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We investigated wolf Canis lupus Linnaeus, 1758 food habits in northern Apen-
nines by examining 240 scats collected between 1988 and 1992. In the same area we 
also estimated densities of the most common wild ungulates. Wild ungulates were the 
main prey of the wolf and accounted for more than 92% of both frequencies of 
occurrence and mean percentage volume. During our study period we observed a 
decrease in the use of roe deer and an increase in the use of wild boar. Moreover 
selection of wild boar by wolves increased too, but selection of roe deer decreased by 
almost 400%, with moderately fluctuating deer densities. The impact of predation was 
generally greatest on young animals. Roe deer fawns and red deer calves were 
predated 3.14 and 2.18 times respectively more than available. Wild boar also were 
predated mainly in their first year but more often from 6 months of age than before. 
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Introduction 

Wolves Canis lupus Linnaeus, 1758 have been extirpated in most of Western 
Europe in our century but maintained viable populations remain in Spain, 
Portugal and Italy (Boitani and Ciucci 1993, Francisci and Guberti 1993, Petrucci-
-Fonseca and Promberger 1993, Vila et al. 1993). Even in those countries, wolves 
have faced impoverished ecological conditions, generally characterized by the 
destruction of their natural prey species: wild ungulates. Under these circum-
stances wolves have shown their considerable ecological plasticity surviving on 
various food sources, many of anthropogenic origin such as domestic ungulates (cf 
Ragni et al. 1982). In extreme situations, garbage from unmanaged dumps has 
comprised a significant portion of wolf diet, eg in an area of central Italy about 
20 years ago (Boitani 1982). 

1 Corresponding author: Marco Apollonio, Dipartimento di Scienze del Comportamento Animale e 
dell'Uomo, Universita' di Pisa, Via Volta 6, 56126 Pisa, Italy 
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Currently ecological condition in western Europe are improving and both wild 
ungulate and wolf populations are increasing (Braza et al. 1989, Apollonio, in 
press, for ungulates; Telleria and Saez-Royuela 1989, Francisci and Guberti 1993 
for wolf). As a result wolf diets vary in western Europe as a function of wild 
ungulates densities (Brana et al. 1982, Salvator and Abad 1987, Meriggi et al. 
1991, Matteucci 1993, Patalano and Lovari 1993). Predator-prey relatioships 
between wolves and wild ungulates in western Europe are beginning to assume 
the same importance as in North America (Fritts and Mech 1981, Peterson et al. 
1984, Ballard et al. 1987) and the wolf's role in the regulation and/or control of 
wild ungulate populations (Mech and Karns 1977, Gasaway et al. 1983) may be 
increasing in some western European ecosystems. 

We present data on wolf food habits in a northern Apennines area where wild 
ungulates are the almost exclusive prey and wolves have always been present, 
although at different densities (Matteucci 1993). We evaluate annual differences 
in the use of prey species, and how use is correlated with time during the study 
period, and we compare prey use with their availabilities. Finally, we analyze the 
impact of wolf predation on the age structure of prey species. 

We evaluated wolf presence in 25 600 ha in the Apennines between Tuscany and Romagna, Italy, 
for the most part included the Foreste Casentinesi National Park. The area was delimited by the 
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Fig. 1. Study area. 
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Monte Falterona (NW) and the Passo dei Mandrioli (SE) (Fig. 1). Collection of wolf scats and 
evaluation of densities and population structures of primary prey species were limited to an intensive 
study area of 8780 ha on the Tuscan side of the Foreste Casentinesi (43°48'N, 11°49'E). This area 
ranged from 400 to 1520 m a.s.l., with a mean annual temperature of 8°C and a mean snow cover of 
94 days at 1100 m a.s.l. (Padula 1988). The main study area was divided in two parts: > 700 m a.s.l. 
with 95% forest cover consisting of Quercus-Tilia-Acer and Fagus-Abies (Schmidt 1963), closed to 
hunting, and without human settlements and < 700 m a.s.l. with a mixture of Quercus pubescens 
coppice woods (42%), pastures and cultivated fields, some villages present, and open to hunting. Four 
ungulates are present: red deer Ceruus elaphus, roe deer Capreolus capreolus, fallow deer Dama 
dama, and wild boar Sus scrofa. Mouflon Ovis orientalis musimon were present until a few years ago, 
but they are now absent from the study area. Domestic ungulates were raised only below 700 m a.s.l. 
(in 1990 about 960 sheep and a few cows and horses were present). No unmanaged garbage dumps 
were present, and stray dogs were only occasionally observed in summer and during the hunting 
season; their presence seemed limited to only a few months. 

Methods 

Fecal analys is 

From May 1988 through October 1992, we collected 240 wolf scats along transects, from 700 to 
1500 m a.s.l. that were travelled every 3 - 5 weeks. Scats were preserved in plastic bags at -18°C. 
Scats were washed in a sieve (1 mm mesh), and the remaining material was dried at 40°C for 24 
hours. Identification of mammal remains was based on a reference collection of hairs and bones of 
adults and young prey species. For rodents and lagomorphs, we used microscopic taxon-specific char-
acteristics of hairs (Debrot et al. 1982). Scats that contained recognizable bone fragments and teeth 
allowed us to determine prey age class (> or < than 12 months old) via dimension and degree of 
ossification of bone fragments. For red deer, we determined age of individual prey from May to 
October from hair characteristics, but to age red deer remains in scats collected from November to 
April, we used bone fragments because hair became useless for discrimination. We assumed that an 
adult red deer was the prey when scats contained only hair because bone fragments of adults were 
unlikely to occur in scats. For roe deer, only bone fragments were used for aging prey throughout the 
year. 

To calculate relative numbers of prey, re-
mains of youngs were assigned to different 
weight classes in relation to the collection time 
of the scats, while remains of adult were given 
a mean value weighted on the population 
structure of each species (Floyd et al. 1978). 
Body weights were obtained by locally collect-
ed data for roe deer, from Apollonio and Toso 
(1988) for fallow deer, and from S. Mattioli 
(unpubl. data) for red deer. Wild boar samples 
are difficult to age on the basis of collection 
time for the long breeding season, so we ranked 
them by weight classes on a 5-kg scale on the 
basis of bones remains. To do that, we cal-
culated growth curves from a collection of 5 
skeletons from individuals of known weight 
(Fig. 2).We used only measures of bones whose 
curves fitted with the equation we had used to 

B o d y w e i q h t ( k g ) 

Fig. 2. Curves relating weight and diameter of 
femur head and height of rotula in wild boar. 
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describe them with a p < 0.005 These data were translated into age classes (> or < year old) using 
weights of 38 boars of known age shot in study area. Only one out the 12 piglets (ie animals below 
12 months of age) in this sample was over 28 kg, so boars below this weight were classified as < 1 
year old. Similar to red deer, scats containing only wild boar hair were attributed to weight classes 
> 13 kg proportional to their presence in the sample. The consequence of this procedure was that roe 
deer and wild boar data were comparable all year long, but red deer data were biased toward adults 
in winter. A general bias toward adults resulted from attributing all scats without hair to this age 
class. In each scat, we attributed volume values of 25, 50, 75, and 100% to single items. 

Vegetable materials, with the exception of fruits, were not included in volume calculations (they 
represented only trace amounts in all but one case) following Fritts and Mech (1981), because they 
were undigestible and probably ingested by chance (Patalano and Lovari 1993). For each food item, 
we calculated frequency of occurrence and mean percent volume in the whole sample. For the four 
wild ungulate species and domestic sheep, we calculated percentage biomass and relative number of 
prey following Floyd et al. (1978). 

Dens i ty es t imates and populat ion s tructure of wi ld and domest ic prey spec ie s 

Density of roe deer before parturition was estimated from 1988 to 1993 by drive censuses 
(C.E.M.A.G.R.E.F. 1984, Lovari et al. 1989) in the last 10 days of May on 6 permanent sample sites 
in 405 ha. Density after parturition was calculated on the basis of the relative frequency of females 
in the population, and their fertility was obtained from a sample of 25 females shot each year, in or 
close to the study area (Lovari et al. 1991) (Table 1). 

Density of wild boar was estimated on the basis of data collected during the drives mentioned 
above (Table 1). We could not use other census techniques because of habitat structure and the 
impossibility of maintaining feeding stations. Density in late May reflected the highest annual density 
in the study area, because almost all births had occurred before that time (Pedone et al. 1991). 

Red deer censuses were conducted from 1988 to 1992 in the late September by counting roaring 
males in 5103 ha (76.2% of the main study area) (Mazzarone et al. 1991). Density after birth was 
calculated by adding the number of fawns, calculated on the basis of the fertility rates for western 
Europe, to the population > 1 year of age (Table 1). We had no data on fallow deer. Domestic sheep 
numbers in the study area were obtained by the National Institute of Statistic data on husbandry 
activities from 1986 to 1990. 

Table 1. Estimated ungulates density (n/100 ha) before and after parturitions 
in the intensive study area. a Calculated from drive-census data (May) ex-
cluding piglets, l) obtained from drive-census in May, c calculated from roaring 
census excluding calves, d calculated from drive-census data and fertility rate 
from Lovari et al. 1991, e calculated from roaring census and fertility rate from 
S. Mattioli, in prep. 

Species 1988 1989 1990 1991 1992 

Before parturition 

Wild boar3 8.2 9.3 4.8 3.0 5.7 
Roe deerb 15.5 17.3 19.0 17.3 13.3 
Red deerc 2.7 3.3 3.5 4.3 4.5 

After parturition 

Wild boarb 20.3 21.4 12.8 5.3 13.6 
Roe deerd 25.4 28.3 32.0 26.5 22.2 
Red deer6 3.9 4.8 5.1 6.1 6.4 
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Population structure data were collected on monthly transects covered each month and during 
observation sessions from elevated blinds within the study area from 750 to 1500 m a.s.l. For roe deer 
we recognized four sex-age classes: adult males (> 2 years), yearling males, adult females, and young. 
Sex ratio was defined only by data from closely (5-20 m) observed deer during drives, and was about 
0.67 males to females. For red deer we distinguished five sex-age classes: adult males (> 5 - 6 years), 
young males (2-4 years), yearling males, females, and calves. For wild boar we distinguished only 
between piglets (< 12 months) and adults (> 12 months). The highest percentage of piglets in the 
population occurred in May. We could not collect enough data on the fallow deer population structure. 
We also had no information on the sheep/lamb ratio on farms surrounding the study area because it 
was extremely variable in relation to market demands. 

Statist ical ana lyses 

Trophic niche breadth was evaluated with Levin's index (1) applied to the mean percentage 
volume of food categories in the whole diet (cited in Ricklefs 1980: 745-746). Trends of occurrence of 
different prey species in wolf diets from winter 1988 through summer 1992, and correlations between 
prey availability of each ungulate and its occurence in wolf diets were evaluated with Spearman's 
rank correlation. That test was used to evaluate changes in selection through time for different 
ungulate prey and correlations between pairs or groups of species in the wolf diets. The impact of wolf 
predation on the age structure of each prey population was expressed with the structure coefficient 
of selection (SCS; 2). Differences between availability of adults and youngs in the populations of 
different prey species and their occurrence in wolf diets, were expressed as percentages and evaluated 
with the x2-test using the number of scats containing remains of preys of known age (from now on 
"aged scats") of each species. 

n 

Levin Index: B = l / ] T p 2 t (1) 
j = l 

gCg _ "umber of adults/number of young in the population 
number of adults/number of young in wolf scats 

SCS = 1 - no selection, SCS > 1 - selection for young, SCS < 1 - selection for adults. 

Results 

In an area of 25 600 ha that included our intensive study area, (see Study 
area), we estimated the presence of at least 2 reproductive pairs, in both 1990 and 
in 1992 using the wolf-howling technique (Harrington and Mech 1982). We 
suspected the presence of a third pair in 1990, but we could not confirm it. Wolf 
presence in this area appeared constant; we observed pairs with pups in 1986, 
1991 and 1992, and from 1984 to the present wolves were constantly observed. 
Moreover three dens were found from 1986 to 1992. In this area, wolves have been 
present since historical times (Cagnolaro et al. 1974, Matteucci 1993). Numbers 
appear to have experienced a decline during the 1970s, but the species was never 
completely extirpated because scattered observations also were recorded during 
tha t time. 

Wild ungulates were the primary prey of wolves and accounted for > 92% of 
both frequencies of occurrence and mean percent volume (Table 2). Sheep were 
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Table 2. Composition of wolves diet in the intensive study area. a In case of more than one prey item, 
proportion of each prey type were estimated and summed to the scats containing only that prey type, 

calculated on wild boar, roe der, red deer, fallow deer and sheep (98.2% of the total volume) only, 
0 calculated according to Floyd et al. 1978. 

Number of Frequency Mean relative Mean relative Relative Relative 
scatsa of volume in the volume in the biomass number of 

occurrence total sample sample1' eaten0 preys eaten0 

n % % % % % 

Food items 

Wild boar 107.6 52.5 44.8 45.6 39.9 47.1 
Roe deer 78.9 38.8 32.9 33.5 25.2 37.5 
Red deer 26.3 14.6 11.0 11.2 24.4 7.2 
Sheep 13.7 6.3 5.7 5.8 6.0 4.6 
Fallow deer 9.2 5.0 3.9 3.9 4.5 3.7 
Cattle or horse 1.0 0.8 0.4 - - -

Hare 1.3 0.8 0.5 - - -

Dormouse 0.5 0.4 0.2 - - -

Microtines 0.8 0.8 0.3 - - -

Fruits 0.7 0.8 0.3 - - -

Total 240.0 120.8 100 100 100 100 

the only domestic species that had some importance in wolf diets and reached 
about 6%; all other items were quantitatively unimportant (Table 2). Most scats 
(79.2%) consisted of remains of only one prey species, 19.6% contained two species, 
and only 1.2% contained three prey species. Mean weight of ungulate prey species 
was correlated positively with the percentage of mixed scats that contained this 
species (Spearman rank correlation test, r s = 0.974 p < 0.05, one-tailed). To test 
if local densities and species diversity in ungulates were correlated directly with 
scat composition, we compared a subsample of scats collected from May 1991 
through August 1992 in our study area (n = 60) with a sample collected in the 
same time in another area, placed west of our study area (Mt Falterona) (n = 26), 
which was characterized by higher density of wild boar than cervids that were 
scarce. Differences significantly reflected on scat's composition that were different o 
{yf- = 7.7, p < 0.02) being wild boar more common in the scats of Mt Falterona. 

Trophic niche breath was low if computed with all wild ungulates pooled into 
one category as is commonly done in similar studies. No clear differences among 
cold and warm seasons were found (Table 3). 

Taking into account subsequent warm (from May to October) and cold (from 
November to April) six months periods, we examined if there were significant 
trends in ungulate use by wolves during the entire study. Only roe deer showed 
a significant decrease (r s= -0.81, 0.02 <p < 0.05), wild boar showed on the contrary 
an almost significant increasing trend (r s = 0.069, 0.1 > p > 0.05), and all the 
others showed no trends (Fig. 3). 
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Table 3. Trophic niche breadth of the wolf in subsequent hot and cold seasons of the study. 
B1 - food categories: wild ungulates, domestic ungulates, lagomorphs, rodents and fruits; 
B2 - food categories: wild boar, roe deer, red deer, fallow deer, sheep, other domestic 
ungulates, lagomorphs, rodents and fruits; Vol % - mean percent volume; Occ - frequency 
of occurrence. 

Niche breadth 

B1 B2 Sample sizes 
Period 

Vol % Occ Vol % Occ n 

May-Oct 1988 1.09 0.89 2.61 2.08 33 
Nov 1988 - Apr 1989 1.12 0.76 3.20 2.16 36 
Nov 1989 - Apr 1990 1.17 0.89 2.45 1.88 36 
May-Oct 1990 1.06 0.80 2.40 1.72 9 
Nov 1990 - Apr 1991 1.16 0.60 3.17 1.74 38 
May-Oct 1991 1.62 1.08 4.67 3.33 29 
Nov 1991 - Apr 1992 1.05 0.78 1.99 1.52 30 
May-Oct 1992 1.07 0.93 1.58 1.39 29 

Mean 1.17 0.84 2.76 1.98 

Seasons 

Fig. 3. Mean percent volume of wild boar and roe deer in wolves scats plotted against successive warm 
and cold seasons. 

To test if there was any selective trend in the predation on the main ungulate 
prey species, we plotted the ratio between relative number of prey in scats and their 
population density against years, computing a Spearman correlation test to see if 
the species considered were increasingly or decreasingly utilized with respect to 
their density. Wild boar showed a positive correlation (r s = 0.9, p = 0.1) indicating 
that in spite of a decreasing density this species was increasingly utilized. On the 
contrary roe deer showed an opposite trend (r s = -0.974, p = 0.06). During the study 
period this species actually maintained a fluctuating density with a moderate 
decrease in the last two years which corresponded to an almost 400% decrease in 
occurrence in wolf diets. Red deer did not show any significant trend with a fluc-
tuating use in face of a steady moderate increase in density (Fig. 4). 
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Fig. 4. Prey selection by the wolf indicated as (ordinate) ratio between relative number of preys in 
scats and population density of wild boar, red deer, and roe deer plotted against years (abscisse). 

Using densities of wild boar, roe deer and red deer referred both to the following 
and the subsequent years we calculated if there were any correlations between 
the immediate availability of each wild ungulate species and the use of it by the 
wolf. No significant correlation was found using both mean percent volume and 
relative number of prey (-0.6 < rs < 0.36, n = 5). 

To evaluate relatioships among occurrences of wild and domestic ungulates in 
wolf diets, we computed a Kendall coefficent of concordance over the eight warm 
and cold six month periods using both mean percent volumes and biomasses for 
each species of ungulate. This coefficent was highly significant (p < 0.001) for both 
volume and biomass, which indicated that the relative rank of preys in wolf diets 
changed during our study (Table 4). To test if increased use of one prey species 
corresponded to decreased use of another, we evaluated correlations among 
ungulate occurrence in wolf diets in the 8 six months periods of our study. First, 

Table 4. Changes in the importance of different ungulate species in wolf diets during the study 
expressed in mean percent volume. 

Period No of Wild Roe Red Sheep Fallow Other Other Period 
scats boar deer deer deer domestic 

May 1988 - Apr 1989 68 26.5 48.1 15.8 4.0 4.4 0.7 0.35 
May 1989 - A p r 1990 37 55.4 31.0 5.4 4.7 - - 2.7 
May 1990 - A p r 1991 47 42.1 37.5 10.7 2.1 3.2 - 2.1 
May 1991 - A p r 1992 59 44.9 23.2 14.4 12.3 4.2 0.85 1.7 
May 1992 - Oct 1992 29 78.4 11.2 - 3.4 6.9 - -
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Fig. 5. Structure coefficent of selection for wild boar in different months. 

we took into account wild vs domestic ungulates and found significant correlations 
for mean percent volumes (r s = -0.738, p = 0.05) and biomasses (r s = - 1 , 
p < 0.0001). Then, we evaluated all cervids vs wild boar and vs domestic ungulate; 
their use was inversely correlated with wild boar (r s = -0.928, p < 0.005 for both 
mean percent volume and biomass) but not with domestic ungulates. Finally, we 
considered pairwise comparisons for the six ungulate species. The only significant 
pairs were (1) wild boar vs roe deer (r s = -0.833, p = 0.02) and wild boar vs red 
deer (r s = -0.785, p = 0.05) with mean percent volume, and (2) wild boar vs red 
deer (r s = -0.809, 0.05 > p > 0.02) with biomass. 

Young animals generally were most affected by wolf predation. Expressed as 
the relative number of prey eaten, in 57 "aged scats" containing roe deer, fawns 
represented 66.2% of the prey, in 31 scats containing red deer, calves represented 
49%, and in 77 scats containing wild boar 85.5% were small animals (< 28 kg), 
presumably below one year of age. The structure coefficent of selection (SCS), 

Weight classes (kg) 

Fig. 6. Frequency distribution of wild boar weight classess in wolf diet obtained by scats analysis. 
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Table 5. Predation on fawns and adults roe deer in different periods of the year. * If we assume that 
50% of fawns is already born, than SCS = 1.25, a expressed as relative number of prey (Floyd et al. 
1978), b obtained by direct observations, c structure coefficent of selection (see Methods). 

Months Percent of fawns 
in prey3 

Percent of fawns present 
in the population13 SCSc n 

May-June* 25.6 Unknown Unknown 10 
July-October 81.1 43.0 5.78 14 
November-April 61.1 34.0 3.03 33 

which accounted for the actual ratio adult/young in the populations, was 3.14 for 
roe deer and 2.87 for red deer, indicating that youngs of both species were preyed 
on about three times more than adults with respect to their availabilies. Wild boar 
had a SCS of 1.8; young boars were preyed on almost twice as often as adults. 
Statistical evaluation of the differences between availability and use of the young 

2 2  gave significant results for wild boar (% = 7.74, p < 0.01) and roe deer (% = 7.65, 
o 

p < 0.01) but surprisingly not for red deer (% = 2.71, p = 0.1). Seasonal variations 
in SCS could be evaluated for wild boar and roe deer. Predation of wild boar was 
unbalanced against boars > 1 year in the first half of the year and then heavier 
on small animals in the second half (Fig. 5). Fully grown (> 40 kg) wild boar, 
however, were a small part of wolf diets, suggesting that piglets and subadults 
constituted the bulk of wild boar occurrence in wolf diets (Fig. 6). Young roe were 
more common in wolf diets from July through October and from November through 
April. However, some data from May through June suggested a limited predation 
on newborns (Table 5). For red deer we were unable to give fully comparable 
results given the differences in the analyses of scats from the two periods of the 
year (see Methods). Althogh not statistically significant, results seemed to suggest 
that calves were preyed on less in the second half of the year; however, a bias 
toward adults due to methodology should be acknowledged. 

Discussion 

The percentages of wild ungulates in wolf diets in our study area were the 
highest ever reported in western Europe (Table 6), which was not surprising 
because of the local availabilities of such preys (Table 1). Feeding habits of wolves 
in the Foreste Casentinesi were more similar to those in North American (Fritts 
and Mech 1981, Gasaway et al. 1983) or eastern European (Jędrzejewski et al.  
1989, Bibikow 1990) than to western European conditions. However, because 
improving habitats condition and increasing wild ungulate densities in western 
Europe, it is probable that our study area may represent a prediction of what 
could happen in the future in many western European areas rather than re-
presenting a relict of old, primeval conditions. 
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Table 6. Wild ungulates use by the wolf in western Europe estimated from scats analyses. 

Area Author/s Collection Wild ungulates fre- 
period quency of occurrence 

Foreste Casentinesi (Italy) This study 1988- 1992 94.6 
Northern Apennines (Italy) Meriggi et al. 1991 1987- 1989 18.0 
Abruzzo National Park (Italy) Patalano and Lovari 1993 1981- 1983 43.4 
Umbria, Valnerina (Italy) Ragni et al. 1982 1977- 1982 0 
Majella, Abruzzo (Italy) Boitani 1982 1974- 1977 0 
Province Leon (Spain) Salvador and Abad 1987 1984- 1986 35.3 
Asturies (Spain) Brana et al. 1982 ca 1980 39.8 

Diet analyses were simplified in our study because of the high percentage of 
the scats tha t contained only one species of prey. This allowed an accurate 
evaluation of biomasses and relative number of prey (Floyd et al. 1978), as has 
occurred in most North American wolf studies (Fritts and Mech 1981). Differences 
between our results and those of other western European studies also were 
emphasized by our low trophic niche breadth (cf Meriggi et al. 1991, Patalano and 
Lovari 1993). Fruits, rodents and domestic ungulates that have been so abundant 
in wolf diets in other areas (eg Meriggi et al. 1991) were absent or essentially 
insignificant in our study, indicating that their use was related to an impoverished 
ecological situation. These food items were not absent in our study area, but wolves 
could rely primarily on ungulates for prey. 

Scat composition seemed to reflect local differences in abundance of ungulate 
species in the Foreste Casentinesi. Differences in relative abundances of wild boar 
and cervids in our intensive study area and Mt Falterona were correspondingly 
reflected in wolf scats with reasonable confidence, one can thus assume that 
contents of wolf scats will correspond the local community composition of prey. 
Analogous observations have been made in North America (Fritts and Mech 1981) 
and in Europe (Brana et al. 1982). 

Wild boar and roe deer had an opposite trend in their occurrence in wolf diet 
during the five years of our study. The role of these two species as principal prey 
species reversed from the beginning to the end of our study. This result may be 
apparently considered similar to observations by Voigth et al. (1976) studying 
summer food of wolves in Ontario and Frenzel (1974) in the Superior National 
Forest. White tailed deer Odocoileus virginianus decreased in density in both 
studies and beaver Castor canadensis in the first study, and both beaver and 
moose Alces canadensis in the second study increased significantly in wolf diets. 
However, in our study the increase of wild boar in wolf diets was not due to an 
increase in wild boar density, that decreased during the study period. As a 
departure from the general rule of correlation between availability of prey and 
the level of predation (Shelton 1966, Hall 1971, Kuyt 1972, Fritts and Mech 1981 
but see Cowan 1947: 167 for contrary results), increased wild boar use by wolves 
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could have been the consequence of the development of a selective preference for 
this kind of prey together with an analogous but opposite use of roe deer. Causes 
of differential selection may be that wild boar are more vulnerable than roe deer. 
Wild boar form groups that are easy to identify. They are relatively slow, in 
comparison to cervids. Their populations are composed mainly of young animals, 
that are easy to catch and relatively defenseless. The strategy of selecting the 
most vulnerable and aboundant prey species where two or more are available has 
been shown by Mech (1970: 174). It is difficult to explain why the relatively high 
use of wild boar in the study area apparently developed only recently. A possible 
explanation is that roe deer were always present in our study area (Crudele 1988,  
Lorenzini et al. 1993), but wild boar were reintroduced in the 1970s after being 
absent for at least 80 years and reached high densities in the second half of the 
1980s (ie was not "traditional" prey). This and the possibility that food habits may 
be perpetuated between generations because packs sometimes have distinct prey 
preferences (Holleman and Stephenson 1981) may explain why wolves have 
"discovered" wild boar so late and why use of this prey is now increasing despite 
declining density. A concordant result is the lack of correlation of immediate 
availability of a prey species and its use by the wolf, emphasizing again the delay 
of reaction to the changes of demographic tendencies of his prey species (Mech  
and Karns 1977, Gasaway et al. 1983). 

Relatioships among different species of ungulates in the wolf diets varied 
through time. Inverse correlations existed between wild and domestic ungulates 
and between cervids and wild boar. Moreover, wild boar use was inversely 
correlated with use of both roe and red deer. These results suggest that wild boar 
use buffers effects of wolf predation on other ungulates. An equivalent species to 
the wild boar in terms of reproductive rate, high potential density, and vulner-
ability does not exist in North American ecosystems, where wolves can cause 
noncompensatory mortality on cervids (Mech and Karns 1977, Gasaway et al. 
1983). However, it should be noted that wild boar do not always assume, where 
present, a primary importance in wolf diets in western Europe (Brana et al. 1982)  
or in the Paleartic (Bibikow 1990: 87, Jędrzejewska et al. 1994). To explain that 
it should be taken into account that body size of wild boar of this population is 
smaller than central and eastern European ones. So they are probably more 
vulnerable to wolf predation than the latter. 

Low wolf use of domestic ungulates in our study could be due to their low 
availability, location of farms at the border of the forest (ie marginal areas with 
respect to wolf presence), active defence of livestock by dogs, and nocturnal housing 
of livestock. Telleria and Saez-Royuela (1989) in Spain and Fritts and Mech (1981)  
in North America showed that wolf predation on livestock was rare in natural 
areas with readily available wild preys. In contrast Patalano and Lovari (1993)  
found wolves preying on domestic ungulates in central Italy, despite the presence 
of four wild ungulates, which may be explained by differences in both livestock 
husbandry and wild ungulates densities. Domestic ungulates were more inter-
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spersed in their study area than in the Foreste Casentinesi. Moreover, wild 
ungulates, apart from Apennine chamois Rupicapra pyrenaica ornata, had recently 
repopulated their study area, and neither roe deer nor wild boar were numerous. 

Predation on young ungulates in our study area reflected the general rule 
expressed by Mech (1970: 249), ie wolves kill primarily animals < 1 year old or 
those over middle age. Cervids predation in our study reflected the pattern found 
both for white tailed deer and moose (Thompson 1952, Voigth et al. 1976, Fritts 
and Mech 1981, Peterson et al. 1984) using scats analyses; ie fawns are preyed 
more than their availabilities would suggest. Parallel to other published studies 
cervids fawns were preyed on 2 or 3 times more than they were available. Despite 
the lack of statistical significance due to small sample size red deer calves were 
preyed on > 2.5 t imes more than were adults relative to their respective 
availabilities. This was congruent with results based on recovered wolf kills of 
Bobek et al. (1993) in southern Poland and to the majority of cases presented by 
Filonov and Kaleckaja (1985) for populations in the former USSR. Wild boar piglets 
< 6 month seemed clearly to be less attractive to wolves in our study than 6- to 
12-month-old piglets. Three reasons may explain this: (1) very young piglets are 
more difficult to find because they spend more time concealed in the farrowing 
nest; (2) they may be carefully guarded by the mother who maintains close contact 
with them and warns them of predators in their first months of life; or (3) they 
may represent a less rewarding or cost effective prey to wolves. These hypotheses 
are not mutually exclusive and a combination of them may be the most probable 
explanation. There are very few data on age class selection in wild boar: Filonov 
and Kaleckaja (1985) found that adult wild boar in three areas in former USSR 
seemed to be preyed on more (14.3 to 50 %) than in our area (6%). However, no 
data on actual population structure in the former USSR were given, and their 
data on wolf predation were based on carcasses recovery, a method that can bias 
actual kill age structure of wild boar to a greater extent than red deer. Seasonal 
selection of young wild boars occurred in our study area, which appeared to be a 
direct consequence of preference for half grown piglets. Roe deer fawns also seem 
to receive increased predation as summer progressed in accordance to Thompson 
(1952) who suggested that fawn vulnerability increased during summer. 
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