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Counts of roe deer Capreolus capreolus (Linnaeus, 1758) were conducted in the 
open fields of two reserves in Siena county (central Italy). Area A and area B were 
characterized by different indices of wood dispersion (0.8 and 1.6 respectively). Solitary 
roe deer were seen significantly more often in area B (open fields: 80%) than in area 
A (open fields: 48%). Males were significantly more solitary than females in both 
areas. Group size varied throughout the year, showing similar tendencies in both sexes 
and areas. The differences in deer concentration between areas appeared to depend 
on the distribution pattern of woodland more than proportion of open habitat.
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Introduction

Nearly all factors which may determine grouping in ungulates can be directly 
or indirectly associated to two main ecological correlates. Grouping may develop 
as an anti-predator behaviour of species living in open habitat (Jarman 1974) or 
as a consequence of the concentration of abundant food resources (Geist 1974). 
While members of groups forming under the pressure of predation risks tend to 
socially interact, those aggregating on rich food resources may not (Geist 1974).

It has been suggested that grouping in roe deer Capreolus capreolus (Linnaeus, 
1758), a solitary living and forest dwelling species (Dziçciolowski 1979, Putman 
1988, Ratcliffe and Mayle 1992), may be a direct consequence of population density 
(Bideau et al. 1985, Vincent and Bideau 1992), habitat openness (Kurt 1968, 
Maublanc et al. 1987), food availability (Zejda 1978, Maublanc et al. 1987) or 
habitat patchiness (Cibien et al. 1989).

The aim of our paper is to compare levels of association of roe deer in two 
neighbour areas with a high proportion of differently distributed dense wood cover, 
to assess the importance of cover dispersion for grouping.

* To whom reprints may be asked.
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Study area and methods

Two roe deer populations were studied in two areas of Siena county (43°N, 11°E, at an altitude of 
150 to 350 m a.s.l.), central Italy, from 15 June 1993 to 15 June 1994 (Fig. 1). Area A extended for 
920 ha of thick Mediterranean oak wood Quercus pubescens with a dense understorey (52%) and open 
meadows (48%). Wood cover occupied uniformly the south-eastern half of the area (wood perimeter/ 
/wooded surface = 0.02; index of wood dispersion I = s2/x = 0.8, Krebs 1989: 76-77). Area B extended 
for 400 ha, mainly open fields (80%), interspersed with oak woodlots for a total of 20%. Wood cover 
was aggregated in patches (wood perimeter/wooded surface = 0.24; I = 1.6; Fig. 1). Linear distance 
between areas A and B was 14 km.

The mean temperature during the study 
period was 18.3 ± 6.5°C. Minimum tempera
ture occurred in February (-4.6°C) and maxi
mum temperature peaked in July (35.5°C). 
Precipitation (125 rainy days, in total) was 
836 mm and occurred in all seasons. Snowfall 
never occurred throughout our study.

The calving season of roe deer in our study 
areas takes place normally in the second half 
of May and the first fortnight of June. The 
rutting season occurs from the middle of July 
to the middle of August. Deer density in 1994, 
estimated by diurnal drive censuses in the 
wood (Hoffmann 1976), was high in both areas: 
ca 37 deer/100 ha. The sex ratio (males f e 
males) was 1:1.1 in both areas in the rut (4 
counts in area A, 5 counts in area B). Free- 
-ranging dogs, preying on deer, have been 
sighted in both areas. Both areas are game 
reserves, with similar hunting pressure (aimed 
at wild boar, pheasant and hare), from the end 
of September to the end of January. Moderate 
selective hunting of roe deer takes place in 
neighbour estates, after the rutting season.

Group size was recorded monthly. Stan
dard counts (3 -4  times/month, evenly spaced) 
were carried out in both study areas by car at 
sunset (Hoffmann 1976). All deer in the open 

fields were counted using binoculars (9 x 36 and 20 x 60). A group was arbitrarily defined as a set of 
animals (2 or more) within 50 m from one another.

Differences between proportions were tested for significance as suggested by Hald (1967). Cor
relations were evaluated through the Spearman rank correlation coefficient, whereas differences of 
group size between areas were tested by the Friedman ANOVA.

Results

Sightings of solitary individuals (irrespective of sex) were recorded more often 
in area B (25.5%; n = 1061 deer sightings) than in area A (19%; n -  2420 deer 
sightings) (Z = 4.25, p < 0.001). Males were significantly more solitary (area A:

Fig. 1. Wood distribution in the study areas.
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Fig. 2. Variation in the percentage of solitary males and females over the study period (n -  number 
of deer).

29.4%, n = 889 male sightings; area B: 44%, n = 293 male sightings) than females 
(area A: 17.2%, n = 947 female sightings; area B: 22.1%, n = 447 female sightings) 
(area A: Z  = 6.23, p < 0.001; area B: Z = 5.91, p < 0.001). Males and females of 
area B were more solitary than individuals of the same sex in area A (males: 
Z = 4.56, p < 0.001; females: Z = 2.13, p < 0.05). In both areas the greatest

Table 1. Monthly variation of group size in area A and B (n -  total number of groups).

Period Area A Area B

n X SD Max n X SD Max

Mid-June/mid-July 41 2.87 1.18 6 6 2.33 0.81 4
Mid-July/mid-August 66 2.64 2.64 7 22 2.32 0.65 4
Mid-August/mid-September 83 2.85 1.33 10 28 2.57 0.92 5
Mid-September/mid-October 94 3.23 1.78 12 39 2.76 1.25 8
Mid-October/mid-November 73 3.14 1.68 10 30 2.61 1.08 6
Mid-November/mid-December 34 4.88 3.18 15 38 3.39 2.35 13
Mid-December/mid-January 14 5.64 6.72 22 16 4.25 3.25 14
Mid-January/mid-February 51 5.32 4.02 17 25 3.80 2.47 12
Mid-February/mid-March 28 5.43 3.90 16 30 3.70 2.23 13
Mid-March/mid-April 44 3.93 2.48 11 15 3.13 2.00 9
Mid-April/mid-May 12 2.66 1.07 5 7 2.25 0.46 3
Mid-May/mid-June 5 2.20 0.44 3 2 2.00 0.00 2
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percentage of solitary individuals occurred in spring-summer (Fig. 2). The 
proportion of deer in groups to solitary individuals, as well as group size, increased 
in autumn and remained high until mid-April (Fig. 2, Table 1). This trend was 
consistent for males and females, within each area (area A: rg = 0.89, p  = 0.003; 
area B: rs = 0.91, p = 0.003; n = 12 monthly periods for all correlations), as well 
as within the same sex, between areas (males: rg = 0.78, p = 0.01; females: 
rg = 0.85, p = 0.005; n -  12 monthly periods). Group size was greater in area A 
than in area B (Fig. 2; p < 0.001).

Discussion

Among ungulates, small and selective forest feeders live solitary or in pairs 
and hide to avoid predators. In open areas, the formation of groups seems to 
improve survival (Jarman 1974). In roe deer, grouping has been directly related 
to habitat openness (Bresinski 1982, Maublanc et al. 1987, Cibien et al. 1989), 
thus matching Jarman’s (1974) scheme.

As the percentage of forest is much lower in area B than in area A, larger 
group sizes could have been expected in the former than in the latter. Conversely, 
our results revealed a greater percentage of solitary deer in area B. This pattern 
has been maintained throughout nearly all the year (Fig. 2). The habitat structure 
in area B, with wood patches interspersed with open fields, provide permanent 
cover proximity for roe deer (Fig. 1), thus making unnecessary the formation of 
groups for antipredatory purposes. On the other hand, deer may have formed 
larger groups in area A than in area B, because of the smaller proportion of open 
pastures in the former.

In both areas, males were more solitary than females. This has been described 
also for other roe deer populations (Bideau et al. 1983). It may be explained by 
mother-offspring ties permaining over the seasons, as well as by the territorial 
behaviour of males in spring-summer. As density and predation pressure in both 
areas were comparable, the more solitary behaviour of deer in area B could depend 
on the greater availability of open habitat in which to disperse, eg to feed, than 
that in area A.

The grouping of roe deer is consistent and seasonal in different European areas 
(Zejda 1978, Bideau et al. 1983, Maublanc et al. 1987). Seasonal variation of 
grouping patterns has been explained through local changes in food and shelter 
availability for this species (Bresinski 1982, Bideau et al. 1983). Other authors 
have suggested that winter groups may play a social role by allowing males and 
females to meet each other and develop individual recognition, which later may 
lead to mating and to establish a hierarchy between males (Maublanc et al. 1987). 
Grouping in autumn-winter is likely to be primed by a decrease in levels of 
aggression, especially of males (Maublanc et al. 1987). No detectable food shortage 
occurred throughout our study, which in turn probably decreased potential
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competition in the cold season, when the territorial/mating period is over. As roe 
deer were significantly more solitary and groups smaller in the area with the 
greater proportion of open fields (area B), habitat openness is apparently not 
enough to determine aggregation in these deer. We conclude that the pattern of 
cover distribution could also be a key-factor to influence grouping.
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