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Abstract

Due to extensive grazing regimes over a long period of time, the Plain of Crau, the unique steppe of France, is a particularly
suitable model to study the role of sheep grazing on beetle (Coleoptera) assemblages and their response to grazing abandonment.
After four years of abandonment, beetle assemblages first only undergo a decrease in the abundance of a few species and then a
gradual and slight change in species composition. Later, there is a change in the structure of assemblages, which increases with
increasing time since abandonment. After 23 years of grazing abandonment, there is no significant loss of species. To cite this
article: S. Fadda et al., C. R. Biologies 331 (2008).
© 2008 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

Résumé

Conséquences de l’arrêt de 3000 ans de pâturage sur les assemblages de coléoptères terricoles de pelouses sèches. Du
fait de son évolution, étroitement liée à un régime de pâturage récurrent sur le long terme, la plaine de Crau, unique steppe de
France, constitue un modèle privilégié pour l’étude du rôle des régimes de perturbation sur les assemblages de Coléoptères dans
les écosystèmes, et de leurs réponses à l’abandon du pâturage. Dès la quatrième année d’abandon, les assemblages de Coléoptères
n’enregistrent qu’une diminution de la densité de quelques espèces, puis un changement progressif et peu important de la com-
position, qui s’accompagne cependant d’une modification de la structure des peuplements selon un gradient temporel. Après 23
ans d’abandon du pâturage, aucune perte significative de richesse n’est mesurable. Pour citer cet article : S. Fadda et al., C. R.
Biologies 331 (2008).
© 2008 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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1. Introduction

Herbaceous ecosystems represent more than 25% of
the Earth’s landscapes [1]. In Europe, despite the fact
that their origins are still controversial [2–4], their per-
sistence is due to grazing by domestic livestock since
the Neolithic [5,6]. Grazing by large mammals has
a direct effect on vegetation by modifying the struc-
ture and the composition of plant communities [7,8],
and by limiting or excluding ligneous species estab-
lishment [9]. Moreover, moderate grazing is known to
maintain greater plant species richness and the aban-
donment of this intermediate disturbance regime usu-
ally leads, sooner or later, to a decrease in plant species
richness [10–12]. The effects of grazing on animal com-
munities, which are associated with these rich herba-
ceous communities, are more difficult to apprehend,
particularly for insects. Indeed, the impacts of grazing
on insect communities are mainly indirect through the
modifications of vegetation structure and species com-
position [13,14]. Studies carried out in the North of
Europe have shown that species richness is maximized
under intermediate grazing regimes [14,15], with vari-
able responses depending on the trophic group consid-
ered [16].

In the Mediterranean Basin, the effect of grazing on
vegetation is amplified by particular climatic and soil
conditions (aridity, drought, oligotrophic soils) greatly
reducing the successional dynamics of plant communi-
ties [17]. This leads to herbaceous semi-natural steppe-
like vegetation, often rich in plant species [18]. Since
steppe ecosystems tightly evolved with recurrent graz-
ing regime over long periods of time (several centuries),
they represent good models to study the role of this type
of disturbance regime on their dynamics and biodiver-
sity.

The plain of La Crau (Bouches-du-Rhône, south-
eastern France) is partly covered with a steppe ecosys-
tem unique in France [19]. Its vegetation has been ini-
tially described by [20] as dry grasslands with Aspho-
delus ayardii (Asphodeletum fistulosi phytosociological
community). These grasslands have been used as pas-
tures for itinerant sheep grazing for several centuries,
as shown by archaeological traces dating from the Ne-
olithic, the Antiquity and the Middle Ages [21]. Graz-
ing thus allowed the vegetation to remain prostrated
and dominated by two species, Brachypodium retusum
(Pers.) P. de Bauv. and Thymus vulgaris L. This vege-
tation included both calcicolous and silicolous species
with locally rare species, such as Taeniatherum caput-
medusae (L.) Nevski, Hyssopus officinalis L., Plantago
holosteum Scop. or Bufonia tenuifolia L. [19].
The plain of La Crau is known to provide a suit-
able habitat for several protected or threatened animal
species, such as the pin-tailed sandgrouse (Pterocles
alchata L.), the little bustard (Tetrax tetrax (L.)), the
lesser kestrel (Falco naumanni Fleischer) and the jew-
elled lizard (Timon lepidus (Daudin)). The plain shows
relatively rich terrestrial arthropod communities as well,
which are characteristic of open and arid biotopes of the
Mediterranean region [22–24], with endemic species
such as an apterous grasshopper (Prionotropis rhodan-
ica Uvarov) [25–27].

Although this ecosystem is unique in France, the
structure and ecological processes of La Crau plant
communities are representative of those of other herba-
ceous communities, such as ‘Dehesas’ in Spain (3 mil-
lion ha), ‘Montados’ in Portugal (700,000 ha) and the
semi-arid steppes of Northern Africa and of the east-
ern Mediterranean [28]. In La Crau, 60,000 ha of steppe
were greatly degraded and fragmented by human activ-
ities in the 20th century (cultivation, quarries, industry,
etc.). About 11,000 ha of steppe currently remain. Nu-
merous studies have quantified the impact of human dis-
turbances on plant communities [29,30], birds [31,32],
Prionotropis [25–27], and beetles [23,24]; however, few
data are available on the dynamics of plant communi-
ties and their associated entomofauna once grazing is
abandoned. The overall global warming hypothesis in
the Mediterranean Basin projects a 2 ◦C increase in the
average annual temperature and an extension of drought
periods over the next 100 years. Such a change may lead
to an extension of evergreen species at the expenses of
the traditional grazing practices in the western Mediter-
ranean Basin [33]. This may cause major changes in
specific arthropod communities, and in beetle assem-
blages in particular [24].

Beetles are believed to contribute more than 40%
to the world’s number of described species of insects
[34,35], with a major proportion of rare or endangered
species [35–37]. They occupy almost all types of avail-
able habitats and are present at all levels of trophic
chains [38–41]. In La Crau, the number of species
of Coleoptera and their biomass (591.5 g ha−1 annual
mean) exceed that of other groups of Arthropods [22].

Through a diachronic study carried out on exclosures
at different times, the present work aims to (1) study the
composition and structure of beetle assemblages on a
temporal gradient of grazing abandonment going from
four to 23 years, and to (2) address the results within the
framework of the future conservation management plan
for the plain.
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2. Methods

2.1. The plain of La Crau

The former delta of the Durance River, the plain of
La Crau (Bouches-du-Rhône, southeastern France) is
found within a triangle formed by the cities of Salon-
de-Provence, Arles and Fos-sur-Mer. The region has a
Mediterranean climate, with long hot summers, mild
winters (mean annual temperature: 15 ◦C), and main
rainfall occurring in spring and autumn, reaching an
average of 545 mm yr−1. The yearly average of sun
exposure is over 3000 h and a NW–SE strong wind
blows more than 334 days/year, 110 days/year over
50 km/h [19]. The substrate is a layer 5 to 40 m thick,
with, at the top of this layer an impermeable conglom-
erate made of a calcareous matrix and a mixture of
calcareous and siliceous stones that makes the water
table inaccessible to the vegetation [19]. The ground
is characterized by a cover of large stones deposited
by the Durance River, which, by filling up its bed,
progressively moved westward, while the water flow
decreased between 600 000 and 30 000 BP. In the plain,
this led to a reduction in the size of the deposited stones
across a gradient going from the northeast to the south-
west [19]. Stones are likely to create a microclimate
by (i) protecting the soil from high temperature varia-
tions (60 ◦C on the soil surface and 30 ◦C under stones
in summer [42]), (ii) reducing evapotranspiration [43],
(iii) allowing water condensation [44], (iv) protecting
plants from grazing [45], and (v) favouring perennial
species [46]. Stones thus play an important role in struc-
turing vegetation and the variation in stone cover in this
grazed plain leads to various steppe types [19]. In areas
where stones are dispersed, thus providing limited pro-
tection against grazing, vegetation is prostrate and dom-
inated by annual species, there are few Brachypodium
plants and numerous bare ground patches. Conversely,
in areas where stones are dense, vegetation is taller,
dominated by Brachypodium and there are few to no
bare ground patches.

2.2. Study sites and exclosures

In 2004 and 2005, four sites were studied, each hav-
ing an exclosure of a different age (Fig. 1; Table 1):
Merle, located in the North of the plain, at which the ex-
closure was set in 1982 (23 years ago) was characterised
by a deeper soil and a moister weather than in the other
sites [19]. The grazing pressure was lower than at the
other sites as well; Peau-de-Meau and Termes-Blancs,

Table 1
Details on studied exclosures

Location Year Area Coordinates Former studies

Merle 1982 0.2 ha 43◦38′57.10′′N [54,55]
5◦00′48.81′′E

Nature Reserve of
Peau-de-Meau

1989 0.25 ha 43◦33′25.41′′N [56,57]
4◦49′50.37′′E

Termes-Blancs 2000 3.7 ha 43◦32′04.70′′N [58]
4◦52′06.09′′E

Nègreiron 2001 3 ha 43◦32′20.90′′N [58]
4◦49′05.66′′E
Fig. 1. Site location in France and in the plain of La Crau.
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Fig. 2. Sampling design in each of the four exclosures and in their associated closed by grazed areas.
found in the centre of the plain, with exclosures dating
respectively from 1989 (16 years) and 2000 (5 years),
were characterised by the same organization of sheep
grazing and are located on the same type of soils and
weather conditions [19]; Nègreiron, found in the South
of the plain, had low stone ground cover, small stones,
the highest grazing pressure and an exclosure set up
in 2001 (4 years). The spatial distribution of the sites
clearly showed various steppe vegetation types depend-
ing on climate, soil and grazing regimes that co-exist in
the Crau area [30,42]. Indeed, there is a climatic gradi-
ent from the north (colder winters) to the south (more
temperate winters) of the plain [19], as well as a stone
size and density gradient (depending on the past hy-
draulic regimes of the Durance River) and a grazing
gradient that depends on stone cover (plant species ac-
cessibility to sheep) and on climate (phenology). Never-
theless, despite these differences, all the sites were char-
acterised by the same plant association (Asphodeletum
fistulosi phytosociological community) and by sheep
grazing that occurred since the Neolithic period; so, they
can be considered as replicates of the treatment ‘pres-
ence or absence’ of grazing. The selected exclosures
are large (0.2, 0.25, 3, and 3.7 ha) and were sampled
in their centre, more than 10 m away from the fences in
order to minimise edge effects [47–49] and the ‘fence
effect’ [50]. These exclosures are larger than those used
in other studies on the interaction between large mam-
mals’ grazing and arthropods [51–53].
2.3. Sampling design

For each of the four sites, beetles were sampled in-
side (ungrazed) and outside (grazed) the exclosures.
Within these two treatments, sampling was carried out
far enough (more than 10 m) from the fences to avoid
any bias [50]. The sampling design was established to
the scale of the smallest exclosure (Merle). For each
sampled zone (8), six sampling units (SU) were set
on two transects (Fig. 2). One sampling unit is consti-
tuted by three pitfall traps (plastic containers 50 mm ×
110 mm half-filled with conservative liquid glycol),
each one set at the tip of a 1 m equilateral triangle.
The sampling units were spatially arranged so that two
traps of different sampling units were more than 10 m
apart from each other [59]. In total, 144 traps were
buried flush with the soil surface. Sampling was carried
out during two consecutive years in 2004 and 2005 in
order to include interannual climatic variations. Traps
were checked and replaced twice a month continuously
from the beginning of April to the end of June and
from mid-August to the beginning of November. Sam-
pling was not carried out in winter and summer as
Coleoptera species richness is very low during these
seasons in La Crau [22,23]. Imagoes of Coleoptera were
sorted out to morphospecies [60] and then identified to
species or the closest taxonomic level using the labora-
tory reference collection. Taxonomic nomenclature fol-
lows Fauna Europea [61]. Species were classified into



536 S. Fadda et al. / C. R. Biologies 331 (2008) 532–546
four basic functional groups, namely phytophagous,
predators, saprophagous (including necrophagous) and
coprophagous [62], based only on the imago diet. Co-
prophagous group was not considered for multivariate
analyses.

Environmental measurements were carried out in
May 2005 near each sampling unit in a 2 × 2 m quadrat
(Fig. 2) divided into 25 sub-quadrates of 0.16 m2 us-
ing the frequency method [63] (vegetation species rich-
ness, T. vulgaris and B. retusum percentage cover, stone
percentage cover, bare ground percentage cover, vegeta-
tion percentage cover for three groups of plant heights:
< 5 cm, 5 to 20 cm, > 20 cm) (see [63]). Vegetation
biomass was assessed near each sampling unit by cut-
ting all plant material at 3-cm height and above in a
50 × 50 cm quadrat. Biomass was dried (70 ◦C) until
weight was constant and weighed.

2.4. Statistical analyses

All traps sampled at the same spot all along the study
period were summed, thus excluding seasonal and an-
nual variations. All three traps sampled in each sam-
pling unit were also summed [23]. The resulting data
matrix thus includes 48 SU (6 SU × 8 sampled zones).

Correspondence analyses (CA) were performed in
order to discriminate the sites and the changes induced
by grazing abandonment (Canoco 4.5). These analyses
were first processed with all species but coprophagous,
and then considering individually phytophagous, preda-
tors, and saprophagous species. The ‘down-weighting
of rare species’ option was applied to reduce the in-
ertia of the less abundant taxa [64]. A canonical cor-
respondence analysis (CCA) was performed on the all
species but coprophagous matrix (Canoco 4.5), in or-
der to compute species data with environment variables,
also applying the ‘down-weighting of rare species’ op-
tion. In order to compare each grazed area with the cor-
responding ungrazed area of each site, Mann–Whitney
U tests (Statistica 6.0) were carried out on (i) abun-
dance, species richness and evenness data, (ii) abun-
dance and species richness within each trophic group,
(iii) abundance of the 30 most frequent species, and
(iv) vegetation richness and evenness. The diversity was
assessed with evenness (E), calculated from Shannon
index H ′ on the data of each sampling unit, using the
H ′/Hmax formula [65].

In order to quantify changes induced on species com-
position, Sørensen (presence/absence data) and Stein-
haus (species abundance) similarity indexes were cal-
culated for all sampled zones [66].
Abundance, species richness and abundance of the
three most frequent species were compared with en-
vironmental data using Spearman rank tests (Statistica
6.0).

3. Results

3.1. Beetle assemblages

In total, 7533 individuals, belonging to 42 fami-
lies and 221 species, were captured (Table 2; supple-
mentary material). The dominant species were Poe-
cilus sericeus Fisher von Apfelbeck (Carabidae, 2402
individuals, 31.9% of total abundance), Asida sericea
(Olivier) (Tenebrionidae, 864 individuals, 11.5%) and
Coniocleonus nigrosuturatus (Goeze) (Curculionidae,
506 individuals, 6.7%). The other 218 species con-
tributed to less than 50% of total abundance, of which
70 species were represented by only one individual (sin-
gletons).

The CA considering all species but coprophagous
(i.e. [48 SU × 208 species]) discriminated the four sites
and the two treatments (grazed/ungrazed) (Fig. 3). Axis
1 (21.7%), opposing the samples of Nègreiron, Termes-
Blancs and Peau-de-Meau with those of Merle. Axis 2
(12.9%) discriminated the grazed areas from surround-
ing ungrazed areas. Moreover, the longer since grazing
abandonment, the further the ungrazed areas were from
their respective grazed area on the scatterplot.

In grazed areas, the highest number of individu-
als was found in Nègreiron (1289 individuals) and
the highest species richness was found in Merle (104
species; Table 3). Grazing abandonment significantly
led to (Fig. 4):

– an increase in species richness and evenness and no
changes in abundance in Nègreiron (4 years);

– an increase in abundance, no changes in species
richness and a decrease in evenness in Termes-
Blancs (5 years);

– a decrease in abundance, no changes in species rich-
ness and an increase in evenness in Peau-de-Meau
(16 years);

Table 2
Total number of species collected in the grazed (G) and ungrazed (X)
areas

Zone Grazed
areas

Exclosures Total

Species Common
exclusive

110 221
50 61

Total 160 171
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Fig. 3. CA on the [48 SU × 208 species] matrix applying the down-weighting of rare species option. (a) Sampling units (Neg = Nègreiron,
TB = Termes-Blancs, PdM = Peau-de-Meau and Mer = Merle; ‘X’ = exclosure). Ellipses gather sampling units from a same sampling
zone (white for grazed areas and shaded for exclosures). (b) Species. Only species contributing to more than 1% of the total iner-
tia are shown (32 species: Acpi = Acinopus picipes; Anin = Anotylus inustus; Antr = Anthicus tristis; Apeu = Aphtona euphorbiae;
Asse = Asida sericea; Atsp = Atheta sp.; Bime = Bioplanes meridionalis; Brbi = Bruchidius bimaculatus; Brfo = Bruchidius foveolatus;
Caco = Carabus coriaceus; Chdo = Charopus docilis; Cima = Cicindela maroccana; Coni = Coniocleonus nigrosuturatus; Enpi = Enicopus pilo-
sus; Ente = Endomia tenuicollis; Hyda = Hypera dauci; Losu = Longitarsus succineus; Mefu = Melanophtalma fuscipennis; Milu = Microlestes
luctuosus; Ocob = Ocypus obscuroaenus schatzmayeri; Ocop = Ocypus ophtalmicus; Oecr = Oedemera crassipes; Opsu = Ophonus subquadra-
tus; Pose = Poecilus sericeus; Prob = Protaecia oblonga; Psci = Pseudocleonus cinereus; Ptse = Ptomaphagus sericatus; Rhci = Rhizotrogus
cicatricosus; Seim = Sepedophilus immaculatus; Spru = Sphaeroderma rubidium; Tani = Tachyporus nitidulus).
Table 3
Total abundance and species richness at each site, in the grazed (G)
and ungrazed (X) areas

Nègreiron Termes-
Blancs

Peau-de-
Meau

Merle Total

G X G X G X G X

Abundance 1289 1109 792 1424 823 572 778 746 7533
Species richness 71 85 50 53 75 78 104 98 221

– no change in abundance, species richness or even-
ness in Merle (23 years).

Sørensen similarity indexes (presence/absence) cal-
culated between the assemblages in grazed areas and
in ungrazed areas were 0.59, 0.54, 0.63 and 0.47 in
Nègreiron, Termes-Blancs, Peau-de-Meau and Merle,
respectively. Steinhaus similarity indexes (abundance)
were respectively 0.60, 0.54, 0.33 and 0.27 (Fig. 5). The
composition of the assemblage was therefore similar
in Nègreiron after four years of grazing abandonment,
and differed progressively across times. The different
trends observed in Fig. 5 between the evolution of the
Sørensen and of the Steinhaus indexes in Peau-de-Meau
and Merle (16 years and 23 years) showed that some
species can be found both in the grazed area and in
the exclosure, but with a different abundance distribu-
tion.

Abundances of two species, Asida sericea and Co-
niocleonus nigrosuturatus, significantly decreased in all
the exclosures. Conversely, abundance of Microlestes
luctuosus (Carabidae) and Sepedophilus immaculatus
(Staphylinidae) significantly increased in all the exclo-
sures older than three to four years (in Termes-Blancs).
A similar trend was observed for a larger Staphylin-
idae, Ocypus ophtalmicus, with a significant increase in
Termes-Blancs only (Fig. 6).

The most abundant species, Poecilus sericeus, was
not found in Merle. In Termes-Blancs, it was par-
ticularly abundant in the exclosure (1070 individu-
als inside vs. 440 in the grazed area), whereas in
Peau-de-Meau, it was less abundant in the exclosures
(Fig. 6).

3.2. Trophic groups

After grazing abandonment, the increase in species
richness in Nègreiron was due to an increase in the num-
ber of predator and saprophagous species (Fig. 7). In
Termes-Blancs, the decline in phytophagous species in
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Fig. 4. Mean (a) abundance, (b) species richness, and (c) even-
ness for each sampling unit at each site (4 yrs = Nègreiron,
5 yrs = Termes-Blancs, 16 yrs = Peau-de-Meau, and 23 yrs = Merle)
and for each grazed (G) of ungrazed (X) area (±SE). Mann–Whitney
U tests (n = 6): *p < 0.05; **p < 0.01.

exclosure was compensated by an increase in predator
and saprophagous species. For the other two sites, the
contribution of species to each trophic group was rela-
tively stable.

Axis 1–2 of the CA on the phytophagous species
(29.2%) discriminated the four grazed areas and their
respective exclosure. Axis 1–2 of the CA on the predator
Fig. 5. Evolution of Sørensen (presence/absence) and Steinhaus
(abundance) similarity indexes between beetle assemblages in both
grazed and ungrazed areas for the four sites, which are related to time
of grazing abandonment (non-proportional temporal scale).

species (47.2%) and the saprophagous species (33.6%)
did not discriminate grazed areas of Nègreiron, Termes-
Blancs and Peau-de-Meau, but discriminated the four
exclosure areas (Fig. 8) on axis 1.

3.3. Vegetation

The total number of plant species found was 131,
with 119 in the grazed areas and 100 in the exclosures.
Eighty-eight species were common to both exclosures
and grazed areas. Eleven species were exclusively found
in exclosures and 31 in the grazed areas.

Grazing abandonment already led to a significant de-
crease in vegetation richness after five years of aban-
donment and to a decrease in vegetation evenness after
16 years (Fig. 9) [63].

3.4. Environmental data

The CCA (67.3%) discriminated three data sets
(Fig. 10). The first was from Nègreiron in the grazed
and ungrazed areas (Neg and NegX) and was corre-
lated with plant species richness, bare ground cover
and very short vegetation (< 5 cm) and with species
such as Asida sericea (Asse), Coniocleonus nigrosu-
turatus (Coni), Pseudocleonus cinereus (Psci), Protae-
cia oblonga (Prob), Hypera dauci (Hyda) and Oede-
mera crassipes (Oecr). The second data set was from
Peau-de-Meau in the grazed area (PdM) and from
Termes-Blancs in the grazed and ungrazed areas (Tb
and TbX). This data set was correlated with stone cover,
5–20 cm vegetation height and species, such as Poecilus
sericeus (Pose), Bioplanes meridionalis (Bime), Acino-
pus picipes (Acpi) and Cicindela maroccana (Cima).
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Fig. 6. Abundances of Asida sericea, Coniocleonus nigrosuturatus, Microlestes luctuosus, Sepedophilus immaculatus, Ocypus ophtalmicus, and
Poecilus sericeus at the four sites (4 yrs = Nègreiron, 5 yrs = Termes-Blancs, 16 yrs = Peau-de-Meau and 23 yrs = Merle) in the grazed (G) and
ungrazed (X) areas (±SE). Mann–Whitney U tests between the grazed and ungrazed areas (n = 6): *p < 0.05; **p < 0.01.
The third one was from Peau-de-Meau in the ungrazed
area (PdMX) and from Merle in the grazed and un-
grazed areas (Mer and MerX) and was correlated with
cover of vegetation > 20 cm, Thymus cover and biomass,
and with species, such as Sepedophilus immaculatus
(Seim), Spheroderma rubidium (Spru) or Microlestes
luctuosus (Milu).

Finally, beetle abundance was positively correlated
with plant species richness and very short vegeta-
tion (< 5 cm), while beetle species richness was pos-
itively correlated with the vegetation cover of > 20
cm and negatively correlated with stone cover. Abun-
dances of Asida sericea and Coniocleonus nigrosutura-
tus were both positively correlated with plant species
richness and very short vegetation (< 5 cm) (Ta-
ble 4).
4. Discussion

4.1. Coleoptera assemblages in the grazed steppe of
La Crau

One hundred and sixty species of Coleoptera were
identified on the grazed steppe (221 in total including
species found in exclosures). Previous studies [22] iden-
tified 50 species only, most of which were also found in
our samples. The species richness may appear high, but
was relatively low considering the extensive sampling
that was carried out (2736 pitfall traps over six months
on two consecutive years). This confirms the results of
a previous study that showed that steppe communities
were less species rich than adjacent formerly cultivated
fields [24]. Despite their high vegetation species rich-
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Fig. 7. Mean species richness of (a) phytophagous, (b) preda-
tors, and (c) saprophagous for each sampling unit at each site
(4 yrs = Nègreiron, 5 yrs = Termes-Blancs, 16 yrs = Peau-de-Meau,
and 23 yrs = Merle) and for each grazed (G) of ungrazed (X) area
(±SE). Mann–Whitney U tests (n = 6): *p < 0.05; **p < 0.01.

ness [19], the grazed steppes of La Crau are relatively
poor in beetle species and have unbalanced populations
due to two dominant beetle species (Poecilus sericeus
and Asida sericea). This unevenness is often character-
istic of oligotrophic habitats in harsh ecological condi-
tions (e.g., moisture or climatic stress) in which only op-
portunistic species are favoured [65]. An analogy could
be made with the vegetation of the steppe dominated by
two species as well: Brachypodium retusum and Thymus
vulgaris.

Drought stress is probably one of the reasons why
beetle species richness was low. By actively searching
beetles in the vernal pools of La Crau for a limited
sampling period and without including all families, At-
gay [67] found 191 Coleoptera species, out of which 89
were Carabidae. Our results showed that the Carabidae
family does not contribute much to the overall species
richness of the steppe (25 species), while it generally
contributes a lot to the species richness of ground beetle
Coleoptera assemblages on sites that does not experi-
ence such a harsh stress by drought such as grasslands of
northern Europe [68–71], or the surrounding wetlands
of La Crau [67].

Different assemblage structure and composition were
found at the four sites, on a NE–SW gradient. A simi-
lar site effect was shown on the vegetation for these
sites [63]. The Merle community was different from
those of the three other sites because of different con-
straints: Poecilus sericeus was absent and abundances
of Asida sericea and Coniocleonus nigrosuturatus were
low. The Merle community was also richer and more
balanced because of less stress (more moisture) and dis-
turbances (lower grazing pressure).

4.2. Consequences of grazing abandonment on
assemblages

After five years (Termes-Blancs) of grazing aban-
donment, plant species richness decreased and kept on
decreasing with time since abandonment. Conversely,
there were no significant differences in species rich-
ness of beetle assemblages between grazed and un-
grazed areas, even after 23 years of grazing abandon-
ment. We observed a significant increase in species rich-
ness four years after abandonment (Nègreiron), where
grazing pressure is the highest. When grazing pressure
is too strong, the beetle species richness usually de-
creases [72,73], whereas grazing pressure release leads
to an increase in species richness [68,74], as observed
at the Nègreiron site. This increase in species richness
is likely to be due to new species colonizing the un-
grazed site: predator and saprophagous species. The lat-
ter increased in the exclosures because of an increase
in necromass (plant litter) when grazers were removed.
Predators (Carabidae and Staphylinidae) are more sen-
sitive to micro-changes of moisture and temperature in-
duced by changes in the vegetation structure [75,76].

After 15 to 16 years of grazing abandonment, given
that plant species richness decreased drastically, it was
very surprising that beetle species richness did not vary,
particularly that of phytophagous species. Indeed, a
general positive correlation is usually observed between
plant species richness and phytophagous species [77].
However, plant composition may sometimes maintain
high beetle diversity [23]. In the Merle exclosure, one
plant species took advantage of grazing abandonment:
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Fig. 8. CAs on the (a) phytophagous matrix [48 SU × 101 species], (b) predator matrix [48 SU × 63 species] and (c) saprophagous ma-
trix [48 SU × 44 species] applying the down-weighting of rare species option. Left: sampling units (Neg = Nègreiron, TB = Termes-Blancs,
PdM = Peau-de-Meau and Mer = Merle; ‘X’ = exclosure). Ellipses gather sampling units from a same sampling zone (white for grazed
areas and shaded for exclosures). Right: species. Only species contributing more than 1% of the total inertia are shown. Phytophagous:
Amru = Amphimallon ruficorne; Apeu = Aphtona euphorbiae; Apni = Aphtona nigriceps; Brbi = Bruchidius bimaculatus; Brfo = Bruchidius
foveolatus; Coni = Coniocleonus nigrosuturatus; Dicr = Dibolia cryptocephala; Enpi = Enicopus pilosus; Hyda = Hypera dauci; Hydu = Hycleus
duodecimpunctatus; Loob = Longitarsus obliteratoides; Losu = Longitarsus succineus; MoGsp = Mordellidae G. sp.; Oecr = Oedemera
crassipes; Otvi = Otiorhynchus vitellus; Prmo = Protaetia morio; Psci = Pseudocleonus cinereus; Psgr = Pseudocleonus grammicus;
Rhci = Rhizotrogus cicatricuosus; Sile = Sitona lepidus; Spge = Sphenoptera gemmata; Spru = Sphaeroderma rubidium; Spse = Spermophagus
sericeus; Trbi = Trachyphloeus bifoveolatus; Trmo = Trachyphloeus monspeliensis; Typu = Tychius pusilus. Predators: Anin = Anotylus inus-
tus; Atsp = Atheta sp.; Caco = Carabus coriaceus; Chdo = Charopus docilis; Cima = Cicindela maroccana; Milu = Microlestes luctuo-
sus; Ocob = Ocypus obscuroaenus schatzmayeri; Ocop = Ocypus ophtalmicus; Opsu = Ophonus subquadratus; Pose = Poecilus sericeus;
Seim = Sepedophilus immaculatus; Tani = Tachyporus nitidulus. Saprophagous: Agsp = Agathidium haemorrhoum; Antr = Anthicus tris-
tis; Arpi = Artholips picea; Asse = Asida sericea; Bime = Bioplanes meridionalis; Chfo = Cholovocera formicaria; Depa = Dermestes
pardalis; Ente = Endomia tenuicollis; Hihi = Hirticomus hispidulus; Mefo = Merophysia formicaria; Mefu = Melanophtalma fuscipennis;
Mite = Microhoria terminata; Scat = Scaurus atratus; Ptse = Ptomaphagus sericatus; Ptsu = Ptomaphagus subvillosus.
Galactites tomentosa Moench that was found 33 times
more for 4 m2 in the exclosure than outside [63].
Some species were only found in the exclosure, and
their presence can be directly linked to this particular
plant species: Agapanthia cardui (Cerambycidae), Cas-
sida deflorata (Chrysomelidae), Hadroplontus trimac-
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Fig. 9. Mean (a) species richness and (b) evenness of plant com-
munities for 4 m2 (4 yrs = Nègreiron, 5 yrs = Termes-Blancs,
16 yrs = Peau-de-Meau and 23 yrs = Merle) and for each grazed
(G) of ungrazed (X) area (±SE). Mann–Whitney U tests (n = 6):
*p < 0.05; **p < 0.01.

ulatus and Lixus filiformis (Curculionidae). Moreover,
the flowers of the plants growing in the exclosures are
protected from grazing and thus induce the coloniza-
tion of floricolous species, such as Tropinota squalida or
Meligethes sp. Despite the fact that great plant species
richness can contribute to beetle species richness, the
decrease in plant species richness in ungrazed areas was
compensated in our case by changes in composition,
structure and phenology (flowering) of plants that in-
duced a great number of attractive habitats for many
phytophagous beetle species [13].

4.3. Consequences of grazing abandonment on
populations

Grazing abandonment does not seem to lead to the
complete disappearance of the most abundant beetle
species nor to the appearance of new highly frequent
ones, even 23 years after abandonment. As shown by the
differences between Sørensen (presence/absence) and
Steinhaus (abundance) similarity indexes, most species
are found in both the grazed and ungrazed areas, but
Fig. 10. CCA on the [48 SU × 208 species] matrix compared
with environmental data (for 4 m2: Richveg = plant species rich-
ness; Biom = vegetation dry biomass, in grams; bare ground%
cover; Thy = Thymus% cover; Brachy = Brachypodium% cover;
Stone = stone% cover; −5 cm = % cover of vegetation lower
than 5 cm; 20–5 cm = % cover of vegetation between 5 and
20 cm; +20 cm = % cover of vegetation higher than 20 cm).
(a) Sampling units (Neg = Nègreiron, TB = Termes-Blancs,
PdM = Peau-de-Meau and Mer = Merle; ‘X’ = exclosure),
(b) species. Only species contributing to more than 1% of
the total inertia are shown (32 species: Acpi = Acinopus
picipes; Anin = Anotylus inustus; Antr = Anthicus tristis;
Apeu = Aphtona euphorbiae; Asse = Asida sericea; Atsp = Atheta
sp.; Bime = Bioplanes meridionalis; Brbi = Bruchidius bi-
maculatus; Brfo = Bruchidius foveolatus; Caco = Carabus
coriaceus; Chdo = Charopus docilis; Cima = Cicindela maroc-
cana; Coni = Coniocleonus nigrosuturatus; Enpi = Enicopus
pilosus; Ente = Endomia tenuicollis; Hyda = Hypera dauci;
Losu = Longitarsus succineus; Mefu = Melanophtalma fuscipen-
nis; Milu = Microlestes luctuosus; Ocob = Ocypus obscuroaenus
schatzmayeri; Ocop = Ocypus ophtalmicus; Oecr = Oedemera
crassipes; Opsu = Ophonus subquadratus; Pose = Poecilus
sericeus; Prob = Protaecia oblonga; Psci = Pseudocleonus cinereus;
Ptse = Ptomaphagus sericatus; Rhci = Rhizotrogus cicatricosus;
Seim = Sepedophilus immaculatus; Spru = Sphaeroderma rubidium;
Tani = Tachyporus nitidulus).

with different abundance distributions, two of them be-
ing typical steppe species in La Crau: Asida sericea and
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Table 4
R and p of Spearman rank tests between environmental data (for 4 m2: vegetation species richness; <5 cm = % cover of vegetation lower than
5 cm; 5–20 cm = % cover of vegetation between 5 and 20 cm; >20 cm = % cover of vegetation higher than 20 cm; Biomass = vegetation dry
biomass in g; Bare ground = bare ground percentage cover; Stone = stone percentage cover) and abundance, species richness and abundance of
Asida sericea, Coniocleonus nigrosuturatus, and Poecilus sericeus (as this species was not found on Merle, this site was not taken into account for
tests on this species); N = 48 (N = 36 for P. sericeus)

Abundance Species richness Coniocleonus
nigrosuturatus

Asida sericea Poecilus
sericeus

R p R p R p R p R p

Vegetation species richness 0.33 * 0.00 ns 0.77 *** 0.79 *** 0.00 ns
<5 cm 0.40 ** −0.03 ns 0.73 *** 0.68 *** 0.14 ns
5–20 cm 0.05 ns −0.12 ns −0.01 ns −0.06 ns 0.15 ns
>20 cm −0.12 ns 0.38 ** −0.61 *** −0.51 *** −0.39 *

Bare ground 0.22 ns 0.09 ns 0.79 *** 0.73 *** −0.12 ns
Stones −0.21 ns −0.39 ** −0.04 ns 0.05 ns 0.51 **

Biomass −0.12 ns −0.03 ns −0.58 *** −0.62 *** 0.09 ns

*** p < 0.001;
** p < 0.01;
* p < 0.05; ns = no significant.
Coniocleonus nigrosuturatus [23]. These two species
were dominant in the community of the grazed area in
Nègreiron and their abundance drastically decreased in
the exclosure after only fours years of abandonment.
This was the case at all sites, for all times since graz-
ing abandonment. Even after 23 years of abandonment,
one individual of Asida and three of Coniocleonus were
still found on the Merle exclosure. The abundances
of these two species were positively correlated with
very short vegetation, bare ground percentage cover
and plant species richness. However, this relationship is
likely to be biased by the positive relationship between
these three environmental variables [63].

It is obvious that these two species can be considered
as indicators of overgrazed and open habitats. Thérond
[78,79] had also observed these two species sharing a
same habitat (both “often found under the plant Limo-
nium sp.”). They however have a very different biology:
Asida sericea is typically found in open dry [80] and
always sandy habitats [78], and is a saprophagous and
occasionally omnivorous species like most Tenebrion-
idae [81]. Its abundance in Nègreiron can be explained
by a site effect, i.e. a higher percentage of fine sand in
the soil in this area [63], but also by the fact that it is
an opportunistic species that is able to make the most
of the low resources induced by overgrazing. Conio-
cleonus nigrosuturatus is usually found on sunny and
hot soils; it is a phytophagous species, but its behaviour
and host plant(s) are actually unknown [82]. Its abun-
dance in Nègreiron may therefore be explained (i) by
a great abundance of its host plants on this site that
might show a great adaptation to overgrazing or (ii) by
a polyphagous ability that allows it to make the most of
all available resources.

Therefore, their similar response to grazing abandon-
ment is probably due to changes on different factors that
induced the same consequence: for Asida, a decrease in
the percentage of fine sand in the soil in exclosures [63];
for Coniocleonus, a decrease in the abundance of its
host plants; for both species, an increase in resource het-
erogeneity [72].

The abundance of some other phytophagous species
also decreased in exclosures, but to a lesser extent (Cur-
culionidae particularly: Cycloderes guinardi, Hypera
dauci, Pseudocleonus cinereus, Trachyphloeus mon-
speliensis), and it is expected to keep on decreasing
with increasing time since grazing abandonment. Their
abundance can be predicted to be following the same
trend as their host plants like Plantago sp. or Erodium
sp. [82–84], which tended to decrease in the exclo-
sures [63]. Similarly, the abundance of some species
tended to increase in exclosures, like Sphaeroderma ru-
bidum, which is found on prickly Asteraceae like Galac-
tites [85]. In the same way, floricolous species, such as
Oedemera crassipes, Tropinota squalida or Charopus
docilis, took benefit from the blossom of the vegetation,
which is more abundant in exclosures [63].

Finally, the increase in abundance of predator species,
such as Microlestes luctuosus, or Staphylinidae Ocypus
ophtalmicus, Tachyporus nididulus and Sepedophilus
immaculatus, may be due to the better accumulation
of litter in exclosures, which induces changes in the mi-
croclimatic conditions, favourable to small detritivorous
such as collembolas.
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5. Conclusions: consequences for management

The contrasted responses of beetle assemblages and
plant communities to grazing abandonment showed that
a sound understanding of the impacts of management
on biodiversity needs a comprehensive study of the
different biological compartments. Changes occurring
on plant communities include loss of species richness,
species diversity and modification of plant composition
after five years. After 23 years, grazing abandonment
led to a great loss of species richness and diversity, how-
ever still reversible. Conversely, grazing abandonment
did not seem to induce marked changes for beetles at
first (four years) and simply led to a reduced abundance
in a few species. With time, a progressive and relatively
moderate change in species composition is observed
along with the modification of community structure. Af-
ter 23 years of grazing abandonment, there was no sig-
nificant loss of species richness. This temporal shift in
responses of vegetation and arthropods in the evolution
of their communities has also been observed by Alard
et al. [86] in calcareous grasslands of the Seine Val-
ley between vegetation and soil mesofauna. Our results
confirmed that a grazing pressure release could induce
a significant increase in beetle species richness [68,72,
74]. This increase can be observed only on a short-term
basis (four years) and only in overgrazed sites. This re-
sult corroborated those related to restoration experiment
where species richness increased in small four-year-old
exclosures (4.5 m2) on the steppe and on former culti-
vated fields [87]. Therefore, a management plan includ-
ing reduced grazing rates in La Crau would be interest-
ing to increase beetle diversity.

In addition, among all the collected species (supple-
mentary material), 30 can be considered as having a par-
ticular biological value and interesting for beetle conser-
vation in La Crau because they are rare, their distribu-
tion area is limited, they are endemic or their ecology is
poorly known [82–84,88–93]. These species were found
in both exclosures and grazed areas at densities often
too low to document whether grazing is important or
not for their conservation. Sheep flocks are very impor-
tant to maintain coprophagous species, which reason-
ably disappear in exclosures. The rarefaction of tradi-
tional sheep-breeding practices, associated with the use
of antiparasite treatments, toxic for wildlife, on sheep
flocks, threatens numerous coprophagous beetle species
[94,95].

Broadly, it is important to highlight how slow plant
successional processes are after grazing abandonment
in the plain of La Crau: in 23 years, ligneous species
have not colonized the exclosure, while it only takes 10
to 15 years in other Mediterranean ecosystems [11]. It
is however difficult to tell if these processes are slow
for beetle assemblages as well. Indeed, some species
population responses are fast, while community evolves
progressively with most of the changes occurring in
species abundance only. It seems necessary to keep on
studying communities in the exclosures to better un-
derstand these processes and to observe if, with time,
more marked changes can be observed, notably a de-
crease in beetle species richness, like it happened for
plant species richness.

Acknowledgements

We thank the CEEP–Écomusée de Crau and M. Jean
Boutin for site access, Guillaume Aubin, Olivier Blight,
Elsa Bonnaud, Pascal Campagne, Estelle Dumas, Déb-
orah Pardo and Diane Zarzoso-Lacoste, for their help
with field work, Michel Cornet for the identification of
micro-Staphylinidae.

Supplementary material

Supplementary material associated with this article
can be found, in the online version, at doi: 10.1016/j.crvi.
2008.04.006.

References

[1] W.D. Henwood, An overview of protected areas in the temperate
grasslands biome, Parks 8 (1998) 3–8.

[2] A.G. Tansley, The British Islands and Their Vegetation, Cam-
bridge University Press, Cambridge, 1939.

[3] M.B. Bush, J.R. Flenley, The age of the British chalk grassland,
Nature 329 (1987) 434–436.

[4] H. Ellenberg, Vegetation Ecology of Central Europe, Cambridge
University Press, Cambridge, 1988.

[5] R. Bradshaw, F.J.G. Mitchell, The palaeoecological approach to
reconstructing former grazing-vegetation interactions, For. Ecol.
Manage. 120 (1999) 3–12.

[6] F.M. Vera, Grazing Ecology and Forest History, Cambridge Uni-
versity Press, Cambridge, 1996.

[7] E.J. Dyksterhuis, Ecological principles in range management,
Bot. Rev. 24 (1958) 253–272.

[8] S.E. Van Wieren, The management of populations of large mam-
mals, in: I.F. Spellerberg, F.B. Goldsmith, M.G. Morris (Eds.),
The Scientific Management of Temperate Communities for Con-
servation, Blackwell Scientific Publications, Oxford, UK, 1991,
pp. 103–128.

[9] A.G. Tansley, Studies of the vegetation of the English chalk.
II. Early stages of redevelopment of woody vegetation on chalk
grassland, J. Ecol. 10 (1922) 168–177.

[10] N. Huntly, Herbivores and the dynamics of communities and
ecosystems, Annu. Rev. Ecol. Evol. Syst. 22 (1991) 477–503.

[11] A. Bonet, Secondary succession of semi-arid Mediterranean old-
field in south-eastern Spain: Insight for conservation and restora-
tion of degraded lands, J. Arid. Environ. 56 (2004) 213–233.

http://dx.doi.org/10.1016/j.crvi.2008.04.006
http://dx.doi.org/10.1016/j.crvi.2008.04.006


S. Fadda et al. / C. R. Biologies 331 (2008) 532–546 545
[12] B. Peco, A.M. Sánchez, F.M. Azcárate, Abandonment in grazing
systems: Consequences for vegetation and soil, Agric. Ecosyst.
Environ. 13 (2006) 284–294.

[13] M.G. Morris, Difference between the invertebrate faunas of
grazed and ungrazed chalk grassland, J. Appl. Ecol. 4 (1967)
459–474.

[14] T. Tscharntke, H.J. Greiler, Insect Communities, grasses, and
grasslands, Annu. Rev. Entomol. 40 (1995) 535–558.

[15] P. Dennis, M.R. Young, C.L. Howard, I.J. Gordon, The response
of epigeal beetles (Col.: Carabidae, Staphylinidae) to varied
grazing regimes on upland Nardus stricta grasslands, J. Appl.
Ecol. 34 (1997) 433–443.

[16] B.A. Woodcock, R.F. Pywell, D.B. Roy, R.J. Rose, D. Bell,
Grazing management of calcareous grasslands and its implica-
tions for conservation of beetle communities, Biol. Conserv. 125
(2005) 193–202.

[17] J. Blondel, J. Aronson, Biology and Wildlife of the Mediter-
ranean Region, Oxford University Press, Oxford, 1999.

[18] P. Quézel, F. Médail, Ecologie et biogéographie des forêts du
Bassin méditerranéen, collection Environnement, Elsevier, Paris,
2003.

[19] J.-P. Devaux, A. Archiloque, L. Borel, M. Bourrelly, J. Louis-
Palluel, Notice de la carte phyto-sociologique de la Crau
(Bouches-du-Rhône), Biol.–Ecol. Mediterr. 10 (1983) 5–54.

[20] R. Molinier, G. Tallon, La végétation de la Crau (Basse-
Provence), Rev. gen. Bot. 56 (1950) 1–111.

[21] O. Badan, J.-P. Brun, G. Congès, Les bergeries romaines de la
Crau d’Arles. Les origines de la transhumance en Provence, Gal-
lia 52 (1995) 263–310.

[22] L. Bigot, M. Chemseddine, G. Delye, Contribution à la connais-
sance de la structure et de la dynamique de la communauté des
arthropodes terrestres de la plaine désertifiée (ou coussou) de la
Crau (Bouches-du-Rhône), Biol.–Ecol. Mediterr. 10 (1983) 119–
144.

[23] S. Fadda, J. Orgeas, P. Ponel, E. Buisson, F. Torre, T. Dutoit,
Past cultivation is a factor driving organization of dry grassland
ground-active beetle communities, Environ. Conserv. 34 (2007)
132–139.

[24] S. Fadda, J. Orgeas, P. Ponel, T. Dutoit, Organisation et distribu-
tion des communautés de Coléoptères dans les interfaces steppe
– friches post-culturales en Crau, Ecol. Mediterr. 30 (2004) 85–
104.

[25] A. Foucart, Inventaire et dynamique annuelle du peuplement
acridien de la plaine de Crau sèche (Bouches-du-Rhône, France)
(Orthoptera, Acridoidea), Bull. Soc. entomol. Fr. 102 (1997) 77–
87.

[26] A. Foucart, M. Lecoq, Biologie et dynamique de Prionotropis
hystix rhodanica Uvarov, 1993, dans la plaine de Crau (France)
(Orthoptera, Pamphagidae), Bull. Soc. entomol. Fr. 101 (1996)
75–87.

[27] A. Foucart, M. Lecoq, Major threats to a protected grasshop-
per, Prionotropis hystrix rhodanica (Orthoptera, Pamphagidae,
Akicerinae), endemic to southern France, J. Insect. Conserv. 2
(1998) 187–193.

[28] E. Buisson, T. Dutoit, Creation of the Natural Reserve of La
Crau: implications for the creation and management of protected
areas, J. Environ. Manage. 80 (2006) 318–326.

[29] E. Buisson, T. Dutoit, Colonisation by native species of aban-
doned farmland adjacent to a remnant patch of Mediterranean
steppe, Plant Ecol. 174 (2004) 371–384.

[30] C. Römermann, T. Dutoit, P. Poschlod, E. Buisson, Influence
of former cultivation on the unique Mediterranean steppe of
France and consequences for conservation management, Biol.
Conserv. 121 (2005) 21–33.

[31] A. Wolff, J.-P. Paul, J.L. Martin, V. Bretagnolle, The benefits
of extensive agriculture to birds: the case of the little bustard,
J. Appl. Ecol. 38 (2001) 963–975.

[32] A. Wolff, T. Dieuleveut, J.L. Martin, V. Bretagnolle, Landscape
context and little bustard abundance in a fragmented steppe: im-
plications for reserve management in mosaic landscapes, Biol.
Conserv. 107 (2002) 211–220.

[33] R. Cheddadi, J. Guiot, D. Jolly, The Mediterranean vegetation:
what if the atmospheric CO2 increased? Landsc. Ecol. 16 (2001)
667–675.

[34] P. Hammond, Species inventory, in: B. Groombridge (Ed.),
Global Biodiversity: Status of the Earth’s Living Resources,
Chapman & Hall, London, 1992, pp. 17–39.

[35] E.O. Wilson, The Diversity of Life, Belknap Press, Cambridge,
1992.

[36] T.L. Erwin, Biodiversity at its utmost: tropical forest beetles, in:
M.L. Reaka-Kudla, D.E. Wilson, E.O. Wilson (Eds.), Biodiver-
sity II. Understanding and Protecting Our Biological Resources,
Joseph Henry Press, Washington DC, 1997, pp. 27–40.

[37] N.E. Stork, The composition of the arthropod fauna of Bornean
lowland forest trees, J. Trop. Ecol. 7 (1991) 161–180.

[38] R.A. Crowson, The Biology of Coleoptera, Academic Press,
London, 1981.

[39] K. Koch, Die Käfer Mitteleuropas, Ökologie 1, Goecke and Ev-
ers, Krefeld, Germany, 1989.

[40] K. Koch, Die Käfer Mitteleuropas, Ökologie 2, Goecke and Ev-
ers, Krefeld, Germany, 1989.

[41] K. Koch, Die Käfer Mitteleuropas, Ökologie 3, Goecke and Ev-
ers, Krefeld, Germany, 1992.

[42] M. Bourrelly, L. Borel, J.-P. Devaux, J. Louis-Palluel, A. Archil-
oque, Dynamique annuelle et production primaire nette de l’é-
cosystème steppique de Crau (Bouches-du-Rhône), Biol.–Ecol.
Mediterr. 10 (1983) 55–82.

[43] N.L. Fowler, What is a safe site?: Neighbour, litter, germination
date and patch effect, Ecology 69 (1988) 947–961.

[44] I. Lahav, Y. Steinberger, The contribution of stone cover to bio-
logical activity in the Negev Desert, Israel, Land Degrad. Dev. 12
(2001) 35–43.

[45] I. Noy-Meir, Ecology of wild emmer wheat in Mediterranean
grassland in Galilee, Israel, J. Plant Sci. 49 (2001) 43–52.

[46] M.A. Blumler, Some myths about California grasslands and
grazers, Fremontia 20 (1992) 22–27.

[47] A. Gourov, M. Godron, S. Loshchev, Overlap in distribution of
forest and meadow insect species in mesoecotones. I. Epigeic
beetle assemblages (Coleoptera: Carabidae, Silphidae), Ecolo-
gie 30 (1999) 165–175.

[48] T. Magura, B. Tóthmétrész, T. Molnár, Forest edge and diversity:
Carabids along forest–grassland transect, Biodivers. Conserv. 10
(2001) 287–300.

[49] T. Magura, Carabids and forest edge: spatial pattern and edge
effect, For. Ecol. Manage. 157 (2002) 23–37.

[50] F.L. Russell, D.B. Zippin, N.L. Fowler, Effects of white-tailed
deer (Odocoileus virginiatus) on plants, plant population and
communities: a review, Am. Midl. Nat. 146 (2001) 1–26.

[51] O. Suominen, K. Danell, R. Bergström, Moose, trees, and
ground-living invertebrates: indirect interactions in Swedish pine
forests, Oikos 84 (1999) 215–226.

[52] O. Suominen, K. Danell, J.P. Bryant, Indirect effect of mam-
malian browsers on vegetation and ground-dwelling insects in
an Alaskan floodplain, Ecoscience 6 (1999) 505–510.



546 S. Fadda et al. / C. R. Biologies 331 (2008) 532–546
[53] O. Suominen, J. Niemelä, P. Martikainen, P. Niemelä, I. Kojola,
Impact of reindeer grazing on ground-dwelling Carabidae and
Curculionidae assemblages in Lapland, Ecography 26 (2003)
503–513.

[54] M. Bourrelly, Contribution à l’étude écologique de la Crau
(Bouches-du-Rhône) : caractéristiques floristiques, dynamique
annuelle, production primaire de la Crau steppique, thèse de
troisième cycle, université d’Aix–Marseille-3, 1984.

[55] G. Molénat, D. Hubert, P. Lapeyronie, J. Gouy, Utilisation de la
végétation du coussoul par le troupeau ovin, in: CEEP Ecomusée
de Crau (Ed.), Patrimoine naturel et pratiques pastorales en Crau,
CEEP, Saint-Martin-de-Crau, 1998, pp. 46–54.

[56] A.C. Masip, Le peuplement végétal de la réserve de Peau de
Meau. Données pour la gestion, thèse de 3ème cycle, Universi-
tat de Barcelona, Spain, 1991.

[57] M. Borck, Évolution de la diversité spécifique sur la végétation
de Crau en l’absence de pâturage, in: CEEP Ecomusée de Crau
(Ed.), Patrimoine naturel et pratiques pastorales en Crau, CEEP,
Saint-Martin-de-Crau, 1998, pp. 55–60.

[58] P. Pilard, L. Brun, Guide de gestion des milieux en faveur du Fau-
con crécerellette de la plaine de Crau, Rapport LIFE Crécerel-
lette, Ligue pour la protection des oiseaux, 2001.

[59] D.F. Ward, T.R. New, A. L Yen, Effects of pitfall trap spacing on
the abundance, richness and composition of invertebrate catches,
J. Insect Conserv. 5 (2001) 45–53.

[60] I. Oliver, A.J. Beattie, Invertebrate morphospecies as surrogates
for species: a case study, Conserv. Biol. 10 (1996) 99–109.

[61] Fauna Europaea Web Service, 2004. Fauna Europaea version 1.1
[WWW document]. URL: http://www.faunaeur.org.

[62] J. Blondel, Guilds or functional groups: does it matter?
Oikos 100 (2003) 223–231.

[63] F. Henry, T. Dutoit, S. Fadda, E. Buisson, Effect of long-term
grazing exclusion on Mediterranean dry grassland vegetation and
seed banks (La Crau, Provence, southern France), J. Arid Envi-
ron., submitted for publication.

[64] J. Leps, P. Smilauer, Multivariate Analysis of Ecological Data
Using CANOCO, Cambridge University Press, Cambridge,
2003.

[65] R. Barbault, Écologie générale, Masson, Paris, 1992.
[66] P. Legendre, L. Legendre, Numerical Ecology, second English

version, Elsevier, Amsterdam, 1998.
[67] F. Atgay, La communauté des Arthropodes des bords de mares

à niveau variable de la Crau (Bouches-du-Rhône), thèse de
troisième cycle, université d’Aix–Marseille-3, 1983.

[68] S.M. Gardner, S.E. Hartley, A. Davies, C.F. Palmer, Carabid
communities on the heather moorlands in northeast Scotland: the
consequence of grazing pressure for community diversity, Biol.
Conserv. 81 (1996) 275–286.

[69] M.L. Luff, Use of carabids as environmental indicators in grass-
lands and cereals, Ann. Zool. Fenn. 33 (1996) 185–195.

[70] K. Desender, R. Bosmans, Ground beetles (Coleoptera, Cara-
bidae) on set-aside fields in the Campine region and their impor-
tance for nature conservation in Flanders (Belgium), Biodivers.
Conserv. 7 (1998) 1485–1493.

[71] M.D. Eyre, M.L. Luff, J.C. Woodward, Beetles (Coleoptera)
on brownfield sites in England: An important conservation re-
source? J. Insect Conserv. 7 (2003) 223–231.

[72] A. Kruess, T. Tscharntke, Contrasting responses of plant and in-
sect diversity to variation in grazing intensity, Biol. Conserv. 106
(2002) 293–302.

[73] M.J. Samways, Insect Diversity Conservation, Cambridge Uni-
versity Press, Cambridge, 2005.
[74] M. Di Giulio, P.J. Edwards, E. Meister, Enhancing insect di-
versity in agricultural grasslands: the roles of management and
landscape structure, J. Appl. Ecol. 38 (2001) 310–319.

[75] P. Dennis, Sensitivity of upland arthropod diversity to livestock
grazing, vegetation structure and landform, Food Agric. Envi-
ron. 1 (2003) 301–307.

[76] J. Perner, S. Malt, Assessment of changing agricultural land use:
response of vegetation, ground-dwelling spiders and beetles to
the conversion of arable land into grassland, Agric. Ecosyst. En-
viron. 98 (2003) 169–181.

[77] A. Buse, Habitat selection and grouping of beetles (Coleoptera),
Holoartic Ecol. 11 (1988) 241–247.

[78] J. Thérond, Catalogue des Coléoptères de la Camargue et du
Gard, 1re partie, Société d’étude des sciences naturelles de
Nîmes, Nîmes, France, 1975.

[79] J. Thérond, Catalogue des Coléoptères de la Camargue et du
Gard, 2e partie, Société d’étude des sciences naturelles de
Nîmes, Nîmes, France, 1976.

[80] F. Soldati, Les Asida Latreille, 1802 de la faune de France, Sup-
plément Rutilans 1, 2006.

[81] R. Dajoz, Les Coléoptères Carabidés et Ténébrionidé, Éditions
Tec & Doc. Lavoisier, Londres, Paris, New York, 2002.

[82] A. Hoffmann, Faune de France : Coléoptères Curculionides
(première partie), Librairie de la faculté des sciences, Paris,
1950.

[83] A. Hoffmann, Faune de France : Coléoptères Curculionides
(deuxième partie), Librairie de la faculté des sciences, Paris,
1954.

[84] A. Hoffmann, Faune de France : Coléoptères Curculionides
(troisème partie), Librairie de la faculté des sciences, Paris,
1958.

[85] S. Doguet, Faune de France – Coléoptères Chrysomelidae – vol
II Alticinae, Fédération française des sociétés de sciences na-
turelles, Paris, 1994.

[86] D. Alard, I. Poudevigne, T. Dutoit, T. Decaëns, Dynamique de
la biodiversité dans un espace en mutation. Le cas des pelouses
calcicoles, de la basse vallée de Seine, Acta Oecol. 19 (1998)
275–284.

[87] S. Fadda, Organisation des communautés de Coléoptères terri-
coles en écosystème multi-perturbé : le cas des écosystèmes de
pelouses sèches, thèse de 3e cycle, université Paul-Cézanne Aix–
Marseille-3, France, 2007.

[88] H. Caillol, Catalogue des Coléoptères de Provence, première par-
tie, Société linnéenne de Provence, Marseille, France, 1908.

[89] H. Caillol, Catalogue des Coléoptères de Provence, deuxième
partie, Société linnéenne de Provence, Marseille, France, 1913.

[90] H. Caillol, Catalogue des Coléoptères de Provence, troisième
partie, Société linnéenne de Provence, Marseille, France, 1914.

[91] H. Caillol, Catalogue des Coléoptères de Provence, quatrième
partie, Muséum national d’histoire naturelle, Paris, 1954.

[92] H. Caillol, Catalogue des Coléoptères de Provence, cinquième
partie : additions et correction, Muséum national d’histoire na-
turelle, Paris, 1954.

[93] A. Villiers, Faune des Coléoptères de France, Cerambycidae,
Lechevalier, Paris, 1978.

[94] J.-P. Lumaret, Toxicité de certains anthelminthiques vis-à-vis des
insectes coprophages et conséquences sur la disparition des ex-
créments de la surface du sol, Acta oecol., Oecol. Appl. 7 (1986)
313–324.

[95] J.-P. Lumaret, F. Errouissi, Use of anthelminthics in herbivores
and evaluation of risks for non target fauna of pastures, Vet.
Res. 33 (2002) 547–562.

http://www.faunaeur.org

	Consequences of the cessation of 3000 years of grazing on dry Mediterranean grassland ground-active beetle assemblages
	Introduction
	Methods
	The plain of La Crau
	Study sites and exclosures
	Sampling design
	Statistical analyses

	Results
	Beetle assemblages
	Trophic groups
	Vegetation
	Environmental data

	Discussion
	Coleoptera assemblages in the grazed steppe of La Crau
	Consequences of grazing abandonment on assemblages
	Consequences of grazing abandonment on populations

	Conclusions: consequences for management
	Acknowledgements
	Supplementary material
	References


