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Patterns of habitat use by the wild boar, Sits scrofa Linnaeus, 1758, in an agricultural 
ecosystem, were studied from late winter to early summer in southwestern France, by monitoring 
radio- collared individuals and collecting the animals activity signs. Results showed that natural 
habitats are of importance for wild boars in a farmland environment, most of their activity, 
particularly day bedding, taking place there. Wild boars make intensive use of large woodland and 
heathland units. The proximity of human development did not seem to affect their activities a great 
deal. 
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Introduction 

After interspecies comparisons, socioecology has, for more than ten years, been s tudying 
the intraspecific variability of social and spatial relationships according to environmental 
condit ions (Gautier 1982, Lott 1984, Schaal 1987). However , few authors have studied the 
wild boar Sus scrofa Linnaeus, 1758 in this regard (see Tcillaud 1986), despite its potential 
to play a paradigmatic role. As a result of its broad geographic distribution (Sjarmidi and 
Gerard 1988), it is currently found in a wide variety of environments, f rom boreoalpine regions 
(Fadeev 1981, Singer et al. 1981, Erkinaro et al. 1982) to equatorial forests (Groves 1981), 
and f rom the steppes (Pfeffer 1961) to the temperate woodland and the dry or wet medi terranean 
biotopes (Franceschi 1984, Lescourret and Genard 1985, Dardaillon 1986). 

Unti l now, most of the fundamenta l ecoethological investigations devoted to this species 
have been per formed in temperate woodland (see bibliographical reviews by Mauge t et al.  
1984, Dictrich 1984, Gerard and Campan 1988). In the present paper, results concerning habitat 
preferences are reported for a wild boar population in an agricultural ecosystem. These data 
should help to establish an empirical data base for testing socioecological hypotheses 
and comparing the individual development (onto- and sociogcnesis) and the biology of wild 
boar populations under various environmental conditions. 

•Present address: Office National des Forêts, Avenue de Metz B. P. 709, 55107 Verdun Cédex, France 
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Fig. 1. Location of the Terrefort Toulousain (grey) and of the 26 000 ha study area (black and white) used to 
determine the preferences of wild boar for various types of woodland or heathland. 
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Material and methods 

Study area 

The study was conducted in southwestern France, in a part of the agricultural region of the Lauragais called 
'Terrefort Toulousain", bounded to the North-West by the town of Toulouse (43,37° N; 1,27° E), to the West 
and South-West by the Ariege and the Hers Vif rivers, by the Vixiege river to the South and the Hers Mort 
valley to the East (Fig. 1). Elevations range from 200 to 300 m. The area consists of marl and molasse terrain 
and is disected by numerous small valleys. 

The region is predominantly made up of large Fields, mainly straw cereals (wheat and barley) covering about 
half of the cultivated area. Because of recurring lack of summer rain, maize culture has been progressively 
replaced by sorghum and protein-rich crops which are more drought-resistant. Only 9% of the area is occupied 
by woodland and heathland, mainly in valley floors and on steep slopes where they form small units (average 
5 ha), which are evenly distributed across the landscape (Fig. 1). Woodland mainly consists of Quercus 
peduncidata, Q. pubescens and Robinia pseudo-acacia on the slopes, with Fraxiuus excelsior, Alnus glutinosa 
and different cultivated varieties of Populus spp. in the valleys. The growth of herbaceous and scrub species 
often reduces ground visibility. Heathland consists of lawns of Brachypodium pinnatum, invaded to varying 
degrees by shrubs (mainly Primus spinosa). There are also isolated farms and villages connected by a network 
of small roads located mainly on the ridges. 

Wild boar population 

The native subspecies is normally Sus scrofa scrofa (Groves 1981, Sjarmidi and Gerard 1988). Genetically, 
the population of the Terrefort Toulousain cannot however be considered to be completely 'wild': local game 
societies frequently make uncontrolled introductions of captive-reared animals which can sometimes be hybrids 
of S. s. scrofa and domestic pigs. There are on the other hand no free-ranging domestic or feral pigs in the area. 
Average population density is particularly low and probably below 5 individuals/1000 ha (Spitz and Pepin 1985). 
Wild boars are mainly hunted in fall during game drives involving a small number of people. 

Monitoring of radio-collarcd individuals 

Six individuals (one adult female and five subadult males) were radio-tracked between March and July 
(Fig. 2). They were trapped in the northwestern quater of the study area, then relaescd on the site of capture 

Animals 

B2 

B3 

B4 

S 5  

B6 

B7 

Age class Year Monitor, 
duration 

10-12 months 1985 12 days 

14 months 1984 56 days 

10-12 months 1986 71 days 

adult 1984 56 days 

12 months 1985 15 days 

12 months 1985 20 days 

Fig. 2. Radio-tracking periods and characteristics of radio-collared animals (S - sow, B - boar). 
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immediately after tagging with 0.3-kg radio-collars (see Cargnelutti el al. 1990). No drugs were used. The 
radio-tracking equipment was supplied by the AVM Instrument Company and consisted of SB2 and SB2 IV 
type transmitters. Monitoring of the animals was performed from vehicles equipped with double yagi antennas 
and LA 12 receivers with 'null-peak' systems. The locations of the animals were calculated relative to the position 
of fixed beacons (Janeau et al. 1979). 

As the wild boars f rom this area are mainly nocturnal (Cargnelutti 1986, Gerard and Campan 1988), two 
types of data were recorded: daily locations of diurnal bedding sites and continuous tracking (at 10-min intervals) 
during first half ( 'evening') or second half ( 'morning') of activity phases. A total of 187 bedding sites were thus 
located and 18 continuous radio-tracking surveys of a total of six animals (corresponding to 461 locations during 
the activity period) were conducted. 

Taking into account the theoretical accuracy of the measurements (Janeau et al. 1979, Bideau el al. 1983), 
each radio-location was classified according to its location within a specific cell of a 100 m x 100 m map grid. 
Each cell of this grid was classified into one of four types of habitat for purposes of analysis (1) natural habitat 
(woodland and/or heathland), (2) agricultural land, (3) both of the two former types of habitat ( 'mixed habitat'), 
and (4) developed areas with no natural vegetation. The frequency of use of a given habitat was defined as the 
frequency of radio-locations recorded in cells of that habitat (Pietz and Tester 1982, Maublanc 1986). The area 
of the home range of each animal was defined over its whole radio-tracking period (Fig. 2) as the total number 
of grid cells contained in or cut by the minimum convex polygon including all its radio-locations. 

Record of activity signs 

The preferences of wild boars for different types of woodland or heathland were estimated over the whole 
population by recording activity signs in late winter-early spring 1986, over a 26 000 ha sampling area (Fig. 1). 
To that end a series of West-East transects were drawn at 2-km intervals on a map (scale 1 : 25 000); any 
woodland or heathland unit cut by a transect was then investigated intensively to record activity signs. A total 
of 66 woodland or heathland units were thus investigated over a 53-day period. Labile signs (footprints), as well 
as more persistent signs such as rubbed or slashed trees (Sardin and Cargnelutti 1987), wallows or rooting sites, 
were recorded. Each investigated unit was also characterized by a series of parameters describing the understory 
vegetation, composition of the woodland, presence of water, nature of surrounding agricultural land, proximity 
or the presence of structures related to human activity (e.g. roads, tracks, isolated houses, villages), the area of 
the unit, the sinuosity of its border. The last parameter was quantified using an index (is) which is the ratio of 
the actual border length of the unit (L) relative to the circumference of a circle with the same surface area (5) 
as the unit being studied: 

Is =L/(4kS)1'2 

The minimum value of this index is 1, since, for a given surface area, a circle is the geometric shape with the 
smallest circumference. 

Statistical analyses 

Data collected during the recording of activity signs were coded in a logic description table of 66 rows (one 
per unit visited) and 36 columns (one per parameter), and then analyzed by Correspondance Factorial Analysis 
(Benzecri 1973), to determine the relationships between parameters. Only non parametric tests, Mann-Whitney 
U test and Spearman's rank correlation coefficient RS, were used for the quantitative or semi-quantitative 
variables. The likelihood ratio G test was used to compare proportions. When the predicted values were too small 
(Cochran's rule), this test was replaced by the exact calculation (binomial law) of the probability of obtaining 
the observed distribution or one even more different from that expected (Fisher's exact test applied to comparisons 
between an observed and theoretical distribution). For multiple comparisons, the threshold of binary tests was 
systematically lowered to 1 - (1 - 0.05)1/<r (where c is the number of binary comparisons), so that the probability 
of a type error did not exceed 0.05 (see Scherrer 1984). Tables used were those supplied by Scherrer. 
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Results 

Habitat preference of individuals 

Habitat use during the activity period 

The recorded frequency of use of the various habitats by each animal, during the activity 
period, can be compared to the composition of its home range in these habitats. Assuming that 
the expected distribution, in case of non-selectivity towards the various habitats, is the 
composition of the home range, three males (B2, B6 and B7) significantly avoided the 
immediate proximity of human habitats, whereas the two other males (B3, B4) and the female 
(S5) seemed indifferent to them (Table 1). The earliest monitored animal in the annual cycle 
B2 seemed to be the only one to prefer woodland or heathland cells on the mixed cells. This 
individual and B3, B4 and S5 all had a marked preference for cells including at least some 
natural vegetation cover over agricultural fields. B6 did not seem to prefer either of these types 
of cells, while B7 preferred the cultivated fields (Table 1). 

These differences between the habitat preferences of individuals were highly significant 
(if human habitats are excluded: G = 143.03; d.f. = 10; p < 0.05), and may be partly due to 
the seasons when the animals were monitored. Combining the results of the 18 continuous 
radio-tracking surveys across the total annual cycle (Fig. 3) indicates a general trend of the 
animals to leave the natural habitats and their margins between March and July. When only 
considering the first continuous radio-tracking of each animal (to produce independent data), 
there is a significant decrease across time in the frequency of use of the woodland or heathland 
cells (Rs = - 0.829; n = 6; p < 0.05). This trend was also observed in each of the individuals 
(B4 and S5) radio-tracked over extended periods of time, although small sample size prevented 
statistical testing of this data. 

This general trend does not exclude the possibility of differences between individuals or 
between classes of individuals (which cannot yet be verified because of our sample size): the 
adult female S5, for example, seemed to have a marked preference for natural habitats 
compared to the younger subadult males (Table 1). 

Table 1. Results of binary comparison tests (all of d.f. = 1) between the frequencies obtained and 
those expected assuming non-selectivity of the habitats on the home range, for each individual and 
for different habitat groups. *: significant difference for a threshold of 1 - (1 - 0.05) , / 3 = 0.017 (see 
material and methods). When the theoretical values are too small, the exact probability (p) of obtaining 
the observed distribution even more different f rom the theoretical one, is indicated. 

Animals Fields with house(s) 
versus other habitats 

Agricultural fields versus other 
habitats without house 

Wood- and heathland 
versus mixed habitat 

B2 G = 20.59* G = 137.54 * G = 9.09* 

B3 p = 0.581 G = 7.24 * p =0.417 

B4 G = 2.53 G = 46.40 G = 1.52 

S5 G = 4.67 G = 35.65* G = 0.06 

B6 G = 11.21 * G = 1.49 p = 0.097 

B7 G = 11.93 * G = 7.41* p =0.380 



124 J.-F. Gerard et al. 

Frequency 
of locations 
in grid cells 

at least 
including 

some 
woodland or 
heathland 

1.00 

0.75 

0.50 

0.25 

0.00 

m • 

0 e 
•E 

•E 

E 

m • e 
P.-

March April May June July 

Fig. 3. Frequency of use of grid cells including at least some woodland or heathland, for each 
continuous radio-tracking survey during an activity phase: (m) - morning; (e) - evening. 
(E) - evening use to calculate the Spearman correlation coefficient (see text). 
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House(s) and fields 

Ĵ Agricultural fields 

Mixed habitat 

| Wood- and heathland 

Fig. 4. Recorded frequencies of day bedding sites for each individual in four types of grid cells 
(left column), and proportions of these same types of habitat in its home range (right column). The 
probability of obtaining the recorded numbers of radio-locations in natural habitats and in pure 
agricultural fields respectively, or a distribution differing even more from the theoretical one, is 
recorded at the top of each column. 
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Diurnal bedding sites 

The trend of the radio-collared animals to favour natural habitats was even more marked 
during resting times than during the activity phases. None of the 187 located bedding sites 
were in the proximity of a building and only four of them were in cells composed only of 
agricultural fields. This trend to systematically avoid agricultural land was highly significant 
for each of the radio-tracked animals (Fig. 4). Visual inspections confirmed that the bedding 
sites recorded in mixed grid cells were mainly located within woodland or heathland habitats 
(see also Cargnelutti et al. 1990). 

Habitat prefcrcncc of the population 

The activity signs of wild boars recorded in the 66 woodland and heathland units between 
late winter and early spring add information to habitat use by the whole population. Figure 5 
shows the dispersal of the variables used to describe these unils, within the space defined by 
the first two axes of (he Correspondance Factorial Analysis. The first axis (Fl ) explains 18.55% 
of the total variability between sampled units, whereas only 8.53% is explained by the second 
axis (F2). Axis 1 dislinghishes units with no signs of activity from those which showed signs 
of any kind and characterizes these two different categories in terms of their associated habitat 
variables. 

Thus, signs of wild boar activity arc generally associated with large woodland or heathland 
units, a sinuous border, the presence of water, abundant oaks and dense underwood. It can be 
demonstrated that these 5 parameters associated with the presence or absence of activity signs 
arc not statistically independent, and that they are particularly related to the surface area of 
woodland and heathland units (Table 2). Because of the structure of the environment, it is not 
possible to determine whether any of these 5 parameters describing the units, arc more 
important than others in explaining habitat preference. 

Variables relating to human activity (forestry or farming activity) or indicating the 
proximity of human infrastructures (roads, tracks, houses) are located near axis F2, suggesting 

Table 2. Results of the independence tests (1) between the area of the units and various 
other descriptors associated with the presence or the absence of activity signs by 
Correspondence Factorial Analysis, (2) between the presence of footprints (within or 
on the border of the units) and the presence of a rapeseed field or a former maize field 
alongside the unit. / : frequency of observation. Number of investigated units: 66. 
*: significant dependence for a threshold of 1 - (1 - 0 . 0 5 ) l / s = 0.010 for the first series 
of binary tests; *: significant dependence for a threshold of 1 - (1 - 0.05)1/2 = 0.025 
for the second series (see material and methods), d.f. = 1 for the two G tests. 

Area of the unit Sinuosity of the border Rs = 0.57 * 
Many oaks (f= 48/66) U = 136 * 
Much dense underwood (f = 50/66) U = 127 * 
Presence of water (f= 54/66) U = 142 * 
Presence of signs (f= 46/66) U = 228 * 

Presence of footprints Former maize along the unit 
Rapeseed along the unit 

G 
G 

= 5.64 0 

= 0.98 
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that they have a negligible effect on the presence of wild boars in woodland and heathland 
units. Most of the variables representing the nature of the crops located along the units, are 
also very close to axis 2, and are therefore also of low importance. This includes rapeseed 
(Table 2), although it is located rather close, on the first axis, to parameters known to be 
relevant. Maize on the other hand represents a noticeable exception since the presence of 
footprints (labile signs indicating a recent passage at the time of recording) is not statistically 
independent of the presence, along the border of a unit, of a field where maize had been grown 
the previous year (Table 2). 

Discussion 

Our results show that unmodified natural habitats and their borders are of considerable 
importance to wild boar living in an agroecosystem from late winter to early summer. This 
has also been found for the roe deer Capreolus capreolus (Linnaeus, 1758), another ungulate 
which has inhabited the agricultural plains of Central and Western Europe for several decades 
(Kaluziriski 1974, Maublanc et al. 1985, Cibien et al. 1989). However, the seasonal variations 
in the use of agricultural land are very different between the two spccics. In an agroecosystcm, 
the roe deer does not spend any more time in the fields during summer than during spring, 
although it spends considerable time there during fall and winter (Zejda and Bauerova 1985, 
Maublanc 1986). Wild boar on the other hand spends less time in cultivated fields in March, 
April and May than in June and July. In less agricultural environments, several authors have 
also reported a higher use of the fields adjacent to woodland or other natural vegetation types 
by wild boar (Briedermann 1976, Gcnov 1981, Vassant and Breton 1986, Dardaillon 1986). 

These variations in the frequency of use of agricultural fields is mainly observed in active 
animals, since the wild boars from the Terrcfort Toulousain usually seem to locate their bedding 
sites in natural habitats and at their borders. This observation, as well as the fact that the 
bedding sites are generally located in areas with dense vegetation cover (Cargnclutti et al. 
1990), cannot be totally explained by efforts to seek seclusion. In this region, human presence 
is scarce in agricultural fields, woodland or heathland. Moreover, from late spring the straw 
cereal fields provide shelter as effective as that of dense thicket to an animal the size of a wild 
boar. Another index of the seclusion of the environment is the fact that wild boars from the 
Terrcfort Toulousain are less nocturnal than their forest counterparts, and in particular often 
leave their bedding sites in the middle of the afternoon (Cargnelutti 1986, Gerard and Campan 
1988). These preferences for the location of diurnal bedding sites might be explained by the 
search for thermal comfort or even shade provided by a 'natual roof ' . According to Dardaillon 
(1986), the diurnal bedding sites of wild boar in the Camargue, are generally located outside 
of dense vegetative cover in winter and inside the cover in summer. 

In the Terrcfort Toulousain, wild boar seems to generally prefer the larger woodland and 
heathland units. This corroborates the fact that the animals generally tend to stay in the more 
wooded parts of the study area (Cargnelutti et al. 1990). In this region, a large woodland or 
heathland unit generally includes water (necessary to wallow), many oaks (and acorns) and 
areas of dense underwood (preferred places for bedding sites). Statistically, a large area for 
the unit is also associated with a sinuous border. As also seems to be the case in more forested 



128 J.-F. Gerard et al. 

a reas ( V a s s a n t 1973, H e r r e n s c h m i d t and R e g o s t 1979, G e n o v 1981, V a s s a n t and Bre ton 1986) , 
this la t ter fact e n a b l e s the wi ld b o a r to m o v e in to agr icu l tu ra l f ie lds wi thou t m o v i n g f a r f rom 
w o o d l a n d or hea th l and . In an a g r o e c o s y s t e m , this is p robab ly m o r e t rue in win te r a n d early 
spr ing w h e n c r o p h e i g h t s a re low; indeed t w o subadu l t m a l e s ( B 6 a n d B7) , m o n i t o r e d when 
s t raw ce rea l c r o p s w e r e h igh , w e r e obse rved m o v i n g into the f i e lds severa l t imes very f a r f rom 
the w o o d l a n d a n d hea th l and borders . 

F ina l ly , r ad io - t r ack ing s h o w s that wi ld b o a r a v o i d the p rox imi ty of h o u s e s wi thou t na tu ra l 
v e g e t a t i v e cove r in thei r v ic in i ty . Th i s is in a g r e e m e n t with the obse rva t ions of L c s c o u r r e t and 
G é n a r d ( 1 9 8 5 ) or V a s s a n t and Bre ton (1986) . B y con t ras t , they f r equen t w o o d l a n d or h e a t h l a n d 
uni t s e v e n if these inc lude o r a re c lose to h u m a n in f ras t ruc tu res . 

Acknowledgements: We would like to thank I. Lehr Brisbin, Jr., Professor at the Savannah River Ecology 
Laboratory (Drawer E., Aiken, South Carolina), for his encouragements and all his constructive remarks. Our 
thanks are also due to P. Winterton for checking the English manuscript. 
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BOOK REVIEW 

Wild Pigs of the United States 

Wild Pigs of the United States. Their History, Morphology, and Current Status. J. J. Mayer and I. 
L. Brisbin, Jr. The University of Georgia Press, Athens and London, 1991, 313 pp. ISBN 
0-8203-1239-8. 

The book is devoted to wild pigs and more precisely to certain aspects of their presence in North America. 
These aspects include: history of introductions, comparative morphology, and current status of pigs in USA. The 
book says nothing about biology and ecology of these animals. Authors were interested mainly in physical presence 
or absence of pigs, as well as in morphological characters helpful in tracing their origin. 


