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ABSTRACT

Aim Understanding the response of species to ecotones and habitat edges is
essential to designing conservation management, especially in mosaic agricultural
landscapes. This study examines how species diversity and composition change
with distance from semi-natural habitats, over ecotones into agricultural fields,
and how within-site patterns of community transition change across a climatic
gradient and differ between crop types.

Location A total of 19 sites in Israel where semi-natural habitats border
agricultural fields (wheat fields or olive groves) distributed along a sharp climatic
gradient ranging between 100 and 800 mm mean annual rainfall.

Methods We performed butterfly surveys in 2006. We analysed species richness
(o-diversity), diversity, community nestedness and species turnover (B-diversity)
within sites and between sites (y-diversity). We also assessed where species of
conservation concern occurred.

Results In wheat sites, richness and diversity declined abruptly from ecotones to
fields and remained homogenously poor throughout the fields, regardless of
climate. In olive sites, despite the sharp structural boundary, richness and
diversity remained high from the semi-natural habitat to the grove margins and
then declined gradually into groves. Species of conservation concern occurred
across all habitats at olive sites, but none were found inside wheat fields or at their
ecotones. The contrast in community structure between semi-natural habitats and
fields was affected by both climate and field type. Irrigation in arid regions did not
augment species diversity.

Main conclusions Our results indicate that consideration of crop type, within a
climatic context, should receive high priority in biodiversity conservation in
agricultural areas. In ‘hostile’ crops, such as wheat, we suggest favouring a
combination of high-intensity management and wide margins over less intensive
management without margins, which may merely aid generalist butterfly species.
The scarcity of butterflies in arid irrigated fields suggests a need to carefully assess
the effects of irrigation and agrochemicals on species’ communities.

Keywords
Agricultural fields, butterflies, climate, conservation management, diversity, edge
effects.

INTRODUCTION

2008). While the intensification of agricultural practices
accounts for substantial biodiversity loss (Benton et al., 2002;

Agricultural landscapes comprise a substantial portion of the Robinson & Sutherland, 2002; Donald et al., 2006), there is

non-urban landscapes across the world (Ellis & Ramankutty, also a growing recognition of the potential of agricultural
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landscapes to maintain biodiversity (Tscharntke et al., 2005;
Norris, 2008) along with the associated ecosystem services to
humans (Allen-Wardell et al., 1998; Kremen et al., 2002). Of
particular importance for biodiversity conservation are mosaic
landscapes, where agricultural fields are interspersed with
natural and semi-natural habitats (Medellin & Equihua, 1998;
Harvey et al., 2006; Haslem & Bennett, 2008; Ranganathan
et al., 2008). However, a major conservation challenge in such
landscapes is the abundance of habitat boundaries, because of
which biodiversity is largely shaped by the response of species
to edges and ecotones (i.e. transition zones between habitat
types)(Risser, 1995; Ries et al., 2004; Kark & van Rensburg,
2006; Kark, 2007).

In a recent review, Ewers & Didham (2006) pointed out
that many of the studies that focus on edge effects in
agricultural fields take a discrete approach where ‘edge’ is
compared with ‘interior’ rather than assessing how commu-
nities change along a continuum. Of those that did take a
continuous approach, many focused only on one side of the
ecotone, namely from the borders of agricultural fields to
(semi-)natural areas (Ewers & Didham, 2006). Fewer
addressed the gradient of species community response along
the entire transition, from the natural area through the
ecotone and to fields (e.g. Ricketts ef al., 2001; Kremen
et al., 2002; Ricketts et al., 2002; Ricketts, 2004; Chacoff &
Aizen, 2006). Therefore, further studies that address the
response of species and communities to edges and ecotones,
taking a continuous approach and covering the entire
transitional area, can aid conservation efforts in landscape
mosaics.

Another challenge in understanding edge effects and the
responses of species to ecotones emerges from the inconsis-
tency of the observed patterns. This inconsistency may relate to
the rarity of studies across climatic gradients. Studies in
(sub)tropical areas often find that species diversity decreases
from natural areas to intensively managed agricultural fields,
usually with substantial edge effects into the natural areas
(Canaday, 1996; Zurita et al., 2006; Tabarelli et al., 2008;
Bossart & Opuni-Frimpong, 2009; Zurita & Zuleta, 2009;
Norris et al., 2010), whereas studies from arid regions report
that irrigated agriculture enriches species richness and abun-
dance (Faisal & Ahmad, 2005; Khoury & Al-Shamlih, 2006).
Furthermore, some studies, from various climatic areas,
identify a peak in species richness or abundance at the
ecotones (e.g. Ewers & Didham, 2006; Vu, 2009; Di Giacomo &
de Casenave, 2010).

To address these challenges, this study addresses the
questions how community structure (species richness, diver-
sity and composition) changes with distance from semi-
natural habitats, over ecotones and into agricultural fields,
and how this transition (at the local scale) is influenced by
climate (i.e. on a broader scale), as well as by crop type.
Considering that conservation should focus not only on
richness and diversity but also on species’ identity, we also
identified where species of conservation concern occurred
(sites and habitat).

Butterfly diversity: local and climatic gradients

Our study focused on butterflies (Lepidoptera, Rhopalo-
cera), which are considered good indicators of terrestrial
biodiversity (Thomas et al., 2004; Thomas, 2005; Pe’er &
Settele, 2008a) and are relatively easy to observe and
recognize in the field (Pe’er & Settele, 2008a and references
therein). The study was conducted in Israel, along a sharp
rainfall gradient from 800 to 100 mm annual precipitation,
and in two types of agricultural sites: wheat fields and olive
groves.

METHODS

Wheat and olives are two types of agricultural crops, which
are widespread across the Mediterranean region and occur
along a wide climatic gradient in Israel. The two crops differ
in their architecture and in their management regime. Wheat
fields are open monocultures, often under intensive manage-
ment involving the use of fertilizers, herbicides and pesti-
cides, deep ploughing using heavy machinery, and frequent
crop rotation. Olive groves are structurally more heteroge-
neous (providing both a shaded microhabitat and an open
one), and their management is typically less intensive and
includes vegetation removal and infrequent application of
pesticides. However, from interviews with farmers preceding
this study, we found that the management of both crops
changes across climate. In olive groves, within mesic envi-
ronments (> 500 mm mean annual rainfall), the application
of agrochemicals is scarce. In semi-arid areas (400-500 mm
annual mean precipitation), the groves are often irrigated
during summer and pesticides are used more frequently, and
in more arid areas (< 400 mm annual rainfall), groves are
rare, irrigated year-round and treated frequently by herbi-
cides and pesticides. Wheat fields require more intensive
management in Mediterranean areas (> 500 mm) where they
are more prone to diseases, whereas in arid areas (especially
< 250 mm average annual rainfall), they are either tradition-
ally managed (i.e. applying very shallow ploughing and no
agrochemicals) or intensively managed (i.e. irrigated and
treated with agrochemicals; see Appendix S1 in Supporting
Information).

Study sites

The study was conducted along the rainfall gradient in Israel,
ranging from Mediterranean climate regions in the northern
Galilee with mean annual rainfall of 800 mm (32°55'N
35°18’E) to arid sites in the Negev desert with a mean annual
rainfall of 100 mm (30°52’N 34°47’E, Fig. la). We used
detailed orthophotographs (resolution = 80 cm) and a pre-
cipitation map of Israel (resolution =1 km) to identify
potential sites and conducted preliminary surveys to select
sites and map them (For selection criteria and process see
Appendix S2). We selected eleven sites where wheat fields
border semi-natural habitats (grasslands or scrublands), at
equal intervals across a range from 200 to 650 mm mean
annual rainfall, and eight sites where olive groves border semi-
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Figure 1 (a) a map of the mean annual rainfall (mm year™") in Israel and the location of the field sites along the climatic gradient; (b) an
example of a transect line in a wheat site (Sdot Micha, 399 mm annual rainfall). Dashed lines represent the transect lines. The points mark
the locations of butterfly observations in the semi-natural habitat (full circles), ecotone (empty squares) and inside the field (stars) in a single
visit to the site. The six subsections within the site (N2 and N1 in the semi-natural area, E = Ecotone and F1, F2, F3 inside the field) are
marked by shadows of grey. The striped zone represents the range of the field itself. (c) an aerial photograph of one of the sites (Yavor),
yellow circles signifying marked measure-points along the transect lines. N = semi-natural area, E = ecotone, F = field

natural habitats, at equal intervals from 380 to 790 mm mean
annual rainfall and an additional site at 100 mm mean annual
rainfall (Fig. 1a and Appendix S1).

Butterfly surveys

Survey transects were comprised of three lines perpendicular
to the boundary between fields and the semi-natural area and
three lines parallel to the boundary. Transects started at 50 m
within the semi-natural area, continued through the ecotone
between the semi-natural area and the fields and proceeded
100 m into the agricultural field (Fig. 1b). The asymmetry of
depth-sampling stems from the difficulty of finding sites
where both the agricultural areas and the semi-natural
habitats were large and homogeneous enough (see Appen-
dix S2). Given the relative abundance of studies that focus on
community structures from edges to natural or semi-natural
habitats, the designed transects allowed deeper sampling into
fields.

To define the different habitats at each site, we first set the
boundaries of the ecotone: the end of a crop from one side and

the beginning of homogenous semi-natural vegetation from
the other side. The ecotone was heterogeneous in nature,
including human-related infrastructure (e.g. unpaved roads,
fences), organic waste, or ruderal vegetation indicative of
frequent disturbances and/or high nutrient levels. The two
other habitats were defined as extending outward from the
boundaries of the ecotone.

We conducted butterfly surveys in spring 2006, between
early March and mid-May, a period in which wheat fields
and olive groves receive minimal treatment and butterfly
activity is peaking. We performed two visits at each site. Each
survey was performed on sunny days (< 50% cloud cover),
between 18 and 33 °C, and when wind speed < 10 km h™l. A
hand-held weather station (Kestrel 3000) was used to record
wind and temperature conditions. Surveys were conducted
between 10:00 and 15:00 in March and were prolonged to
09:00-16:00 in mid-April. Butterfly surveys were carried out
by two observers, at least one of whom was a butterfly expert
capable of identifying all species. During surveys, the
observers walked at a constant pace of 1 km h™' along the
transect line and recorded the identity of each individual seen

1188 Diversity and Distributions, 17, 1186-1197, © 2011 Blackwell Publishing Ltd



within 10 m from the transect line. A sweeping net was used
to capture (and immediately release) individuals if necessary
for identification. The location of each individual was
recorded using a GPS with a spatial accuracy of 5 m. To
ensure a constant survey time in all sites (net walking time of
30 min), we halted the surveys during data recording, when
the sun was hidden by clouds or if winds exceeded
10 km h™".

Data analysis

Characterizing community composition along the distance
gradient

We divided each site into six subsections, each comprising
100 m of the transect length. The subsections were defined
as: N1 — semi-natural area, 0-33.3 m from the ecotone
boundaries; N2 — semi-natural area, > 33.3 m from the
ecotone; E — ecotone, F1 — within field, 0-33.3 m from the
edge; F2 — 33.3-66.6 m into the field; and F3 — 66.6-80 m into
the field along the transect lines perpendicular to the edge plus
an additional 50-m transect parallel to it (see Fig. 1b). The
latter 50-m section varied in its distance from the nearest edge,
ranging from 85 to 100 m depending on field geometry. We
assigned butterfly observations to each of the six subsections
based on the location of their corresponding GPS points, using
ArcGIS 9.2.

Community structure at the subsections and at the site level
was characterized by several measures: (1) species richness
(number of species, i.e. o-diversity); (2) species diversity
according to Shannon index (Shannon, 1948); (3) the level of
nestedness within the community (indicating whether butter-
fly community within a certain zone is a subset of the
community observed in another); and (4) B-diversity to assess
the turnover of species (community similarity) between
subsections in cases where communities were found to be
non-nested.

Nestedness analysis

Nestedness analysis was performed using the Binmatnest
software (Rodriguez-Girones & Santamaria, 2006), which uses
presence—absence tables of species occurrences to calculate
nestedness ‘temperatures’ (Rodriguez-Girones & Santamaria,
2006). Temperatures range from 0° (perfectly nested) to 100°,
where values above 10° are considered to be insignificant. The
Binmatnest finds the best minimum temperature matrix using
a genetic algorithm (Rodriguez-Girones & Santamaria, 2006).
We used it to produce a set of 30 possible solutions, improved
by the production of seven new variants and selecting the
best-performing ones at each of 2000 ‘generations’. The
algorithm was repeated 100 times to allow significance testing.
To identify potential gradients in nestedness along distance
within sites, we performed the analysis first for all six
subsections, then four and finally for three subsections within
a site.

Butterfly diversity: local and climatic gradients

B-diversity

A non-nested pattern can be found when community structure
is uniform across the distance, or alternatively, when species
replace each other between habitats, in which case B-diversity
would be lower. For this analysis, we selected cases (case = a
given visit to a certain site) with nestedness temperature > 10°.
For each case, we compared each subsection with all others,
using the diversity metrics By and Bgm. The former was
calculated as:

a+b+c

BW:(2a+b+c)/2

(Whittaker, 1960) and the latter as:

min(b, c)

Bsim = min(b,c) + a

(Lennon et al., 2001), where a represents the total number of
species in both subsections, b is the number of species present
in the second but not in the first and ¢ is the number of
species present in the first but not in the second subsection.
The difference between the two metrics is that 8, emphasizes
differences in composition that are attributable to species-
richness gradients, while B, focuses on compositional
differences independent of species richness (Koleff et al.,
2003). For each case, we produced a 6 X 6 matrix sum-
marizing the B values of comparison between all subsec-
tions and then extracted the average B,, and B, from each
matrix.

Species of conservation concern

Two types of species were considered to be of conservation
concern: rare species (according to Table 1 in Peler &
Benyamini (2008)) and ‘indicators of natural habitats’. The
latter were defined as species that are not threatened in
Israel, but are known to avoid urban and disturbed
landscapes (GP & Dubi Benyamini, unpublished data) and/
or are considered rare or endangered in neighbouring
countries (Katbeh-Bader et al., 2003; Table 3 in Pe’er &
Benyamini, 2008). We registered the localities and abundance
of these species and inspected in which habitats they
occurred within wheat site and olive site.

Analysing the climatic effect

To characterize how the local patterns within sites change with
the climatic gradient, we first compared the interior of the
semi-natural area (subsection N2) with the interior of the
fields at a comparable depth of 33-66 m from the edge (F2).
We then assessed how differences in richness and diversity
between the two subsections (i.e. the contrast between ‘field’
and ‘semi-natural habitat’) change across the rainfall gradient,
for wheat and olive sites. In a second analysis, we summed up
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Table 1 Nestedness levels (temperature and significance) for different subsections within sites, first for six subsections (F3, F2, F1 within
fields, E = ecotone, N1, N2 within the semi-natural habitat), and then after removal of sections to inspect for nestedness patterns within
habitats. Analysis presented (a) for all fields irrespective of climatic area; and (b) divided to three climatic zones: Mediterranean (mean
annual rainfall > 500 mm), semi-arid (380-500 mm) and arid (< 370 mm). Significance values are based on the output ‘p3’ of the
Binmatnest software (Rodriguez-Girones & Santamaria, 2006) after 100 simulation repeats. Order of nestedness was characterized visually,
marking >’ when the number of species clearly differed between two subsections; otherwise, subsections are separated by a comma.

Field type Model Temp. Sig. Nestedness order
(a)
Wheat All six subsections 17.96 < 0.001 E>NI1>N2>F2>Fl>F3
Without F3, F2 25.57 < 0.001 E > N1>N2>Fl
Without F3, F2, F1 43.38 0.28
Olives All six subsections 10.43 < 0.001 N1 > N2 > E>F1 > F2 > F3
Without F3, F2 19.44 < 0.001 NI > N2 > E > Fl
Without F3, F2, F1 16.32 < 0.001 N1 > N2 > E
Without N2, N1 15.4 < 0.001 E>Fl>F2>F3
Without N2, N1, F3 37.08 0.1
Field type Climate Model Temp. Sig. Nestedness order
(b)
Wheat Mediterranean All six subsections 23.22 < 0.001 E>N2>NI1>F2>Fl>F3
Without F3, F2 33.56 0.06 N1, N2, E, F1
Without F3, F2, F1 43.84 0.44
Semi-arid All six subsections 10.86 0.05 N2 >E>NI>F2>Fl>F3
Without F3, F2 17.55 0.01 N2, E, N1 > F1
Without F3, F2, F1 39.3 0.31
Arid All six subsections 19.78 0.03 E>NI1>N2>F2>F3>Fl
Without F3, F2 24.89 0.1
Without F3, F2, F1 46.05 0.61
Olives Mediterranean All six subsections 14.78 < 0.001 NI >F1>N2>E>F2>F3
Without F3, F2 25.73 < 0.001 NI >F1>N22>E
Without F3, F2, F1 24.99 0.05 NI >N2 > E
Without N1, N2 14.53 < 0.001 F1, E, F2 > F3
Without N1, N2, F3 31.68 0.05 F1 > E > F3
Semi-arid All six subsections 16.92 < 0.001 NI >N2>E>F2>Fl>F3
Remove F3, F2 26.47 0.02 N1, N2, E > F1
Without F3, F2, F1 40.37 0.24
Without N1, N1 10.97 < 0.001 E, F2, F1 > F3
Without N1, N2, F3 31.43 0.11
Arid* All six subsections 25.79 na na

*Not enough individuals observed (see Appendix S1).

the observations per site and inspected how richness and
diversity at the site level change across the rainfall gradient
(y-diversity) and between the crop types. To ensure that each
habitat receives the same sampling effort, we selected one
subsection from each habitat: the interior of the semi-natural
area (N2), the fields’ interior at a comparable depth (F2) and
the ecotone (E). Lastly, we evaluated how patterns of
nestedness change across the climatic gradient and between
the two crop types. Here, as a result of limitations of the
Binmatnest test, which requires a sufficient number of
individuals and species, we clustered the presence—absence
data from several sites (and both visits) into three cli-
matic zones relating to the above-mentioned differences in
management.

1190

In all statistical analyses and the results presented hereaf-
ter, we treat each visit to a given site as if it was an
independent observation: this was done as a conservative
measure, which considers (and maintains) the variation in
species richness, diversity and community structure between
visits to a given site.

RESULTS

Richness and diversity along the distance gradient

Overall, we recorded 2074 butterflies belonging to 42 species.
Of these, 1187 butterflies of 36 species were observed within
the six subsections and were included in our analyses (see
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Appendix S3). Significantly fewer species were observed in
wheat field than in olive grove sites: 5.69 £ 2.89 (Aver-
age + SD) species per site and 8.65 + 4.57 (T = 2.602,
d.f. = 41, P = 0.013), respectively.

Butterfly richness and diversity decreased from the semi-
natural areas to the fields in most sites: ANCOVA for the
impacts of field type, subsection and rainfall (as a covariant)
found the effect of subsection to be highly significant for both
richness (d.f. =5, F=10.061, P <0.001) and diversity
(d.f. =5, F=11.317, P <0.001), yet this pattern differed
significantly according to the field type (i.e. the subsec-
tion X field type interaction was significant as well (d.f. =5,
F = 4.257 and P = 0.001 for richness; F = 4.461 and P = 0.001
for diversity). We found no separate effect of field type on
richness (d.f. =1, F=2.13, P =0.146), but it did affect
diversity (d.f. = 1, F = 4.461, P = 0.033). These results reflect
the different pattern of change in community structure along
the transition from semi-natural habitats to fields. In wheat
sites, species richness and diversity increased mildly but
insignificantly from the semi-natural habitat towards the
ecotone (N2 < N1 < E), then dropped sharply to the interior
of the fields and remained evenly low throughout the fields
(F1 = F2 = F3; Fig. 2a,b). By contrast, a gradual pattern was
observed in olive sites, where richness and diversity were high
throughout the semi-natural habitat, the ecotones and the field
margin (F1), peaking at the subsections N2 and F1 and then
decreasing gradually with distance into the groves
(F1 > F2 > F3; Fig. 2¢,d).
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Figure 2 Least square mean (+SD) for species richness (a,c) and
Shannon index of diversity (b,d), against the distance gradient (six
subsections: N2 and N1 in the semi-natural area, E = Ecotone and
F1, F2, F3 inside fields) from semi-natural area through the eco-
tone and to fields, in wheat sites (a,b) and in olive sites (c,d).

Butterfly diversity: local and climatic gradients

Butterfly communities inside wheat fields were significantly
nested within the semi-natural and ecotone communities,
indicating that they were a subset of the outside community
(Table 1a). Results were distance independent, as signified by
the fact that significant nestedness remained after removal of
the two deepest subsections of the field (F2, F3). No significant
nestedness was found between the semi-natural and the
ecotone community (i.e. once removing the three subsections
within the fields). Butterfly communities in olive sites were
also significantly nested, but the ranking order was different:
communities inside the olive groves were nested within the
ecotone community, and the latter was nested within the
community at the semi-natural area (Table la). This time,
significant nestedness remained after removing the grove
subsections (F1, F2, F3) as well as after removing the
subsections within semi-natural habitats (N1, N2), indicating
that the nested pattern prevailed across all habitats and across
distance.

Beta diversity

Analysing community structure for non-nested sites, we found
Bw to be significantly lower in wheat sites than in olive sites
(T4t = 27 = —3.344, P = 0.0012), but no significant difference
was found for Bgn, (Tar = 27 = —1.105, P = 0.139). These
results indicate that species communities in wheat sites were
either nested or relatively homogeneous, whereas communities
in olive sites exhibited higher species turnover (i.e. they were
patchier in terms of species composition), which was attrib-
utable also to species-richness gradients (hence the lack of
significance for Bgm).

Species of conservation concern

We recorded ten species of conservation concern, four of
which were rare and six were indicators of natural habitats
(see Appendix S4). Of these ten species, three occurred in
wheat sites but only within the semi-natural area. By contrast,
we observed nine species of conservation concern in olive
sites, and these were observed in all three habitats (Appen-
dix S4). We note that most of the species of conservation
concern were observed at the sites with the highest annual
rainfall.

The climatic gradient

Comparing the semi-natural interior (N2) with the compara-
ble zone within fields (F2), we found that in wheat sites the
contrast between the two, both in richness and in diversity, was
positively correlated with rainfall (Fig. 3a): The decrease in
species richness and diversity from semi-natural habitats to
fields was greater in sites of higher precipitation (Linear
regression: Richness: F = 7.247, d.f. =24, P =0.013, R? =
0.232; Diversity: F = 6.545, d.f. = 24, P = 0.017, R* = 0.214).
In olive sites, we could not find such a relationship (F = 0.018,
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diversity (based on Shannon index) between the natural area
(section N2) and the field (F2), in wheat sites (black circles) and in
olive sites (empty squares) along the climatic gradient. Arrows
signify irrigated fields.

d.f. =17, P=0.896 for richness; F = 0.006, d.f. =17, P =
0.940 for diversity; Fig. 3b), and despite the seemingly
unimodal pattern, a quadratic regression did not yield
significant results either.

We did not find an effect of climate on nestedness
patterns in wheat sites: the community within fields was
always nested in that of the surroundings (semi-natural
habitat and ecotone), and no significant nestedness was
found between the semi-natural subsections and the eco-
tones (Table 1b). In olive sites, however, different nestedness
patterns were found in each of the three climatic regions. In
Mediterranean olive groves, the communities inside the
groves were nested within the ecotone, and the latter was
significantly nested within the semi-natural communities
(Table 1b). In semi-arid areas, the order of nestedness
remained, but levels of nestedness between subsections were
very much reduced (i.e. nestedness disappeared when
removing subsections, especially the semi-natural area),
indicating that the effects of the distance gradient dimin-
ished. In arid areas, the scarcity of butterflies in olive groves
did not allow this analysis.

Gamma diversity

Pooling the observations at each site from all three habitats,
we found that butterfly richness increased significantly with
rainfall with no significant difference between wheat and
olive sites (Fig. 4a), whereas butterfly diversity was signifi-
cantly affected by rainfall in olive sites but only near
significantly in wheat sites (Fig. 4b and Table 2). Nonetheless,
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Figure 4 Overall species richness (a) and Shannon index

of diversity (b) on the site level (summing up sections N2, E and
F2) against the mean annual precipitation, for wheat sites (full
circles) and olive sites (empty squares). Arrows signify irrigated
fields.

we did not find a significant interaction between field type
and rainfall.

Lastly, we note that all results presented in this study were
independent of the selection of richness metrics. This is
demonstrated in Appendix S5, where we provide complemen-
tary results for Figs 2—4 for two commonly used indices of
species richness, Chaol (Chao, 1984) and S,,s (‘Mao Tau’;
Colwell et al., 2004).

Table 2 ANCOVA for the impact of field type and average
annual rainfall on (a) species richness; and (b) species diversity
(Shannon index) on the site level, clustering the data from
subsections N2, E and F2. Separate linear regressions for wheat and
olive sites yielded a significant effect of rain on species richness
in both wheat and olives (P = 0.008, P = 0.004, respectively), and
an effect on species diversity in olive sites (P = 0.04), but only a
near-significant effect on diversity in wheat sites (P = 0.08). All
values are after Bonferroni correction.

Source d.f. MS F-ratio P

(a)
Rain 1 134.78 24.61 < 0.001
Field type 1 0.764 0.139 0.711
Field type X rain 1 0.560 0.102 0.751
Error 34 5.477

(b)
Rain 1 5913 22.353 < 0.001
Field type 1 0.165 0.624 0.435
Field type X rain 1 0.261 0.987 0.328
Error 34 0.265
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DISCUSSION

Butterfly community patterns across the transition
from semi-natural habitats to fields

A recent review by Prevedello & Vieira (2010) found ample
evidence that the degree of edge contrast is inversely related to
matrix quality for various taxa. Accordingly, one may antic-
ipate that the sharp structural contrast between olives and their
surroundings (grasslands or scrublands) should translate into a
sharp alteration in butterfly community structure, whereas the
smaller structural difference between wheat fields and neigh-
bouring grasslands or scrublands should dictate a less abrupt
alteration in community structure with distance. This, how-
ever, was not the case here (Fig.2 and the significant
subsection X field type interaction): In wheat sites, richness
and diversity peaked at the ecotone and declined sharply and
abruptly when moving into fields (within one metre. GP and
CM, unpublished data). By contrast, in olive sites, the
community was as rich and diverse at the semi-natural habitat
as it was at the groves’ margins (subsection F1); and a gradual
decrease in richness and diversity was observed once moving
into the groves. These results indicate that a strong response of
community structure to habitat edges may also take place in
the absence of a sharp structural boundary, whereas a sharp
structural contrast may not invoke a sharp alteration in
community structure (see also Schultz & Crone, 2001).
Therefore, while Prevedello & Vieira (2010) suggested that
increasing the structural similarity between agricultural fields
and neighbouring (semi-)natural habitats should enhance the
conservation value of the fields, our observations suggest a
need for caution when assigning matrix permeability or
attempting to predict community responses to edges based
on structural contrast alone.

The higher richness and diversity at wheat field ecotones
could be explained by the high abundance of nectar resources
along the field edges, as well as by the tendency of some species
to establish territories along linear landscape attributes,
whereas the sharp fall in richness and diversity is attributable
to strong avoidance behaviour. Similarly, Merckx et al. (2009a)
found that sharp changes in moth abundance and richness
between wheat fields and their edges was explained by the
presence of nectar sources along edges and the absence of
resources within fields. In olive groves, however, butterflies
were often observed to enter the groves at least to a certain
distance before flying back to the open. These results indicate
that the intensity of response of community structure to
habitat edges is primarily resource induced.

Additionally, our observations reveal that butterfly richness
and diversity may peak at a different location than one may
perceive as the ecotone. In olive groves, the structural edge was
utilized by ‘ravining’ butterflies (species that establish territo-
ries along rivers, streambeds or other linear elements (Tennent,
1995)), the grove margins were used by territorial species for
roosting or perching (e.g. Satyrium spini), and yet other species
utilized the shady environment provided by the trees, especially

Butterfly diversity: local and climatic gradients

during warm days, for thermal regulation (Dennis & Sparks,
2005, 2006; Dennis et al., 2006; Grundel & Pavlovic, 2007).
Thus, analyses of ecotonal changes in species diversity and
composition should take a resource-based approach (Dennis
et al., 2006; Vanreusel & Van Dyck, 2007) and consider the
functionality and potential complementarity of the different
habitats with respect to species’ needs, rather than assign
suitability according to the inherent structure of each habitat
separately (see also Walker ef al., 2003; Levanoni et al., 2010).

The gradual decrease in species richness and community
with distance into olive groves also suggests a need for caution
when sampling species’ communities in a given land type or
biotope. While in some cases one can assume that species
community is homogeneous within a given biotope, in other
cases this may not be valid. Such gradients should be taken into
account also when modelling animal movements, species
distribution and diversity patterns in heterogeneous land-
scapes, since the microscale effect of distance is likely to affect
larger-scale patterns of connectivity and biodiversity (Pe’er &
Kramer-Schadt, 2008).

The climatic gradient

The local-scale pattern of community change across the
transition from semi-natural habitats to fields was clearly
affected by both field type and the climatic area in which sites
were located. The contrast between the semi-natural habitat
and the field interior decreased towards arid areas, because of
the diminishing species pool towards the desert, as well as the
changes in field management with climate. However, we were
surprised to identify that irrigation did not have any enrich-
ment effect on species richness or diversity (Figs 3 and 4): in
the irrigated wheat field, we observed only one passing butterfly
in two visits (Pieris rapae), and in the most arid olive grove, we
found none. As indicated from our interviews with farmers,
this was likely because of the heavy use of pesticides and
herbicides. Therefore, given the potential of irrigation to aid
biodiversity in arid regions, we strongly recommend reducing
the application of agrochemicals when biodiversity is of interest
or concern. Concomitantly, it is necessary to assess whether
this can be carried out without accompanied undesired effects
of pests or invasion of mesic species.

The decrease in contrast between semi-natural habitats and
wheat fields with aridity relates to a decrease in agricultural
intensiveness. Particularly, most fields in arid regions belong to
traditional Bedouin societies and are managed by shallow
ploughing and without agrochemicals. Nevertheless, species
richness and diversity were not particularly high in less
intensively managed fields (two sites in the desert and two in
Mediterranean areas), and species of conservation concern did
not occur there. Instead, a nested community pattern prevailed
across climate and managements, suggesting that a monocul-
ture such as wheat simply provides few resources and poor
habitat (see also Appendix S5, Fig. S4, and Liu et al., 2010).

The overall decrease in species richness and diversity across
the climatic gradient is in accordance with various studies
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(Delsinne et al. (2010); Kutiel et al., 2000; Pugnaire & Lazaro,
2000; Davis et al., 2008), yet the overall low species richness in
wheat sites and the weaker effect of climate on species diversity
in wheat sites (Fig. 4) warrant further attention. These results
suggest that the overall species pool in a site, as well as the
climatic effect on the site level, may dwindle in the presence of
a ‘hostile’ crop. An explanation may be that poor-quality sites
support generalist species that occupy not only a wide range of
habitats but also a range of climates. Therefore, targeted
conservation planning should consider both crop and
management within the more general contexts of landscape
and climate.

Further implications for conservation

The protection of biodiversity in agricultural landscapes is
receiving increasing attention and funding in recent years.
Agro-Environmental Schemes (AES), where farmers are paid
for environmental services to enhance biodiversity in agricul-
tural landscapes (DEFRA - Natural England, 2008), have
become one of the most important tools for conservation on
agricultural landscapes (MacDonald et al., 2007; Farmer et al.,
2008). However, the success of such schemes is equivocal
(Kleijn & Sutherland, 2003; Kleijn et al., 2006; Konvicka et al.,
2008; BirdLife International & RSPB, 2009; Spitzer et al.,
2009), and there is ample scope to improve their efficiency
(Merckx et al., 2009b). Within this context, an important
discussion involves the question of land sparing versus wildlife-
friendly farming (Hole et al., 2005; Rundlof & Smith, 2006;
Fischer et al., 2008; Hodgson et al., 2010). However, noting
that most conservation studies in an arable context focus on
questions of how to manage fields (e.g. organic versus
conventional) or their margins (e.g. how wide, what vegetation
and how), our study offers a different perspective by sampling
communities across scales, climates and crops. Our results
suggest that one should first of all ask what crop type should be
prioritized, as this selection would determine the observed
pattern at the local scale. In our case, wheat fields supported
overall less species, and locally, it was the boundary area that
maintained the richest and most diverse community, whereas
in olive groves it was the combination of contrasting habitats
that supported biodiversity. As a second step, it is important to
consider the size and spatial configuration of fields, as
demonstrated by the decrease in species richness and diversity
with distance into olive groves. The actual management may
come last. Here, we note that in wheat fields we recognized
three habitats that could potentially be managed (field, ecotone
and semi-natural habitat), whereas in olive groves the ecotone
often did not exist as such but was merely a transitional area
between two other habitats. Obviously, in the latter case, field
boundaries or set-aside regions may be less important or even
impossible to manage. Our results also suggest that, when
hostile crops or monocultures are considered, wide strips or
areas of set-aside land could support species of conservation
concern, while reduced intensity without enlarging margins
could only aid generalist species.

CONCLUSIONS AND OUTLOOK

Our study demonstrates that the quality of an agricultural
matrix matters with strikingly different responses of butterfly
communities to field type (wheat versus olives), across
various scales. Our results suggest that conservation of
biodiversity in agricultural landscapes should first of all
consider the nature of alternative potential crops (Jones et al.,
2005) within the wider context of the ecosystem and climate
in question. Second should be the design of fields in terms of
size and spatial structure (Weibull ef al., 2003), and lastly, the
management of the field and the set-aside areas. Specifically
for the studied region and crops, our results indicate the
potential conservation value of olive groves for biodiversity
and even for species of conservation concern (see also Potts
et al., 2006; Scalercio et al., 2007). Results of this study have
facilitated an experimental AES in Israel (Amdur, 2009),
where wheat fields were replaced by a carefully designed olive
grove in Menashe Highlands (Northern Israel; see Pe’er &
Settele, 2008b), and monitoring transects have been estab-
lished to assess the long-term effects of crop replacement on
butterflies.

Given the multitude of factors that affect management
decisions in agricultural systems, it is obvious that a single
study can only address some of the many remaining questions.
A comparative study of different management schemes in a
given climatic area was beyond the scope of this study, yet
clearly needs to be conducted and repeated across different
climatic regions, and particularly in arid regions were relevant
data are scarce. This may be particularly valuable in the context
of climate change, since both land uses and ecosystems alter in
response to climate.

ACKNOWLEDGEMENTS

Data collection was assisted by Eli Ilan, Efrat Keren, Oz Rittner,
Israel Pe’er, Oded Levanoni and Ran Gluzman. Adi Ben-Nun,
Noam Levin and Roy Federman assisted with GIS analyses.
Orthophotographs were kindly provided by the Jewish
National Fund (Israel Tauber). Further GIS maps were
provided by the GIS Center of the Hebrew University of
Jerusalem (Adi Ben-Nun). Thomas Merckx and Chris Thomas
provided useful comments on the manuscript. This research
was funded by a ‘Yad Hanadiv Nekudat Chen’ fund for
promoting environmental and landscape assets in agriculture,
a ‘Raymond and Jenine Bollag post-doctoral fellowship’ to GP
at the Hebrew University of Jerusalem, and an ISF grant to SK.
Members of the Biodiversity Research Group provided further
assistance and comments. We thank the farmers who permit-
ted data collection in their fields and willingly answered our
questions on field management and history.

REFERENCES

Allen-Wardell, G., Bernhardt, P., Bitner, et al. (1998) The
potential consequences of pollinator declines on the

1194 Diversity and Distributions, 17, 1186-1197, © 2011 Blackwell Publishing Ltd



conservation of biodiversity and stability of crop yields.
Conservation Biology, 12, 8-17.

Amdur, L. (2009) Transfer and Transformation of Agri-Envi-
ronmental ~ Schemes: Implementing Innovative European
Models In Israel. International Ph.D. Program for Agricul-
tural Sciences, Faculty of Agricultural Sciences. Georg-
August-University Gottingen, Gottingen, Germany.

Benton, T.G., Bryant, D.M., Cole, L. & Crick, H.Q.P. (2002)
Linking agricultural practice to insect and bird populations:
a historical study over three decades. Journal of Applied
Ecology, 39, 673—687.

BirdLife International & RSPB (2009) Could do Better, How is
EU Rural Development Policy delivering for biodiversity.
Available online at: www.birdlife.org/news/news/2009/05/
capstudy.html (accessed 23 May 2011).

Bossart, J.L. & Opuni-Frimpong, E. (2009) Distance from edge
determines fruit-feeding butterfly community diversity in
Afrotropical forest fragments. Environmental Entomology, 38,
43-52.

Canaday, C. (1996) Loss of insectivorous birds along a gradient
of human impact in Amazonia. Biological Conservation, 77,
63-77.

Chacoff, N.P. & Aizen, M.A. (2006) Edge effects on
flower-visiting insects in grapefruit plantations bordering
premontane subtropical forest. Journal of Applied Ecology,
43, 18-27.

Chao, A. (1984) Non-parametric estimation of the number of
classes in a population. Scandinavian Journal of Statistics, 11,
265-270.

Colwell, RK., Mao, C.X. & Chang, J. (2004) Interpolating,
extrapolating, and comparing incidence-based species accu-
mulation curves. Ecology, 85, 2717-2727.

Davis, A.L.V., Scholtz, C.H. & Deschodt, C. (2008) Multi-scale
determinants of dung beetle assemblage structure across
abiotic gradients of the Kalahari-Nama Karoo ecotone,
South Africa. Journal of Biogeography, 35, 1465-1480.

DEFRA - Natural England (2008) Environmental Stewardship
Review of Progress. Department for the Environment, Food
and Rural Affairs, Sheffield, UK. p. 165.

Delsinne, T., Roisin, Y., Herbauts, J. & Leponce, M. (2010)
Ant diversity along a wide rainfall gradient in the Para-
guayan dry Chaco. Journal of Arid Environments, 74, 1149—
1155.

Dennis, R.L.H. & Sparks, T.H. (2005) Landscape resources for
the territorial nymphalid butterfly Inachis io: microsite
landform selection and behavioral responses to environ-
mental conditions. Journal of Insect Behavior, 18, 725-742.

Dennis, R.L.H. & Sparks, T.H. (2006) When is a habitat not a
habitat? Dramatic resource use changes under differing
weather conditions for the butterfly Plebejus argus. Biological
Conservation, 129, 291-301.

Dennis,R.L.H., Shreeve, T.G. & Van Dyck, H. (2006 ) Habitatsand
resources: the need for a resource-based definition to conserve
butterflies. Biodiversity and Conservation, 15, 1943—1966.

Di Giacomo, A.S. & de Casenave, J.L. (2010) Use and impor-
tance of crop and field-margin habitats for birds in a

Butterfly diversity: local and climatic gradients

neotropical agricultural ecosystem. The Condor, 112, 283—
293.

Donald, P.F., Sanderson, F.J., Burfield, I.J. & van Bommel,
F.P.J. (2006) Further evidence of continent-wide impacts of
agricultural intensification on European farmland birds,
1990-2000. Agriculture, Ecosystems and Environment, 116,
189-196.

Ellis, E.C. & Ramankutty, N. (2008) Putting people in the map:
anthropogenic biomes of the world. Frontiers in Ecology and
the Environment, 6, 439-447 doi: 10.1890/070062.

Ewers, RM. & Didham, R.K. (2006) Continuous response
functions for quantifying the strength of edge effects. Journal
of Applied Ecology, 43, 527-536.

Faisal, M. & Ahmad, M. (2005) Collembola diversity in
changing agricultural landscapes of the Thar Desert: a case
study in Sriganganagar district of Rajasthan, India. Journal of
Arid Environments, 63, 717-724.

Farmer, M., Cooper, T., Swales, V. & Silock, P. (2008) Funding
for farmland biodiversity in the EU: Gaining evidence for the
EU budget review. Institute for European Environmental
Policy, London. Available online at the IEEP website: http://
www.ieeplondon.org.uk (accessed 23 May 2011).

Fischer, J., Brosi, B., Daily, G.C., Ehrlich, P.R., Goldman, R.
et al. (2008) Should agricultural policies encourage land
sparing or wildlife-friendly farming? Frontiers in Ecology and
the Environment, 6, 382—-387.

Grundel, R. & Pavlovic, N.B. (2007) Resource availability,
matrix quality, microclimate, and spatial pattern as predic-
tors of patch use by the Karner blue butterfly. Biological
Conservation, 135, 135-144.

Harvey, C.A., Medina, A., Sanchez, D.M., Vilchez, S., Her-
nandez, B., Saenz, J.C., Maes, J].M., Casanoves, F. & Sinclair,
F.L. (2006) Patterns of animal diversity in different forms of
tree cover in agricultural landscapes. Ecological Applications,
16, 1986—-1999.

Haslem, A. & Bennett, A.F. (2008) Birds in agricultural
mosaics: the influence of landscape pattern and countryside
heterogeneity. Ecological Applications, 18, 185—-196.

Hodgson, J.A., Kunin, W.E., Thomas, C.D., Benton, T.G. &
Gabriel, D. (2010) Comparing organic farming and land
sparing: optimizing yield and butterfly populations at a
landscape scale. Ecology Letters, 13, 1358-1367.

Hole, D.G., Perkins, A.J., Wilson, J.D., Alexander, I.H., Grice,
F. & Evans, A.D. (2005) Does organic farming benefit bio-
diversity? Biological Conservation, 122, 113-130.

Jones, G.A., Sieving, K.E. & Jacobson, S.K. (2005) Avian
diversity and functional insectivory on north-central Florida
farmlands. Conservation Biology, 19, 1234—1245.

Kark, S. (2007) Effects of Ecotones on Biodiversity. Encyclo-
pedia of Biodiversity (ed. by S. Levin), pp. 1-10, Elsevier Inc,
Oxford, NJ.

Kark, S. & van Rensburg, B.J. (2006) Ecotones: marginal or
central areas of transition? Israel Journal of Ecology and
Evolution, 52, 29-53.

Katbeh-Bader, A., Amr, Z.S. & Isma’el, S. (2003) The butterflies
of Jordan. Journal of Research on the Lepidoptera, 87, 11-26.

Diversity and Distributions, 17, 1186-1197, © 2011 Blackwell Publishing Ltd 1195



G. Pe'er et al.

Khoury, F. & Al-Shamlih, M. (2006) The impact of intensive
agriculture on the bird community of a sand dune desert.
Journal of Arid Environments, 64, 448—459.

Kleijn, D. & Sutherland, W.J. (2003) How effective are Euro-
pean agri-environment schemes in conserving and promot-
ing biodiversity? Journal of Applied Ecology, 40, 947-969.

Kleijn, D., R.A., B., Clough, Y., Diaz, M., De Esteban, J. et al.
(2006) Mixed biodiversity benefits of agri-environment
schemes in five European countries. Ecology Letters, 9, 243—
254.

Koleff, P., Gaston, K.J. & Lennon, J.J. (2003) Measuring beta
diversity for presence-absence data. Journal of Animal Ecol-
ogy, 72, 367-382.

Konvicka, M., Benes, J., Cizek, O., Kopecek, F., Konvicka, O. &
Vitaz, L. (2008) How too much care kills species: Grassland
reserves, agri-environmental schemes and extinction of
Colias myrmidone (Lepidoptera: Pieridae) from its former
stronghold. Journal of Insect Conservation, 12, 519-525.

Kremen, C., Williams, N.M. & Thorp, R-W. (2002) Crop
pollination from native bees at risk from agricultural
intensifications. Proceeding of the National Academy of
Science of the United States of America, 99, 16812—-16816.

Kutiel, P., Kutiel, H. & Lavee, H. (2000) Vegetation response to
possible scenarios of rainfall variations along a Mediterra-
nean-extreme arid climatic transect. Journal of Arid Envi-
ronments, 44, 277-290.

Lennon, J.J., Koleff, P., Greenwood, J.J.D. & Gaston, K.J.
(2001) The geographical structure of British bird distribu-
tions: diversity, spatial turnover and scale. Journal of Animal
Ecology, 70, 966-979.

Levanoni, O., Levin, N., Pe’er, G., Turbé, A. & Kark, S. (2010)
Can we predict butterfly diversity along an elevation gradient
from space? Ecography, 34, 372-383.

Liu, Y.H., Axmacher, J.C.,, Wang, C.L,, Li, L.T. & Yu, Z.R.
(2010) Ground beetles (Coleoptera: Carabidae) in the
intensively cultivated agricultural landscape of Northern
China — implications for biodiversity conservation. Insect
Conservation and Diversity, 3, 34—43.

MacDonald, D.W., Tattersall, F.H., Service, K.M., Firbank,
L.G. & Feber, RE. (2007) Mammals, agri-environment
schemes and set-aside — what are the putative benefits?
Mammal Review, 37, 259-277.

Medellin, R.A. & Equihua, M. (1998) Mammal species richness
and habitat use in rainforest and abandoned agricultural fields
in Chiapas, Mexico. Journal of Applied Ecology, 35, 13-23.

Merckx, T., Feber, R.E., Dulieu, R.L., Townsend, M.C., Par-
sons, M.S., Bourn, N.A.D., Riordan, P. & MacDonald, D.W.
(2009a) Effect of field margins on moths depends on species
mobility: field-based evidence for landscape-scale conserva-
tion. Agriculture Ecosystems and Environment, 129, 302-309.

Merckx, T., Feber, R.E., Riordan, P., Townsend, M.C., Bourn,
N.A.D., Parsons, M.S. & Macdonald, D.W. (2009b) Opti-
mizing the biodiversity gain from agri-environment schemes.
Agriculture Ecosystems and Environment, 130, 177—182.

Norris, K. (2008) Agriculture and biodiversity conservation:
opportunity knocks. Conservation Letters, 1, 2—11.

Norris, K., Asase, A., Collen, B., Gockowksi, J., Mason, J.,
Phalan, B. & Wade, A. (2010) Biodiversity in a forest-agri-
culture mosaic — the changing face of West African rain-
forests. Biological Conservation, 143, 2341-2350.

Pe’er, G. & Benyamini, D. (2008) A template for publishing the
“conservation chain” from problem identification to prac-
tical action, exemplified through the campaign for butterfly
protection in Israel. Israel Journal of Ecology and Evolution,
54, 19-39.

Pe’er, G. & Kramer-Schadt, S. (2008) Incorporating the per-
ceptual range of animals into connectivity models. Ecological
Modelling, 213, 73-85.

Pe’er, G. & Settele, J. (2008a) Butterflies in and for conser-
vation: trends and prospects. Israel Journal of Ecology and
Evolution, 54, 7-17.

Pe’er, G. & Settele, J. (2008b) The rare butterfly Tomares nes-
imachus (Lycaenidae) as a bioinicator for pollination services
and ecosystem functioning in the north of Israel. Israel
Journal of Ecology and Evolution, 54, 111-136.

Potts, S.G., Petanidou, T., Roberts, S., O’Toole, C., Hulbert, A.
& Willmer, P. (2006) Plant-pollinator biodiversity and pol-
lination services in a complex Mediterranean landscape.
Biological Conservation, 129, 519-529.

Prevedello, J.A. & Vieira, M.V. (2010) Does the type of matrix
matter? A quantitative review of the evidence. Biodiversity
and Conservation, 19, 1205-1223.

Pugnaire, F.I. & Lazaro, R. (2000) Seed bank and understorey
species composition in a semi-arid environment: the effect of
shrub age and rainfall. Annals of Botany, 86, 807-813.

Ranganathan, J., Daniels, R.J.R., Chandran, M.D.S., Ehrlich,
P.R. & Daily, G.C. (2008) Sustaining biodiversity in ancient
tropical countryside. Proceeding of the National Academy of
Science of the United States of America, 105, 17852—17854.

Ricketts, T.H. (2004) Tropical forest fragments enhance pol-
linator activity in nearby coffee crops. Conservation Biology,
18, 1262-1271.

Ricketts, T.H., Daily, G.C., Ehrlich, P.R. & Fay, J.P. (2001)
Countryside biogeography of moths in a fragmented
landscape: biodiversity in native and agricultural habitats.
Conservation Biology, 15, 378—388.

Ricketts, T.H., Daily, G.C. & Ehrlich, P.R. (2002) Does butterfly
diversity predict moth diversity? Testing a popular indicator
taxon at local scales. Biological Conservation, 103, 361-370.

Ries, L., Fletcher, R.J.J., Battin, J. & Sisk, T.D. (2004) Ecological
responses to habitat edges: mechanisms, models and vari-
ability explained. Annual Review of Ecology, Evolution and
Systematics, 35, 491-522.

Risser, P.G. (1995) The status of the science examining eco-
tones. BioScience, 45, 318-325.

Robinson, R. & Sutherland, W.]J. (2002) Post-war changes in
arable farming and biodiversity in Great Britain. Journal of
Applied Ecology, 39, 157-176.

Rodriguez-Girones, M.A. & Santamaria, L. (2006) A new
algorithm to calculate the nestedness temperature of
presence-absence matrices. Journal of Biogeography, 33, 924—
935.

1196 Diversity and Distributions, 17, 1186-1197, © 2011 Blackwell Publishing Ltd



Rundlof, M. & Smith, H.G. (2006) The effect of organic
farming on butterfly diversity depends on landscape context.
Journal of Applied Ecology, 43, 1121-1127.

Scalercio, S., lannotta, N. & Brandmayr, P. (2007) The role of
semi-natural and abandoned vegetation patches in sustain-
ing lepidopteran diversity in an organic olive orchard.
Bulletin of Insectology, 60, 13-22.

Schultz, C.B. & Crone, E.E. (2001) Edge-mediated dispersal
behavior in a prairie butterfly. Ecology, 82, 1879-1892.

Shannon, C.E. (1948) A mathematical theory of communica-
tion. Bell System Technical Journal, 27, 379-423 and 623-656.

Spitzer, L., Benes, J., Dandova, J., Jaskova, V. & Konvicka, M.
(2009) The Large Blue butterfly, Phengaris [Maculinea] arion,
as a conservation umbrella on a landscape scale: the case of the
Czech Carpathians. Ecological Indicators, 9, 1056—1063.

Tabarelli, M., Lopes, A.V. & Peres, C.A. (2008) Edge-effects
drive tropical forest fragments towards an early-successional
system. Biotropica, 40, 657—661.

Tennent, W.J. (1995) Field observations of the “hilltopping”
phenomenon in North-West Africa — and an introduction to
“Ravining” (Lep.: Rhopalocera). Entomologists’ Record, 106,
57-67.

Thomas, J.A. (2005) Monitoring change in the abundance and
distribution of insects using butterflies and other indicator
groups. Philosophical Transactions of the Royal Society B:
Biological Sciences, 360, 339-357.

Thomas, J.A., Telfer, M.G., Roy, D.B., Preston, C.D., Green-
wood, J.J.D., Asher, J., Fox, R., Clarke, R.T. & Lawton, J.H.
(2004) Comparative losses of British butterflies, birds and
plants and the global extinction crisis. Science, 303, 1879—1881.

Tscharntke, T., Klein, A.M., Kruess, A., Steffan-Dewenter, 1. &
Thies, C. (2005) Landscape perspectives on agricultural
intensification and biodiversity — ecosystem service man-
agement. Ecology Letters, 8, 857—874.

Vanreusel, W. & Van Dyck, H. (2007) When functional habitat
does not match vegetation types: a resource-based approach to
map butterfly habitat. Biological Conservation, 135, 202-211.

Vu, L.V. (2009) Diversity and similarity of butterfly commu-
nities in five different habitat types at Tam Dao National
Park, Vietnam. Journal of Zoology, 277, 15-22.

Walker, S., Wilson, ].B., Steel, J.B., Rapson, G.L., Smith, B., King,
W.M. & Cottam, Y.H. (2003) Properties of ecotones: evidence
from five ecotones objectively determined from a coastal
vegetation gradient. Journal of Vegetation Science, 14, 579-590.

Weibull, A.C., Ostman, O. & Granqvist, A. (2003) Species
richness in agroecosystems: the effect of landscape, habitat
and farm management. Biodiversity and Conservation, 12,
1335-1355.

Whittaker, R.H. (1960) Vegetation of the Siskiyou Mountains,
Oregon and California. Ecological Monographs, 30, 279-338.

Zurita, G.A. & Zuleta, G.A. (2009) Bird use of logging gaps in
a subtropical mountain forest: the influence of habitat
structure and resource abundance in the Yungas of Argen-
tina. Forest Ecology and Management, 257, 271-279.

Zurita, G.A., Rey, N., Varela, D.M., Villagra, M. & Bellocq, M.I.
(2006) Conversion of the Atlantic Forest into native and

Butterfly diversity: local and climatic gradients

exotic tree plantations: effects on bird communities from the
local and regional perspectives. Forest Ecology and Manage-
ment, 235, 164—173.

SUPPORTING INFORMATION

Additional Supporting Information may be found in the online
version of this article:

Appendix S1 Summary of study sites, average annual rainfall at
the site, irrigation management, dates of visit (dd/mm/yy) and
the number of species observed in three of the site’s subsections:
N2, E and F2, for (a) wheat sites and (b) olive sites.

Appendix S2 Selection of study sites.
Appendix S3 List of observed species.

Appendix S4 Butterflies of conservation concern observed
during surveys, divided into sites, numbers and habitats
(N = nature, E = ecotone, F = field).

Appendix S5 Complementarily to Figures 2-4, we present
further results based on S, (Mao Tau) and Chao Index for a)
species richness along the distance gradient (Figure S1); b) the
difference in species richness between the natural area and the
field along the climatic gradient (Figure S2); and the overall
species richness on the site level (pooling all six subsections)
along the climatic gradient (Figure S3). In addition, Figure S4
depicts overall species richness per habitat (semi-natural
habitat, ecotone, field) and along the climatic gradient, based
on based S,,s (Mao Tau).

As a service to our authors and readers, this journal provides
supporting information supplied by the authors. Such mate-
rials are peer-reviewed and may be re-organized for online
delivery, but are not copy-edited or typeset. Technical support
issues arising from supporting information (other than missing
files) should be addressed to the authors.
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