestock sector and the wool market especially (Alberdi
2003). Although the relevance of domestic ungulates in the
wolf’s trophic ecology may be conditioned by husbandry
(“theory of vulnerable prey biomass” in Mech and Peterson
2003; see Meriggi and Lovari 1996; Nowak et al. 2005;
Berger 2007), the reduction in livestock numbers must have
had a negative influence on their consumption by wolves.

The trophic adaptability of the species allows it to
overcome temporal reductions in the availability of ungu-
lates (Boitani 2003), but the existence of abundant
secondary prey is a requisite (Okarma 1995; Chavez and
Gese 2005). Food habits of current Iberian populations are
based on wild ungulates or livestock (Cuesta et al. 1991;
Vos 2000; Blanco 2001), and although there are some
living mainly on rabbits (Oryctolagus cuniculus), this is not
the case in northern Spain, where this prey is very scarce in
the wild. Carcasses discarded from intensive livestock
farms also provide trophic resources for such populations,
but carrion dumps associated with this modern farming
system had obviously not yet been developed in the
nineteenth century, with the result that few alternative
resources would have been available.

Wolf populations in remote zones without human
interference are subject to natural fluctuations relating to
predator–prey dynamics (Mech et al. 1998, but see
Oksanen et al. 2001). In Europe, cycles have rarely been
indicated (Johnson 2004), despite their practical interest for
the evaluation of censuses and conservation status within a
given temporal frame (Blanco and Cortés 2002). Non-
natural cycles have been studied for the dingo (C. lupus
dingo), determined by food abundance in source areas and
dispersal into humanized and sink areas, where mortality is
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higher (Thomson et al. 1992). Our data series for the
eighteenth century could also be interpreted as suggesting
the existence of long-term fluctuations in this exploited
population.

Dispersal and spatial dynamics

From the spatial perspective, the population of wolves in
the study area was not isolated within the Iberian range, but
immigration could not prevent extinction—as generally
proposed (Liberg et al. 2005)—possibly because similar
processes were operating in neighboring areas (Rico and
Torrente 2000). The flow of dispersing wolves—mainly
youngsters and subadults between 1 and 3 years old—tends
to connect saturated zones with others having more trophic
resources or lower wolf density. Some records were found
in municipalities far from the core breeding areas suggest-
ing movement of dispersing wolves. But, we could not
obtain this type of data after 1826, a circumstance that
would be consistent with a population showing a gradual
easing of intraspecific competition under conditions of low
density and productivity, allowing vagrants to remain in the
proximities of parental territories (Messier 1985; Potvin
1987; Gese and Mech 1991; Meier et al. 1995; Ballard et al.
1997; Mech et al. 1998; Fuller et al. 2003).

Seasonal and local variations in persecution techniques
are attested. The former relate to the use of leg-hold traps,
the method selected by professional hunters, and the latter
to the exclusive use of loberas at the western end of the
study area (Álvares et al. 2000). The higher efficiency of
communal hunting systems is suggested by the weaker
relative persistence of the population in this sector, since no
breeding data have been found. Moreover, from 1862 on,
every wolf kill recorded occurred outside this western area.
The dynamics of wolf populations is more sensitive to adult
survival than to that of the young or breeding output
(Chapron et al. 2003).

Conclusion

Modeling the viability of wolf metapopulations in frag-
mented landscapes (concept reviewed by Linnell et al.
2007) suggests that a negative long-term trend in the
availability of prey greatly increases the probability of
extinction (Haight et al. 1998; Vucetich et al. 1997). In
Russian Karelia, the joint analysis of a time series (35 years)
of abundance of moose (Alces alces) and hunting pressure
on a wolf population in decline showed the primary
influence of prey biomass on pup productivity and survival,
increasing the vulnerability of the population confronted
with a rate of extraction that was kept at a constant level
(Kojola and Danilov 2001). In Belarus, the functional

response of wolves to a brief shortage in the biomass of
wild ungulates was an increased predation on livestock
(Sidorovich et al. 2003), and no numerical response was
noticed. We conclude that a similar interpretation may be
coherent with the historical information presented here,
suggesting that long-term food reduction could play a more
substantial role in the decline of wolf populations under
persecution than has usually been recognized by short-term
studies.
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