
INTRODUCTION

Rural Europe is characterized by a great diversity of
cultural landscapes of high nature-conservation value,
shaped by traditional land-use systems (Bignal, 1998;
Ostermann, 1998), which support high levels of biodiver-
sity. However, many traditional ways of using land have
ceased or are now less common than a few decades ago as
a result of the shift in land use towards either extensifica-
tion and land abandonment or intensification (Plieninger
et al., 2006). Furthermore, despite recent agricultural poli-
cies placing a greater emphasis on environmental benefits
rather than only maximizing production, their success in
ameliorating the reduction in biodiversity remains unclear
(Kleijn et al., 2006).

The decline in the traditional practice of grazing heath-
land during the 20th century is considered to be one of
the major causes of the progressive loss of heathland in
Europe (Webb, 1990; Marrs & Britton, 2000) and a threat
to their associated faunas (Rose et al., 2000). Cantabrian
heathland cover a wide area in the northern Iberian Penin-
sula, accounting for 21% of the area of Asturias (Álvarez
et al., 2004) and are frequently less-favoured areas tradi-
tionally used to graze livestock. The sustainability of such
systems is constrained by the low nutritive value of the
woody vegetation of heathland (Osoro et al., 2007) how-
ever the partial transformation of heathland into improved
pasture is one way of improving the socio-economic
situation in these areas (Sineiro et al., 1984). Neverthe-
less, the effectiveness of these grazing systems depends

on many factors, among which the species of grazer and
flock structure might be crucial. The consequences for
vegetation dynamics and animal production in partially
improved heathland have been evaluated (Celaya et al.,
2007, 2008; Benavides et al., 2009). In contrast, informa-
tion on the cascading effects on the local fauna is clearly
lacking, even though it is known that the transformation
of native systems into pasture or cropping land may result
in considerable changes in the arthropod communities
(Decaens et al., 2004), which might also differ depending
on the species of grazer (Dennis et al., 1997; Rosa García
et al., 2010) or grazing regime (Dennis, 2003; Dennis et
al., 2008).

Arthropods should be an integral part of any scheme
monitoring biodiversity (Cameron et al., 2004) as many
of them are very sensitive to environmental change
(Rainio & Niemelä, 2003). They are abundant and easily
sampled and unlike larger or more mobile animals, their
presence can be a better indicator of the suitability of an
area for supporting a viable population of the group being
studied (Bromham et al., 1999). Wolf spiders (Araneae,
Lycosidae), harvestmen (Opiliones) and ground beetles
(Coleoptera: Carabidae), in particular, are regarded as
good bioindicators of habitat change (e.g. Kremen, 1992;
Kremen et al., 1993; Rainio & Niemelä, 2003; Cardoso et
al., 2004; Komposch, 2004; Pearce & Venier, 2006) and
can be used to evaluate differences in biodiversity
between areas subjected to different types of management
(e.g. Niemelä, 2000; Bromham et al., 1999).
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Abstract. The creation of improved areas is one way of increasing the productivity of livestock on Cantabrian heathland (NW
Spain), a habitat that is frequently located in less favourable mountainous areas where the development of sustainable husbandry is
limited. The effect of this on the biodiversity of heathland is unclear and likely to depend on several factors, such as the grazing
regime. In order to clarify this situation, the effects of type of vegetation, species of grazer and grazing regime on the composition of
the ground-dwelling arthropod fauna of partially improved heathland were determined. The effects of grazing by cattle or sheep and
two grazing regimes (cattle or sheep, or both of them together with goats) were studied in eight plots (two replicates per treatment).
Each plot included two types of vegetation, gorse (Ulex gallii)-dominated shrubland and improved grassland (Lolium perenne-
Trifolium repens). Arthropods were surveyed using pitfall traps. Overall, the composition of the arthropod fauna did not differ
between plots grazed by different species of grazer or using different grazing regimes but was significantly associated with the type
of vegetation. Most of the opilionids and several carabids clearly preferred shrubland, while lycosids and various carabids were
mainly associated with grassland. While the species of grazer affected the faunal composition of grassland, grazing regime was more
important in shrubland. Arthropod responses to the grazing treatments were determined by the grazing behaviour of the large herbi-
vores and the habitat requirements of each arthropod taxon. The great structural heterogeneity of the vegetation and the more micro-
habitats in shrubland grazed by mixed flocks was mainly a result of the goats preferring to browse on the woody vegetation in these
areas. The grazing by either sheep or cattle had less of an affect on the fauna of shrubland than grassland.
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The aim of this study was therefore to investigate
whether the composition of ground-dwelling arthropods
(focusing on wolf spiders, harvestmen and ground
beetles) differed between: (a) vegetation types (heath-
lands or improved areas), (b) grazer species (cattle or
sheep) and (c) grazing regimes (single or mixed grazing
with goats) in heathland areas, which had been partially
converted into perennial ryegrass-white clover grassland.

The results of this study on the arthropod fauna,
together with those on vegetation and livestock perform-
ance, will be used to determine the extent to which the
management strategies studied can provide sustainable
alternatives for managing partially improved heathland in
marginal areas from both environmental and productive
points of view.

MATERIAL AND METHODS

Study site and experimental design

The current investigation was carried out at the Carbayal
Research Station located in Illano, Asturias, NW Spain
(43°20´N, 6°53´W), at 950–1000 m a.s.l. Its climate is typically
oceanic with an average annual rainfall of 1536 mm and mean
temperature of 10.0°C. The soils are acidic (pH around 4) and
deficient in nutrients such as phosphorus, calcium and magne-
sium. Natural vegetation is composed of heathland dominated
by species of heather such as Erica umbellata L., Erica cinerea

L. and Calluna vulgaris (L.) Hull and gorse (Ulex gallii Plan-
chon), a thorny woody legume, while the most abundant herba-
ceous species are grasses such as Pseudarrhenatherum longifo-

lium (Thore) Rouy and Agrostis curtisii Kerguélen.
In 2001 a west-facing slope covered with heathland was

mechanically cleared and partly sown with perennial ryegrass
(Lolium perenne L.) and white clover (Trifolium repens L.).
Then it was divided into eight adjacent fenced plots (0.9–2.7
ha). Within each plot, one third of the area consisted of
improved grassland and the other two thirds of cleared shru-
bland. The plots were linearly arranged across the hillside and
grouped in two blocks, reflecting a difference in the rockiness of
terrain on the two halves of the hillside. A factorial design of
two species of grazer species (cattle or sheep) and two grazing
regimes (grazing by single species or by mixed flocks with
goats) with two replicates was established from 2002 to 2008.
Species of grazer and grazing regime were the whole-plot fac-
tors while the type of vegetation (grassland or shrubland) was
the split-plot factor.

Asturiana de los Valles beef cows with their winter-born
calves or yearling bulls grazed at a stocking rate of approxi-
mately 1.1 lactating cows per hectare or 1.5–1.7 yearling bulls
per hectare. There was a ratio 1 cow to 7 goats in mixed flocks.
Gallega sheep and Cashmere goats, with their lambs and kids,
grazed at a stocking rate of 10 breeding females per hectare and
in mixed flocks the ratio was 1 : 1. The weight of every animal
was determined and they were randomly assigned to each plot
depending on the treatment and the grazing season, which
extended from April–May to October–November [see Bena-
vides et al. (2009) for more details].

The vegetation was measured at the beginning of the grazing
season in 2008 in the shrubland areas, using the point-quadrat
technique (Grant, 1981) and recording 500 contacts per plot.
Gorse was the dominant plant in all plots, with cover percent-
ages ranging from 53% and 61% in the plots grazed by mixed
flocks of sheep + goats and cattle + goats, respectively, to 68%
and 66% in those grazed by sheep and cattle, respectively. Her-
baceous cover in the plots subjected to mixed grazing (34%

when grazed by sheep + goats and 25% by cattle + goats) was
greater than in those grazed by a single species (23% when
grazed by sheep and 9% by cattle). Heather cover ranged from
only 0.8% when grazed only by sheep, 2.9–3.5% when grazed
by mixed flocks, to a maximum of 13.6% when grazed only by
cattle. The remainder of the cover consisted of 7.5–11.7% dead
matter and bare ground (Fig. 1).

Arthropod sampling

Arthropods were sampled during 2008 using pitfall traps that
consisted of plastic cups 10 cm in diameter and 13 cm deep.
They were placed in rows of 6 traps 4 m apart within each type
of vegetation (shrubland or grassland) in each plot. The brims of
the traps were flush with surface of the ground and protected
from trampling and flooding by a tile. Each trap was filled with
200 cc of a solution of water and ethylene glycol. Traps oper-
ated continuously from mid July to mid September and were
emptied every second week.

Adult specimens of wolf spiders (Araneae: Lycosidae), har-
vestmen (Opiliones) and ground beetles (Coleoptera: Carabidae)
were identified to species or the lowest possible taxonomic level
using standard keys. Nomenclature follows Platnick (2006) for
wolf spiders, Rambla (1998) for Opiliones, and Ortuño &
Marcos (2003) for Carabidae.

Statistical analysis

The responses of arthropod assemblages to the treatments
were analyzed using the partial redundancy analysis (RDA) in
CANOCO version 4.5 (ter Braak & Šmilauer, 2002). The appro-
priateness of this method was based on the length of the main
gradient (2.206) in the data, which was estimated using
detrended correspondence analysis. The abundance data pooled
over the whole sampling period was log10 (x + 1) transformed
and rare species were down-weighted. The experimental factors
(species of grazer, grazing regime and type of vegetation) were
considered to be the environmental categorical variables and
coded as dummy variables. To estimate the significance of the
differences between treatments, Monte-Carlo tests with 4999
permutations under reduced model were used (Lepš & Šmilauer,
2003). The effects of those environmental variables that varied
among the whole-plots (species of grazer and grazing regime)
were tested by permuting whole-plots completely at random
while keeping the split-plots of each whole-plot together. When
testing for variations within whole-plots, split-plots (type of
vegetation) were permuted without permuting whole-plots. The
interactions between species of grazer or grazing regime and
type of vegetation were evaluated using unrestricted permuta-
tions. When the interaction was significant, RDA analyses were
used for each type of vegetation separately in order to determine
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Fig. 1. Percentage of cover in cleared heathland grazed by
either cattle or sheep, or mixed flocks with goats, in 2008.
Means are for two plots per treatment.



the effects of both grazing treatments and the interaction
between them.

Whenever significant responses of the faunal assemblages to
the treatments were recorded, SIMPER analyses (Clarke &
Warwick, 2001) were performed using the PRIMER 5 software
package (Clarke & Gorley, 2001) to investigate the role of indi-
vidual species in the separation between treatments. The simi-
larity percentages routine of the SIMPER decomposes average
Bray-Curtis dissimilarities between all pairs of samples into the
percentage contributions of each species. Species that are abun-
dant within groups are those that contribute most to the simi-
larity within groups. The original abundance data matrix was
log10 (x + 1) transformed. This analysis results in the rare spe-
cies contributing less to the overall pattern (Clarke & Warwick,
2001). The SIMPER analysis takes into consideration the actual
dissimilarities and not the approximation represented by a two-
dimensional ordination, and provides a better interpretation of
the established group structures (Clarke & Gorley, 2001).

RESULTS

A total of 10,377 arthropods were recorded, of which
375 were wolf spiders (Araneae: Lycosidae) belonging to
6 species, 702 harvestmen (Opiliones) belonging to 10
species and 459 beetles (Coleoptera: Carabidae)
belonging to 22 species, were included in the multivariate
analyses (see appendix for details of the species).

The RDA analyses associated most of the variation in
the composition of the fauna with the type of vegetation
(P < 0.01, Table 1). More species of arthropods,
including most of the harvestmen and large carabids (e.g.
Carabus spp.), were caught in shrubby vegetation,
whereas a few species, including spiders that prefer open
areas, like Pardosa pullata (Clerck, 1758) or Alopecosa

pulverulenta (Clerck, 1757) (Harvey et al., 2002;
Oxbrough et al., 2006) and smaller herbivorous carabids
(e.g. Calathus spp., Amara sp.), were more abundant in
the improved grassland. The SIMPER analysis indicated
that the main differences in the composition in the fauna
caught in the different types of vegetation were attributed
to a set of species (average dissimilarity = 64.8%) that
were more abundant in gorse-dominated shrubland, such
as the harvestmen Nemastoma hankiewiczii (Kulczynski,
1909) (11.8%), Homalenotus quadridentatus (Cuvier,
1795) (8.8%), Sabacon franzi Roewer, 1953 (8.5%) and
Odiellus spinosus (Bosc, 1792) (6.4%), the ground bee-

tles Carabus macrocephalus Dejean, 1826 (6.7%) and
Steropus gallega (Fairmaire, 1859) (5.4%), and the wolf
spider Pardosa nigriceps (Thorell, 1856) (6.6%).

The species composition of the ground-dwelling arthro-
pods was not significantly associated with either the spe-
cies of grazer or the grazing regime. On the other hand,
the interaction between species of grazer and type of
vegetation was significant (P < 0.01, Table 1). After for-
ward selection, grassland vegetation grazed by cattle (F =
9.67, P < 0.001) or sheep (F = 3.94, P = 0.028) accounted
for most of the variation in faunal assemblages (52.5% of
the variance in species data). Although certain species
seemed to be associated with either sheep or cattle, most
of the fauna was not associated with a particular species
of grazer in shrubland, whereas clear associations with
cattle [e.g. Pardosa monticola (Clerck, 1758) and
Calathus spp.] or sheep grazed sites [e.g. P. pullata and
Trochosa terricola (Thorell, 1856)] were recorded in
grassland (Fig. 2). The SIMPER analysis indicated that
average dissimilarity among types of vegetation was low
(45.9% for grassland and 32.8% for shrubland).
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Env. – environmental variables; Covar. – covariables; Perm. – permutation at the whole plot / split-plot level; % exp. – percent of
variability explained by the first axis; F first, P first, F all, and P all – values of F and P on the first ordination axis and on all axes,
respectively; Bl – block; Sp – species of grazer (cattle vs. sheep); Fl – grazing regime (single vs. mixed with goats); Vg – type of
vegetation (gorse-dominated shrubland vs. improved perennial ryegrass-white clover grassland).

0.0007.140.00413.3352.6Free/FreeFl*VgWas the composition of the fauna affected by Fl*Vg interaction?
0.0075.790.00813.3052.6Free/FreeSp*VgWas the composition of the fauna affected by Sp*Vg interaction?
0.1730.550.3360.826.9Free/NoBlSp*FlWas the composition of the fauna affected by Sp*Fl interaction?
0.00816.5758.0No/FreeSp, FlVgDid the composition of the fauna differ between vegetation types?
0.0580.725.7Free/NoBl, SpFlDid the composition of the fauna differ between grazing regimes?
0.1130.614.9Free/NoBl, FlSpDid the composition of the fauna differ between grazer species?
0.6260.493.4Free/NoBlDid the composition of the fauna differ between blocks?

P allF allP firstF first% exp.Perm.Covar.Env.Tested hypotheses

TABLE 1. Results of partial RDA analyses of the composition of the arthropod fauna in partially improved heathland grazed by
either cattle or sheep, or mixed herds with goats.

Fig. 2. RDA ordination diagram showing the interaction
between species of grazer (cattle or sheep) and type of vegeta-
tion (shrubland or grassland) and their effect on arthropod
assemblages. For species abbreviations see appendix.



RDA analyses indicated that the composition of the
fauna was also affected by the interaction between
grazing regime and type of vegetation (P < 0.01). Step-
forward selection revealed that shrubland vegetation
grazed by mixed flocks with goats (F = 11.61, P < 0.001)
or a single species (F = 5.01, P = 0.006) accounted for
most of the variation in arthropod species composition
(52.6% of the variance of species data). Within shrub-
land, different groups of species were associated with
either grazing by a single species or mixed flocks,
whereas faunal assemblages in grassland were similar,
irrespective of the grazing regime (Fig. 3).

Subsequent RDA analyses performed for each type of
vegetation separately revealed that the composition of the
fauna of shrubland was associated with the grazing
regime (36.4% of variance, F = 2.29, P = 0.076) and the
interaction between species of grazer and grazing regime
(40.7%, F = 2.06, P = 0.045). The composition of the
fauna within that type of vegetation was similar at sites
grazed by mixed flocks, irrespective of the species of
grazer, whereas different species of arthropods are associ-
ated with either grazing only by sheep [e.g. Trechus

barnevillei Pandellé, 1867 and Amara equestris (Duft-
schmid, 1812)] or cattle (e.g. C. macrocephalus and
Ischyropsalis hispanica Roewer, 1953) (Fig. 4).
According to the SIMPER analysis, around 50% of the
dissimilarity between grazing regimes in shrubland was
explained by species such as S. franzi (8.5%), I.

hispanica, P. nigriceps (5.5%) and Phalangium opilio

Linnaeus, 1761 (5.3%), which were more abundant in
plots grazed by a single species, and S. gallega (7.6%), O.

spinosus (6.2%), Homalenotus laranderas Grasshoff,
1959 (6.1%) and P. pullata (5.3%), which were more

abundant in plots grazed by mixed flocks. Unlike the
results for shrubland, the RDA analyses of the grassland
data revealed that neither the species of grazer nor
grazing regime, or their interaction, were significantly
associated with the arthropod assemblages.

DISCUSSION

In the current study, faunal composition was mostly
associated with particular types of vegetation rather than
species of grazer or grazing regime, although there were
significant interactions between vegetation and grazing
treatment. It is likely that gorse-dominated shrubland pro-
vides a more suitable habitat for more ground-dwelling
arthropods, including large beetles (e.g. Carabus spp.)
and those species that prefer shrubbier, shadier, moister
(e.g. Opiliones) and less altered habitats, than the
improved grassland, which is a more suitable habitat for
mesophilic (e.g. Amara spp. or Bembidion spp.) and ther-
mophilic taxa (e.g. P. pullata), good colonizers and spe-
cies characteristic of agro-ecosystems. These patterns
have been recorded previously in studies on spiders
(Thomas & Jepson, 1999; Ratschter & Roth, 2000) and
carabids (Pétillon et al., 2007).

The structural complexity of the vegetation was associ-
ated with differences in the faunal assemblages in the dif-
ferent types of vegetation as vegetation structure controls
the distribution of many taxa (Dennis et al., 2001), along
with that of their prey (Otto & Svensson, 1982), which is
probably also affected by the vegetation (Cherret, 1964).
Reduced arthropod richness is recorded in simplified agri-
cultural systems (improved pasture or cropping) com-
pared with more complex (wooded or grassland) native
systems (Attwood et al., 2008), while a lower species
richness of both spiders and ground beetles is reported in
scrubby than in herbaceous biotopes located in quarries
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Fig. 3. RDA ordination diagram showing the interaction
between grazing regime (single species or mixed herds with
goats) and type of vegetation (shrubland or grassland) and their
effect on arthropod assemblages. For species abbreviations see
appendix.

Fig. 4. RDA ordination diagram showing the interaction
between species of grazer (cattle or sheep) and grazing regime
(single species or mixed herds with goats) and their effect on
arthropod assemblages in gorse-dominated shrubland. For spe-
cies abbreviations see appendix.



with semi-natural adjacent areas (Tropek et al., 2008).
The structure of heathland vegetation is known to affect
the occurrence of grasshoppers (Jauregui et al., 2008) and
ground-dwelling arthropods (Cuesta et al., 2006, 2008;
Rosa García et al., 2009a, b). In the current study, the dif-
ferences in vegetation structure between shrubland and
grassland might have determined their suitability as a
habitat for several species.

Multivariate analyses of similarities indicated that the
species contributing most to the dissimilarity between
types of vegetation were associated with the shrubbier
vegetation. This pattern was clear for harvestmen, which
were less abundant in improved areas than in shrubland.
These arachnids are vulnerable to water loss (Santos,
2007), adapted to narrow ranges of temperature or
humidity and are uncommon or absent where climatic
conditions are harsh (Almeida-Neto et al., 2006). Their
poor dispersal ability, a consequence of their low vagility
(Bragagnolo et al., 2007), might have also contributed to
their confinement to shrubland areas. Therefore, com-
pared to other groups, harvestmen show quite consistent
responses to disturbance (Almeida-Neto et al., 2006; Bra-
gagnolo et al., 2007), a response which was also recorded
in this study. Harvestmen were abundant in areas with
high shrub cover and uncommon in improved pasture, in
agreement with previous studies on sheep and goat grazed
Cantabrian heathland, in which more were collected at
sites with a high shrub cover than at those with a high
cover of herbaceous plants (Rosa García et al., 2009a,
2010). The lycosid P. nigriceps was also more abundant
in shrubland. This is a woodland or litter dwelling lycosid
in western Scotland (Curtis & Bignal, 1980), associated
with open habitats in Ireland and is more abundant in
peatland than in improved or wet grassland (Oxbrough et
al., 2007). It is recorded from heathland in southern Eng-
land (Snazell, 1982), northern Ireland (McFerran, 1997)
and the north-west of Spain (Rosa-García et al., 2009a,
b), and grassland in south-west England (Duffey, 1962)
and sand dunes in that country (Duffey, 1968) and in the
Netherlands (Vlijm & Kessler-Geschiere, 1967). Accor-
ding to Entling et al. (2007) it is more associated with
open habitats than shaded ones (forests), although it also
occurs more frequently in moister habitats rather than in
drier ones in central Europe. It prefers tall (McFerran,
1997), dense vegetation (Bonte et al., 2000; Snazell,
1982) with a closed canopy (Pétillon & Garbutt, 2008).
The habitats dominated by shrubs were also preferred by
C. macrocephalus, a reliable indicator of the effects of N
deposition in heathland in NW Spain (Cuesta et al.,
2008), where it is favoured by the development of a
denser and more complex vegetation (Cuesta et al., 2006;
Rosa García et al., 2009b). In fact, it prefers woodland
and shrubland in the Cantabrian Mountains, where it
occupies humid microenvironments (Peláez & Salgado,
2007). In contrast, other taxa preferred grassland areas,
like P. pullata or T. terricola, which are also more abun-
dant in Cantabrian heathland with a higher herbaceous
cover than that with a higher shrub cover (Rosa García et
al., 2009a, 2010). Pardosa pullata is associated with open

habitats (Oxbrough et al., 2007) and is one of the most
highly invasive and stress tolerant European spiders
common in grassland and heathland (Bell et al., 2001). It
can withstand the high temperatures and humidity experi-
enced on Danish bogs (Nørgaard, 1951) and is also
common on wet heath and bog in Northern Ireland
(McFerran, 1997). It seems to prefer taller, fescue domi-
nated grassland (Duffey, 1962), but occurs in all types of
grassland in upland limestone environments in Britain
(Bell et al., 1998) and abounds in shorter vegetation in
north-east Ireland (McFerran et al., 1994). Trochosa terri-

cola is a habitat generalist (Oxbrough et al., 2007)
common in open localities in Northern Ireland heathland
(McFerran, 1997). It is more abundant on heather moor-
lands, but also found on grassland (Cameron et al., 2004)
where it hunts prey and mates in the short-grazed vegeta-
tion (Bonte et al., 2000).

When considered in isolation, species of grazer (cattle
or sheep) and grazing regime (single species or mixed
flocks with goats) were weakly associated with the spe-
cies composition of the arthropod fauna and there were
significant interactions between these factors and the type
of vegetation. Thus, while grazing regime was more
important for the fauna in shrubland, the species of grazer
was associated with different sets of species in the
improved areas, although the overall sensitivity of the
fauna was lower than in shrubland. Sward height was
broadly similar between plots in the improved areas, so
structural and microclimatic conditions might not be dif-
ferent enough for certain species to be associated with
one grazer or another, and others are adapted to stress or
frequently occur on heliophil and xerophil sites in agri-
cultural areas (Nyffeler & Breene, 1992). Warui et al.
(2005) indicate that the presence of large herbivores (and
especially cattle) in a Kenyan savanna biome affected spi-
ders indirectly by reducing vegetation cover, but the spe-
cies of ground-dwelling spiders were similarly associated
with the different herbivore groups and seemed less
affected by changes in the vegetation than foliage
dwelling species. In the current study the arrangement of
the plots might have also influenced the responses within
grassland due to spatial autocorrelation, although plot size
was considered adequate for determining the effect of the
treatments on the fauna.

Nevertheless, cattle contribute to the maintenance of
vegetation structural diversity and arthropod abundance
and diversity in upland grassland as they are less selective
when grazing than sheep (Dennis et al., 2008). As a
result, there are more patches of tall vegetation at cattle
than sheep grazed sites and sward height is important for
taxa such as spiders (Bell et al., 2001; Dennis et al.,
2001), especially web building species (Curry, 1994). In
contrast, large carabids are less abundant at sheep and
cattle grazed sites than at those only grazed by sheep,
possibly because of the higher soil compaction or the dis-
turbance due to treading by cattle (Dennis, 2003). Finally,
changes in the dung beetle fauna are recorded in pasture-
land where the replacement of sheep by cattle resulted in
the deposition of a more hydrated, abundant and less
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ephemeral resource in the form of cow dung (Lumaret et
al., 1992).

Grazing regime accounted for a great part of the vari-
ance in arthropod species composition of shrubland as
goats spend longer (up to 68% of the grazing time) in the
scrub than the other species of livestock and reduced the
encroachment by gorse to a greater extent than grazing by
only either sheep or cattle (Benavides et al., 2009). Mixed
grazing resulted in the reduction in the number of
arthropod species that occupy shrubby, moist and shaded
environments [e.g. harvestmen like I. hispanica or Paroli-

golophus agrestis (Meade, 1855)], whereas some carabids
(e.g. S. gallega or Carabus purpurascens Fabricius,
1787) and certain opilionid species (e.g. O. spinosus),
which might be more xerothermophilous (Zahn et al.,
2007), were favoured. Dennis et al. (2008) record higher
total arthropod biomass and higher abundances of spiders
and beetles at sites grazed by both cattle and sheep than at
those grazed only by sheep, although according to Bell et
al. (2001) mixed grazing by sheep and cattle may promote
the development of uniform swards adequate for certain
spider species, while others prefer the more open hetero-
geneous swards that develop when grazed by a single
species. Nevertheless, most studies are focused on the
effect of mixed grazing by cattle and sheep on grassland
and there are no studies on the effect of mixed flocks,
including goats, in areas where there is both shrubland
and grassland. Although goats are not commonly used for
managing heathland in the United Kingdom, there is an
increasing interest in their use for nature conservation
(Lake et al., 2001). The current study indicates their
important role in managing shrubland, as their grazing
was clearly associated with the faunal assemblages, and a
lesser role in grasslands, probably due to their preference
for browsing (Benavides et al., 2009).

In conclusion, general assumptions about whether man-
agement by grazing is beneficial or not should be consid-
ered carefully, as the same grazing treatment might have
different effects depending on the environmental context,
particularly the structure of the vegetation. Most of the
variability in faunal assemblages was due to differences
in the vegetation. Fauna typical of shrubby and moist
environments mostly occurred in the gorse-dominated
shrubland, whereas certain species, mostly the least sensi-
tive, which are of low conservation concern, occurred
mainly in sown grassland despite its less complex vegeta-
tion structure. The species of grazer (cattle or sheep)
accounted for a small amount of the variance when the
only explanatory variable. The presence of goats in a
flock had a low effect on the fauna in grassland but gen-
erated a greater environmental heterogeneity in shrub-
land, which provides a greater range of microclimatic
conditions suitable for a wider variety of ground-dwelling
arthropods.
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1 Abbreviations used in the RDA ordination diagrams (Figs 2, 3 and 4).

510021500TbaTrechus barnevillei Pandellé, 1867

01000244SviSynuchus vivalis (Illiger, 1798)

0100275271SgaSteropus gallega (Fairmaire, 1859)

00001010PcaPterostichus cantaber (Chaudoir, 1868)

00010000NbiNotiophilus biguttatus (Fabricius, 1779)

11106210MfoMetabletus foveatus (Geoffroy, 1785)

00000001LbaLeistus barnevillei Chaudoir, 1867

00100001IdiIberodinodes dives Dejean, 1826

00000010HarHarpalus sp.

00100000HafHarpalus affinis (Schrank, 1781)

00202030CpuCarabus purpurascens Fabricius, 1787

00001010CneCarabus nemoralis O.F. Müller, 1764

00100000CmlCarabus melancholicus Fabricius, 1798

711219504460101CmaCarabus macrocephalus Dejean, 1826

10200121CgeCarabus getschmanni Lapouge, 1924

00000010CdeCarabus deyrollei Gory, 1839

00010000CmeCalathus melanocephalus (Linnaeus, 1758)

00010000CfuCalathus fuscipes (Goeze, 1777)

21210100BlaBembidion lampros (Herbst, 1784)

00010000AmaAmara sp.

20100000AaeAmara aenea (De Geer 1774)

10100520AeqAmara equestris (Duftschmid, 1812)

O. Coleoptera

00001143364SfrSabacon franzi Roewer, 1953

00002627PopPhalangium opilio Linnaeus, 1761

00010009PagParoligolophus agrestis (Meade, 1855)

00121615282OspOdiellus spinosus (Bosc, 1792)
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