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Abstract. 1. Severe losses of insects have taken place over major parts of
Europe. This negative trend is assumed to be largely the result of agricultural
intensification.

2. To analyse potential factors causing this loss of species, we assessed butter-
fly communities at 21 grassland patches. Seventeen of these were distributed
across an agricultural landscape dominated by crop fields; four were embedded
in two adjoining managed semi-natural grassland areas. We assessed environ-
mental parameters such as patch size and habitat quality for each grassland
patch. We further incorporated the surrounding land-cover considering different
degrees of land-use intensity. We classified butterfly species into generalists and
specialists according their ecological and behavioural characteristics.

3. As in the managed semi-natural reference grasslands, species richness and
abundance were higher in patches surrounded by extensively used grasslands
and unsprayed crop fields, and lower in patches surrounded by sprayed crop
fields. Furthermore, blossom density positively affected butterfly occurrence.

4. Our data revealed that specialised butterfly species mainly occur in man-
aged semi-natural grassland sites, and are largely absent from other grassland
plots embedded in the agricultural matrix.

5. Our study underlines the negative impacts of intense conventional agricul-
ture on butterfly species richness and abundance and reveals the urgent need
for more nature-friendly cultivation methods. In situ experiments may help to
understand and disentangle single drivers causing this negative trend.

Key words. Agricultural intensification, butterflies, insect decline, pesticides,
semi-natural grasslands.

Introduction

Severe decreases of biodiversity are taking place across

the globe (Dirzo et al., 2014). It is largely consensus that
these declines are, to a large proportion, caused by the
agricultural intensification starting after World War II

(Robinson & Sutherland, 2002). If focussing on insects,
existing studies have indicated losses in species richness
and severe shifts in species community compositions, with

most communities today being dominated by generalist
species (Habel et al., 2016 with references therein). Fur-
thermore, other studies indicate significant losses of bio-

mass of flying insects (Hallmann et al., 2017), with
cascading effects across trophic levels (Hallmann et al.,
2014).

Potential factors causing these negative trends are mani-
fold, but most of them are driven by agricultural industri-
alization (Thomas, 2016). Large-sized crop fields cause a
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homogenization of landscapes and thus increases barrier
effects for many species (Bat�ary et al., 2017; Hass et al.,
2018). Subsequently, exchange of individuals among
patches is restricted which diminishes long-term persis-

tence of many taxa (Hanski, 1999; Krauss et al., 2003). In
parallel, remaining habitats are often small and isolated
and provide only limited resources and thus reduce the

survival probability of species and local populations (Mel-
bourne & Hastings, 2008). Atmospheric nitrogen influxes
from traffic, industry and agriculture negatively impact

habitat quality, especially in nitrogen-limited ecosystems
such as semi-natural grasslands (Wallis de Vries & Van
Swaay, 2006). Furthermore, pesticides are known to nega-

tively impact insect diversity, either directly due to drifting
insecticides (Geiger et al., 2010), or indirectly by the elimi-
nation of potentially important nectar sources and/or lar-
val food plants with herbicides, showing a trade-off

between weed control and insect occurrence (Gonz�alez-
Varo et al., 2013).
Thus, drivers are manifold and often may synergise or,

less frequently, antagonise each other. In this study, we
assessed butterfly communities at 21 grassland patches in
south-eastern Germany, with 17 study sites on grassland

patches across an agricultural landscape with a high pro-
portion of arable fields, and four study sites located in
two larger areas of semi-natural grasslands, which are
managed for nature conservation (the Dietersheimer

Brenne and the Garchinger Heide). For each study site,
we collected data on environmental parameters (such as
size of the grassland and blossom density to express habi-

tat quality). Furthermore, we considered the land-cover
within a 200 m buffer, set around each study site, and did
a detailed land-cover classification. We assigned butterflies

into two groups, generalists and specialists, according
their ecological demands during their larval and adult
stage, and based on their dispersal behaviour (Bink,

1992). With our data, we address the following research
questions:

1 Do butterfly community compositions differ between
grassland patches managed for agriculture or conser-
vation?

2 Which explanatory variables are of highest relevance
explaining differences in butterfly species richness and
abundance?

Material and methods

Data collection

Our study region is located east of Munich in south-
eastern Germany. It represents an intensely used agricul-

tural landscape dominated by arable fields, but two
remaining larger semi-natural grassland sites, the Dieters-
heimer Brenne and the Garchinger Heide. For this study,

we selected 21 grassland patches, which are scattered
across this landscape, with 17 patches surrounded by

agriculture and four patches located in the large semi-nat-
ural grasslands, managed for nature conservation. All
patches selected were at least 300 m distant from each
other. For each study patch, we assessed the following

environmental parameters: grassland size (m2) (measured
with a hand-held GPS-device, Garmin Etrex), and blos-
som density (number of blossoms per m², counted in five

plots per patch, which were set randomly, and which was
redone during each butterfly assessment). We counted the
number of blossoms of all flowering plants. We classified

the land-cover within a 200 m radius around each study
patch. This 200 m radius coincides with frequently
observed home range sizes of butterflies (see Settele et al.,

2009; Clobert et al., 2012). For this land-cover assess-
ment, we considered the following categories: Forest,
extensively used grassland (i.e. hay meadows), sprayed
crops, non-sprayed crops and others (e.g. buildings,

streets, paths, water bodies). All land-cover data are given
in Appendix S1.
For each study patch, we assessed all butterflies for

about 10 min during five visits from May to July 2018.
These assessments were done by transect walks: butterflies
were observed or netted during good weather conditions

(i.e. sunny, temperature ≥20 °C, moderate to no wind, see
Pollard & Yates, 1993). Presence–absence and the abun-
dance observed were recorded for each butterfly species.
Species were identified either directly in the field while

observing or by catching and using a field book (Settele
et al., 2000), or by taking photographs (and determining
the species based on these photographs afterwards). An

overview of the data used is given in Table 1. An over-
view of the raw data of all butterflies assessed is given in
Appendix S2.

Butterflies were classified into generalist and specialist
species according to their ecological demands during the
larval (monophagous, oligophagous, polyphagous, 1–3)
and adult stage (one habitat, habitat complex, several
habitat complexes, 1–3), as well as according to their dis-
persal behaviour (sedentary, mobile at the landscape level,
migratory across landscapes, 1–3). This classification was

derived based on data taken from Bink (1992), and
slightly modified according local conditions in our study
area. Subsequently, we created mean values across these

three parameters considered (ecological demands during
the larval and adult stage, and dispersal behaviour); val-
ues below 1.5 were considered as specialists; values above

1.5 as generalist species. All raw data for each species are
given in Appendix S3.

Statistics

We used general linear and generalised linear (log-link

function and Poisson error structure) models, and one-
way ANOVA to relate landscape characteristics (predictors)
to species richness, species abundance and the percentage

of specialist species in a focal community (response vari-
ables). As we were particularly interested in the strength
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of the effects of the predictors on the response variables,
we focused on the general linear model approach that
allows for a better interpretation of effect sizes (here we
used partial g2). To account for possible deviations from

the constraints on general linear modelling (linear depen-
dencies, normal error structure), we additionally provided
respective results of the generalised linear model in

Appendix S4: Table S4. Multicollinearity was moderate
among predictors (r < 0.5) with the exception of the pro-
portion of crops sprayed with pesticides (abbreviated:

sprayed crop %) and the proportion of extensively used
fields and grasslands (abbreviated: ext. use/grasslands %).
These variables were negatively correlated (r = �0.79),

which might have influenced parameter estimation.

Additionally, we used the Akaike model selection
(AICc) to infer the most informative set of predictors
(Table 2).
We studied potential differences of community compo-

sition using two approaches: First, we used the dominant
eigenvector of a variance-covariance based principle com-
ponents analysis (PCA1) to assess the variability in com-

position among study sites. This analysis was based on
the abundance of butterflies. Second, we used uncon-
strained seriation to order species and study sites along

the diagonal of the species 9 patches presence–absence
matrix leading to a maximum change on community com-
position among study patches. Both orderings also

entered the general linear and the generalised linear

Table 1. Basic data about the 21 grassland patches assessed in this study. Species abundance refers to the total abundance caught.

Patch Nr. Patch size [m²] Blossom 9 m�²
Sprayed crop

fields %

Ext. used fields/

grasslands % Species Abundance

Proportion of

specialist species

1 11 585 35 0.84 0.00 7 30 0.43

2 2843 5 0.52 0.00 7 27 0.43

3 5300 10 0.68 0.11 7 20 0.43

4 3394 5 0.80 0.04 3 21 0.33

5 1135 15 0.49 0.31 5 32 0.40

6 363 5 0.41 0.05 4 14 0.25

7 1936 20 0.00 0.51 13 104 0.54

8 6263 40 0.60 0.09 8 61 0.38

9 344 10 0.78 0.22 3 21 0.33

10 3808 10 0.97 0.00 1 2 0.00

11 6939 20 0.68 0.17 5 35 0.40

12 12 050 10 0.49 0.22 5 33 0.20

13 6438 10 0.46 0.18 6 32 0.50

14 31 220 100 0.43 0.26 9 73 0.56

15 1704 25 0.00 0.85 13 123 0.62

16 542 15 0.24 0.57 10 113 0.60

17 1400 30 0.89 0.09 7 40 0.43

18 6615 40 0.85 0.05 4 18 0.50

19 3002 25 0.87 0.05 7 30 0.29

20 4403 35 0.65 0.04 9 29 0.56

21 15 785 5 0.34 0.13 2 8 0.50

The four patches located in the two managed semi-natural grassland areas are marked in bold.

Table 2. General linear modelling pointed particularly to blossom density and the proportion of extensively used fields and grasslands,

but not to the proportion of sprayed crop fields and patch size as being main predictors of butterfly species richness, abundance, the pro-

portion of specialist species and community composition as assessed from the dominant principal component PCA1 and the seriation

order. Ln-transformed patch area served as covariate. Given are partial g2 values.

Factor Species richness Abundance Specialist species % PCA1 Seriation order

Blossom density 0.23* 0.32* 0.14 0.25* 0.01

Sprayed crops % 0.11 0.06 0.11 0.01 0.06

ext. fields/grasslands % 0.06 0.49** 0.01 0.59** 0.01

log area 0.02 0.04 0.01 0.08 0.02

r2 (model) 0.49** 0.81*** 0.32* 0.81*** 0.05

AICc selected variables are given in bold. Collinearity between predictor variables was moderate (r < 0.50) except for sprayed crops %

and ext. fields/grasslands % (r = 0.79). Parametric significances: * P < 0.05; ** P < 0.01; *** P < 0.001.
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models as predictors. All calculations were done with Sta-
tistica 12.0 (StatSoft, Inc., Tulsa, OK).

Results

We observed 24 butterfly species and 864 individuals

across all study patches (Table 1). Highest species richness
was detectable for the four patches located in the two
managed semi-natural grassland areas, the Dietersheimer

Brenne and the Garchinger Heide, with on average 6.6

species per visit (ranging from 2.0 to 10.0 species per
visit). In contrast, 2.7 butterfly species (ranging from 0.4
to 4.4 species per visit) were observed across all other
patches. Mean abundance per visit was 22.7 individuals

per patch at managed semi-natural grasslands (ranging
from 3 to 35), and 6.7 individuals (ranging from 0.4 to
22.6) in patches across the agricultural landscape

(Table 1; Fig. 2). The percentage of specialist butterflies
was high at the four patches located in the two semi-nat-
ural grassland areas (46% in the Dietersheimer Brenne;

51% in the Garchinger Heide) and comparatively low at
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Fig. 1. Species richness at 21 grassland patches did not depend on patch size (a: OLS linear regression, P > 0.5), but increased with the abun-

dance (b: OLS power function). Coefficients of variation (r2) and permutation based significance: *** P < 0.001. Black dots denote the four

patches within the two semi-natural grassland areas. r2 (plots) in (b) refers to a regression without the four semi-natural grassland patches.
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Fig. 2. Dependence of species richness and abundance at 21 grassland patches on the proportion of sprayed crop fields (a, d), the propor-

tion of extensively used fields and grasslands (b, e) and the density of blossoms within each patch (c, f). Coefficients of variation (r2) and

permutation-based significances for OLS linear (a, b, d, e) and logarithmic (c, f) regressions: * P < 0.05; ** P < 0.01; *** P < 0.001. Black

dots denote four patches within the two managed semi-natural grassland areas. r2 (plots) in (c) and (d) refer to regressions without the

four semi-natural grassland sites. The regressions are not significant at P < 0.05 in a, b, e and f without the four managed semi-natural

grassland areas.
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all patches in the agricultural landscape (mean 20%, rang-
ing from 0 to 38%).
Species richness was not significantly related to patch

size (Fig. 1a), but was highly positively correlated with

abundance (Fig. 1b). Species richness (Figs 2 and 3a–c)
and abundance (Fig. 3d–e) significantly decreased with
increasing proportion of crop fields sprayed with pesti-

cides in the surrounding, and increased with the propor-
tion of extensively used fields and grasslands in the
surrounding, as well as with blossom density. This posi-

tive correlation between blossom density and butterfly
species richness and abundance was also retained after
excluding the four semi-natural grassland patches (Fig. 3c,

d). The general linear model (Table 2) and the generalised
linear model (Appendix S4: Table S4) pointed particularly
to the proportion of extensively used fields and grasslands
and blossom density as major factors determining butter-

fly species richness and abundance. The proportion of
sprayed crop fields on the one hand and extensively used

fields and grasslands on the other were significantly nega-
tively correlated (r = �0.79, permutation P < 0.001), a
fact that might have influenced the partial g2 values.
The four patches located in the semi-natural grasslands

differed significantly in their species community composi-
tion from the remaining 17 patches in the agricultural
landscape (Fig. 4). The composition changed along the

gradients of the proportion of sprayed crop fields
(Fig. 4a) and the proportion of extensively used fields and
grasslands (Fig. 4b), but was not significantly linked with

blossom density (Fig. 4c), except after excluding the four
patches located in semi-natural grassland areas. Particu-
larly, the four patches of semi-natural grassland contained

a significantly higher proportion of habitat specialists than
the 17 patches in the agricultural landscape [Table 1,
Fig. 2, ANOVA P(F) < 0.01]. This difference was not signifi-
cantly related to blossom density, the proportion of

sprayed crop fields and the proportion of extensively used
fields and grasslands (Table 2).
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Fig. 3. Dependence of the dominant PCA eigenvector at 21 grassland patches on the proportion of sprayed crop fields a), the proportion

of extensively used fields and grasslands (b), and the density of blossoms within each patch (c). Coefficients of variation (r2) and permuta-
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Fig. 4. Dependence of the proportion of specialist species at 21 grassland patches on the proportion of sprayed crop fields (a), the pro-
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Discussion

Our data show that specialist butterfly species are mainly
found in semi-natural grassland patches managed for con-

servations, and to a lower extent in grassland patches
located in the agricultural landscape. This finding is in
line with previous studies showing that butterfly species

respond differently to environmental changes, such as
agricultural intensification, and that specialised species
have a lower ability to respond to environmental changes,

such as decreasing habitat quality (Thomas, 2016). Conse-
quently, those taxa are currently vanishing from major
parts of our landscape (Filz et al., 2013; Habel et al.,

2016). This situation becomes further aggravated by the
fact that species with high ecological specialization are
often sedentary and thus have limited potential to respond
on habitat loss and increasing geographic isolation of the

remaining habitats (Thomas, 2016). In consequence, in
recent studies, temporal changes of butterfly communities
indicated a vanishing of many butterfly species, and pre-

dominantly of specialist species, even from managed nat-
ure reserves (Wenzel et al., 2006; Habel et al., 2016).
Thus, the preservation of high quality habitats and land-

scape permeability is essential to hold the major propor-
tion of species in agricultural landscapes (see also Loos
et al., 2015).
According to our data, butterfly species richness and

abundance are determined by various parameters, such as
blossom density and the surrounding environment. Spe-
cies richness and abundance increased with the proportion

of extensively used grassland in the surrounding. This
coherence may document a classical species-area relation-
ship (the larger a habitat, the more resources are available

and the higher is the amount of ecological niches, foster-
ing species richness and abundance) (Tews et al., 2004).
Furthermore, our data show decreasing species richness

and abundance at patches, which might be influenced by
pesticides applied at the surrounding fields. Negative
effects from pesticides on the viability of insects are
known. Geiger et al. (2010) demonstrated that pesticides

are one main driver of biodiversity loss in crop fields.
Furthermore, the application of herbicides may diminish
the occurrence of important (larval) food plants and nec-

tar sources, with negative impact on insect diversity (Bies-
meijer et al., 2006). Due to the fact that the proportion of
sprayed crop fields on the one hand and the proportion

of extensively used fields and grasslands on the other were
correlated, we cannot distinguish between which of these
two drivers (i.e. sprayed fields or extensive use/grasslands)
is the major factor influencing community structure and

composition (Table 2. Table S4). However, both factors
express the level of agricultural intensification, which
drives the vanishing of a major proportion of species and

abundances. Hence, landscape context may shape commu-
nities, species richness and abundance considerably (see
also Holzschuh et al., 2010; Krewenka et al., 2011; Ernst

et al., 2017), but may affect species differently, depending
on their ecology and behaviour (Kormann et al., 2015).

Despite the fact that our data were collected in a
restricted region of south-eastern Germany and the result-
ing data set is limited (limited number of grassland
patches, short time period of data collection), the

obtained trends are clear and present an alarming signal,
underlining the negative effects of intensive agriculture on
biodiversity. Future in situ experimental research should

focus on identifying drivers, such as pesticide applications
and the impact of extensively used grasslands, and evalu-
ate their relevance considering the dramatic biodiversity

loss observed.

Acknowledgements

We thank Fritz George, Marco Giardino and Antonia
Riedel for providing land-cover data. We thank two

anonymous referees and P�eter Bat�ary for critical com-
ments on our manuscript.

Conflicts of interest

There are no conflicts of interest by any author.

Supporting Information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Appendix S1. Land-cover data assessed for 200 m land-
scape circles set around each grassland patch analysed.
Appendix S2. All butterflies and individuals for each

species assessed at the 21 grassland patches.
Appendix S3. Ecological classification for each butterfly

species, considering the larval and adult ecological

requirements and the dispersal behaviour of each species.
Appendix S4. Generalised linear modelling (log link

function, Poisson error structure) pointed particularly to
blossom density and the proportion of extensively used

fields and grasslands as being main determinants of but-
terfly species richness and abundance.

References

Bat�ary, P., Gall�e, R., Riesch, F., Fischer, C., Dormann, D.F.,

Mußhoff, O., Cs�asz�ar, P., Fusaro, S., Gayer, C., Happe, A.-K.,

Kurucz, K., Moln�ar, D., R€osch, V., Wietzke, A. & Tscharntke,

T. (2017) The former Iron Curtain still drives biodiversity-

profit trade-offs in German agriculture. Nature Ecology and

Evolution, 1, 1279–1284.
Biesmeijer, J.C., Roberts, S.P.M., Reemer, M., Ohlemuller, R.,

Edwards, M., Peeters, T., Schaffers, A.P., Potts, S.G., Kleuk-

ers, R., Thomas, C.D., Settele, J. & Kunin, W.E. (2006) Paral-

lel declines in pollinators and insect-pollinated plants in Britain

and the Netherlands. Science, 313, 351–354.
Bink, F.A. (1992) Ecologische atlas van de dagvlinders van

Noordwest-Europa. Haarlem. Schuyt.

� 2019 The Royal Entomological Society, Insect Conservation and Diversity

6 Jan Christian Habel et al.



Clobert, J., Baguette, M., Benton, T.G. & Bullock, J.M. (2012)

Dispersal Ecology and Evolution. Oxford University Press,

Oxford, UK.

Dirzo, R., Young, H., Galetti, M., Ceballos, G., Isaac, N.J.B. &

Collen, B. (2014) Defaunation in the anthropocene. Science,

345, 401–406.
Ernst, L.M., Tscharntke, T. & Bat�ary, P. (2017) Grassland man-

agement in agricultural vs. forested landscapes drives butterfly

and bird diversity. Biological Conservation, 216, 51–59.
Filz, K.J., Engler, J.O., Stoffels, J., Weitzel, M. & Schmitt, T.

(2013) Missing the target? A critical view on butterfly conserva-

tion efforts on calcareous grasslands in south-western Ger-

many. Biodiversity and Conservation, 22, 2223–2241.
Geiger, F., Bengtsson, J., Berendse, F., Weisser, W.W., Emmer-

son, M., Morales, M.B., Ceryngier, P., Liira, J., Tscharntke,

T., Winqvist, C., Eggers, S., Bommarco, R., P€art, T., Bretag-
nolle, V., Plantegenest, M., Clement, L.W., Dennis, C., Palmer,

C., O~nate, J.J., Guerrero, I., Hawro, V., Aavik, T., Thies, C.,

Flohre, A., H€anke, S., Fischer, C., Goedhart, P.W. &

Inchausti, P. (2010) Persistent negative effects of pesticides on

biodiversity and biological control potential on European farm-

land. Basic and Applied Ecology, 11, 97–105.
Gonz�alez-Varo, J.P., Biesmeijer, J.C., Bommarco, R., Potts, S.G.,

Schweiger, O., Smith, H.G., Steffan-Dewenter, I., Szentgy€orgyi,

H., Woyciechowski, M. & Vil�a, M. (2013) Combined effects of

global change pressures on animal-mediated pollination. Trends

in Ecology and Evolution, 28, 524–530.
Habel, J.C., Segerer, A., Ulrich, W., Torchyk, O., Weisser, W.W.

& Schmitt, T. (2016) Butterfly community shifts over two cen-

turies. Conservation Biology, 30, 754–762.
Hallmann, C.A., Foppen, R.P., van Turnhout, C.A., de Kroon,

H. & Jongejans, E. (2014) Declines in insectivorous birds are

associated with high neonicotinoid concentrations. Nature, 511,

341–343.
Hallmann, C.A., Sorg, M., Jongejans, E., Siepel, H., Hofland,

N., Schwan, H., Stenmans, W., M€uller, A., Sumser, H.,

H€orren, T., Goulson, D. & Kroon, H. (2017) More than 75

percent decline over 27 years in total flying insect biomass in

protected areas. PLoS ONE, 12, e0185809.

Hanski, I. (1999) Habitat connectivity, habitat continuity, and

metapopulations in dynamic landscapes. Oikos, 87, 209–219.
Hass, A.L., Kormann, U.G., Teja Tscharntke, T., Clough, Y.,

Bosem Baillod, A., Sirami, C., Fahrig, L., Martin, J.-L., Bau-

dry, J., Bertrand, C., Bosch, J., Brotons, L., Burel, F., Georges,

R., Giralt, D., Marcos-Garc�ıa, M., Ricarte, A., Siriwardena,

G. & Bat�ary, P. (2018) Landscape configurational heterogeneity

by small-scale agriculture, not crop diversity, maintains pollina-

tors and plant reproduction in western Europe. Proceedings of

the Royal Society of London B, 285, 20172242.

Holzschuh, A., Steffan-Dewenter, I. & Tscharntke, T. (2010)

How do landscape composition and configuration, organic

farming and fallow strips affect the diversity of bees, wasps

and their parasitoids? Journal of Animal Ecology, 79, 491–
500.

Kormann, U., R€osch, V., Bat�ary, P., Tscharntke, T., Orci, K.M.,

Samu, F. & Scherber, C. (2015) Local and landscape manage-

ment drive trait-mediated biodiversity of nine taxa on small

grassland fragments. Diversity and Distributions, 21, 1204–1217.
Krauss, J., Stefan-Dewenter, I. & Tscharntke, T. (2003) How

does landscape context contribute to effects of habitat fragmen-

tation on diversity and population density of butterflies? Jour-

nal of Biogeography, 30, 889–900.
Krewenka, K.M., Holzschuh, A., Tscharntke, T. & Dormann,

C.F. (2011) Landscape elements as potential barriers and corri-

dors for bees, wasps and parasitoids. Biological Conservation,

144, 1816–1825.
Loos, J., Kuussaari, M., Ekroos, J., Hanspach, J., Fust, P., Jack-

son, L. & Fischer, J. (2015) Changes in butterfly movements

along a gradient of land use in farmlands of Transylvania

(Romania). Landsccape Ecology, 30, 625–635.
Melbourne, B.A. & Hastings, A. (2008) Extinction risk depends

strongly on factors contributing to stochasticity. Nature, 454,

100–103.
Pollard, E. & Yates, T.J. (1993) Monitoring Butterflies for Ecol-

ogy and Conservation - The British Butterfly Monitoring

Scheme. Chapman & Hall, London, UK.

Robinson, R.A. & Sutherland, W.J. (2002) Post-war changes in

arable farming and biodiversity in Great Britain. Journal of

Applied Ecology, 39, 157–176.
Settele, J., Feldmann, R. & Reinhardt, R. (2000) Die Tagfalter

Deutschlands. Ulmer.

Settele, J., Shreeve, T., Konvi�cka, M. & Van Dyck, H. (2009)

Ecology of Butterflies in Europe. Cambridge University Press,

Cambridge, UK.

Tews, J., Brose, U., Grimm, V., Tielb€orger, K., Wichmann,

M.C., Schwager, M. & Jeltsch, F. (2004) Animal species diver-

sity driven by habitat heterogeneity/diversity: the importance of

keystone structures. Journal of Biogeography, 31, 79–92.
Thomas, J.A. (2016) Butterfly communities under threat. Science,

353, 216–218.
Wallis de Vries, M.F. & Van Swaay, C.A.M. (2006) Global

warming and excess nitrogen may induce butterfly decline by

microclimatic cooling. Global Change Biology, 12, 1620–1626.
Wenzel, M., Schmitt, T., Weitzel, M. & Seitz, A. (2006) The sev-

ere decline of butterflies on western German calcareous grass-

lands during the last 30 years: a conservation problem.

Biological Conservation, 128, 542–552.

Accepted 21 January 2019

Editor: Raphael Didham

Associate editor: Peter Batary

� 2019 The Royal Entomological Society, Insect Conservation and Diversity

Butterfly loss in agricultural landscapes 7


