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Abstract

Schneider, C. 2003. The influence of landscape structure on butterfly diversity and
movement in grasslands - A comparison of two agricultural areas in Southern Sweden.
Doctoral dissertation.

ISSN 1401-6249, ISBN 91-576-6432-3.

The objective of this thesis was to investigate the influence of habitat and landscape factors
on butterfly diversity and movement in grasslands. The studies were carried out in two
agricultural areas in Southern Sweden that differed in landscape structure, including habitat
amount and field size. The results show that both habitat characteristics and landscape
structure influenced species numbers and abundance of butterflies in grasslands. The
amount of adjacent forest, flower abundance, field size and estimated nutrient levels were
factors identified as influencing butterfly species composition.

Mark-release-recapture experiments with two grassland butterflies (meadow brown,
Maniola jurtina L. and scarce copper, Lycaena virgaureae L.) indicated that these species
regularly move over distances of several hundred metres in a landscape with a high amount
of habitat. The differences in movement pattern between the two species were greater in
terms of movement frequency than total distances. A comparison with results of published
mark-release-recapture data for the two studied species and other butterflies, made evident
the dominant impact of the size of the study area on mean movement distances. A
comparison of the movement patterns of the same species (Maniola jurtina) in the two
different study areas showed that dispersal differed between the two areas. Dispersal rates
were much lower in the study area with a low amount of habitat. The factors influencing
patch immigration differed between the two study areas. The dispersal functions fitting
proportions of individuals that moved were also different, which can be important in the
context of modelling movement.

In marginal agricultural areas, abandonment is the greatest threat to semi-natural
grasslands. Different degrees and patterns of abandonment were estimated to affect butterfly
diversity and movement quite differently. This emphasises the importance of spatial
planning for landscape change in agricultural areas in order to minimize negative impacts
on species diversity.
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Introduction

Background

Agricultural practices in Europe have undergone profound changes in the last
century and especially during the last 50 years. Intensification of land use on
productive land on one hand and abandonment or afforestation of marginal
agricultural areas on the other have led to far-reaching landscape changes
(Jongman, 2002). In areas with profitable agriculture production, farm units and
field size have increased with the removal of field boundaries, such as species-rich
field margins, hedges, tree lines, ditches, wooden fences and stone walls. Small
remnant biotopes such as ponds and dkerholmar (=rock outcrops within arable)
have been removed. Extensive land uses have been converted to intensive land
uses, as for example the change from traditional hay making to intensive fodder
production on non-permanent grasslands or from pasture to arable. In areas where
agriculture was no longer profitable, agriculture land that was often extensively
used was abandoned, with secondary succession as a consequence. Alternatively,
agricultural land has been afforested to a great extent throughout the whole of
Europe. These changes have led to a more homogeneous agricultural landscape
with fewer boundary features and a smaller proportion of extensively used land.
For plants and animals living in the agricultural landscape, these changes have
meant loss of habitat, habitat fragmentation and the deterioration of habitat quality,
which in turn has resulted in species decline (Stoate et al., 2001). Since a large
proportion of species inhabit agricultural areas, many species are concerned.

Sweden has been no exception to these general trends of land-use changes (Ihse
et al., 1991; Thse, 1995), even though agriculture is still carried out less intensively
compared to in some parts of Central Europe. One of the major problems with the
agricultural changes in Sweden is the loss of semi-natural grasslands. Semi-natural
grasslands are one of the most species-rich habitats in Sweden, but cover only
about 0.5 % of the area (Naturvardsverket, 1987). Since 1850, about 90% of semi-
natural grasslands have been lost; especially dramatic has been the decline of
meadows, with only 3,300 ha meadows remaining in the whole of Sweden
(Naturvardsverket, 1987). To investigate biological, cultural and social aspects of
semi-natural grasslands in Sweden, a research programme at the Swedish
University of Agricultural Sciences called “The Pastoral Landscapes” was carried
out from 1995 to 2000 (Gustavsson, 1995). One of the biologically orientated aims
of the programme was to study the effect of management practices and/or
landscape structure on selected species groups. As part of this research programme,
this thesis examines the influence of habitat characteristics and landscape structure
on butterflies in semi-natural grasslands in Sweden. The main aspect of butterfly
ecology studied was variation in species richness and species movement in
relationship to site quality and landscape pattern.



Aims

The overall aim of this study was to investigate the influence of habitat
characteristics and landscape structure on butterfly diversity in grasslands and
movement between grasslands. The objective was to provide management
recommendations at site and landscape level to conserve/improve butterfly
diversity in grasslands.

The specific objectives of this study were:

- to identify habitat and landscape factors that influence butterfly diversity in
grasslands by comparing two study areas with different landscape structure

(Paper I)

- to quantify the movement pattern of two grassland butterflies in a landscape
with a high amount of habitat (Paper II)

- to investigate the influence of landscape structure on butterfly movement by
comparing movement of a grassland butterfly in two different landscapes with
different landscape structure (Paper IV)

- and to give an example of how the knowledge obtained in Papers I, Il and IV
could be applied in a management/planning context (Paper V).

In Paper 111, the influence of spatial scale on quantifying butterfly dispersal using
mark-release-recapture experiments is highlighted. This paper was an unplanned
result of comparing data from published mark-release-recapture studies on the two
butterflies investigated with the data obtained in the experiments (Paper II).

Semi-natural grasslands in Sweden

Domestic animals have been kept in Southern Sweden since Neolithic times
(ca. 3000 BC), which resulted in the creation of semi-natural vegetation, grass
swards and grazed woods (Olsson, 1991). Hay meadows for fodder production
probably became more common around 500 AD, when iron tools for harvesting
became available (Olsson, 1991). Grasslands were a very important part of the
farm since they provided food for domestic animals. During spring, summer and
autumn the animals grazed on pastures both near the farm (infield, Swedish:
inmark) and outside the enclosed farm area (outland, Swedish: utmark) including
forests. In winter the animals were fed by hay produced on meadows and leaves
from trees. Winter fodder was a limiting factor on the number of domestic animals
that could be kept and was thus very important to the farmer. A farm had often
much more area covered with hay meadows than arable (Ekstam et al., 1988).

Compared to Central European grasslands, for example, Swedish semi-natural
grasslands that were traditionally managed have some special features, as they are
often more wooded with both bushes and tress (Fig. 1). Trees were both pollarded
and coppiced. Due to geological reasons, Swedish grasslands are often very stony.
With the introduction of artificial fertilizers and the availability of large machinery
that could remove stones, the possibility of intensifying fodder production was
created.



Fig. 1. Typical pasture in South Sweden (Brabygden, Ostantorp).

However, the possibility of improving the production of the traditional hay
meadows was rather limited since most meadows could only be harvested by
scythe due to trees, bushes and stones. Meadows were therefore either converted to
ley, (Swedish: vall), pasture or forest. This explains the dramatic loss of almost all
semi-natural meadows in Sweden, with only 3,300 ha remaining (Naturvéardsverket,
1997). Fodder is now instead produced in high intensity on leys. Pastures have
been either improved with the help of fertiliser or converted to ley or forest. The
results of a grassland inventory (dngs- och hagmarksinventering) showed that there
were about 200,000 ha of semi-natural pastures left in 1992 (Naturvardsverket,
1997) of the approx. 2 million ha that existed in 1850. This is about one third of all
pastoral land in Sweden (575,000 ha). The decline in semi-natural grasslands was
not only caused by intensification, which allowed higher production on smaller
areas, but also by a decrease in grazing animals (30% for cattle, 65% for milk cows
since 1950, Naturvardsverket & Statistiska Centralbyran, 2000). In addition to the
loss of grassland and the change in their quality, grasslands have also become
fragmented (Thse et al., 1991; Thse, 1995; Skanes, 1996).

Semi-natural grassland is one of the most species-rich biotopes in Sweden
(Bernes, 1994) for both plant and animal species, but covers only about 0.5% of
Sweden. The loss of habitat and the decline in habitat quality due to changed
management practices (e.g. fertiliser) have caused the decline of species, which is
particularly well documented for plants (for example Svensson, 1988; Svensson &
Ingeldg, 1990; Ingeldg et al., 1993; Lennartsson & Svensson, 1995). The problem
of species loss in agricultural landscapes and especially in semi-natural grasslands
was increasingly acknowledged during the 1980s. The inventory of “ancient
pastures and meadows” (dngs- och hagmarksinventering) initiated in 1985 was
seen as a first step towards preventing further deterioration of grasslands and their
flora and fauna (Naturvardsverket, 1997). Today, the preservation of species



diversity in Sweden is an explicit aim of the Swedish environmental policy, which
has also been confirmed by Sweden signing the Rio convention of 1992. One of the
15 declared objectives concerning the quality of the environment
(15 miljékvalitetsmal) relates to species diversity in the agricultural environment
(Ett rikt odlingslandskap). The aim is to preserve or enhance the quality of the
environment, biodiversity and cultural values of agricultural areas. To reach these
objectives, a system of subsidies for particular agricultural activities has been
developed, which also includes the extensive management of semi-natural
grasslands (Jordbruksverket, 2002). The subsidies paid to farmers in Sweden in
2001 were about 8,500 million SEK (=935 million Euro), of which about 600
million SEK (=65 million Euro) was paid for extensive management of semi-
natural grassland and 500 million SEK (=55 million Euro) to support a diverse
agricultural landscape (Statistiska Centralbyran, 2002).

However, the threat of abandonment of farms still remains in areas where
farming is unprofitable — even with subsidies - as the possibilities for farmland
improvement are limited due to climate and geological constraints. In these areas,
abandonment mostly results in afforestation or to a lower extent in secondary
succession. On the other hand in areas, where farming is still profitable, pastures
are even today threatened by improvement measurements.

Why study butterflies in grasslands?

In 1997, when this study was started, it became obvious that plants in grasslands
and the effects of management on plant diversity in semi-natural grasslands have
been comparatively well studied in Sweden (e.g. Olsson, 1975; Glimskir &
Svensson, 1990; Hansson, 1991; Steen, 1991; Fogelfors, 1997). The influence of
landscape pattern on plant diversity in grasslands had also been investigated
(Bengtsson-Lindsjo ef al., 1991; Eriksson et al., 1995). Accordingly many
management recommendations have been given on the basis of floral
investigations. On the other hand, there seemed to be a lack of regard for
zoological aspects (apart from birds) in grassland management. Since there seemed
to be a particular lack of knowledge about insects in grasslands in Sweden and
factors affecting their occurrence, butterflies were chosen as one of the most easy
to study insect groups. Butterflies are not only easy to study, but have been shown
to react comparatively quickly to environmental changes (Erhardt, 1985). In
addition, butterflies have often been used to study movement at a landscape level,
and thus seemed to be an appropriate species group to address questions about
influences of landscape structure on animal movement at the chosen scale. Since
1997, the problems of focusing grassland management solely on plant diversity
have been pointed out (Gétmark et al., 1998) and since the start of this thesis other
studies have been carried out addressing this issue (e.g. Soderstrom et al., 2001).
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The Swedish butterfly fauna

The taxa considered in this thesis are the Rhopalocera (butterflies), which include
the Papilionoidea (true butterflies) and the Hesperioidea (skippers). In Sweden
there exist about 127 butterfly species (Gérdenfors, 2000) of which about seven are
rare immigrants. According to the distribution maps of Henriksen & Kreutzer
(1982), about 75 species could possibly occur in the two geographical regions
where butterflies were studied within this thesis (73 in Scania and 69 in Smaland).
Generally it can be stated that the distribution of butterfly species in Sweden is not
very well documented. There is, for example, no current nation-wide distribution
map of butterflies in Sweden. The only nation-wide distribution maps I know of are
Nordstrom (1955) and Henriksen & Kreutzer (1982), which both consider the
whole of Scandinavia.

In the year 2000 there were 31 butterflies (Rhopalocera) on the Swedish red data
list (Gérdenfors, 2000). Of these 31 species, one was classified as regionally
extinct, 6 as critically endangered or endangered, while 24 were classified as near
threatened or vulnerable. For 25 of the 29 butterfly species that were on the red
data list in 1993, agriculture activities were given as a reason for the threat
(Ehnstrém et al., 1993). Cessation or change of grazing was the reason most often
cited for the threat (18 times) among agriculture activities. Compared to other
countries like Great Britain, The Netherlands or Finland, which have national
monitoring schemes for butterflies (Pollard & Yates, 1993; Van Swaay et al.,
1997; Marttila et al., 1999) changes in the butterfly fauna in Sweden are not well
documented. However, for some areas in Southern Sweden a second recording of
sites investigated in the 1980s (Hammarstedt, 1996) is ongoing (Erik Ockinger,
pers. communication). There also exist examples from other Scandinavian
countries, where changes in butterfly fauna in agricultural landscapes have been
investigated (Kaaber & Nielsen, 1988; Saarinen, 2002a).

Landscape — some definitions

The term landscape is used in this thesis in a broad sense, which could be
described as a “heterogeneous land area composed of a mosaic of different land
covers or land-uses” using in the first part the definition by Forman & Gordon,
(1986). The terms landscape structure and landscape pattern are used
synonymously in this thesis and describe the amount of different land covers
(=landscape composition) and their spatial arrangement (=landscape configuration;
Fahrig, http://www.carleton.ca/lands-ecol/whatisle.html; 4™ March 2003). Grain
size is used according to Forman (1995, p. 10) where a “fine-grained landscape has
primarily small patches, and a coarse-grained landscape is mainly composed of
large patches”. Fragmentation is defined as the “breaking up of habitat, ecosystem,
or land-use type into smaller parcels” (Forman, 1995, p. 39).
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Factors studied in relation to butterfly diversity in grasslands
and other grass-dominated biotopes of the agricultural
landscape

In this thesis, the term diversity is used as a synonym for species richness and
number of species. Sometimes the term species composition is used when not only
species numbers, but also the abundance of individuals, is being considered. To
study factors influencing butterfly diversity in grasslands, in this study as in others,
a distinction was made between habitat variables and landscape variables. Habitat
variables are features of the investigated grassland patch such as vegetation height,
flower abundance as well as bush and tree cover. Landscape variables are variables
concerned with the spatial arrangement of the investigated grasslands in relation to
other land-uses and landscape elements. Landscape variables are either studied
only in the immediate surroundings of the investigated grassland areas or for the
whole study area.

The ecology of many butterfly species has been intensively studied over recent
decades and thus there exists quite detailed knowledge about the habitat needs of
many butterfly species. The results of these studies are summarised in quite
comprehensive books about butterflies such as Emmet & Heath (1990), Ebert
(1993) and Asher et al. (2001) or in reports about the management of grassland
butterflies (BUTT, 1986). The relationship between habitat characteristics and
butterfly species richness in certain biotopes such as grasslands and other
agricultural biotopes (uncultivated areas, field margin) has been less well studied.
However, the number of studies has been rapidly increasing in recent years and by
2003, many different habitat variables have been investigated in relation to
butterfly diversity or numbers.

Nectar or flower abundance has been one of the most studied variables and has
been shown to have an important impact on butterfly species and individual
numbers (Munguira & Thomas, 1992; Holl, 1995; Lortscher et al., 1995; Dover,
1996; Feber et al., 1996; Dover, 1997; Gerell, 1997; Steffan-Dewenter &
Tscharntke, 1997; Dover et al., 2000; Clausen et al., 2001; Hanssen, 2001). Sparks
& Parish (1995) found an influence of the floral composition on butterfly diversity.
Several studies have found a positive correlation between butterfly and plant
diversity (Erhardt, 1985; Jeanneret et al., 1999) others no relationship (Hawkins &
Porter, 2002; Weibull, 2002). Butterflies prefer species-dependent different
nutrient levels of grasslands, but high nutrient levels are related negatively with
butterfly species numbers (Oostermeijer & van Swaay, 1998). Soderstrom et al.
(2001) investigated more closely the effect of trees and bushes on grassland. They
found that tree species diversity and cover had a positive effect while a high
proportion of deciduous and large trees had a negative effect on butterfly numbers.
Apart from flower abundance, shelter is another important factor influencing
butterfly numbers (Dover, 1996; Dover et al., 1997; Dover et al., 2000; Clausen et
al., 2001). Vegetation height (Clausen et al., 2001), mowing and time of mowing
(Feber et al., 1996) have been shown to affect butterfly species numbers in
margins. Studies investigating the management influence on grasslands and
margins found all that butterfly numbers decrease with management intensity or
high human disturbance (Erhardt, 1985; Dolek & Geyer, 1997; Bak et al., 1998;
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Swengel, 1998; Kitahara et al., 2000; Hanssen, 2001; Kitahara & Sei, 2001;
Soderstrom et al., 2001; Kruess & Tscharntke, 2002; Saarinen, 2002b) and that
intermediate succession stadia have high butterfly numbers (Erhardt, 1985;
Berglind, 1990; Beinlich, 1995; Oates, 1995; Hammarstedt, 1996; Steffan-
Dewenter & Tscharntke, 1997; Gotmark et al., 1998; Balmer, 1999; Balmer &
Erhardt, 2000; Kruess & Tscharntke, 2002). Reafforestation, on the other hand,
leads to species decline (Berglind, 1990; Martin-Cano & Ferrin, 1998; Gurrea et
al., 2000). The effect of management history has been studied by Saarinen &
Jantunen (2002) and Weibull (2002). In linear elements of the agricultural
landscape insolation (Dover, 1996; Clausen et al., 2001) and width (Munguira &
Thomas, 1992; Clausen et al., 2001) affected species richness. Sprayed margins
have lower numbers of butterflies or non-pest butterflies than unsprayed ones
(Feber et al., 1996; Dover, 1997; Feber et al., 1997; Longley & Sotherton, 1997;
de Snoo et al., 1998). Weibull (2002), on the other hand, could not find higher
species diversity on organic farmland compared to farmland managed
conventionally. Comparing non-linear versus linear elements, Clausen et al. (1998)
found fewer butterfly species in linear elements of an agricultural landscape.
However, Ouin & Burel (2002) emphasised the importance of margins in the
agricultural landscape for butterflies as did Tscharntke et al. (2002) for small
grassland remnants.

The influence of landscape structure on butterfly diversity in an investigated
patch has also received increasing attention (Steffan-Dewenter & Tscharntke,
1997; Jeanneret et al., 1999; Weibull et al., 2000; Appelqvist et al., 2001;
Debinski et al., 2001; Kerr, 2001; Soderstrom et al. 2001; Collinge et al., 2003).
Some of these studies show that the surrounding land-use type influences species
numbers of a studied biotope (Dover, 1996; Steffan-Dewenter & Tscharntke, 1997,
Jeanneret et al., 1999; Dover et al., 2000; Soderstrom et al., 2001) as was the case
in the present study (Paper I), where the presence of forest near the investigated
grasslands had a positive effect on butterfly species numbers. Collinge et al.
(2003), however, found no correlation between landscape context and butterfly
species richness. Surrounding habitat heterogeneity (Jeanneret et al., 1999), small-
scale landscape heterogeneity (Weibull et al., 2000) and regional habitat
heterogeneity (Kerr, 2001) have been shown to be positively correlated with
butterfly diversity. Habitat complementation is the most frequently cited
explanation for higher butterfly diversity in landscapes with a small-scale mosaic
(Jeanneret et al., 1999; Weibull et al., 2000; Appelqvist et al., 2001; Debinski et
al., 2001), while Debinski et al. (2001) also discusses the possibility of spillover
(=invading species from the adjacent biotope). The results of these studies show
that successful species conservation is dependent on the surrounding landscape.
Butterfly species conservation limited to single patches will therefore only have
limited success.

The influence of the degree of patch isolation on the absence/presence of single
species has been relatively long known (Harrison et al., 1988; Harrison, 1989). It
has been observed that a species is more often absent on isolated patches compared
to less isolated patches (Thomas et al., 1992; Thomas & Jones, 1993; Hanski,
1994a; Hanski, 1994b; Ebenhard, 1995; Dennis & Eales, 1999; Bergman &
Landin, 2001; Cassel, 2002). An explanation for this observation is that species
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can become extinct on patches due to stochastic and other causes and that the
recolonization of isolated patches is more difficult compared to less isolated
patches if movement ability is limited. Thus movement ability has an influence on
patch occupancy and therefore it influences the species diversity on patches.

Butterfly movement

Butterflies move to reach or to search for the different resources they need. Food
resources, mating areas, egg-laying and roosting sites can be spatially separated,
which makes it necessary for the butterfly to move between the different areas that
provide these various resources. There are usually two terms used to describe that a
butterfly moves from one place to another: movement and dispersal. The terms are
used in this thesis according to the definitions by Shreeve (1990), in that movement
can occur between any places, while dispersal is a particular movement between
habitat patches. Thus the term movement usually includes within (=intra) and
between (=inter) patch movement, while the term dispersal is only used for
between (=inter) patch movement. Migration, which was not studied in this thesis,
is the predictable movement of a butterfly (Shreeve, 1990) often over larger areas.
However, many authors use the term ‘migration rate’ as synonym for ‘dispersal
rate’ when describing inter patch movement. There are mainly two methods used to
study butterfly movement: mark-release-recapture experiments and observations,
either by following a butterfly or by observing it from one point as long as it is
visible. These methods are described further in the Methods section.

Butterfly movement has been intensively studied during the last decade
especially since the development of Levins’ metapopulation concept by Gilpin &
Hanski (1991) and others such as Harrison et al. (1988). A metapopulation is
defined as a “set of local populations which interact via individuals moving among
populations” (Gilpin & Hanski, 1991). The metapopulation concept is applicable
in landscapes with fragmented habitat, where all (or most) habitat patches are
prone to species extinction due to demographic or environmental stochasticity.
Since (nearly) each patch is prone to extinction, species survival is not guaranteed
at patch level, but possibly at a landscape level if patches where a species became
extinct can be recolonized. Dispersal is therefore seen as a key factor for a species’
survival at the landscape level.

Within the framework of the metapopulation concept an increasing number of
butterfly movement studies have been carried out, and butterflies have become a
kind of key-species in metapopulation research. Even if this thesis was carried out
with the metapopulation concept as a theoretical background and many of the
studies referred to are metapopulation studies, it was not the intention of this thesis
to carry out a metapopulation study as such. There are two basic reasons for this:
(a) one of the study areas was so little fragmented that patches could not have been
defined as in metapopulation studies, where there is always a certain amount of
non-habitat area between patches and (b) data were not collected in more than one
year, so that neither colonization nor extinction processes could have been
observed.

14



The focus in butterfly movement studies has been on quantifying butterfly
dispersal between patches, identifying factors influencing dispersal and in some
cases using these data for modelling survival probability in a landscape. Factors
that have been investigated in relation to different aspects of butterfly movement
are sex, population and life history, age, body size, density, variation between
years, type of species, landscape factors and habitat quality. Many butterfly
movement studies analyse movement data separately for the two sexes.

Sex has been shown to both influence movement distances (Baguette & Néve,
1994; Viisdnen et al., 1994; Lortscher et al., 1997; Fischer, 1998; Fjellstad, 1998;
Fischer et al., 1999; Konvicka & Kuras, 1999; Mousson ef al., 1999; Bergman &
Landin, 2002) and to have no effect on them (Dover et al., 1992; Lortscher et al.,
1997; Munguira et al., 1997; Sutcliffe et al., 1997; Brommer & Fred, 1999; Roland
et al., 2000; Cassel, 2002). In some studies it was females that moved longer in
average, in others males. Differences in movement rates between sexes have been
found by e.g. Baguette & Neve (1994) and Kuussaari et al. (1996), where females
had higher movement rates and Lortscher et al. (1997), who found higher
movement rates for males. Hanski et al. (2002) identified population history and
life history as factors influencing butterfly dispersal rates. Age indicated by wing
wear (Fjellstad, 1998) and flying period have also been shown to influence
butterfly movement (Hanski et al., 1994; Ouin, 2000). Body size has been shown
to both affect butterfly dispersal rates (Kuussaari et al., 1996) and to have no effect
on them (Hanski et al., 2002). How far density affects immigration and emigration
has been discussed for butterflies by for example Kuussaari et al. (1996), Baguette
et al. (1998), Brunzel (2002) and more generally by Bowman et al. (2002). The
relationship between density and butterfly emigration or immigration rates does not
seem to be straight forward, but is dependent on other factors such as sex ratio in a
population, flight behaviour or habitat quality. Movement rates or distances can
vary for the same species between years (Brakefield, 1982a; Néeve et al., 1996;
Munguira et al., 1997; Petit et al., 2001). Movement or dispersal ability is species-
specific and comparative studies have been carried out with two to three butterfly
species in the same study area (Dover et al., 1992; Lortscher et al., 1997; Baguette
et al., 2000; Merckx & Van Dyck, 2002; Wahlberg et al., 2002).

The importance of patch and landscape factors on butterfly dispersal has become
more and more acknowledged, especially within metapopulation studies. Patch size
is one factor that has often been investigated in relation to patch emigration and
immigration (Hill et al., 1996; Kuussaari et al., 1996; Sutcliffe et al., 1997;
Brommer & Fred, 1999; Baguette et al., 2000; Roland et al., 2000; Fleischman et
al., 2002). Emigration rates have shown to be higher in smaller patches (Hill et al.,
1996; Sutcliffe et al., 1997, Brommer & Fred, 1999; Baguette et al., 2000).
Immigration rates can be both higher (Sutcliffe et al., 1997) and lower (Cassel,
2002; Wahlberg et al., 2002) on small patches compared to larger ones. Habitat
quality, and in particular nectar source, has been shown to influence butterfly
movement (Brommer & Fred, 1999; Cassel, 2002; Matter & Roland, 2002).
Fleischman et al. (2002) pointed out the importance of considering habitat quality
in addition to patch geometrics when studying butterfly dispersal. Patch distance or
isolation between patches has been shown to influence exchange between patches
negatively (Hill ez al., 1996; Fjellstad, 1998). There are also indications that patch
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isolation can affect butterfly morphology, which in turn has consequences for the
butterfly’s dispersal ability (Thomas et al., 1998; Hill et al., 1999; Van Dyck &
Matthysen, 1999).

While the quality of the area between patches has been less considered in
previous studies, the influence of matrix on butterfly movement has been taken
more into account recently (Fjellstad, 1998; Ricketts, 2001; Cassel, 2002; Sutcliffe
et al., 2003). Since landscapes with a low permeability of the matrix can inhibit
movement, the role of corridors for butterfly dispersal has been investigated.
Sutcliffe & Thomas (1996), Haddad (1999a) and Pryke & Samways (2001) were
able to show that corridors facilitate butterfly dispersal. Fry & Robson (1994)
demonstrated how different types of field margins acted differently on butterfly
movement. It is not only open linkages and corridors that affect butterfly
movement in areas predominated by non-habitat, since other components
(windbreak, tape) have also been shown to have an impact on movement behaviour
(Fry & Robson, 1994; Dover & Fry, 2001). The study of behaviour at patch
boundaries (Schultz, 1998; Haddad, 1999b; Schultz & Crone, 2001) can provide
indications about the inclination of a butterfly species to leave its habitat patch.
Other behavioural studies have been carried out to question the precondition of
many metapopulation models of random butterfly movement (Conradt et al., 2000,
2001).

While single patch and landscape factors have been tested on various aspects of
butterfly movement, only recently was the approach of comparing the same species
in different landscapes chosen to study the effect of landscape factors on butterfly
movement (Mennechez et al., in press; Ouin, 2000). Both studies showed that
butterfly movement differed between landscapes. In recent years spatially explicit
dispersal models for butterflies have been developed, which aim to predict
dispersal and the survival chances of a species at a landscape level. For example
the virtual migration (VM) model by Hanski er al. (2000) has been tested for
several species (Petit et al., 2001; Wahlberg et al., 2002) and allows the effects of
landscape changes on species survival to be modelled.

In addition to experimental and behavioural butterfly studies, there are studies
using simulation models, which investigate the relationship between landscape
pattern (habitat amount, habitat configuration) and movement in a more general
approach (e.g. Fahrig, 2001; King & With, 2002). King & With (2002)
investigated the question “When do spatial pattern and dispersal behaviour really
matter” and concluded that both factors affect dispersal success in landscapes with
<30-40% habitat, while spatial pattern is not important in landscapes with more
than 40% habitat. Fahrig (2001), on the other hand, showed that changing the
emigration rate from very low to very high led to a change in habitat threshold for a
species’ extinction from 4 to 66%.

Applications in management and planning

To be able to preserve natural resources and biodiversity, there is a recognised
need to integrate landscape ecological research and spatial planning (e.g. Skage,
1984; Forman, 1995; Forman & Collinge, 1997; Agger, 1998; Leitdo & Ahern,
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2002; Opdam et al., 2002). For example Golley & Bellot (1991), Selman (1993),
Hersperger (1994), Fry (1996) Raymarkers & Skage (1996) and Jongman (1999)
have discussed the possibilities and potential of an integration of landscape
ecology into planning. However, recently it has been pointed out that there is still a
gap between ecology and spatial planning both concerning the applicability of
ecological research in design and evaluation (Opdam et al., 2002) and between the
language/terminology used by ecologists and planners (Antrop, 2001). An idea of
the difficulties involved working across the different disciplines in landscape
research is given by Fry (2001).

The statement of Opdam et al. (2002) that there is quite a wide range of
empirical case studies of different scales, organisms and processes is also true for
butterfly studies. Most of these studies investigating the ecology of a single
butterfly species give some kind of management recommendation of how to
preserve the studied species in its habitat (site level). Though the importance of
landscape factors for butterfly diversity has been acknowledged in several studies
(Jeanneret et al., 1999; Soderstrom et al., 2001; Weibull, 2002), spatial
management advice for butterfly diversity conservation is rarely given at a
landscape scale. Smallidge & Leopold (1997) give an example of how general
guidelines for butterfly conservation at a landscape level could be formulated. In
the case of butterflies, single species might be rarely of interest in a planning
context in the agricultural landscapes, but as a species group they could be taken
into account as an indicator group together with, for example, birds and plants
(Dramstad et al., 2001).

In movement studies, recommendations for conservation include either spatially
explicit advice (e.g. Bergman & Landin, 2002) or can be derived indirectly from
the Result and Discussion section, for example in the form of movement rates and
distances moved. A further step on the way to applying ecological data in a
planning context according to Opdam et al. (2002) would be an extrapolation in
space and time with the help of modelling. There are studies where this step has
been carried out; the butterfly studies using the VM model are an example (Hanski
et al., 2000). The difficulties and errors that can arise here are discussed by
Moilanen & Hanski (1998) and Ruckelshaus et al. (1997), who show that the
prediction errors can be high. What would also be needed according to Opdam et
al. (2002) to close the gap between landscape ecology research and spatial
planning are “modelling studies to produce guidelines and standards for landscape
conditions” and “methods and tools for integration to the landscape level, which
can be built into multidisciplinary tools for design and evaluation”.

An example of how butterfly movement data can be applied to planning of
agricultural areas is the study by Sutcliffe ef al. (2003). The approach chosen there
was a mapping of the whole study area and an allocation of friction values to the
different land use types, which were based on the results of a mark-release-
recapture study. In this way it is possible to model landscape changes and the effect
on butterfly movements can be tested. It is also possible to produce guidelines and
standards for landscape conditions as suggested by Opdam et al. (2002). The
approach developed by Sutcliffe et al. (2003) has been applied in Paper V, where
effects of landscape changes on butterfly diversity and movement are estimated.
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Another example of how to use butterfly data in a planning context is given in
Kleyer & Settele (1999).

Methods

Study areas

To investigate the influence of landscape pattern on butterfly movement in
grasslands the approach was chosen of comparing two study areas with a very
different landscape pattern regarding field size and amount of semi-natural
grasslands (see p. 164 Paper I). The confinement to two areas was due to practical
reasons. It was not possible within this PhD thesis to cover more areas of the
chosen size. One of the study areas, area A, was situated in the most southernly
province of Sweden, in Scania (Swedish: Skdne) about 10 km east of Lund (Fig. 2).
The other study area, area B, was situated in Smaland, ca. 20 km west of
Oskarshamn.

Fig. 2. Situation of the two
study areas A in Scania near
Lund, and B in Brébygden
near Oskarhamn (Sweden).

Area B in Sméland covers parts of the settlement of Brabygden, which consists
in total of 14 small hamlets. This settlement was one of the study areas of the
“Pastoral Landscapes” Faculty Programme. The area investigated in this thesis had
a size of 172 ha (mostly open parts) respectively 266 ha when some parts of the
surrounding forest were included. Bribygden represents a remnant of the
agricultural landscape, as it was typical in Sweden until the 1950s. Fields have kept
their small size, and both stone walls and traditional wooden fences (Swedish:
gdrdesgdrdar) surround the fields. The landscape has a fine-grained pattern with
an average patch size of 0.9 ha (agricultural areas). Many trees have been
pollarded, even during the past decade. Though many areas were cleared of stones
with the help of large machinery after the Second World War, the amount of semi-
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natural grasslands is still very high. The meadows, however, have nearly all gone.
The main agricultural production is beef production. Few farms or other houses
have been abandoned, even though the people living there today are not employed
not within agriculture. As Sméland is one of the Swedish landscapes known for it’
s extensive tree cover, many of the smaller settlements are surrounded by forest.
They are called “forest hamlets” (Swedish: skogsbygd). This is also the case for
Brabygden.

In the 1960s, Brabygden was identified as one of eight areas in Sweden best
representing agricultural landscapes of high cultural and natural value (Statens
Offentliga Utredningar (SOU), 1971) and has been described as such (Aronsson,
1979). Two PhD-theses within the research programme have been carried out in
Brabygden: “The Experience of Pastoral Landscapes” (Hagerhéll, 1999) and
“Coppicing in Sweden and on Aland” (Slotte, 2000). Two further PhD theses are
ongoing (“Trees and Shrubs in the Cultural Landscape - History and Future”, A.
Peterson, and “Dynamic and continuity in land-use in Brédbygden from 1700 until
today”, M. Aronsson). In 2000, the Swedish WWF yearbook for that year was
devoted to Brabygden and the neighbouring settlement Krokshult, where the
beautiful environment and the farmers creating it were in focus (Gerdehag &
Aronsson, 1999). The area, however, is not protected by any specific legislation.

Fig. 3. Pasture in Brabygden (in study area B).

The other study area, area A, is situated in the south-western part of Scania. This
part of Sweden is one of the most intensively used agricultural areas of Sweden due
to its very fertile soils. Fields have become enlarged as a result of rationalising
agricultural practices. The landscape pattern is coarse-grained; the average field
size of the agriculturally used areas is 6.4 ha. The dominant agricultural activity is
cereal production, while animal husbandry (cattle) plays a minor role. The
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proportion of forest is relatively small, since forest was cleared early on to enable
the fertile soils to be used for agriculture. The study area covers 1800 ha (1200 ha
in the movement study). It was chosen on the basis of the results of the inventory
for semi-natural grasslands (dngs- och hagmarksinventering). The following
criteria were met: the grasslands should be more isolated than in area B, but the
quality of the grassland should be comparable. The Swedish recording scheme for
semi-natural grassland classifies grassland into four categories according to their
quality. The area west of Lund contained a larger number of grasslands of the
highest quality category, while at the same time distances between some of the
grasslands were large. This area was chosen even though this led to different grain
sizes for the two study areas and area A became much larger in size than area B.
Today the semi-natural grasslands in this area are almost all protected as nature
reserves. Most woodlands in the study area are small, an exception is the Dalby
Soderskog of about 40 ha, which borders the study area in the south and is
Sweden’s oldest National Park. A more detailed description of the land-use
proportions can be found in Paper I (Table 1 on page 165).

Fig. 4. Pasture in Study area A, west of Dalby.

The comparison of two study areas with the aim of investigating differences in
butterfly diversity and movement involves problems in relating any observed
differences to the landscape pattern, especially being able to exclude other factors
that might affect differences. Thus, it is important to know in which ways the two
areas are similar and in which they differ. The following factors were considered:
species pool, climate (July, summer months), vegetation and management.

The species pool is about the same in both study areas, where theoretically about
69 (Smaland) to 73 (Scania) butterfly species could have been expected at the
regional level (Henriksen & Kreutzer, 1982). Due to the southerly situation of
Scania, there are a few species that only occur in this part of Sweden. None of
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these species were recorded within this thesis. Climate data were compared for
July, when most butterflies were recorded. The normal July temperature and
precipitation are quite similar, with 16.8 °C and 70 mm rainfall in Lund and
16.3 °C in Oskarshamn and 66 mm rainfall in Krokshult (which is the nearest
weather station to Brébygden, but temperature is not recorded here; all data from
the Swedish Meteorological and Hydrological Institute, SMHI). In both study
areas, the most common vegetation types are “common bent meadow” (rodvendng,
Agrostis capillaris-Alchemilla spp.-Trifolium repens-typ) and “sheep’s fescue dry
meadow” (fdrsvingeltorrding, Festuca ovina-Lychnis viscaria-typ) (Lansstyrelsen
Kalmar Lén, 1989; Léansstyrelsen Malmo Lén, unpublished). Management was
similar in both study areas through extensive grazing. In both areas, there are a few
meadows left, which are managed for nature conservation. One difference was the
higher number of abandoned grasslands in area B. More information about
grassland characteristics in the two study areas is given in Paper I (Table 3, page
166).

Field Methods

Transect walks

To survey butterfly species numbers and abundance (Paper I) an adjusted method
of the Pollard recording method was used (Pollard & Yates, 1993; Pollard &
Eversham, 1995). Butterflies were recorded along transects 5 m to each side of the
transect (instead of 2.5 m according to Pollard & Yates, 1993) and 5 m ahead of
the recorder. Transects were divided into transect sections, where each section
represented a more or less homogeneous grassland area. Transects were selected to
represent grassland variation and were representative for each study area. The
temperature was at least 17 °C irrespective of sunshine, with the wind speed not
exceeding 5 on the Beaufort scale. Recording was carried out between 09.00 and
16.00 h (CET). Transect walks were carried out five times between June and
August 1997. Species were identified to species level where possible; otherwise
they were recorded as species groups. Certain species were always recorded as
species groups: Pieris spp., skippers and Plebejus idas and Plebejus argus (further
details on page 165 of Paper I).

The species chosen for the mark-release-recapture experiments

On the basis of the results of the butterfly recording in 1997, the aim was to choose
two typical grassland species that:

- occurred in both study areas in sufficient numbers to allow mark-release-
recapture experiments
- were known to be able to move between habitat patches.

Typical grassland butterflies with high abundance in both study areas were
Maniola jurtina, Coenonympha pamphilus and the two skipper species Ochlodes
venatus and Thymelicus lineola (considering Aphantopus hyperantus rather as a
forest edge species). Since the movement abilities of Coenonympha pamphilus and
the two skippers were rather unsure, the only species that seemed to match these
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criteria was the meadow brown Maniola jurtina. In addition to the meadow brown,
the scarce copper Lycaena virgaureae was chosen for mark-release-recapture
experiments to study possible differences between two grassland butterflies in at
least one study area. Lycaena virgaureae was one of the more abundant grassland
butterflies in study area B, and was shown to move up to 1450 m (Fjellstad, 1998).
In study area A, only a few individuals of the scarce copper have been observed
during the years in which this thesis was carried out.

The meadow brown, Maniola jurtina L.

The meadow brown is common and widespread. It is distributed throughout the
whole of Europe south of 63° North (Tolman & Lewington, 1997) and occurs in all
types of grassland habitats (Henriksen & Kreutzer, 1982; Ebert, 1993). In Southern
Sweden, it flies in one generation from the end of June until August, with its peak
in the middle of July (Henriksen & Kreutzer, 1982). The larvae of the meadow
brown feed on grass species such as Poa (Henriksen & Kreutzer, 1982; Svensson,
1993). Adults were observed during this study feeding mainly on Knautia arvensis,
Succisa pratensis, Centaurea scabiosa, and Cirsium spp., but occasionally also on
other flowers such as Trifolium spp. Even though the meadow brown is one of the
most common grassland butterflies in Central Europe, it has been reported as
declining in areas with intensive agriculture (Ebert, 1993).

The meadow brown is a well-studied butterfly species where the investigation of
spot-distribution on the hind-wings has been in focus (e.g. Bengtson, 1978; Owen
& Smith, 1990; Goulson, 1993b; Shreeve ef al., 1998). The ecology of the meadow
brown have been investigated by Brakefield (1982a, b) and Dover (1996). Feber et
al. (1994) looked at the effect of field margin restoration on the meadow brown. Its
phenology has been studied in Sweden by Wickman ez al. (1990). In addition
several behavioural studies have been carried out, for example by Goulson (1993a)
studying emergence and Merckx & Van Dyck (2002) investigating habitat use.

Movement has been investigated by Brakefield (1982a, b) and Lortscher ef al.
(1997) focusing on within-habitat movement and Dover et al. (1992) and Ouin
(2000) studying movement at a landscape scale. Conradt et al. (2000, 2001) have
been looking at dispersal behaviour. Wood & Pullin (2002) have studied the
distribution and the genetic similarity between populations of the meadow brown
and three other common grassland butterflies in an urban landscape. They
concluded that habitat availability in an urban area with fragmented habitat is
probably more important for the distribution of the grassland butterflies studied
than dispersal ability, since they could not find any relationship between genetic
similarity and geographic proximity of populations.

The scarce copper Lycaena virgaureae L.

The distribution of the scarce copper covers Northern Europe up to the polar circle
and most of Central and Eastern Europe (Tolman & Lewington, 1997). Its habitat
is flower-rich grasslands and also margins (Henriksen & Kreutzer, 1982). The
preference for damp terrain as reported by Henriksen & Kreutzer (1982) has not
been observed in this study, on the contrary the scarce copper seemed to be more
common on mesic grasslands and also on drier outcrops. The larvae of the scarce
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copper feed on Rumex acetosa or Rumex acetosella (Douwes, 1976a). The scarce
copper flies in Southern Sweden in one generation between July and August and
has its highest abundance around the middle of July (Henriksen & Kreutzer, 1982).
Adult distribution has been related with the presence to Tubuliflorae (4Achillea spp.
and Matricaria indora;, Douwes, 1975a). This has been also observed in
agricultural landscapes in Southern Norway, where white Asteraceae (Matricaria,
Camomilla) were the single largest nectar source in field margins (Fry &
Dramstad, 1998). In the present study, however, the number of Tubuliflorae was
not dominant and most adults were observed visiting Knautia arvensis, Achillea
spp. and Centaurea scabiosa.

The scarce copper was a common grassland species and can be locally abundant.
However, it now seems to be confined to areas with less intensive agriculture. An
ongoing study comparing butterfly abundance on grasslands in Southern Sweden in
the 1980s and today has found that the scarce copper is one of the species with the
most dramatic decline (Erik Ockinger, pers. communication). The ecology of the
scarce copper has been intensively studied by Douwes in the 1970s (Douwes,
1970, 1975a, 1975b, 1976a, 1976b). Fjellstad (1998) investigated movement of the
scarce copper between hay meadows and abandoned grasslands in Central Norway.
Movement behaviour has been also investigated by Dover & Fry (2001). Sutcliffe
et al. (2003) have used the scarce copper for modelling the benefit of farmland
restoration, a method that has been applied in this thesis in Paper V.

Mark-release-recapture experiments

To study butterfly movement three different methods can be used: observation
from one point (by eye or with the help of binocular), following flying butterflies
(=individual tracking) and mark-release-recapture experiments. Observation from a
fixed point can only be used to follow individual butterflies up to the distance
where they can be seen by eye or binoculars (e.g. Pryke & Samways, 2001). To
study longer movements, following of individuals or mark-release-recapture
experiments are used. Following individuals means following butterflies as long as
possible. In some studies, when an individual is lost one waits at that point until a
new individual of the same species passes and starts to follow the new individual
(e.g. Baker, 1984). In mark-release-recapture experiments, butterflies are marked
on their hind wings, often with an individual code. Afterwards, the butterflies are
released either at the place of their capture or somewhere else. The location and
other information (time, sex, wing wear, behaviour) are recorded. By repeatedly
capturing butterflies at the marking locations (or somewhere else), it is expected to
eventually capture a butterfly that has been previously marked. By calculating the
distance between the first and second recapture, a statement can be made about the
minimum distance the butterfly has flown.

The advantages and disadvantages of studying butterfly movement by follow-ups
or mark-release-recapture experiments have been discussed for example by
Shreeve (1992). One of the main disadvantages of mark-release-recapture
experiments is the underestimation of movement. Wilson & Thomas (2002) have
discussed thoroughly the problems of underestimation of butterfly movement in
mark-release-recapture experiments. In addition, no statement about the flight path
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can be given (where the butterfly actually moved). Follow-ups on the other hand
have the major problem that it is very difficult to follow butterflies. The method is
labour-intensive and thus only a few individuals can be sampled.

In this study, mark-release-recapture experiments were chosen to study butterfly
movement, because of the possibility they provide to study a larger number of
individuals. In addition, most butterfly movement studies are carried out with
mark-release-recapture experiments, which allows a better comparison of results.
Mark-release-recapture experiments were carried out in the years 1999 and 2000.
In 1999, the meadow brown and the scarce copper were studied in area B (5™ —
30™ July), in 2000 the meadow brown was investigated in area A (28" June — 24™
of July). Individuals of these species were caught in nets, individually marked and
immediately released at the place of their capture. For every marked and released
butterfly the location of capture, date and sex were recorded. Marking was carried
out on 13 patches in area A and 41 patches in area B. The higher number of
patches in area B is caused by the fact that larger grasslands here were subdivided
into smaller units. For comparison of movement data on the meadow brown in both
study areas, these sub-units were clustered in the analysis to 19 patches. The reason
for the subdivision was that at the beginning of the experiment, it was not clear
how far both species would move in a study area of a comparable large size (172
ha). To avoid risking very low recapture data of moved individuals, within-
grassland movement was also recorded in case butterflies would not move far. Due
to the rather large study areas, not all investigated patches could be sampled every
day. Instead a rotational system was used, where each patch was visited every
fourth day (if weather conditions were good) or at latest every sixth day (if there
were cold/rainy days in between). In area B all patches were visited five times, in
area A seven times. The higher number of visits in area A was to compensate for
the lower labour force available in this area, so that the sampling extent in both
study areas was about the same. Sample intensity depended on area and butterfly
abundance. In area A, nearly all semi-natural grasslands were sampled, while in
area B only a subset of patches was investigated due to the high percentage of
grassland. Here, the patches were chosen randomly ensuring spatial coverage of the
area.

Recording habitat variables

To be able to relate butterfly diversity and abundance to habitat characteristics,
several habitat variables were recorded for each grassland unit (transect section)
(Paper I). The variables chosen could hypothetically influence, or have influenced,
butterfly numbers in other studies. Recorded variables were cover of bush layer
(BUSH), cover of tree layer (TREE), estimated nutrient level (NUTRIENT),
vegetation height (HEIGHT) and flower abundance (FLOWER). For further details
about the recording of habitat variables see Methods, Paper I, page 165.

For the movement studies, flower density and in area B the abundance of the
larval food plant Rumex acetosa and Rumex acetosella were recorded for the
investigated marking patches. Flower density was recorded in three classes on
every occasion the patch was visited to carry out mark-release-recapture
experiments. The abundance of Rumex acetosa and Rumex acetosella was recorded
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on a scale from 1 (rare) to 3 (abundant). (For further details see Method section of
Paper II).

Surveying land-use

Land use was surveyed in 1998 in both study areas by field surveys and with the
help of rectified aerial photographs (orthophotographs, scale 1:10.000). Where
field use changed between years, this was recorded and taken into account in the
study concerned.

Analysis

Movement data

The data obtained from the mark-release-recapture experiments were used to
calculate distance decay curves, the fractions of residents, emigrants and
immigrants and exchange rates between patches. The distance decay curves were
calculated according to the method described by Hill et al. (1996), in which the
inverse cumulative proportion of individuals moving certain distances was fitted to
a negative and an inverse power function. The resident fractions were calculated
according to Sutcliffe & Thomas (1996). The fraction of residents was here the
number of residents (R) divided by the sum of R+E+I, where E was the number of
emigrants and I the number of immigrants. The emigrant fraction was E/E+R and
the immigrant fraction I/I+R. Exchange rates between pairs of recaptures were
calculated according to Sutcliffe and Thomas (1996), in which the exchange rate
between a pair of patches is the number of individuals marked in one patch and
recaptured in the other (movement in both directions is considered) divided by the
number of individuals marked in the two patches and recaptured in any other patch,
including the selected pair of patches.

Estimating consequences of land-use changes on butterfly diversity

The estimations of effects on butterfly diversity were based on the butterfly
recording data of Paper I. The findings on the grasslands investigated were
generalised and expanded to other grasslands of the study area that were not
investigated. This was done by classifying butterfly diversity into three degrees of
diversity (low, medium and high). These classes were then related to the different
land-use types in the study area (for details see Table 1 in Paper V). Each single
patch in the study area was thus allocated one of the three diversity classes. The
effects of possible land-use changes on butterfly diversity were then calculated for
each scenario in the form of number and area of land-use patches with low,
medium and high diversity.

Geographic information systems (GIS)

Geographic information systems (GIS) were used to produce land-use maps of the
study area (including possible scenarios), to calculate landscape variables, transect
lengths, movement distances and for a least-cost analysis of movement between
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patches. Landscape variables calculated were field size (FIELD SIZE) and
percentage of forest in 100 m buffers around transect sections (FOREST). The
geographic information systems used were both ArcView (ESRI, 2000) and
Maplnfo 4.5 (MapInfo Corporation, 1998). Land-use maps were produced on the
basis of the field surveys and digital rectified photographs (orthophotographs, scale
1:10.000).

Distances to the 10 nearest patches were calculated using the ArcView Extension
“Nearest features” V. 3.5 (Jenness, 2001). Movement distances were calculated
from mid-point to mid-point of the marking patches. The least-cost analysis was
carried out according to the method described in Sutcliffe et al. (2003) using an
ArcView script written by Ray (1999). (For further details of the least-cost
analysis, see Methods in Paper V).

Statistical methods

To analyse the butterfly diversity on different grasslands, the ordination method
Detrended Correspondence Analysis was chosen using CANOCO (ter Braak &
Smilauer, 1998). For analysing correlations, Spearman rank and Kendall’s tau,
were used. Forward multiple regression was applied to analyse the variance in
species diversity in relation to the recorded habitat and landscape variables. For the
analysis of correlations and multiple regressions, Statistica 5.0 (StatSoft, 1997) was
used. A Mantel test was carried out using “The R-Package” (Legendre, 2000) to
analyse the dependence of exchange rates to distance. The Mantel test is further
described in Sutcliffe & Thomas (1996).

Results and discussion

In this study, it was shown that landscape structure is important for both butterfly
diversity within grasslands and butterfly dispersal between grasslands. In addition,
the importance and difficulties of applying the ecological knowledge obtained in
this thesis are pointed out.

The influence of landscape structure on butterfly diversity in
grasslands (Paper I)

The results of studying butterfly species richness in grasslands in the two study
areas showed that both habitat variables and landscape variables influenced species
composition. The results of the Detrended Correspondence Analysis (DCA)
showed clearly a separation in species composition between the two study areas
(Fig. 5). The axes of the DCA had a significant correlation with both habitat
variables (BUSH, TREE, NUTRIENT, FLOWER and HEIGHT) and landscape
variables (FIELD SIZE, FOREST). The multiple regression analysis showed that
the variables FOREST, FLOWER and FIELD SIZE explained most of the
variation in species composition (Table 1).
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Fig. 5. An ordination plot of the first two axes of the Detrended Correspondence Analysis
(DCA) showing a clear separation of the transect sections in the two study area. Open
circles area A, full circles area B. (from Paper I).

Table 1. Results of the stepwise forward multiple regression analysis between habitat and
landscape variables of the first two axes of the DCA (from Paper I)

Variable Beta Multiple R? F

Axis 1

FOREST 0.499%** 0.315 22.Q%**
FLOWER 0.421%** 0.490 16.2%%%*
FIELD SIZE -0.318%** 0.605 13.3%%%*
HEIGHT 0.129 n.s. 0.618 29 ns.
Axis 2

NUTRIENT 0.341* 0.116 6.3*

*p<0.05, ** p<0.01, ** p< 0.001

The study area A, with a large mean field size — a coarse-grained landscape - had
only about half the number of species of the fine-grained landscape (study area B).
The individual numbers, on the other hand, in area A were double those in area B.
In area A, 96 % of all recorded individuals belonged to the very abundant
species/species groups skippers, whites (Pieris), the meadow brown (Maniola
jurtina), ringlet (Aphantopus hyperantus) and common heath (Coenonympha
pamphilus). In area B, however, the numbers of fritillaries, coppers and blues were
much higher, making up 32% of all butterflies observed.

The strong influence of landscape pattern was not expected. The study was
originally designed to test which habitat variables in grasslands are related to
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species numbers and abundance. The study was carried out in two study areas to
gain knowledge about species that might be abundant enough to allow mark-
release-recapture studies to be carried out in the following years. The large
differences in species numbers between the two study areas was even more
striking, as most of the investigated grasslands in area A (low species numbers)
were nature reserves.

Since 1997, an increasing number of articles have been published emphasising
the influence of landscape pattern on butterfly diversity (Steffan-Dewenter &
Tscharntke, 1997; Jeanneret et al., 1999; Weibull et al., 2000; Appelqvist et al.,
2001; Debinski et al., 2001; Kerr, 2001; Soderstrom et al., 2001). The reason for a
positive relationship between habitat heterogeneity, landscape heterogeneity or a
small-scale landscape mosaic can be explained by a spillover effect, which can
mean that individuals invade from the adjacent biotopes (Debinski et al., 2001).
Habitat complementation is another explanation offered for higher butterfly
diversity in landscapes with a small-scale mosaic (Jeanneret et al., 1999; Weibull
et al., 2000; Appelqvist et al., 2001; Debinski et al., 2001). Many butterfly species
need different biotopes to complete their life-cycles or might need even different
biotopes within one life-cycle.

The habitat variables, that were significantly correlated with the same axis of the
DCA as species numbers (TREE, FLOWER and HEIGHT) have also been shown
to affect species numbers in other studies (Munguira & Thomas, 1992; Holl, 1995;
Lortscher et al., 1995; Dover, 1996; Dover, 1997; Gerell, 1997; Steffan-Dewenter
& Tscharntke, 1997; Dover et al., 2000; Clausen et al., 2001; Soderstrom et al.,
2001). This study emphasises once more the importance of flower abundance for
butterflies. Individual numbers were positively correlated with the same axis as
BUSH and negatively with NUTRIENT. The positive effect of the presence of
bushes can be explained by their sheltering effect (Dover et al., 1997; Dover &
Sparks, 2000), while high nutrient levels (caused by artificial fertilising or
intensive grazing) lead to a reduction in flower abundance, which in turn affects
butterfly numbers (Oostermeijer & van Swaay, 1998).

The influence of landscape structure on the movement of two
grassland butterflies (Papers Il and IV)

Butterfly movement in a landscape with a high amount of habitat and little
habitat fragmentation (Paper II)

Butterfly movement has predominantly been studied in either landscapes with very
fragmented habitat or with more continuous habitat in small study areas. Both types
of studies often concluded that butterfly movement is limited. However, Shreeve
(1995) pointed out that these results might be caused by the butterfly’s reluctance
to cross an unfavourable matrix rather than a lack of dispersal ability. Recently
Fahrig (2001) has discussed this issue and criticised the approach of many
metapopulation studies in using the term dispersal ability as this would “determine
the probability of colonisation, and is considered to be a species trait”. Fahrig
(2001) argues that a species with good dispersal ability can be a good disperser in
its optimal habitat, but a bad one in a fragmented habitat.
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To study butterfly movement in a less fragmented landscape, but in a
comparatively large area seemed therefore to be an appropriate approach to see
whether movement would still be evaluated as rather limited. Two grassland
species were chosen to demonstrate possible specific differences in butterfly
movement. Patch area and flower density were selected as factors possibly
influencing movement. The results (Paper II) of studying movement of the
meadow brown and the scarce copper by mark-release-recapture experiments in the
study area with a high amount of habitat (area B) showed that:

- butterfly movement was evaluated as less limited in this study compared with
other studies regarding movement frequency (Maniola jurtina) and mean
movement distances (Lycaena virgaureae),

- there were differences between the two species regarding movement
frequency, but not movement distances,

- flower density (adult resource density) could be related to numbers and
fractions of residents, emigrants and immigrants, while patch area and larval
food plant abundance could not,

- the size of the study area in which mark-release-recapture studies are carried
out influences the recorded movement parameters.

Compared to other mark-release-recapture studies (Table 3, Paper II) mean
movement distances were not higher for the meadow brown than reported in other
studies, but were for the scarce copper. The percentage of recaptures taking place
at a different patch to before were much higher in this study compared to those of
Dover et al. (1992), who worked in a landscape with a low percentage of habitat
where only 9% of recaptures were observed at a different patch. However, the
comparison of results of different mark-release-recapture studies is difficult due to
different methods used (for example sampling intensity). Therefore, such
comparisons are rarely made, a factor pointed out by Wahlberg et al. (2002), who
compared different movement studies of five fritillary butterflies. In the case of this
thesis, it became apparent that the size of the study area influences the parameter
mean distance that was used to evaluate species-specific movement ability
(Paper III).

The distances moved between recaptures were not significantly different for the
two species studied (meadow brown n=190, mean 322+21 m, scarce copper n=104,
mean 272m+24 m; Mann-Whitney z=1.6, p>0.05, see also Table 2), which one
might have expected from previous studies (Fjellstad, 1998) or from the different
life history features of the two species. Movement frequencies, however, were
significantly different (x2:9.59, p<0.01).

Of the two factors investigated patch area and flower density, only flower density
was correlated with the number or fractions of residents, emigrants or immigrants
(Table 2, Paper II). Flower density has previously been shown to influence
residency of butterflies (Kuussaari et al., 1996; Brommer & Fred, 1999; Matter &
Roland, 2002).
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Table 2. Movement parameters obtained from the mark-release-recapture experiments for
Maniola jurtina and Lycaena virgaureae in study area B

Species Maniola jurtina Lycaena virgaureae

Sex m f m+f m f m+f
Number marked 800 443 1243 530 116 646
Recapture events 220 134 354 241 13 254
Recapture rate (% of 22 26 24 33 11 29

marked indiv. recaptured)

Mean distance (metres) 326+26 319+34 323+21 275+£25 220+91 271+24
between recaptures + SE

Mean distance (metres) 369+33 343+36 359+24 317+£30 220+91 312+29
between first and last
recapture = SE

Maximum distance 2100 1110 2100 1460 660 1460
(metres) covered by an

individual

Movement frequency 55 52 54 41 54 41

(% of recaptures caught
on a different patch to
previous capture)

m=males, f=females

The comparison of butterfly movement in two landscapes with different
amounts of habitat and different degrees of habitat fragmentation
(Paper IV)

One of the main hypotheses of this thesis was that the amount of habitat and spatial
arrangement of habitat patches have an influence on butterfly movement. The
influence of the spatial arrangement of patches on butterfly movement has been
observed in many experimental studies and the expected influences have also been
addressed with theoretical approaches. Most experimental butterfly studies have
worked in one study area that covers a variation in patch isolation, while for other
species groups there are studies where movement has been studied in different
areas with different amounts of habitat (e.g. Andrén, 1994). The only studies I
know of that study butterfly movement of the same species in relation to the
landscape pattern in different study areas are Ouin (2000) and Mennechez et al. (in
press). Ouin (2000) has studied the meadow brown in landscapes with varying
amounts of habitat and found that mobility measures differed significantly among
landscapes. However, the differences could also have been influenced by
differences in the size of the study areas. Mennechez et al. (in press) show that
fragmentation affected dispersal rates of the bog fritillary negatively. Working in
different study areas has the advantage that movement can be compared between
different landscapes rather than different parts (e.g. more or less isolation, amount
of habitat) within one landscape. According to Fahrig
(http://www.carleton.ca/lands-ecol/whatisle.html; 4™ March 2003) this is the only
way to conduct a landscape-scale study that investigates the effect of a larger
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landscape context. The disadvantages are a series of methodological problems,
which will be discussed further on page 32.

The comparison of the results of the two mark-release-recapture experiments
(Paper IV) in study areas A and B showed that

- movement rate was much lower in the landscape with a low cover of habitat
and higher patch isolation (area A) than in the less fragmented landscape with
a high amount of habitat (area B),

- mean movement distances were not significantly different between the two
study areas,

- the mathematical functions that best fitted the inverse cumulative proportions
of individuals moving certain distances differed between the two study areas,

- patch area influenced patch immigration in area A, while in area B it was patch
isolation that influenced patch immigration.

In area B, the area with little patch isolation, the percentage of recaptures made
on a different patch than the previous one was 36% compared to 10% in area A
(x2:68.7, p<0.0001). The mean movement distance was higher in area B, but not
significantly (A: 323+50 m, n=35, B: 428+27 m, n=127; Mann-Whitney z=-1.5,
p=0.13). Mennechez et al. (in press), on the other hand, found longer moved
distances in the study area with higher habitat fragmentation. Maybe most
interesting was the result that the mathematical functions best fitting the inverse
cumulative proportions of individuals moving certain distances differed between
the two study areas. While the data from area A better fitted an inverse power
function the data from area B better fitted a negative exponential function
(A: inverse power: R2:O.91, F12=215.4, p<0.001; negative exponential: R2:0.73,
F,,,=57.5, p<0.001; B: negative exponential: R2:O.90, F110=178.2, p<0.001;
inverse power function: R2:0.72, F,14=48.3, p<0.001). This result is important
because the different functions will predict differently the amount of long distance
dispersal. An inverse power function would predict more long distance dispersers
than a negative exponential function. In metapopulation models, negative
exponential functions have been applied and it has been suggested that they be
replaced by inverse power functions for species where suitable (Hill et al., 1996).
However, the results of this study indicated that the type of function is not only
species dependent, but also landscape dependent.

As described in the introduction, several factors have been shown to influence
patch immigration and emigration. In this study it was shown that factors could
vary between landscapes for the same species. Patch area was negatively correlated
with the immigration fraction in area B (Spearman rank: —0.70, p<0.001, Table 3
in Paper IV), but not correlated in area A. A negative correlation between
immigration rate and patch area has also been found by Sutcliffe ez al. (1997), but
Wabhlberg et al. (2002) found on the contrary that immigration rates were higher on
large patches. Both results are plausible, since large patches might just by chance
be more often detected by immigrants, which would result in higher immigration
rates. In this study, however, small patches had often only a few residents; thus
only one or two immigrants resulted in very high immigration rates.
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The influence of patch area on immigration was found to be different in Paper II
than in Paper IV for the same study area (B) and species (Maniola jurtina). While
in Paper II no correlation between patch area and immigration fraction could be
found, a significant negative correlation was found in Paper IV. The differences
can be explained by the fact that in Paper II patches belonging to the same
grassland units were also considered, while for Paper IV these were clustered (see
also Methods, mark-release-recapture experiments). That means that factors
influencing emigration and immigration are also dependent on the scale at which
they are investigated. Distance to the nearest patch was negatively correlated with
the immigration fraction in area A (Spearman rank: -0.77, p<0.002), but not in area
B. This result confirms the findings of other studies, that distance between patches
is negatively correlated with exchange of individuals between patches (Hill et al.,
1996; Sutcliffe ez al., 1997; Fjellstad, 1998).

The comparative study of movement of the same species in two different
landscapes involves a series of methodological problems, which are discussed in
detail in Paper IV. The problems concern among others the number of replications
and working in two different years. Since these types of landscape studies
involving mark-release-recapture experiments are labour intensive, the number of
study areas (two, one representative of each landscape type) is not to be seen as an
optimum, but as a result of constraints — especially given the limits of a PhD thesis.
The problem of replication in landscape studies has recently been discussed by
Oksanen (2001) and Wu & Hobbs (2002). Oksanen (2001) concluded that
replication in landscape studies is not an absolute necessity.

Comparing results from two different years is problematic, but maybe not more
problematic than the approach selected by Mennechez et al. (in press). These
authors chose instead to carry out their mark-release-recapture experiments within
the same year, but in two different countries (Belgium and Finland), where the
studied butterfly has different emergence times (so the experiments were carried
out first in Belgium and afterwards in Finland). Ideally the movement studies
should be carried out in the same geographical region, in the same year, under
same weather conditions, to be able to exclude temporal and regional variation. A
general issue worth further exploration would be the influence of the spatial
constraints (spatial arrangement of habitat) on the observed mark-release-recapture
results.

The influence of spatial scale on studying butterfly movement
(Paper III)

By comparing the mark-release-recapture results of the two studied butterfly
species Maniola jurtina and Lycaena virgaureae (Paper II) with other mark-
release-recapture studies of the same species (Brakefield, 1982a; Douwes, 1975a;
Dover et al., 1992; Lortscher et al., 1997; Ouin, 2000) it became obvious that the
movement parameters derived from the mark-release-recapture data differed
greatly. In particular, the recorded mean movement distance, which is often
calculated in this context and was earlier also used to evaluate the dispersal ability
of a species, varied between the different studies and for the same species. It could
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be shown that the size of the study area had an overriding impact on the mean
movement distance (Fig. 6).

< Brakefield (1982)

A Dover et al. (1992)

@ Lortscher et al. (1997)

0O Ouin (2000) (males + females)
@ Schneider et al.

0 T T T T T T )
0 50 100 150 200 250 300 350

Size of study area (ha)

Fig. 6. Recorded mean distance moved by the meadow brown (males) in relation to the size
of the study area (R* = 0.95, F, ; = 138.0, p < 0.001); from Paper III.

An enlarged literature search revealed that this is true not only when comparing
different data sets for the same species, but also when comparing several species
together (see Table 2 in Paper III). Most of the variation in mean distance moved
between the species could be explained by the size of the area in which they were
studied (R2=0.81, F,25=106.6, p<0.001, without the Maniola studies). However, if
more studies of the same species at different study area sizes had been available,
differences between species would be expected. It is known from previous studies
that mark-release-recapture data are biased towards shorter movements because
these are more detectable by sheer chance (e.g. Koenig et al., 1996). Wilson &
Thomas (2002) demonstrated the underestimation of long distance dispersal in
mark-release-recapture studies analysing movement data of the brown argus by
taking into account detectability.

The mark-release-recapture data obtained from study area A (Paper IV) do not
fit in this general trend. In study area A, with a size of about 1200 ha, the meadow
brown had an observed mean movement distance which was slightly lower than in
study area B (172 ha). A likely explanation for this is that the distance between
habitat patches was so large that the patches were beyond the dispersal ability of
the species — at least over unfavourable matrix. A positive correlation between the
size of the study area and observed mean movement distances is thus only to be
expected where the species is able to move between large parts of the study area.
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How can the results of this thesis be applied in a planning
context? (Paper V)

A need has been expressed for integration of landscape ecological data within
spatial planning (Forman & Collinge, 1997; Opdam et al., 2002). Paper V of this
thesis gives an example of how the ecological data presented in Papers I and II
could be applied in a planning or management context. One of the major threats to
butterfly diversity is abandonment and subsequent afforestation in landscapes like
study area B. Therefore different alternatives (=scenarios) of this type of land-use
change were created and the effects on butterfly diversity and butterfly dispersal
were estimated. The focus of this study was rather on the comparison between the
three scenarios than creating the scenarios them selves. Thus no detailed analysis
of socio-economic conditions was carried out; instead, the scenarios were based on
rough assumptions about possible future landscape changes. In addition, a land-use
map of 1939 was used to identify trends of abandonment that have taken place in
the last 60 years. The land-use maps of 1939 and 1999 and the three scenarios can
be seen in Figs. 2a-2e in Paper V. Figs 7 and 8 illustrate landscape changes in one
part of Brabygden (Bjélebo) between the 1972 and 2001.

In this study two different approaches were used separately: One was based on
species distribution, the other was a least-cost analysis (Sutcliffe et al. 2003). The
results showed that different land-use scenarios, which varied in the grade and
spatial distribution of abandonment and subsequent afforestation, affected butterfly
diversity differently. If full-time farming were to cease and part-time farming to be
reduced, most grassland valuable for butterflies would be expected to vanish
(scenario 1, see Fig. 9). Even in the case of abandonment taking place to a lesser
extent, the areas with the highest butterfly biodiversity would be most threatened if
abandonment continued to progress from the periphery of the settlement (scenario
2). It was assumed that only a directed management strategy could prevent the
most valuable areas from abandonment (scenario 3). While this estimation of the
effects of abandonment can give a rough idea about possible effects on butterflies
due to habitat loss, it does not include possible fragmentation effects.

The results of the least-cost analysis (Table 3) made evident the increase in travel
costs for a grassland butterfly in the case of further abandonment and afforestation
compared to 1999. Travel costs for a butterfly between habitat patches (=patches
of semi-natural grasslands) increased multifold in all scenarios. This was true not
only when all habitat patches were taken into account, but also considering only the
10 nearest (in cost terms). This means that butterflies will have a several times
higher travel cost even if they use only a small habitat network of 11 patches.
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Foto: Mérten Aronsson

Fig. 7. View southwards from Bjilebo, Brébygden (a) in the year 1972, (b) in the year
2001.
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Foto: Marten Aronsson

Fig. 8. South of Bjilebo, Brabygden (a) in the year 1972, (b) in the year 2001. The
meadows have been abandoned.
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Fig 9. Number of patches with high, medium and low diversity (agricultural areas only) in
the different scenarios (from Paper V).

Table 3. Results of the least-cost analysis. Average means of least-costs between each
habitat patch to all other habitat patches in 1999, scenario 1, 2, and 3 and the average
mean least-costs between each patch and the 10 ecological nearest (least-cost) patches
(from Paper V)

Average mean least-  Factor Average mean least- Factor
cost between each increase cost between each increase
habitat patch to all (compared to  habitat patch and the (compared
others 1999) 10 nearest (in cost to 1999)
terms)
1999 13770 2786
Scenario 1 49379 3.6 24397 8.8
Scenario 2 31620 23 8484 3.0
Scenario 3 33254 2.4 9298 33

Interestingly travel costs in scenario 3 were slightly higher than in scenario 2,
even if in scenario 3 certain patches were managed as grasslands for the purpose of
keeping movement paths open. This means that it might be difficult to find a
satisfactory solution regarding which grasslands to prevent from abandonment
considering species diversity and dispersal at the same time — at least if habitat arca
is reduced by more than 50 percent.

The need to be able to predict the effect of landscape changes on species
diversity has been stated by several authors (for example Burel & Baudry, 1995;
Burel ef al., 1998; Opdam et al., 2002; Schmiegelow & Monkkdnen, 2002). The
approaches used so far are varying and range from single species studies using for
example a metapopulation model (Hanski et al., 1994; Sawchik et al., 2002;
Baguette & Schtickzelle, in press) to considering several species (Swetnam et al.,
1998; Pearson et al., 1999; Schmiegelow & Monkkonen, 2002) and simulation
approaches (Fahrig, 2001; King & With, 2002). The methods used in this field
seem to be under development and both more field and simulation studies have
been requested.
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Conclusions and guidelines

The major conclusions of this thesis are that:

- landscape structure and habitat factors influence butterfly diversity in
grasslands,

- landscape structure influences butterfly dispersal between grasslands and thus
dispersal parameters can vary between landscapes for the same species,

- the scale chosen for dispersal studies has a major impact on the results of
species’ dispersal ability,

- it is necessary to take landscape factors into account for a successful species
conservation,

- planning for land-use changes in the agricultural landscape can reduce the
negative effects on butterfly diversity.

For semi-natural grassland in Sweden the following guidelines and
measurements are suggested for butterfly conservation. They are based on an
integration of the results of this thesis with existing literature.

At the site level

Pastures

Very extensive grazing seems to be one of the most suitable methods of grassland
management for many grasslands areas in Sweden. Extensive grazing still
guarantees a high numbers of flowering plants (adult nectar source) and might also
allow for patches with high vegetation (needed by some species). If the
establishment of trees and shrubs becomes a problem, manual clearing at larger
intervals could be a better solution than constant high grazing pressure, which is
unfavourable for many species. The best situation is a within-grassland variation
where all different vegetation heights exist next to each other. In Sweden it is often
difficult to have enough grazing animal available to graze all semi-natural pastures
worth conserving in a region. Rotational grazing over years could be a solution that
I would expect to favour butterfly species richness. Grasslands would be grazed
one year and not be grazed for the following 1-3 years.

From a floral perspective, high grazing pressure is often recommended. It might
be better to decide individually for each grassland if high grazing pressure is really
needed to preserve a certain plant community present. A variation in grazing
intensity between grasslands is absolutely preferable to earlier recommendations of
a generally targeted short grass sword.

Meadows

Meadows are very rare in Sweden and it is of course important to try to preserve all
meadows remaining (and also not convert them to pasture). At the end of July
meadows are the largest, and sometimes only, flower source left (due to continuous
cutting of road verges). In this study, the meadows in both study areas were cut at
the end of July. Cutting at least two weeks later would be preferable keeping nectar
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sources a little longer than the peak of butterfly abundance. To increase the nectar
source in intensively used agricultural areas, a solution could be to extensify the
grass production on leys by going over to permanent grasslands, lower fertiliser
application and fewer cuttings. Over time, this management could produce more
flower-rich grasslands, but would still permit fairly rational management (cutting
with the help of large machinery).

Margins

Extensive management of field margins and road verges would favour butterflies
by increasing flower abundance. Wide margins, with few cuttings a year and little
or preferably no influence of fertilizer/pesticides would increase resources for
butterflies.

The role of bushes and trees

The presence of bushes and trees seems to be favourable for butterfly diversity by
creating shelter and offering other resources. Half-open pastures were the most
species-rich areas investigated in this study, since there were habitats both for
grassland and woodland butterflies. In this thesis, it was shown for example that
grasslands with a certain amount of bushes had more butterfly individuals.
Probably not all butterfly species prefer half-open conditions, but this type of
grassland is very valuable from a butterfly conservation perspective and should be
present in a pastoral landscape. This type of habitat is even more important since it
is probably drastically declining in forests managed for timber production. The
establishment of bushes is favourable to a certain extent. For butterflies, large open
grasslands without any bushes are less attractive due to the lack of shelter.

At the landscape level

Adjacent land-use

Grasslands with adjacent woodlands are more species-rich than grasslands that are
surrounded by arable. This is a factor that should be considered in cases where
landscape changes are taking place. It would therefore always be preferable to keep
an existing border line between woodland and grassland instead of separating those
two land uses from each other. In cases where large grassland can not be kept
open, the best solution might be to let secondary succession take place in one part
of the grassland and to keep the rest open, thus creating an ecotone between
woodland and grassland.

Landscape pattern

A fine-grained landscape pattern supports more butterfly species than a coarse-
grained landscape. Since landscape pattern is often developed over long periods of
time, this is not something that can be easily influenced. It has long been known
that the enlargement of fields and the removal of margin vegetation has a negative
effect on many species. There are two conclusions that can be drawn from this
study:
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- a fine-grained mosaic landscape as in Brabygden supports high butterfly
species richness and is therefore valuable as a whole landscape; changes in the
landscape pattern are expected to affect the diversity,

- where possible the reintroduction of a fine-grained landscape pattern should be
promoted.

Spatial arrangement of grasslands

As shown, some butterfly species can move freely within comparatively large areas
if the conditions are favourable (large amount of habitat, permeable matrix). It is
therefore important to conserve areas with less fragmented grassland as whole
landscapes. In areas with more than 50% habitat, the spatial configuration of
habitat seems to be less important for movement. A reduction in the total amount
of habitat or a change in matrix quality reduces dispersal rates and thus can lead to
extinction, especially where habitat patches are small. If land-use changes that lead
to a reduction in dispersal ability cannot be prevented, careful planning can
mitigate the negative effects. In such cases it is important to a) preserve the most
valuable patches, b) maintain movement possibilities e.g. by keeping corridors, c)
take into account dispersal distances of the species concerned, and d) manage other
biotopes valuable to butterflies (e.g. margins) optimally.

Concerning recommended distances between grasslands, it is important to
consider the matrix. Woodland acts as a strong barrier for many butterfly species
and therefore it cannot be expected that butterflies will cross woodlands even for
short distances. The meadow brown butterfly can cross several hundred metres of
arable field and can thus be expected to disperse even in highly fragmented
landscapes with a distance of 500-800 meters between grasslands (but note that
dispersal rates here are much reduced compared to a non-fragmented landscape).
The scarce copper frequently moves distances up to 500 m in an open landscape
with a high amount of habitat. On the other hand, it seems not to be able to cope
with either the landscape or habitat conditions or both as represented by study
area A.
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