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Abstract

Context Loss and fragmentation of semi-natural

grasslands has critically affected many butterfly

species in Europe. Habitat area and isolation can have

strong effects on the local biodiversity but species may

also be strongly affected by the surrounding matrix.

Objectives We explored how different land cover

types in the landscape explained the occurrence of

butterfly species in semi-natural grasslands.

Methods Using data from 476 semi-natural grass-

lands in Sweden, we analysed the effect of matrix

composition on species richness and occurrence.

Additionally, we analysed at which spatial scales

butterflies responded to matrix types (forests, semi-

natural grasslands, arable land and water).

Results Forest cover showed the strongest positive

effect on species richness, followed by semi-natural

grasslands. Forest also had a positive effect on red-

listed species at local scales. Responses to matrix

composition were highly species-specific. The major-

ity of the 30 most common species showed strong

positive responses to the amount of forest cover within

200–500 m. There was a smaller group of species

showing a positive response to arable land cover

within 500–2000 m. Thirteen species showed positive

responses to the amount of semi-natural grasslands,

generally at larger scales (10–30 km).

Conclusions Our study showed that surrounding

forest is beneficial for many grassland butterfly species

and that forests might mitigate the negative effects of

habitat loss caused by agricultural intensification.

Also, semi-natural grasslands were an important factor

for species richness at larger spatial scales, indicating

that a landscape consisting mainly of supporting

habitats (i.e. forests) are insufficient to sustain a rich

butterfly fauna.

Keywords Conservation � Forest � Grassland �
Landscape composition � Lepidoptera � Spatial scale

Introduction

Intensified land use has led to significant declines in

global biodiversity through the loss, modification and

fragmentation of habitats (Foley et al. 2005; Barnosky

et al. 2012). In Europe, semi-natural grasslands, i.e.

grasslands that has not been affected by cultivation,
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inorganic fertilizers or herbicides and maintained by

traditional management as mowing or grazing, are

among the most species-rich habitats. However, their

area has dramatically been reduced due to agricultural

intensification or land abandonment (WallisDeVries

et al. 2002; Tscharntke et al. 2005; Stoate et al. 2009;

Cousins et al. 2015). The loss and fragmentation of

semi-natural grasslands has critically affected many

butterfly species, with a 30% decrease of grassland

butterfly abundance between 1990 and 2013 (van

Swaay et al. 2013). The effects of habitat loss have

been particularly detrimental for specialist butterfly

species, which have had more severe distribution

declines than generalist species (van Swaay et al.

2006).

Because many species persist in habitat patches in

fragmented landscapes, the theories of island bio-

geography (MacArthur and Wilson 1967) and

metapopulation dynamics (Levins 1969; Hanski

1999) have provided theoretical frameworks for

conservation efforts. The remaining habitat patches

have been considered analogous with oceanic islands

and the surrounding matrix analogous to the sea,

assuming that the landscape consists of suitable habitat

patches embedded in an inhospitable matrix (Ricketts

2001). However, even though habitat area and isola-

tion have been shown to have strong effects on the

local biodiversity (Fahrig 2003; Ewers and Didham

2005; Tscharntke et al. 2005; Öckinger and Smith

2006; Botham et al. 2015; Duflot et al. 2015), a

substantial body of research also shows that species

abundance and composition in remaining habitat

patches are strongly affected by the surrounding

matrix (Ricketts 2001; Prevedello and Vieira 2010;

Watling et al. 2011; Evans et al. 2017).

The matrix influences species’ occurrence and

spatial dynamics through effects associated with

dispersal, resource availability and the abiotic envi-

ronment (Driscoll et al. 2013) and the matrix effects

are strongly species-specific (Prevedello and Vieira

2010). Depending on the species’ resource require-

ments and dispersal ability, certain types of land cover

may either represent barriers with different degrees of

permeability or a set of complementary resources

(Ouin et al. 2004; Öckinger et al. 2012a). Therefore,

the matrix composition affects the sensitivity of

species to patch area and isolation (Prugh et al.

2008). For example, Öckinger et al. (2012b) found that

the negative effect of small patch size for butterflies

was stronger in patches embedded in landscapes

dominated by arable land than in forest dominated

landscapes. Thus, landscape structure (habitat amount

and distribution) and matrix quality have important

effects on biodiversity. However, their relative impor-

tance may also be scale-dependent (Smith et al. 2011).

The processes that influence species distributions act

on different spatial scales. For successful conserva-

tion, it is important to understand how and why species

differ in their response to landscape structure (Shreeve

and Dennis 2011). Such differences have been

attributed to life history traits (Ewers and Didham

2005; Prugh et al. 2008; Öckinger et al. 2010; Halder

et al. 2017), e.g. species with low reproduction, low

dispersal ability and specialist host plant requirements

have been shown to be most sensitive to habitat loss

(Öckinger et al. 2010). Species traits have also been

linked to different matrix response for many species

groups, from plants to birds (Davies et al. 2000; Dupré

and Ehrlén 2002; Pöyry et al. 2009; Kennedy et al.

2010). Strategies aimed to mitigate and counteract the

negative effects of agricultural intensification on

biodiversity have been implemented in several coun-

tries across Europe since the 1970s, but the problems

still faced by conservationists and policy makers are to

understand how species respond to habitat changes,

where to target conservation and how large areas that

should be protected (Franklin 1993; Green et al. 2005;

Broughton et al. 2014; Botham et al. 2015).

Using data from an ongoing national monitoring

program of butterflies in Sweden, this study aims to

answer the following questions: (1) How do matrix

composition influence the occurrence of butterfly

species in semi-natural grasslands? Can different land

cover types in the landscape (semi-natural grasslands,

arable land, forests, and water surfaces) explain the

occurrence of butterfly species in semi-natural grass-

lands? (2) At which spatial scale do butterflies respond

to different matrix types surrounding the semi-natural

grasslands? (3) Can life history traits explain the

spatial scale of response? More specifically, we

expected (i) a positive relationship between species’

wing span and scales of response as individuals with

larger wings can potentially disperse longer, (ii) a

negative relationship between time for larval devel-

opment and scales of response because fast develop-

ment has been suggested to be associated to frequent

habitat disturbance and high dispersal ability

(Börschig et al. 2013), and (iii) a positive relationship
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with a wider use of host plants as there would be more

suitable habitat available for those being generalist

feeders.

Materials and methods

Study area

The study area encompassed the southern part of

Sweden, excluding the islands of Öland and Gotland

(* 158 000 km2). There are large regional differ-

ences in land use in the area, from regions almost

totally dominated by forest to intense agricultural

areas, including large differences in the density of

semi-natural grasslands (Fig. 1). The most abundant

land cover type was forest (* 62% of the total area),

followed by arable land (* 16%) and water

(* 12%). Semi-natural grasslands were the most

scarce land cover type, with only * 1.2% of the total

studied area.

Butterfly data and life history traits

We used butterfly data from the National Inventory of

Landscapes in Sweden (NILS, Ståhl et al. 2011). NILS

is a nation-wide monitoring program which aims to

monitor biodiversity and land use changes over time in

the entire landscape. In order to do so, 600 NILS sites

(59 5 km squares) are systematically placed through-

out the country, which has been divided in 10

geographical strata. Since 2006, NILS also surveys

biodiversity in 696 randomly selected semi-natural

grasslands located within the 600 NILS sites. The sites

are surveyed with a 5 years monitoring interval, with

20% of the sites visited per year (Ståhl et al. 2011).

Butterfly abundance is affected by the weather, and it

is likely that the weather also affects the abundances

between the 5 years in the present study. However, as

our sampling was spatially randomly distributed

between years, we expect that these differences

affected different sites in a similar way, i.e. sites with

high species richness and abundance are affected in

the way as sites with low species richness and

abundance. This will give the same patterns in our

analyses, although the patterns may be weaker.

Every fifth year the butterfly recordings are per-

formed three times in each grassland betweenMay and

September using the transect-line method (Cronvall

2015). Here, we consider data collected 2006–2010,

i.e. data from 1 year for each of the visited sites.

Recorded species include members of the families

Papilionoidea, Hesperioidea, Zygaenidae and the two

day-flying species of Sphingidae, Hemaris tityus and

H. fuciformis. For simplicity, these groups will be

referred to as ‘‘butterflies’’ throughout this paper. Two

pairs of butterfly species, Plebeius argus/P. idas and

Leptidea juvernica/L. sinapis, were pooled since they

are difficult to identify in the field. Three environ-

mental variables measured during the surveys; area of

the grassland, vegetation height and flower richness,

were also included in the study to control for local

environmental variables. Vegetation height was clas-

sified into three height classes (\ 5 cm, 5–15 cm

and[ 15 cm) in the field and measured as the

percentage of the area along a given transect covered

by each class. Flower richness refers to the average of

coverage of nectar bearing flowers in the sites, and was

Fig. 1 Total area of semi-natural grasslands of high conserva-

tion value in 100 km2 squares in southern Sweden according to

the Swedish Natural Survey of semi-natural meadows and

pastures (TUVA). White areas indicate water
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assessed in parts per thousand (%). The surveyor was

instructed to ‘‘divide’’ the transect into relatively

homogeneous segments and subsequently estimate the

flower cover in each segment. The flower richness of

the transect was then a result of an average between all

the segments in the transect. The length of the

transects (y m) depended on the sizes of the grassland

(x m2) and follows a logarithmic function,

y = 267.31*ln(x) - 1974 (R2 = 0.90). Mean transect

length was 833.1 m (range 42.5–2203.5), mean site

area was 3.6 ha (range 0.08–98.1). The transect width

was always 10 m.

Given the climatic and geographic differences

between southern and northern Sweden and the

distribution of the majority of the butterfly species

studied, we performed analyses using only the south-

ern sites in stratum 1–6 in NILS (Fig. 2a). We also

decided to exclude the sites present at the islands of

Öland and Gotland from the analyses because of their

distinctive geology with large areas of shallow soils on

limestone, resulting in distinctive landscape composi-

tion and landscape history that may confuse the results

for the mainland (Fig. 2a). This process yielded a total

of 476 semi-natural grasslands (hereafter ‘‘sites’’) that

were used in this study. In the species-wise analyses,

we included only sites within a species’ geographic

distribution range, this being defined according to

Eliasson (2005). For species not included in Eliasson

(2005), i.e. species of the families Zygaenidae,

Sphingidae and for the sister species L. juvernica/

sinapis, we used data from the Species Reporting

System (ArtPortalen, https://www.artportalen.se [Ac-

cess date: 2015-10-16]), to create distribution maps by

setting a 20 km radius around each reported finding

during the time period 1900–2015. For each species,

the sites that did not overlap with the distribution range

were removed from the analysis. The nomenclature

follows the Swedish Species Information Centre tax-

onomic database Dyntaxa (http://www.slu.se/dyntaxa/

).

Data on three life history traits for the butterflies

(excluding species of the families Zygaenidae and

Sphingidae) were obtained from Bink (1992): (1) wing

length (mean in mm), (2) time as larva (number of

days larva are active and feeding), (3) diet [special-

ization of larva in three categories, monophagous (1–2

plant genera within one plant family), oligophagous

(many genera within one plant family), polyphagous

(several plant families)].

Land use data

The amount of semi-natural grasslands, arable land,

forests and water were measured in 34 concentric

circles ranging from 100 m to 40 km radius (scale)

around each selected focal grassland (Fig. 2b). We

used the database of the Swedish national survey of

semi-natural meadows and pastures (TUVA, http://

www.jordbruksverket.se/tuva [Access date 2013-09-

24]) to extract the area of semi-natural grasslands

(habitat amount cover) for each scale. The grasslands

included in the database are classified as of high nature

value (Swedish Board of Agriculture 2005) and con-

sist of managed (grazed or mowed) semi-natural pas-

tures and meadows, and ‘‘grasslands possible to

restore’’ (recently abandoned semi-natural grass-

lands). The database contained one more class, ‘‘not

applicable’’, that were excluded in the present study.

These grasslands were identified as valuable grass-

lands at earlier surveys but were at the latest survey

found to be of low quality, for example due to aban-

donment, forest plantations or fertilization.

To measure matrix composition around the semi-

natural grassland sites, the SMD Swedish Land Cover

database (a Swedish version of the CORINE land

cover database) was used to extract the amount of

forests (coniferous, deciduous, mixed and young

forest and clear-cuts pooled together), arable land

and water surfaces that surround the surveyed semi-

natural areas in each scale (Environmental Protection

Agency 2014) downloaded from: http://gis-services.

metria.se/nvfeed/atom/annex2.xml [Access date

2015-05-12]. All land cover calculations and maps

were performed in ArcMap 10.1 (ESRI 2012). Other

types of land cover, such as artificial surfaces or

wetlands were not used in the study.

In order to avoid the spatial autocorrelation that

emerges from shared land cover composition for sites

situated close to each other, we used the program

Focus 2.1 (Holland et al. 2004) to extract 100 possible

site combinations (out of 1000 iterations) for each

scale that yielded non-overlapping sites. This resulted

in a different number of sites for each scale, where the

mean number of sites was 473 for the smallest scale

(100 m) and 54.3 for the largest scale (40 km).

We found a significant positive correlation between

the amount of semi-natural grasslands and the amount

of arable land at the scale of 631 m and higher (highest

Pearson’s r = 0.49, p = 0.0002 at the 40 km scale).
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There was also a small negative correlation between

the amount of semi-natural grasslands and the amount

of forest cover at the smaller to medium scales (from

100 m to * 3 km) (Fig. 3).

The variation in cover of land use classes,

expressed as coefficient of variation (CV), varied both

among classes and scales. On average over scales,

water displayed the largest CV (190%), arable land

and semi-natural grassland intermediate (94% and

90%), and forest the smallest (61%).

Analyses

The statistical analyses were performed in R (R

Development Core Team 2014) except the analysis of

life history traits. The response of species richness was

modeled as an additive effect of the amount of semi-

natural grasslands, arable land, forests and water (and

covariates, see below) around the 476 sites for each of

the 34 radii and was tested with a negative binomial

generalized linear model. In the species-wise analyses,

four separate binomial generalized linear models

(logit-link), one for each land cover type, were fitted

to estimate the odds of finding a specific species in a

Fig. 2 a Map showing the location of the 696 semi-natural

grasslands where butterfly diversity is surveyed by NILS. A dot

represents the location of one or more semi-natural grasslands

and the red dots represent the sites selected for this study. The

map also shows the 10 geographical strata in which Sweden is

divided. b The amount of forests, arable land, grasslands and

water cover was measured in 34 circles around the focal site (a

smaller amount of scales is shown in the figure for simplicity).

The white areas represent different types of land cover that were

not used in this study
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site based on the proportion of each land cover type

(and covariates, see below) at each spatial scale. The

same model was used to estimate the odds of finding

one or more red-listed species. The median z value

(100 iterations with different site combinations) was

used as a test statistic in order to remove any influence

of extreme values of z. The largest absolute value of

median z indicated the scale at which each land cover

type explained most of the variation in the odds of

finding an individual of a species (called scale of

response).

To control for local habitat quality, three covari-

ables available directly from NILS data; vegetation

height, grassland area and flower richness, were

included in all the models. These variables are known

to affect butterfly abundances and occurrences (e.g.

Steffan-Dewenter and Tscharntke 2000; Kruess and

Tscharntke 2002; Sjödin 2007). All three variables had

a positive effect on species richness in this study and

the relationships for vegetation height and flower

richness for the current data has been reported

elsewhere (Milberg et al. 2016).

In order to control for transects of different length,

the three vegetation heights were transformed and

weighted into one single value per site. In order to do

this, the range of each category were re-coded into a

single value:\ 5 cm to 2.5 cm, 5–15 cm to 10 cm,

and[ 15 to 25 cm. These values were then multiplied

by the total number of meters in each transect that

belonged to each category. Then, the transect-wise

values were weighted by the total transect length of the

site so that longer transects had more impact on the

final value. Finally, the weighted values were sum-

marized into a mean of vegetation height for each site.

The flower richness per site was weighted in a similar

way in order to achieve a single mean value per site.

The area of forest, arable land and semi-natural

grasslands surrounding each site was log-transformed

and the area of the site was square-root transformed

given the high variability in the size of the habitat

patches.

To evaluate if the scale of response was influenced

by species’ life history traits—wing length, time as

larva and diet—we conducted three separate general-

ized linear models (GLM, normal distribution and

identity link) using Statistica 10.0 (Statsoft, Inc.,

Tulsa, USA). In these analyses, the scale of response

chosen for a species was the scale that had the

maximum sum of the absolute median z values for all

four land use classes.

Fig. 3 Pearson correlation coefficients (r) for each scale between semi-natural grasslands (SNG) and arable land (AL), forests (F) and

water surfaces (W)
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Results

A total of 32,022 individuals belonging to 77 species

of butterflies were recorded. The number of species

recorded per site varied between zero and 37 and

varied across the landscape (Fig. 4). The number of

individuals per site varied between zero and 376. The

most abundant species were Aphantopus hyperantus

(26.4% of all individuals), followed by Maniola

jurtina (11.1%) and Pieris napi (10.5%).

Effect of different land cover types on species

richness and red-listed species

There was a clear significant positive effect of forest

matrix on species richness over the majority of scales

Fig. 4 Number of butterfly

species recorded per site in

the 476 sites in southern

Sweden. If two or more sites

are too close together, the

site with higher species

richness is shown on the top
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except the smallest and the largest (Fig. 5a). The cover

of semi-natural grasslands in the landscape also had a

significant positive effect on species richness with the

highest peaks for the largest scales above 4500 m and

for local scales. The cover of water had a significant

negative effect on species richness on scales below

1500 m while arable land had no significant effect.

The odds of finding a red-listed species was positively

related to forest cover on the local scales (Fig. 5b).

The cover of arable land had a negative effect on

several of scales smaller than 1200 m. To give an

indication of the results of the model we calculated the

effect of increasing the value of the median area of

respective land cover type with 10% at peak scale on

the species richness. For forest the peak scale was at

341 m and the effect on species richness was an

increase with 0.43 species, seminatural grasslands

peaked at 20 000 m and gave an increase with 1.46

Fig. 5 a Median z values for species richness as a response to

the amount different land cover types in 34 scales around the

focal site. bMedian z values for the odds of observing red-listed

species as a response to the amount different land cover types in

34 scales around the focal site. The filled shapes represent a

statistically significant value of z (p\ 0.05*). Maximum scale

is 40 km
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species, arable at 117 m and a decrease with 0.01

species (water peaked at 251 m but the median area

was zero, hence no results were calculated).

Effect of different cover types on individual

species and scale of response

Many of the 77 species were rare and yielded no or

weak models, hence we present only detailed results

from the 30 most common species. The occurrence of

the majority of these showed strong positive relation-

ships with the amount of forest cover in the landscape

(Fig. 6a), among them many of the fritillaries (Arg-

ynnis spp., Boloria spp.). However, one-third of the

species analysed showed a negative relationship.

These species—dominated by the family Pieridae—

instead often showed a positive response to arable land

cover (Fig. 6c). Some species, i.e., Coenonympha

arcania and Aphantopus hyperantus, responded pos-

itively to the cover of both forest and arable land.

Thirteen species showed a positive response to the

amount of semi-natural grasslands (Fig. 6b). There is

some overlap with species showing positive responses

to arable land. However, species like Maniola jurtina

and Lycaena phlaeas showed a strong positive

response to semi-natural grasslands and weak or

negative responses to other land cover types. As

expected, water cover had a general negative influence

on individual species occurrence (Fig. 6d).

The scale of response was highly species-specific,

with species responding from local to landscape scales

(Fig. 6a–d). The scales of response to forest cover for

individual species were dominated by local scales

around 200–500 m but stretched up to 20 and 30 km.

The species responding positively to arable land in

general showed a response at mid-range scales,

500–2000 m. The scale of response to semi-natural

grasslands showed that several species responded at

larger landscape scales (10–30 km), while some

species responded at both local and landscape scales.

The scale of response was positively related to only

one trait—diet—where oligophagous species had

larger and polyphagous smaller scales of response

than monophagous (Table 1).

Discussion

Importance of different land cover types

Butterfly richness

As expected, the species richness of butterflies in

grasslands was positively related to the cover of semi-

natural grasslands in the surrounding landscape, in line

with numerous European studies (e.g. Bergman et al.

2004; Öckinger and Smith 2006; Brückmann et al.

2010). In addition, we found that the occurrence of

many butterflies in semi-natural grasslands increased

with increasing forest cover in the surrounding

landscape. Even though we cannot completely exclude

the possibility that the local habitat quality of semi-

natural pastures is landscape-dependent, such a pos-

itive effect of surrounding forests seem to persist

across European landscapes (Italy: Marini et al. 2009;

Germany: Krämer et al. 2012; Estonia: Liivamägi

et al. 2014; France: Villemey et al. 2015; Finland:

Toivonen et al. 2017). More indirect evidence for the

importance of forests are given by studies showing

that the negative effect of habitat fragmentation on

butterflies in semi-natural grasslands decreases as the

matrix become more dominated by forests (Bergman

et al. 2004, 2008; Öckinger et al. 2012b). The

explanation for the positive effect of forest cover is

that open areas in the forest, such as clear-cuts, power-

line corridors, glades and bogs, may serve as alterna-

tive habitats for grassland butterfly species (e.g.

Marini et al. 2009; Jonason et al. 2010; Ibbe et al.

2011; van Halder et al. 2011; Berg et al. 2016; Viljur

and Teder 2016; Lampinen et al. 2018). This is a

reasonable assumption, as vegetation in clear-cuts can

be rich in both nectar and host plants (Ibbe et al. 2011,

Jonason et al. 2014, 2016). In fact, the butterfly density

and richness in open habitats in the forest landscape

can be at least as high as that in grazed semi-natural

grasslands (Berg et al. 2011), an observation that

suggest that clear-cuts, given their great total area,

could be considered a main habitat today for many of

the species normally associated with grasslands (Blixt

et al. 2015; Viljur and Teder 2018).

It is worth noting that the positive value of forest on

butterflies may not be persistent over time. Jonason

et al. (2014, 2016) showed that plant species richness

in clear-cuts was related to historical land use in the

1800 s and the introduction of modern forest
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management practices will create more uniform, even-

aged, dense and dark stands hostile to grassland plants

(Niklasson and Granström 2000; Axelsson and

Östlund 2001; Bergstedt et al. 2017). Hence, we

expect that future forests will contain fewer open

areas, and clear-cuts will become less rich in plants

useful for butterflies.

Species- and group-wise patterns

Forest was of great importance to the occurrence of

many species in our study, confirming that many

species classified as grassland butterflies benefit from

forest matrix (Krämer et al. 2012; Öckinger et al.

2012a, b; Villemey et al. 2015; Toivonen et al. 2017).

The implication is that that open patches in forests is

an important alternative habitat for some of the

grassland species. Our study point out, e.g., Argynnis

Fig. 6 Characteristic scale

of response to the amount of

a forest b semi-natural

grasslands, c arable land and
d water surfaces for the 30

most common species. a For
visualization purposes, the

species with the most

significant positive

responses to semi-natural

grasslands are located at the

top, whilst the species with

the most significant negative

response are located at the

bottom. Graphs b, c and
d follow the same order as

graph (a). Grey represents a

negative response and black

a positive response. The size

of the circles corresponds in

a continuous scale to the

explanatory power of the

model (z median) and solid

circles indicate a significant

response (p\ 0.05 and size

1.96)
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adippe, A. aglaja, Boloria selene, Brenthis ino and

Lycaena virgaureae.

Maybe the most surprising results were the gener-

ally weak effect of surrounding grasslands on butter-

flies recorded in grasslands, and that several species

classified as grassland species in other studies (Van

Swaay et al. 2006; Kuussaari et al. 2007; Krauss et al.

2010) did not show a general positive response to the

amount of semi-natural grasslands in the landscape. It

should be noted though, that semi-natural grasslands

make up a small part of the Swedish landscape (1.2%

in our study area), so for species that can exploit

openings in forests, a positive effect of grasslands may

not be detectable. For such species, one might also

question their classification as grassland species, and

what their main habitat actually is.

The species that showed a strong positive response

to arable fields are all but one classified as generalists

or migratory species by Komonen et al. (2004). Some

of them, e.g. Pieris spp., feed on crops or weeds, so

Fig. 6 continued
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their results were expected. Several species responded

negatively to arable land, a pattern expected among

specialists and less mobile species (Ekroos et al.

2010). This may, in fact, explain the negative response

of several species to semi-natural grasslands as there

was a positive correlation between arable land and

semi-natural grassland. This is an expected relation-

ship as farms specialising in cattle or dairy production

in our study area also operate arable fields.

Scale of effect

In the current study, based on a national monitoring

system, we were able to use larger scales than in most

other studies (that normally test scales below 5000 m)

and we focused on two land cover types of particular

interest for the grassland assemblages of butterflies

sampled: semi-natural grassland and forest. We found

that the clear positive effect of forest on species

richness on the local scales (in line with Liivamägi

et al. 2014; Villemey et al. 2015; Toivonen et al. 2017)

decreased with increasing scale. In contrast, semi-

natural grasslands were the most important habitat at

larger scales, peaking at 20 000 m. Studies that have

reported negative effects of semi-natural grasslands

(Liivamägi et al. 2014) or no response (Krämer et al.

2012; Villemey et al. 2015), all used smaller spatial

scales. Our results suggest that these findings may

depend on the scale on which landscape variables was

measured. Hence, it is important to also consider large

spatial scales to fully understand the species distribu-

tion in a landscape. The large-scale influence of semi-

natural grasslands on species richness is clear when

looking at the maps over species-rich sites and amount

of semi-natural grasslands (Fig. 1, 3). The reason for

the large scale of response to semi-natural grasslands

may be due to the dynamics in the grasslands and

surrounding habitats together with species specific

habitat requirements. It has been shown for several

butterfly species that 15–20 grassland patches are

necessary for long term survival (Thomas 1994;

Hanski et al. 1996; Thomas and Hanski 1997;

Bergman and Kindvall 2004). This suggests that

landscapes with a high amount of semi-natural grass-

land not only have a larger species pool but also

increased probability to harbour specialized species

with specific requirements. Also, the quality of

surrounding habitats (e.g. forest clear-cuts, road

verges) may be highly dynamic. If a part of the

patches consists of dynamic patches like forest clear-

cuts—that support the grassland butterflies—the num-

ber of patches and landscape size that a species need

for long term survival will probably increase as

introducing habitat dynamics in a system will increase

extinction probabilities (Ranius 2007). To reach the

same level of persistence in the system, the total

amount of patches then need to increase. However, in a

similar system for Euphydryas aurinia, a butterfly

using both open semi-natural grasslands and clear-

cuts, it was clear that the key factor for long term

survival was the continued presence of the semi-

natural grasslands in the landscape (Wahlberg et al.

2002).

On the species level, some species showed a clear

response to a wide range of scales, and others showed

clear responses either at the local or landscape scales.

The results are consistent with a number of other

studies that have shown that related species respond to

the same habitat factor at different scales (Roland and

Taylor 1997; Gorresen et al. 2005; Westphal et al.

Table 1 The effect of three life history traits on the scale of response (ln-transformed) of species

N Estimate 95% confidence interval Wald

Wing length 30 - 0.23 - 0.80; 0.34 0.62

Time as larva 29 - 0.071 - 0.214; 0.072 0.95

Diet 30 0.87 (o)

- 0.416 (p)

0.46; 1.28

- 0.791; - 0.041

16.9*

Three separate models (GLZ) were run, one for each trait

The explanatory variables wing length and time as larva were square root transformed. *p\ 0.05. o oligophagous (several genera

within a plant family), and p polyphagous (several families) which were contrasted against monophagous (1–2 genera within a

family)
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2006; Paltto et al. 2010; Bergman et al. 2012). Several

factors can affect the scale of response including niche

breadth (Gehring and Swihart 2003), behavior (Van

Dyck and Baguette 2005), body size (Holland et al.

2005) and species mobility (Ricketts et al. 2001,

Jackson and Fahrig 2012). In the current study, wing

length and larval development time seemed unrelated

to the characteristic scale and only diet affected the

scale of response significantly. Wing length is widely

used as a proxy for butterfly dispersal ability, however

in a large meta-analysis the predictive power was low

(Sekar 2012), and our results may reflect this. Our

hypothesis about a positive relationship between

scales of response and a wider use of host plants (as

there would be more suitable habitat available for

those being generalist feeders) was only partly

supported by data in that oligophagous species had

larger scales of response than monophagous ones. In

conflict with this was the significantly smaller scales

of response among polyphagous species compared

with monophagous. However, many grass feeding

butterflies that is suggested to have low dispersal

ability (Bink 1992) are in the polyphagous group

which may partly explain the results. An explanation

for the overall low effect of species traits in this study

may also be that we measure the effect of different

habitats that species may respond to for different

reasons. For example, forest may act both as a resource

with host plants but may also be used as shelter at the

local scale as open areas may be exposed to windy

conditions (Dover et al. 1997; Villemey et al. 2015).

Finally, it is worth noting that the identification of a

single peak scale of response in itself sometimes can

be misleading, especially for species that do not

display a clear peak defining the selected scale.

Implications for conservation

It is clear that the surrounding landscape is important

for most butterfly species occurring in grasslands and

that (i) species respond differently to land cover in the

surrounding, and (ii) that the spatial scale where such

an effect is manifested varies greatly among species. A

proper appreciation of these spatial attributes of

species seems essential for understanding the distri-

bution of species, their response to changes (e.g. land

use or global warming), to intervention (e.g. restora-

tion), and to the effect of spatial planning (e.g. green

infrastructure).

Another important finding is that forested land

constitutes an important butterfly habitat, and that

when the extent of that habitat is large, it might go

from being an alternative or supplementary habitat for

grassland butterflies to becoming their main habitat.

Hence, further studies are needed to properly identify

which habitats inside the forests are exploited.

Finally, a subset of the grassland species studied

responded positively toward grasslands in the sur-

rounding but not forest. They would be worthy of

special attention, as they are likely candidates for the

Red List if the acreage of semi-natural grassland will

continue to decrease.
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