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1. Introduction

While the increase in global human population creates a
demand for an increase in food production, there is growing
consensus that more sustainable agriculture is needed to ensure
long-term productivity and stability of ecosystems (Tilman et al.,
2002). Many countries in arid or semi-arid regions of the world are
challenged with feeding a growing population while environmen-
tal conditions are worsening due to human impacts (J. F. Reynolds
et al., 2007). Intensification of agriculture in such regions carries
the danger of desertification and therefore requires more
sustainable production techniques (Tilman et al., 2002; Thomas,
2008). One way to increase sustainability is to make use of
naturally occurring ecosystem services, such as the control of
agricultural pest species by means of natural enemies rather than
by use of chemical pesticides (Riechert, 1999; Loreau et al., 2001;
Tilman et al., 2002; Tscharntke et al., 2005a; Farwig et al., 2009).

Generalist predators such as spiders (Araneae) provide an
ecosystem service important for sustainable agriculture by feeding
onpest insects (Riechert and Lockley, 1984; Symondsonet al., 2002).

Spiders display a wide range of foraging methods and as such may
reduce herbivore densities (Marc et al., 1999; Schmitz, 2008).
Nevertheless, for efficient pest suppression, a large regional species
pool is needed (Symondson et al., 2002), so that spidersmay quickly
colonise cropland after tillage, sowing or harvest. Research on
spiders in agroecosystems therefore aims to find ways to preserve
and enhance spider activity-density and species richness in arable
fields by maintaining a diverse fauna in the agricultural landscape.

Mobile organisms experience their surroundings at a variety of
temporal and spatial scales (Tscharntke et al., 2005a). The
composition of the landscape around crop fields can influence
predator abundance and species richness in crop fields (Prasifka
et al., 2004; Schmidt et al., 2005, 2008; Drapela et al., 2008).
Conservation of biodiversity in agroecosystems therefore requires
a landscape approach (Tilman et al., 2002; Bengtsson et al., 2003;
Loreau et al., 2003; Bianchi et al., 2006; Billeter et al., 2008). While
landscape effects on arthropod communities in arable fields have
been documented for temperate areas (Prasifka et al., 2004;
Dauber et al., 2005; Tscharntke et al., 2007; Clough et al., 2007;
Drapela et al., 2008; Schmidt-Entling and Döbeli, 2009), we are not
aware of similar studies carried out in arid climate zones.

In semi-arid and arid climates such as the Negev desert in Israel,
differences between irrigated and fertilised cropland and the arid
surroundings are greatly accentuated, and are likely to affect the
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population dynamics of spiders. Comparedwith temperate climates,
winters are mild and winter rains initiate a period of growth of
herbaceousvegetation followedbyhighherbivorepreyabundancein
uncultivated land. Hence, in semi-arid climates with winter rainfall,
spider activity is reduced during the dry summer months (Cardoso
et al., 2007). Spider populations in arable land however are reduced
due to the sowing of the winter crop early in November and thus
immigrationofspiders fromthe lessdisturbedsurroundingscouldbe
important for pest suppression purposes. Gavish-Regev et al. (2008)
found that immigrants from non-crop habitats contribute consider-
ably to the spider fauna of wheat fields in the northwest Negev. This
suggests that the composition of the landscape around wheat fields
can influence within-field densities of spiders also in this climate
zone. The present study aims at supplying this knowledge. Given the
high mobility of spiders, we expect that the composition of the
surrounding landscape would affect local spider communities in
wheat fields as follows: Species richness and activity-density of
spiders inwheatfields in thenorthwestNegevare lower than innon-
crop habitats during thewinter cropping season (Pluess et al., 2008).
Thuswepredicted that a high percentage of non-crop habitats in the
surrounding landscape should increase both species richness and
activity-densities of spiders in wheat fields. In contrast to the
majority of the other spider families, the crop-dominating Linyphii-
dae show a strong preference for cropland in the northwest Negev
(Gavish-Regev et al., 2008; Pluess et al., 2008), and we therefore
expected a lower activity-density of Linyphiidae in landscapes with
high percentages of non-crop habitats. Further, arthropods respond
to the surrounding landscapeatdifferent spatial scales dependingon
their dispersal abilities (Steffan-Dewenter et al., 2002; Schmidt et al.,
2008). Based on this, we analysed activity-densities of abundant
spider familiesatdifferentspatialscales togaininsight intomigration
distances of these families in the Negev Desert. We tested the
following hypotheses:

1. Overall spider species richness and activity-density in wheat
fields increase with increasing percentages of non-crop habitats
in the surrounding landscape.

2. The different families reach higher activity-densities in land-
scapes dominated by their preferred habitat, thus reflecting
family specific habitat preferences.

3. Cursorial spiders respond to the surrounding landscape at
smaller spatial scales than aerial migrants.

2. Materials and methods

2.1. Study sites

Spiders were sampled in 13 fields of winter wheat (Triticum
aestivum L.) in the northwest Negev Desert in Israel. The

sampling sites were situated in a region with intensive
agriculture northwest of the city of Beer Sheva (318140N,
348450E) and were scattered over an area of 30 km � 30 km.
This area is dominated by large fields of mostly irrigated annual
crops. Two crops are grown within a year. The summer crops
typically consist of cotton, sunflowers, melons or peanuts. In the
winter months, potatoes and winter wheat are grown. Depending
on rainfall and the availability of water, some fields are not
irrigated or irrigated only occasionally. The winter wheat of the
studied sites was sown in early November, germination and
growth were induced by rain or irrigation in late November.
Management of the sampled wheat fields varied but no
insecticide spraying was applied during the entire sampling
season. All but two fields were irrigated. The soils of the fields
consisted of loess with varying proportions of sand. The semi-
desert habitats were composed of loess and sandy soils and were
sparsely vegetated with perennial shrubs and geophytes. In some
areas, eucalyptus and acacia trees were planted in recent
decades. Annual grass and herb species appeared after winter
rains. At the first sampling in mid-December, the semi-desert
was devoid of green vegetation, while wheat growth had been
triggered by local rainfall and/or irrigation. The studied wheat
fields were a subset of the 16 fields used in Pluess et al. (2008).
Three fields were discarded from the original dataset to achieve
better standardisation of local site conditions and wheat growth.
The characteristics of the wheat fields included in the current
study are listed in Table 1.

2.2. Spider sampling

In each wheat field, spiders were sampled with 20 pitfall
traps in winter 2006/2007. Pitfall traps were used assuming that
numbers of individuals captured per field reflected between-
field differences in activity-densities for each species (Topping
and Sunderland, 1992; Schmidt-Entling and Döbeli, 2009). The
traps were 10 cm deep with an opening diameter of 9 cm and
were situated 50 m from the border of a winter wheat field. A
50% dilution of ethylene glycol in water was used as preserva-
tive (150 ml/trap) and a drop of detergent was added to break
the solution superficial tension. The traps were opened three
times (mid-December, end of January and the second half of
February) for 1 week during the growing season of the winter
wheat. Captures over the entire trapping period were pooled
for the analyses. Upon retrieval, spiders were transferred to
70% ethanol. All individuals were identified to family and
adult individuals to species or morphospecies. Families totalling
at least twenty individuals over the entire sampling period
were considered frequent enough for separate spatial scale
analyses.

Table 1
Geographic location, water supply (in mm) and the percentage of cropland in a 1000m radius around the 13 studied fields of winter wheat (Triticum aestivum L.) in the

northwest Negev Desert, Israel.

Location y-North x-East Rainfall Irrigation Total water % Crop

Sede Teiman A 318180N 348420E 174 200 374 35.5

Sede Teiman B 318180N 348390E 159 200 359 98.6

Sede Teiman C 318180N 348400E 165 200 365 71.7

Eshel-Hanasi 318200N 348410E 186 200 386 50.6

Moshavei HaNegev - Administration 318150N 348330E 205 180 385 94.0

Urim 318170N 348310E 205 80 285 83.9

Wadi Besor 318180N 348280E 194 120 314 55.3

Tal-Or 318210N 348300E 284 0 284 97.6

Re’im 318220N 348290E 243 100 343 83.4

Be’eri A 318240N 348300E 272 60 332 87.8

Be’eri B 318230N 348300E 209 40 249 96.0

Be’eri C 318260N 348300E 299 70 369 74.5

Be’eri D 318260N 348290E 288 0 288 28.6
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2.3. Landscape analyses

The studied wheat fields formed a gradient from low to high
percentage of non-crop habitats in the surrounding landscape.
Landscapes with high and low percentages of non-crop habitats
were spatially interspersed over the study area to avoid co-
variation of landscape composition with climate. Land-use
patterns were recorded with the help of aerial photographs and
throughfield inspectionwithin a radius of 1 kmaroundeach study
site. Land-use was digitized in vector format with a Geographic
Information System (ArcGIS 9.1, ESRI Geoinformatik GmbH,
Hannover, Germany). Landscape composition was calculated at
eight radii ranging from 88 to 1000 m around the sampling site,
doubling the area under consideration for each subsequent radius
(Fig. 1). The different land-use types around the sampling sites
were recorded and are shown in Table 2. To assess the influence of
landscape composition around the wheat fields, land-use types
were divided into crop (the predominant land-use type) and non-
crop habitat. Relationships of spider species richness and activity-
density with landscape composition were tested using general-
ized linear models with quasi-Poisson distribution in R version
2.6.1 (R Development Core Team, 2007). To compare influences of

the surrounding landscape on activity-densities and species
richness across spatial scales, coefficients of determination were
plotted against the eight scales at which landscape composition
was calculated.

3. Results

On average, we caught 116 � 9 (SE) spiders per field, totalling
1512 individuals from 15 families. The catch was dominated by
Linyphiidae (sheetweb spiders, 61%), followed by Lycosidae (wolf
spiders, 14%), Gnaphosidae (ground spiders, 8%), Theridiidae (cobweb
spiders, 7%), Salticidae (jumping spiders, 2%), Corinnidae (corinnid sac
spiders, 2%) and Thomisidae (crab spiders, 2%). Familieswith less than
2% were: Philodromidae, Zodariidae, Cithaeronidae, Dysderidae,
Sparassidae, Clubionidae, Agelenidae, Liocranidae and Zoridae (in
order of decreasing activity-density). The 1252 adult spiders
belonged to 47 species and morphospecies (listed in Pluess et al.,
2008).

Species richness of spiders in wheat fields was significantly
enhanced by higher percentages of non-crop habitats in the
surrounding landscape (Fig. 2A). This relationship was significant
at all scales, with a peak at the 500 m radius; t1,11 = �5.05, p < 0.01.
In contrast to species richness, spider activity-density was not
significantly affected by the composition of the surrounding
landscape at any of the tested scales (Fig. 2B).

Of the seven most common spider families, two responded
significantly to landscape composition. Activity-densities of
Thomisidae (Fig. 3A) and Theridiidae (Fig. 3B) were enhanced by
high percentages of non-crop habitat in the surrounding land-
scape. Linyphiidae (Fig. 3C), Lycosidae, Gnaphosidae, Salticidae and
Corinnidae were not significantly affected by landscape composi-
tion. The response of Thomisidae to landscape composition was
similar across all studied spatial scales and strongest at the 1000 m
radius; t1,11 = �2.50, p = 0.03 (Fig. 3A). In contrast, the response of
Theridiidae to landscape composition was strongest at a landscape
radius of 355 m (t1,11 = �3.89, p < 0.01), and becameweaker at the
largest scale of 1 km landscape radius (Fig. 3B).

4. Discussion

Non-crop habitats in the agricultural landscapes of the
northwest Negev enhanced species richness of spiders in fields
of winter wheat. This finding is in agreement with other
geographic regions (Öberg et al., 2007; Drapela et al., 2008;

Fig. 1. Two sampling sites (stars) of winter wheat in a non-crop-dominated (left) and a crop-dominated landscape (right). Within the radii, shaded areas are arable crops,

white areas non-crop habitats and dark grey areas dry riverbeds. Eight radii indicate the spatial scales at which composition of the landscape was calculated around the

sampling site: 88, 125, 175, 250, 350, 500, 710 and 1000 m.

Table 2
Landscape composition around the 13 studied fields of winter wheat in the

northwest Negev Desert, Israel. Percentages ofmajor land-use types 1000m around

sampling sites.

Mean� SE (%) Minimum (%) Maximum (%)

Crops

Annual irrigated crops 60.3�8.0 13.7 98.6

Annual non-irrigated crops 10.7�3.4 0.0 40.9

Perennial cropsa 2.7�1.3 0.0 15.6

Total crops 73.7�6.6 28.6 98.6

Non-crop habitats

Army base 3.5�2.7 0.0 34.3

Cattle paddock 0.8� 0.8 0.0 10.0

Fallows 1.1�1.1 0.0 13.8

Planted tree habitatsb 3.9�1.9 0.0 23.6

Open water reservoir 0.4� 0.4 0.0 5.8

Semi-desertc 15.2�5.4 0.0 53.4

Settlements (incl. parks) 1.3� 0.5 0.0 5.0

Total non-crop habitats 26.3�6.6 1.3 71.4

a Mostly citrus, jojoba.
b Mostly woodlands of eucalyptus trees.
c Both natural and semi-natural.
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Schmidt et al., 2008; Schmidt-Entling and Döbeli, 2009), and
confirms our expectation that a species rich landscape matrix is
associated with increased species richness in the sampled wheat
fields. Hence, despite being adapted to arid habitat conditions,
some native species migrated into the crops, considerably
adding to the local diversity, during the sampled period of
winter and early spring. Remarkably, spiders in natural semi-
desert of the same study region were unaffected by landscape
composition (Opatovsky et al., 2010). Thus, spiders in crop fields
responded to the amount of non-crop habitats in the surround-
ing landscape, but not vice versa. Crop fields could reduce
spiders in semi-desert by drawing individuals from local
populations, thus representing a sink habitat (Tscharntke
et al., 2005b, 2007; Rand et al., 2006). Alternatively, crop fields
could enhance spider assemblages in semi-desert through spill-
over of individuals that benefit from the high productivity of
crop fields (Tscharntke et al., 2005b, 2007; Rand et al., 2006).
The lack of an influence of crop fields on spiders in semi-desert
may be due to the hostile, arid character of the semi-desert for
agrobiont species. In addition, the high stability of semi-desert
allows persistence of drought-adapted spider species over long
time periods, which could make them resistant against
immigration. In contrast, crop fields are subject to several
major disturbance events per year, which makes them depen-
dant on frequent recolonisation from the surrounding landscape
(Wissinger, 1997; Öberg et al., 2008).

The different spider families were not always affected by
landscape composition as predicted. For instance, the lack of
response to landscape composition by the dominant Linyphiidae
was unexpected. In Europe, Linyphiidae benefit from a high
percentage of non-crop habitats in the landscape, which serve as
their winter refuge (Schmidt and Tscharntke, 2005; Schmidt-
Entling andDöbeli, 2009). In contrast to these findings, Linyphiidae
in the northwest Negev clearly preferred cropland over natural
semi-desert (Pluess et al., 2008; Gavish-Regev et al., 2008).
Nonetheless, they did not benefit from higher percentages of
crops in the landscape matrix investigated here. More research is
needed to determine if Linyphiidae colonise arable fields in the
Negev over much larger distances than examined in the current
study, or if they persist locally (Gavish-Regev et al., 2008). The
positive response of Thomisidae to high percentages of non-crop
habitats was in accordance with their preference of semi-desert
over arable fields (Pluess et al., 2008). In contrast, the positive
response of Theridiidae to high percentages of non-crop habitat is
not supported by a corresponding habitat preference. Theridiidae
showed no significant preference for either arable fields or semi-
desert (Pluess et al., 2008). However, at least one species colonises
wheat fields from non-crop habitats in the surrounding landscape
(Gavish-Regev et al., 2008), and this might account for the positive
response to semi-desert in the landscape.

The different spider families were expected to respond to
landscape composition at scales that reflect theirmigrationmodes.

Fig. 2. (A) Species richness and (B) activity-density of spiders in 13wheat fields in relation to the percentage of non-crop habitats in the landscape (left) and scale dependence

of these relationships (right). The solid line is the regression line; the dashed lines denote the 95% confidence interval. Coefficients of determination are plotted against the

spatial scale at which landscape composition was calculated. Filled squares represent significant relationships (p < 0.05).
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Thus we expected that predominantly cursorial families would
respond to the landscape composition at the smaller scales
investigated here. However, our expectations were not met: The
dominant cursorial families in our dataset, Lycosidae and
Gnaphosidae, were not affected by landscape composition at
any of the tested scales, suggesting that they do not depend on
non-crop habitat at the landscape level to recolonise arable land in
our study system. This may at least be true for Lycosidae, which
occur in similar activity-densities in crops and semi-desert, while
Gnaphosidae clearly prefer semi-desert to arable land (Pluess et al.,
2008). Thus, Gnaphosidae should depend on semi-desert for

recolonisation (see also Gavish-Regev et al., 2008), butwhat affects
theirmigration patternswill need further investigation. Significant
effects of the surrounding landscapes at the largest scales were
found for the cursorial Thomisidae (Gavish-Regev et al., 2008).
While nothing is known about ballooning activities of spiders in
the Negev, it is known for Europe that, depending on species,
Thomisidae can have high frequencies of aerial dispersal (Bonte
et al., 2003). Thus, for example, the response of the thomisid
Xysticus cristatus (Clerck, 1757) to landscape composition in
temperate Europe was strongest at the largest studied scale of
3 km radius (Schmidt et al., 2008). Thus, the immigration of

Fig. 3. Activity-densities of numerically dominant spider families in relation to the percentage of non-crop habitats in the landscape (left) and scale dependence of these

relationships (right). Solid lines are the regression lines; the dashed lines denote 95% confidence intervals. Coefficients of determination are plotted against the spatial scale at

which landscape composition was calculated. Filled squares represent significant relationships (p < 0.05). For each group, the strongest relationship is shown on the left.
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Thomisidae into fields may be aided by ballooning, despite their
good walking abilities. Families such as Linyphiidae and Ther-
idiidae are known for high frequencies of airborne dispersal in
temperate climate zones (Marc et al., 1999; Bell et al., 2005) and
Linyphiidae in Europe are affected by landscape composition at
large spatial scales (Schmidt et al., 2008). In our study system, no
landscape effect was found for Linyphiidae, and Theridiidae
responded most strongly at small to medium scales, suggesting
that aerial dispersal in these families is less common in the Negev
Desert. Nevertheless, in the study by Gavish-Regev et al. (2008),
theridiid colonisation of a wheat field was consistent with
dispersal by ballooning. This highlights the need for studies of
spider ballooning in semi-desert regions (Bell et al., 2005).
Meteorological conditions and/or ecological reasons may impede
high aerial dispersal rates in semi-desert (Bell et al., 2005; A. M.
Reynolds et al., 2007). In temperate climates, ballooning behaviour
varies greatly between species (Bonte et al., 2003), but it is most
frequent in Linyphiidae, probably because ballooning Linyphiidae
are likely to land in suitable (humid) habitats. In arid climate zones
however, natural habitats of most Linyphiidae are the rare
wetlands that provide sufficient moisture. Because airborne
spiders have little control over direction and duration of their
flight, it is unlikely that ballooning spiders can re-locate
themselves to a rare habitat type. Thus, evolution may select
against ballooning behaviour of moisture-dependent spiders in
arid environments. This could explain the possibly more sedentary
lifestyle of Linyphiidae in crops in Israel (Gavish-Regev et al.,
2008), and the absence of landscape effects on Linyphiidae in our
study. Alternatively, Linyphiidae could balloon over even larger
distances in semi-desert compared to Europe, and consequently
respond to landscape composition at larger scales than those
investigated in the current study (Gavish-Regev et al., 2008).

The insurance hypothesis states that in a changing and
frequently disturbed environment such as arable land, stability
and resilience of ecosystem services depend on high levels of
biodiversity (Bengtsson et al., 2003; Tscharntke et al., 2005a;
Tylianakis et al., 2006). Some studies have shown that high spider
diversity is desirable for pest suppression (Riechert and Lawrence,
1997), since a diverse predator fauna covers more hunting
strategies and feeds on a wider range of prey types (Marc and
Canard, 1997; Sunderland, 1999). The spider community in the
Negev wheat fields was strongly dominated by Linyphiidae, and
even though this is a species rich taxon, sheetwebs are the
predominant foraging strategy in this habitat type (Gavish-Regev
et al., 2009). The observed increase of freely hunting Thomisidae
with non-crop habitats in the landscape may favour natural pest
control, since cursorial spiders can retard initial population growth
of cereal aphids (Birkhofer et al., 2008). Thus, Thomisidae may
supplement the activity of Linyphiidae in feeding on aphids and
have the potential to reduce aphid populations (Harwood et al.,
2004). In contrast, cursorial spiders may reduce pest suppression
through interference with web-building species (Nyffeler and
Sunderland, 2003; Denno et al., 2004). As a consequence, freely
hunting wolf spiders can suppress or enhance herbivore densities,
depending on the situation (Schmidt-Entling and Siegenthaler,
2009). Thus, more research is needed to reveal the consequences of
variation in landscape composition on pest suppression in
agroecosystems.
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