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INTRODUCTION

Biodiversity crisis and butterflies

Biodiversity is declining rapidly throughout the world, caused by human
impacts. Therefore, halting the biodiversity decline requires immediate
measures planned on solid scientific background. The current biodiversity
crisis appears more critical among butterfly species than among other
species (THOMAS 1991; THOMAS et al. 2004). The diversity of butterfly
species has decreased to a great extent in Europe; some surveys show an
even larger decrease than in bird or plant species (e.g. THOMAS et al. 2004;
VAN STRIEN et al. 2009). Butterfly populations disappear more rapidly than
bird or plant populations due to their short life span and lack of dormant
propagules (THOMAs et al. 2004). However, HAMBLER et al. (2011)
suggested that long-term extinction rates are similar among birds and
butterflies, but that the latter react more rapidly to changes in habitat quality
or climate. Populations of “specialist” species have declined more than
those of “generalist” species (WARREN et al. 2001), putting them at even
greater risk of extinction.

The Millennium Ecosystem Assessment (HASSAN et al. 2005)
summarises the current biodiversity crisis and the decline of biodiversity in
many taxa. Butterfly decline was identified in areas where detailed
monitoring data are available. The overall European decline in distribution
of butterflies is 11% over the last 25 years. The distributions of the 25 most
generalist species are declining only slowly (-1%) compared to specialist

species of grasslands (-19%), wetlands (-15%) and forests (-14%) (VAN
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SwaAy et al. 2006). The best monitoring datasets are available from the
Netherlands and UK. In the Netherlands (VAN SwaAAy 1990), of the 63
species assessed, 29 decreased or became extinct. Distributions of British
butterflies also have decreased by 71% over the past 20 years (THOMAS et
al. 2004). The main reasons for butterfly diversity decline in Europe are
habitat loss, habitat fragmentation and changes in land management (MAES
& VAN Dvyck 2001; PuLLIN 2002; SKORKA et al. 2007; WARREN et al.
2001; HANSKI 2003; PARMESAN 2003).

Threatened butterfly habitats in agricultural landscapes

As European landscapes have long been dominated by humans, many
species rich habitat types rely on the low-intensity agricultural use typical of
earlier agronomic eras, which now require conservation-oriented habitat
management to maintain them. Around 50% of butterfly species live in such
semi-natural grasslands (ERHARDT & THOMAS 1991), where management is
necessary to maintain their current populations (VAN SWAAY & WARREN
1999; VAN SWAAY 2002). Agricultural landscapes may be affected by either
intensification or abandonment, both of which can diminish formerly
suitable butterfly habitats (STRIJKER 2005).

Agricultural intensification is one of the major forces behind the current
decline of rural landscape biodiversity, especially in Western Europe
(Dover et al. 2011; KLEUN et al. 2009; MAES & VAN Dyck 2001).
Management, generally in the form of grazing or mowing, maintains
grasslands as a habitat. Intensive management decreases butterfly diversity,
while extensive management maintains grassland habitat and enhances
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diversity (KRUESS & TSCHARNTKE 2002). In Eastern regions, abandonment
of grassland habitats is frequent, and a crucial question for butterfly
conservation (SKORKA et al. 2007). Cessation of management can enhance
short-term biodiversity and butterfly abundance, but later deteriorate the
habitat (DOVER et al. 2011; SKORKA & LENDA 2010; VAN SwAAY 2013).

Intensive agriculture generates large and homogeneous landscape units
around less intensively used grassland remnants and causes fragmentation
(KERY et al. 2001; SHREEVE & DENNIS 2011; STOATE et al. 2009). The
patchiness of semi-natural grassland habitats raises the question of how
landscape configuration and composition affect butterfly diversity and
abundance. The area effect is observable in fragmented grasslands in most
studies (KrRAUSS et al. 2003; STEFFAN-DEWENTER & TSCHARNTKE 2000),
although others show no such effect (OCKINGER & SMITH 2006). Landscape
heterogeneity generally increases diversity (WEIBULL & OsSTMAN 2003;
OCKINGER et al. 2012). When the effects of configurational and
compositional landscape heterogeneity are separated, butterfly abundance
increases with compositional heterogeneity, and butterfly diversity increases
with configuration heterogeneity (SLANCAROVA et al. 2013).

Landscape homogenisation has a detrimental effect on butterfly
community composition. Several endangered species still exist in
heterogeneous landscapes (EKROOS et al. 2010; SLANCAROVA et al. 2013,
and compositional heterogeneity is positively correlated with the diversity
of generalist butterfly species, but has no effect on specialist species
(KrRAUSS et al. 2003; BERGMAN et al. 2004). Heterogeneous landscape
configurations are best for species whose populations use multiple sites of
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rarer biotope types within the landscapes, whereas heterogeneous
configuration does not affect species persisting at isolated sites or those
utilising common biotope types (DAPPORTO & DENNIS 2013; SLANCAROVA
et al. 2013). FiLz et al. (2014) studied the combined effects of climate
change, landscape configuration and habitat quality. Their conclusion was
that habitat specialist species are at high risk of extinction. Conservation
practices could enhance butterfly diversity by dividing large homogenous
landscapes into separate elements, using stepping stones, hedges and
herbaceous stripes (CROXTON et al. 2005; TSCHARNTKE et al. 2002;
WALKER et al. 2006), in order to increase the amounts of resources within
landscapes (SHREEVE & DENNIs 2011). Diversification of management also
enhances butterfly population density (SAMwWAYS et al. 2010; Cizek et al.
2012).

Fragmentation and change in land management seriously threaten wet
meadows (HALADA et al. 2011), which are among the most important and
endangered habitats of butterflies in Europe (KUHN et al. 2005). More than
half of the Hungarian Prime Butterfly Areas is wet meadows (VAN SWAAY
& WARREN 2003). It is now widely demonstrated that agricultural
intensification reduces the diversity and abundance of butterflies associated
with extensively managed wet meadows (e.g. VAN SWAAY & WARREN
1999; KonvickA et al. 2003; ZIMMERMANN et al. 2005). Habitat
degradation and fragmentation of wet meadows have caused the decline of
several butterfly species, including Coenonympha oedippus and Maculinea
teleius (VAN SWAAY & WARREN 1999; Nowicki et al. 2007; SKORKA et al.
2007; VAN SWAAY et al. 2010a).



Population structure and conservation status of protected butterflies

While a complete description of biodiversity on a large scale is
impossible, it is feasible to monitor changes in biodiversity using certain
indicator species. Groups of species that are easy to monitor or have a
special importance in the ecosystem services throughout an extensive
network of sites are good indicators and can be a basis of monitoring
(PEREIRA et al. 2013). Butterflies are adequate indicators of change for
many terrestrial insect groups (THOMAS 2005). The presence, absence or
abundance of an indicator species reflects a specific environmental
condition. Presence of and changes in populations of indicator species
mirror those of other species in the community (SIMBERLOFF 1998;
FLEISHMAN et al. 2000). Butterfly Monitoring Schemes provide data for
evaluating changes in biodiversity (VAN SWAAY et al. 2008).

For more effective habitat conservation, the “umbrella species” concept
was developed. Umbrella species are equally or even more sensitive to
environmental changes than the other species present in the habitat. They
are chosen by conservationists based on their ability to represent changes
occurring in the most taxa possible in an area. In the case of butterflies,
FLEISHMAN et al. (2000) applied this definition: “species whose
conservation confers a protective umbrella to numerous co-occurring
species”. Maculinea species can be considered as indicators and umbrella
species on hay meadows, due to their special life cycle and sensitivity to
environmental changes (THOMAS et al. 2005, SKORKA et al. 2007, SPITZER et
al. 2009).



For a successful conservation practice, a deep understanding of the
requirements of the species is needed. It has long become clear that larval
resource requirements play a key role in butterfly population dynamics, and
adults influence population dynamics less by resource requirements, and
more by dispersal (THOMAS et al. 2011). These two observations of butterfly
population dynamics have led to recognition of the importance of habitat
quality (DENNIS & VAN Dyck 2003; DENNIS et al. 2006; TURLURE et al.
2010) and to the conception of metapopulation theory (HANSKI 1999).

Factors effecting population size and persistence: metapopulation
theory

Generally, two main approaches exist to explain variation in the
population size of butterfly species: metapopulation theory and the habitat
quality approach (THOMAS et al. 2001). Butterfly habitats in modern
landscapes are often fragmented: patches of suitable habitat are surrounded
by inhospitable areas and local subpopulations are connected by dispersal.
The dynamic of extinction and recolonisation of subpopulations can form a
spatially structured metapopulation, where dispersal among local
populations has an effect on local dynamics (HANSKI & SIMBERLOFF 1997).
In a classic metapopulation, extinction and recolonisation exist in
equilibrium (HANskI 1991), but conservation studies show that this balance
is often biased towards decline (VAN STRIEN et al. 2011).

Metapopulation studies frequently use butterflies as model species, and
the theory has developed itself through butterfly studies (e.g. HANSKI et al.
1994; THOMAS et al. 1996; HANSKI et al. 2000; BAGUETTE & SCHTICKZELLE
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2003; SCHTICKZELLE et al. 2006; DOVER & SETTLE 2009; VAN STRIEN et al.
2011). Metapopulation theory assumes that patch size and isolation are the
main factors that influence population size and persistence in a habitat patch
(HANSKI & GLIPIN 1997). Persistence and abundance of species with high
sensitivity to fragmentation can be described well by a metapopulation
structure (e.g. THOMAS & HANSKI 1997; HANsKI 1998; OCKINGER 2006;
Nowicki et al. 2007; HOVESTADT et al. 2011). For some butterfly species,
the classic metapopulation structure can be applied (HANSKI et al. 1994;
WAHLBERG et al. 2002), where, either naturally or by the result of habitat
loss and fragmentation, the population structure is close to the ideal
metapopulation at equilibrium. In other cases, the spatially structured
population is slightly different from a metapopulation in equilibrium. High
patch occupancy, low rate of colonisation and extinction of local
populations are frequently experienced in real butterfly populations (VAN
STRIEN et al. 2011). This is often the case in declining populations in
fragmented environments, which are often the focus of conservation studies
and maintaining efforts.

The metapopulation approach has some limitations in continuous
landscapes, where the definition of habitat patches is not exact and resources
of butterflies are spatially separated (DOVER & SETTELE 2009). The resource
limitation approach offers an alternative to avoid the problems of patch
definition, continuity of landscapes and sparse location of resources in the
matrix (DENNIS et al. 2006). This approach determines the extent of habitat
based on necessary resources, and emphasises the importance of the habitat
quality (VANREUSEL & VAN Dyck 2007). Such studies analyse habitat
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quality in light of the habitat requirements of a certain species
(OOSTERMEIER & VAN SWAAY 1998; SKORKA et al. 2007).

Habitat quality can be described by structural factors, such as the amount
of shade or light intensity (GRUNDEL et al. 1998), the main components of
vegetation and foodplant density (BATARY et al. 2007), or by the prevalence
of nectar sources (FISCHER 1998). Females and males can have different
habitat requirements due to their different drivers, such as finding suitable
sites for oviposition or mating partners (MUNGUIRA et al. 1997; GRUNDEL et
al. 1998). Vegetation management can also influence the quality of habitats-
and therefore the habitat use of butterflies (SMALLIDGE & DONALD 1997).

Habitat quality requirements can differ according to the given life stages,
as these different stages require different resources (DENNIS et al. 2006). In
themselves, the distribution and density of adult butterflies are not
necessarily good predictors of ovipositing sites (DOVER & ROWLINGSON
2005), because habitat requirements for eggs and larvae are usually
narrower than those of adults alone. Therefore, these life stages essentially
determine the distribution of butterfly species (THOMAS 1991; KONVICKA et
al. 2003; ELLIs 2003, THOMAS et al. 2011).

The occurrence of a butterfly species can be significantly affected by
both spatial geometric factors and quality of the habitat (THOMAS et al.
1992; WAHLBERG et al. 2002). While some studies have considered patch
geometry as the most relevant factor (HANSKI et al. 1996; THOMAS &
HANsKI 1997; Nowickl et al. 2007), other studies have revealed that within-
site variation in habitat quality is more important in predicting patterns of
site occupancy (THOMAS et al. 2001; FLEISHMAN et al. 2002). Using a
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combination of spatial and habitat quality approaches in the same study
enables predictions of population size or density (THOMAS et al. 2001,
SAWCHIK et al. 2003; RABASA et al. 2008), and in some cases patterns of
site occupancy, more reliably than by their conventional separation (LENDA
& SKORKA 2010; SANFORD et al. 2011).

Conservation status of three protected butterfly species

In this study, I discuss three important aspects of butterfly conservation:
the significance of ecological studies on butterfly conservation, the
importance of habitat use and availability of resources in all life stages of
butterflies, and the consequences of the spatial structure of populations.
Instead of analysing all of these aspects in relation to one species, |
examined three different species: Maculinea (Phengaris) teleius
(Bergstrasser, 1779), Coenonympha oedippus (Fabricius, 1787) and
Zerynthia polyxena ([Denis & Schiffermiiller], 1775). All three are
protected species, although they are threatened to different degrees. The
studies aimed to reveal the points where conservation management has an
impact upon the long-term survival of the species, and, primarily, to reveal
the habitat use and requirements of the species in all cases.

VAN SWAAY (2014) describes five pillars of butterfly conservation: (1)
distribution, (2) trends of population size and distribution, (3) drivers of
change, (4) conservation actions and (5) communication. In my PhD thesis,
I focus mainly on the foundations of conservation actions and the habitat
requirements of each species, giving also partial attention to the distribution
and abundance of the examined species. Among the species studied, the
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extent of initial knowledge differed, from the well-known M. teleius to the
less studied C. oedippus and the under-studied Z. polyxena. These butterfly
species have different life cycles, habitat requirements and responds to
environmental changes.

Habitat requirements and status of Maculinea teleius

Maculinea butterflies are among the most intensively studied species due
to their special life cycle and endangered status, and because they are
sensitive indicators of environmental changes (SETTELE et al. 2005).
Numerous publications deal with the ecology and conservation of M.
teleius, some even on possible effects of management. One recent large-
scale study on habitat requirements in Germany (DIERKS & FISCHER 2009;
and another on metapopulation dynamics in Poland (Nowiczki et al. 2014),
review the relevant publications on the topic. Threats such as abandonment
of traditional agriculture and habitat loss endanger the species in Hungary,
although there are still several large populations (VAN SWAAY & WARREN
2003). The species is well studied in Hungary, the local population structure
(KOROSI et al. 2012), effects of management on population (KOROsI et al.
2014), host ant species (TARTALLY 2008) and genetics (PECSENYE et al.
2007) have been surveyed. It is proven that habitat management to
strengthen the Maculinea teleius populations should be adapted to local site
conditions, as host ant species and local climate severely affect the results of
different management regimes on similar Maculinea species (THOMAS et al.
1998).
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M. teleius breeds in wet meadows and oviposits in the flower heads of its
foodplant, the Great Burnet (Sanguisorba officinalis L.). Therefore, the
butterfly’s distribution strongly depends on the distribution of this host plant
(THOMAS 1984). The species is obligatory myrmecophilous (THOMAS et al.
1989) with considerable local/regional variations of the host ants
(TARTALLY & Cs6sz 2004; TARTALLY 2008): the host ant species in the
study area is Myrmica scabrinodis Nylander 1846. Young caterpillars, after
developing in the flowerheads of S. officinalis, are adopted by their host ants
(THOMAS 1984). In the ant nests the caterpillars live as social parasites; that
is, they prey on the ant brood until they complete their development the
following year. FIGURNY & WOYCIECHOWSKI (1998) observed that M.
teleius, in contrast to the sympatric species M. nausithous, oviposits on the
younger and shorter flower shoots that are closer to the ground and have
fewer flowers. The abundance of flowerheads can be greatly affected by
management (JOHST et al. 2006). Maculinea populations only persist if the
niches of foodplant and host ant overlap (THOMAS et al. 1998).

Habitat requirements and status of Coenonympha oedippus

Coenonympha oedippus is a species distributed in the Palearctic steppe
zone (BozaNo 2002). The European populations declined or extinct and are
threatened in several countries. There are large and stabile populations in
Italy (BONELLI et al. 2010), large but threatened and highly isolated
populations exist in Croatia (SASIC¢ 2010) and Slovenia (CELIK & VEROVNIK
2010). The European populations generally occupy semi-open wet habitats:
Molinia coerulea meadows, bogs, wet heathlands, sedges of swamps and
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forest meadows (DoOLEK et al. 2010). There are some populations in the
Mediterranean parts of Europe that occur in dry habitats (CELIK 2004; VAN
HALDER et al. 2008), but also with a high coverage of Molinia coerulea.
Molinia and Carex species are the main foodplants of the polyphagous larva
(BRAU et al. 2010).

It is one of the most endangered butterflies in Europe; it is considered as
nearly threatened by IUCN (2011) and is listed in Annexes Il and IV of the
Habitat Directive (1979) and Annex Il of the Bern Convention. The
geographical distribution of the species is highly fragmented and colonies
are isolated (KUDRNA 2002). Most recent studies on the distributions,
population sizes and reproduction biology of the species were included in a
special issue of the journal Oedippus (DoLEK et al. 2010). One of the first
publications about the species describes its weak, jumping flight (SEITZ
1906), which is related to its supposed weak dispersal ability (LHONORE &
LAGARDE 1999; CELIK et al. 2009). LHONORE and LAGARDE (1999) mention
the problems of fragmentation, isolation and other threatening factors that
endanger the long-time survival of the butterfly.

European populations are threatened with habitat loss and degradation,
especially land drainage, abandonment and changes in habitat management.
Populations also suffer from the spread of invasive weeds (Solidago spp.)
and encroachment of bushes after abandonment, collection of butterflies,
development of built-up areas and climate change (VAN SWAAY & WARREN
1999; CELIK & VEROVNIK 2010; OrvOssy et al. 2010; SASIC 2010). In
Eastern European wet meadows, Solidago spreads forcefully and negatively
affects butterfly communities (MoRroN et al. 2009).
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In Hungary, remarkable populations were described in the Hansag,
Kiskunsag and Obuda regions, as well as in Szar (BALINT et al. 2006).
These habitats disappeared due to large-scale drainage (MOLNAR et al.
2008) and urban development. Two habitats remained in Hungary, a
permanent population in the Kiskunsag region, near Ocsa (BALINT et al.
2006) and in the Fert6-Hansag region.

Fortunately, during our study, two exciting developments were identified.
We found several subpopulations around the known location, which
released the threat of short-term extinction of the species. While we focused
on the known area, another research group found a population in a
geographically distinct region, in the Fertd-Hansag National Park (AMBRUS,
pers. comm.).

The nearly threatened status of the species motivates the monitoring of its
population size. Efforts to maintain the small and isolated populations by
conservation management are hampered by a lack of knowledge about the
habitat requirements of this species. Hence, a suitable management regime
would halt further decline and support the long-term survival of the species.
Development of a proper management action plan should be based on a
survey that describes which factors influence the metapopulation structure
of the species under consideration and determines the parameters of the best
available habitat quality.

Habitat requirements and status of Zerynthia polyxena

Z. polyxena is not strongly threatened, but is protected. It shows trends
towards decline in several European locations and is already extinct in
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Germany and Switzerland (VAN SWAY et al. 2010a). The species is listed in
the Habitat Directive Annex IV and the Bern Convention Annex Il. No
specific conservation actions are needed at the European level, but in
countries where the species is in decline, important habitats should be
protected and managed. Butterfly Monitoring Schemes (VAN SwAAY et al.
2010b) should monitor the effects of management. The presence of early
succession stage of the natural habitat depends on the presence of natural or
human disturbance. Allowing the turnout of natural disturbances, such as
flooding or low-intensity human disturbance, can help to maintain their
habitats. There is only one publication about the population structure of this
species (CELIK 2012) our study on egg distribution adds to this (BATARY et
al. 2007). Z. polyxena populations in Hungary are widespread and are not in
immediate danger. The species may require management actions to preserve
its current populations.
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AIMS

Maculinea teleius

Our aims in Study 1. were to describe the microhabitats available for M.
teleius in the mosaic of fens and meadows in an extensively grazed area, to
determine the factors that influence the presence and density of M. teleius
and finally to investigate the relationship between host ant and M. teleius.

Coenonympha oedippus

The aim of Study Il. was to estimate some essential parameters of
population dynamics (population size, sex ratio, survival rate, lifespan) in a
single population of C. oedippus using mark-release—recapture method.

In Study I11. our aims were to gain information about the population
structure of C. oedippus: discriminate clusters based on phenology,
asynchrony of subpopulations and movement pattern of the species, and to
determine whether and how habitat quality affect its population size and
density.

Zerynthia polyxena

The aims of Study IV. were to determine factors affecting the small-
scale habitat use of Z. polyxena, including the distribution of adults, eggs
and larvae among foodplant patches, and to reveal the resource requirements
of the species in all life stages in a human-dominated landscape. We
hypothesized that structural differences of foodplant patches in different
vegetation types has an effect on distribution and abundance of Z. polyxena.
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MATERIAL AND METHOD
The methods and results are available in detail in the attached publications.

Study species

M. teleius population is coexsisting with M. alcon at Kunpeszér. The
population is divided into smaller subpopulations due to the mosaic
landscape. Population sizes of M. teleius are generally sufficient, but it is
sensitive to environmental changes. The habitat of the local population is
maintained by grazing. The flight period is in August.

C. oedippus population at Ocsa in the Kiskunsag region was considered
to be at high risk of local extinction due to habitat deterioration and
isolation, as the result of drainage, abandonment of management and
dispersion of invasive plant species. The species presence was sporadically
monitored in one of the Ocsa habitats in the 70°, but without detailed
studies.

Z. polyxena’s larval foodplant is Aristolochia clematitis L., females lay
their eggs in clusters on the leaves of the host plant. The hatching larva
feeds on the leaves and concentrates the toxins of the plant in its body.
Hence, the larva and the adult are toxicuous, brightly coloured and easy to
recognise. The studied population lives in tree plantations. The main
threatening factor for the butterfly is the disappearance of the foodplant, due
to too intensive management or the lack of disturbance.
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Study sites

Study sites of M. teleius

M. teleius population was studied at Kunpeszér, on the Hungarian Great
Plain. The area is a mosaic of fens and meadows. The patchiness of the area
Is due to the variation in local topography affecting soil humidity. Fens,
situated in the most humid and deepest depressions, are characterised by
willow bushes and reed, the deepest parts are not suitable habitats for this
butterfly, but the edges are ideal habitats. Eight fens of a comparable size
were selected (mean = 2.8 ha, range = 0.8-5.4 ha) (Fig. 1. in Study 1.).
Around these depressions, four types of microhabitat were available for this
butterfly: Typha-, Lythrum-, Stachys-, Molinia microhabitat (Study 1.).
Cattle (0.3 cows/hectare) had grazed in the study area for at least 5 years
from early spring until late autumn. The grasslands were never fertilised or
treated with pesticides.

Study sites of C. oedippus

C. oedippus was studied at an area next to the town of Ocsa. In Study I1.
we focused on a small (0.65 ha) habitat patch for population size estimation.
In Study I11. we enlarged the study area and covered all occupied patches of
the habitat complex. The species’ presence was recorded in 16 patches with
12 patches of higher densities. These twelve patches were isolated from
each other by 0.01-3.2 km, separated by softwood forest groves, shrubs,
grasslands or agricultural areas (Fig. 1. in Study I11.). They varied in size
from 0.14 to 1.66 ha. The examined patches were all wet meadows with the
ground water level close (0.1-2.0 m) to the surface, and vegetation was
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dominated by mainly Molinia coerulea subsp. altissima (heterotypic
synonym of Molinia arundinacea Schrank) and other Poaceae and Carex
species with few nectar sources for the butterflies (OrvOssY et al. 2010).
The traditional management of the area was extensive mowing for
haymaking. Most of the studied patches had been abandoned and
experienced weed invasion and scrub encroachment. Traditional once a year
mowing is still carried out only in three patches.

Study sites of Z. polyxena

One of the biggest Z. polyxena populations in Hungary lives in the
habitat near Csévharaszt. Black locust and poplar tree plantations cover the
area altering with open clearings and artificial linear hummocks (Fig 1. in
Study 1V.). These hummocks were created during plantation management;
stumps of harvested trees were merged to a line and covered with soil.
Hummocks were partly shaded and disturbed and were ideal habitats for the
butterfly’s foodplant (Aristolochia clematitis).

Sampling design and methods

In Study I. and IV. we used transect counting for estimating relative
abundance, while in Study Il. and I11. we used the mark-release-recapture
method for estimating population size. Transect counting is a quick method,
applicable on adults and larvae without handling effect, relative abundance
data are suitable to compare distinct sites. Mark-release recapture technique
is frequently used during butterfly population size estimation while
describes population structure. The daily survival rate, probability of
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catching, daily population size, life expectancy and total population size can
be estimated and the dispersal among patches can be examined.

STUDY I.

Altogether 40 transects (divided into ten quadrates) were laid out around
eight marshland fens (Fig. 1. in Study I.). Number of M. teleius butterflies
was noted. During the flight period the number of foodplant flowerheads
was counted, soil humidity and vegetation height was measured, and
microhabitat type and grazing intensity (absent, light or strong) was
classified in every quadrate. Pitfall traps were used to detect the presence of
host ant species.

STUDY Il.

Mark-release—recapture method was used in one habitat patch in 2005-
2007 (patch "MV” in Fig 1. in Study 111.). Sampling was conducted daily in
2005 and 2006, while every second day in 2007. A grid of 5x5 m was laid
down to locate captures. The survival and capture probability were
estimated for both sexes with the Cormack-Jolly—Seber method using Mark
5.1 (WHITE & BURNHAM 1999). The best models were selected based on
Akaike’s information criterion (AIC). Mean lifespan was calculated from
survival probability (Cook et al. 1967). The daily population size was
estimated with program POPAN 5 (ARNASON & SCHWARZz 1999). The total
size of butterflies in a year was calculated with the modified method of
Cook et al. (1967).
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STUDY III.

We carried out mark-release-recapture survey in twelve habitat patches in
2007. Each patch was visited every other day. Sampling effort was
standardized. Four additional locations were included in the Virtual
Migration 2 model. We measured the quality of each habitat: height of
vegetation, height of grass litter, number of flowers/nectar sources, area
covered by tussocks, percentage of bush cover, groundwater level.

STUDY IV.

To estimate Z. polyxena density in the four vegetation category (poplar,
black locust, clearings, hummocks) 23 large foodplant patches were selected
for sampling (Fig. 1. in Study IV.). Number of adults was counted
altogether 16 times. Transects were visited in altered order to avoid effects
of timing. Number of eggs and larvae was counted twice in each plot, first
in the middle of the flight period than after larval hatching. Number and
height of foodplants, height of other plants and percentage of bare ground
were measured. Light intensity was measured on each transect, at the second
survey by LI-189 Quantum/Photometer.

Data analysis
STUDY I.

Logistic regression analysis was used to determine the relationship
between presence of butterflies and explanatory variables. A nested design
was used with transects nested within fens and quadrates within transects.
Explanatory variables were the number of foodplant flowerheads as the first
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covariate, fen and transect as random factors, then, one by one all variables
(soil humidity, grazing category, microhabitat type and vegetation height)
were added until the best model (smallest AIC value) was obtained.
Correlation between the quadrates was built into the models, which were
nested in transects to avoid edge effects causing bias in the models.

Linear regression analysis of fen “A” included number of
butterflies/quadrate as the dependent variable, foodplant flowerheads,
transect as a random factor and quadrate correlation. The comparisons
between microhabitat types and distance from the fen, soil humidity,
flowerhead density and vegetation height were tested using the Kruskal-
Wallis test. The relationship between the number of M. teleius and Myrmica
scabrinodis was analysed using a Mann-Whitney test. All statistical
analyses were performed using R software packages (R DEVELOPMENT
CoORE TEAM 2004).

STUDY Il. and STUDY III.

We estimated the population size for only one habitat patch of C.
oedippus at Ocsa in Study 1. We used Cormack-Jolly-Seber (CJS) model
to estimate the population parameters for each year of the 3 years survey.
Survey of 2007 was also used in the analysis of Study II1.

In Study IIl. we surveyed more habitat patches. The mark-release-
recapture dataset was analysed in two steps, and separately for each of the
twelve habitat patches. First, we fitted a Cormack-Jolly—Seber (CJS) model
to each dataset with time- and sex-dependent parameters (survival rate and
recapture probability). We tested for the goodness of fit by a bootstrap GOF
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test and a v2-based GOF test (‘Release”) (LEBRETON et al. 1992). Then we
performed a model selection based on AIC values to reach the most
parsimonious model (BURNHAM & ANDERSON 2002). Secondly, we fitted a
Jolly—Seber (JS) model with a set up for survival rate and encounter
probability as in the most parsimonious CJS model. Model selection was
performed again to find the best parameterization (the JS model had two
additional parameters: population size N, which can be sex-dependent, and
proportional recruitment pent, which can be time- and sex-dependent). Daily
population size was a derived parameter of the JS model. Average lifespan
was calculated from the survival rate of the CJS model (1/-In(Phi), CookK et
al. 1967). All analyses were carried out using MARK 5.1 software (WHITE
& BURNHAM 1999).

The Virtual Migration 2 programme (HANSKI et al. 2000) was used to
estimate the following dispersion and population parameters for both sexes:
within-patch mortality, migration rate per one-hectare patch, scaling of
migration with patch size, distance-dependence of migration, mortality
during migration and scaling of immigration into a patch.

The relationship between butterfly quantity and habitat quality
parameters was analysed with ‘‘General Additive Models, for Location,
Scale and Shape’’, without any smoothing effect, only for exploiting the
availability of lognormal error distribution. Two response variables were
used in the analyses: total population size and the maximum observed
density of individuals. Predictor variables were standardized: height of
vegetation, height of grass litter, number of flowers/nectar sources, area
covered by tussocks, percentage of bush cover, area and groundwater level.
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We applied a backward-stepwise model selection based on AIC values.
These analyses were performed using gamlss package (STASINOPOULOS et
al. 2012) of R 2.12.2 statistical software (R DEVELOPMENT TEAM 2011).

STUDY IV.

Due to the overdispersion and heteroscedasticity in our dataset, and
correlations among explanatory variables, we used conditional inference
trees to analyse our data. We carried out six regression tree analyses with
quad type test statistic and Bonferroni correction. Number of adults, eggs
and larvae as response variables were analysed separately. In the first three
trees explanatory variable was only the vegetation category, while in the
other three trees we used undergrowth parameters as explanatory variables:
height of foodplants, number of foodplants, height of other undergrowth
plants, percentage of bare ground and (only in the case of adults) light
intensity. Conditional inference trees are not sensitive to the association
between explanatory parameters, as the hierarchy of the outcome can show
the connection among them. We also included the transect ID that each plot
belonged to. Undergrowths parameters by vegetation type were tested by
Kruskal-Wallis test and Multiple Comparison after Kruskal-Wallis test.
Correlations of the undergrowth parameters with light intensity were tested
by Spearman correlation tests. We used R for statistical analysis (R
DEVELOPMENT CORE TEAM 2011); the party package was used for
conditional inference tree analysis (HOTHORN et al. 2006), the pgrimess
(GIRAUDOUX 2014) package was used for Multiple Comparison after
Kruskal-Wallis test.
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RESULTS
Study I.:

Presence of M. teleius was related significantly to the microhabitat type
in Study 1. Altogether, there were 553 individual sightings of butterflies,
290 were at the most populated fen (fen “A”, Figure 1.).

Figure 1. Abundance of M. teleius and S. officinalis in the quadrates.
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The best nested logistic regression model showed a significant effect of
microhabitat type, but no effect of foodplant or grazing (Table 1). M. teleius
seemed to prefer Stachys and Molinia microhabitats, where the butterfly was
recorded in more of the quadrates, than in the Lythrum and Typha
microhabitats, which were less preferred (Fig. 3).

Abundance of M. teleius was significantly related to the number of
foodplant flowerheads but not to grazing (Table 1.). The abundance of M.
teleius increased with the number of flowerheads (Table 1, Fig. 4). Over the
whole area the number of M. teleius was significantly higher in quadrates
where host ants (Myrmica scabrinodis) were present compared to quadrates
lacking the host ant (Mann-Whitney test, U = 2612.5, p = 0.003).

The position of the microhabitat types depended on the distance from the
fen, usually in the order Typha microhabitat (edge of the fen), Lythrum
microhabitat, Stachys and Molinia habitat. This distribution was not rigid, as
some of the microhabitats were not present or not in this order. There were
significant differences in the distances of four microhabitats from the edge
of the fens (Kruskal-Wallis test; 4> = 55.2, d.f. = 3, p < 0.001), in soil
humidity (Kruskal-Wallis test; ¥* = 176.6, d.f. = 3, p < 0.001) and
vegetation height among microhabitats (y* = 235.4, d.f. = 3, p < 0.001). The
highest vegetation was at the edges of fens and declined along the transects
as microhabitat types changed (Fig. 2b in Study 1.). The foodplant
flowerhead density was significantly higher in the Lythrum and Stachys than
in Typha and Molinia microhabitats (y* = 62.1, d.f. = 3, p < 0.001).
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Study I11.:

This study shows the population structure of C. oedippus in a habitat
patch during a three year period. The population was moved from the
originally known location and was found in an adjacent, but deeper area,
probably due to desiccation of the area. The estimated total population size
was 137 in 2005, 273 in 2006 and 212 in 2007 (Tables 1 and 2). The
population structure parameters are in Table 2.

The highest estimated daily population size varied between 45-81 for
males and 29-96 for females (Fig. 2). Males reached their maximum
estimated daily population size earlier than females in each year. The
butterfly showed the characteristics of protandry, males outnumbered
females in the first days of the observation period (Figs. 2 and 3).

The model selection resulted gender dependent survival and capture
probability in the first two years and gender independent survival and
capture probability in the third year. Female survival probability was
slightly higher than that of the males in 2005 and 2006. The survival
probability in the third year was gender independent and decreased to 0.78.
The mean lifespan of females was 8.58 and 7.18 days in the first years,
while mean lifespan of males was 5.74 in 2005 and 5.04 in 2006. The mean
lifespan had decreased to 3.95 for both sexes in 2007 (Table 2). Capture
probability was 0.40 and 0.53 in males and 0.22 and 0.38 in the case of
females in the first years and 0.27 in 2007 (Table 2).

Observations of individual movements during the sampling suggested the

individuals were sedentary; their flight was short and jumping. The average
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distance between consecutive recaptures was 38.3 m (52 animals, 1-11
movements/individual). According to the tracking data of individuals, males
moved more frequently and flew longer distances (approx. 10-15
m/occasion) than females (0.2—4 m), although sample size was not sufficient
for statistical analysis.

Study 111.:

While we carried out intensive mark-release study in the already known
habitat patch, we also mapped the potential habitats in the area. Sixteen
locations were found. We attempted to estimate the whole population
system’s size. In 2007, the most promising 12 patches was regularly visited
and a mark-release study was carried out.

The estimated total number of individuals in the studied population
system was slightly over 3,000, which was calculated for ten habitat
patches, where the total estimated number of individuals varied between 24
and 1055. Two groups of patches were separated by relatively large
distances and differed in size (Fig. 1), peak of daily population size was also
6 days from each other in the two groups of patches. Altogether, 1,496
butterflies (914 males and 582 females) were marked, during 2,052 capture
events. Total population size per patch varied between 24 and 1,055
individuals, the maximum daily butterfly density ranged between 0.09 and
1.72 observed individual per minute per patch (Table 1.) The daily survival
(SE) varied between 0.22 (0.18) and 0.79 (0.02) for males and 0.82 (0.04)
and 0.87 (0.08) for females (Fig. 2.). In all patches protandry was observed,
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i.e. males emerged earlier than females (Fig. 2.). Average lifespan (SE)
varied between 0.7 (0.5) and 7.3 (0.3) days (Table 1.).

Altogether, 48 dispersal events (37 males and 11 females) were detected.
Females moved less frequently and shorter distances than males. For males,
the longest observed movement was 5.8 km, while the longest observed
movement by a female was less than 0.5 km. The Virtual Migration 2 model
showed that one dispersal parameter differed significantly between males
and females; distance-dependence of migration was stronger in the case of
females (Table 2).

We also aimed to find connection among environmental characters and
size of the local populations and density of those populations. The
maximum daily density was significantly affected by the groundwater level
and by the area covered by tussocks following the minimal adequate general
additive model (Table 4). The density of butterflies was higher in habitats
with lower groundwater level, and with larger area covered by tussocks. The
population size was larger in habitat patches where the groundwater level
was lower and the grass litter was higher, both parameters had almost equal
influence on population size based on general additive model (Table 4).

Study IV.:

Z. polyxena adults used the foodplant patches in all of the four vegetation
types, but their distribution was uneven (Fig. 2). Altogether 182 butterflies
were observed during 16 sampling occasions along the 23 transects. Number
of adults was significantly lower in poplar plantations than in other types.
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Number of butterflies was significantly higher in transects with smaller
percentage of bare ground. Number of food plants had a marginally
significant positive effect on butterfly numbers where bare ground cover
was >25% (Fig. 3).

922 eggs were counted after the peak of the flight period. Eggs were
present in 28 out of the 115 sampling plots. Number of eggs was only
marginally significantly higher in black locust and hummock plots than in
open and poplar plots (Fig. 3). The result of ‘conditional inference tree’
analysis with the undergrowth parameters as explanatory variables showed,
that plots with higher than 45 cm host plants hosted significantly more eggs
than plots with smaller host plants. Host plant number significantly
partitioned plots with smaller (<45 cm) host plants into two groups; plots
with more than 135 host plants hosted more eggs than plots with fewer
plants (Fig. 3).

471 larvae were counted in 48 of the 115 plots. Larvae number was
significantly higher in plots of hummock vegetation than in other types. The
second, marginally significant node of the conditional inference tree
partitioned black-locust and open plots from poplar plots. The regression
tree with the undergrowth parameters showed that foodplant height
partitioned the sample into three categories. Plots with higher than 75 cm
foodplants had the highest number of larvae, fewer larvae were in plots with
foodplants between 60-75 cm, and the lowest number of larvae was in plots
with shorter than 60 cm foodplants (Fig. 3).
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The four vegetation types differed in number of foodplants, height of
foodplants, cover of bare ground and light intensity (Table 1). Foodplant
height, number, and light intensity were the highest in hummocks, while
bare ground cover was the highest in poplar habitat. Height of undergrowth
during egglaying was significantly higher in black-locust and hummock
than in open and poplar quadrates. There was a negative correlation between
light intensity and percentage of bare ground cover, while we found a
positive correlation between light intensity and number of host plants in the
first survey (see results of Kruskal-Wallis test and comparison after
Kruskal-Wallis test in Study 1V.).
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DISCUSSION

All of these studies aimed to reveal the habitat use of protected
butterflies, the optimal and the available quality of habitats and its effects on
population size and density. Habitat quality can vary within the examined
habitat patch or patch complex. Butterfly populations react to these
differences, avoid unsuitable places and persist in large numbers where
environmental parameters are the most suitable. Because all of the examined
study sites are under some form of human management, it is crucial to
understand what combinations of environmental parameters are best and
worst for species, especially when the population of species is in immediate
danger of local extinction. Shaping existing management based on
knowledge regarding the local populations’ habitat requirements could be
sufficient in supporting the long-term survival of these protected butterflies.

M. teleius is a well-examined species throughout Europe, but the local
populations have different requirements due to environmental conditions,
climate and host ant species. In a large mosaic landscape, the microhabitat
type primarily determined the presence of M. teleius imagos. The highest
number of M. teleius was observed in Stachys and Lythrum microhabitats.
The lack of foodplant effect on this scale is probably the result of the
availability of foodplant on the entire study area. The abundance of M.
teleius in fen “A”, however, was influenced by flowerhead density of
Sanguisorba officinalis. The foodplant density differed in the microhabitats
with the highest density occurring in Stachys and Lythrum microhabitats.
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The drier and shorter Molinia microhabitats, which were generally farthest
from the fens, and the wetter and higher Typha microhabitats close to the
fens, probably simply act as a matrix for the butterflies. Similar to our
results, THOMAS & ELMESs (2001) found that the foodplants preferred by M.
teleius were most abundant in short (0-30 cm) vegetation in France and
Poland. In the Stachys microhabitat, the range in vegetation height was 10—
36 cm for the whole area; in the Lythrum microhabitat, it was 22-44 cm.
Therefore, the butterfly species in this region seems to have similar
vegetation height requirements to other parts of Europe. Similar to our
results, a German study shows that M. teleius abundance is positively
related to foodplant density, vegetation height and host ant availability
(DIERKS & FISCHER 2009). In contrast to our results, Nowicki et al. (2005a)
found that, at a metapopulation level, foodplant density does not limit the
abundance of M. teleius. In our study, microhabitat types likely have direct
and indirect effects on butterfly abundance throughout microenvironmental
factors. The present study did not indicate that different local grazing
intensity had a direct effect on butterfly occurrence or abundance.
Nonetheless, we have to admit that the local grazing and trampling intensity
is very low (less than 0.3 cow/ha). Unlike other studies (e.g. GRIEBELER &
SEITz 2002; WALLIS DE VRIES 2004), we did not compare sites with
different grazing intensity or regimes, because the entire area was subject to
the same management. However, grazing was uneven on the area; different
levels of grazing intensity occurred due to the daily routes of the cattle herd.
Despite these caveats, the generally low grazing pressure recorded is
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probably adequate management for this study site. Like others (GRIEBELER
& SEITz 2002), we also believe that grazing results in a particular vegetation
height and cover of grassland favourable for the butterfly, and especially, its
host ants. Abundance was significantly higher in quadrates where the host
ant was present. Though this study is too limited to determine if this
butterfly is directly or indirectly affected by the presence of host ants, we
draw attention to the fact that lower host ant density can increase the risk of
local extinction (THOMAS 1994). VAN Dyck et al. (2000) argue that egg
distribution of Maculinea alcon differs from random, and host ant presence
may influence it. However, most studies do not find a significant
relationship between host ant presence and abundance of Maculinea imagos
or eggs (e.g. BONELLI et al. 2005; MuscHE et al. 2005; Nowicki et al.
2005b; but see ANTON et al. 2005; GLINKA & SETTELE 2005). VAN DycK et
al. (2000) suggest that the egg distribution pattern observed at the end of the
egg-laying period may mask the relationship between host ant presence and
early egg laying. Therefore, for the conservation of this endangered species,
it is important to maintain the quality of the remaining habitats (MAEs et al.
2004; WALLIS DE VRIES 2004; JoHsT et al. 2006). The implication for
conservation is that low intensity grazing should be continued in order to
maintain the current distribution of microhabitats. Our work thus has
contributed to the recommendations for managing Habitat Directives areas
(VAN SWAY et al. 2012).

C. oedippus is a less studied species, but its conservation status is
threatened in many countries. The first results of the population size
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estimation on the known habitat showed that there was no major fluctuation
in population size during the three-year study period. The variance
coefficient of population fluctuation was 0.31 for three years, which is in the
lower region of butterfly populations (FRANZEN et al. 2013). This finding
gives a promising sign regarding its survival even though long-term trends
cannot be estimated with this time scale.

Along with CELIK’s survey (2004) in Slovenia, protrandric population
structure was observed. Both males’ and females’ movement was restricted
to short distances within the habitat patch, similar to CELIK’s results. Short
flights imply sedentary living habits and closed populations, the assumption
of closed populations was partially disproved in the latter Study I11.

The apparent survival rate (0.78-0.89) of the species is in the higher
range for butterflies. A survival probability of around 0.8 is typical to
butterfly species with a colonial population structure in temperate climate
zones (BRAKEFIELD 1982). Butterfly species with high daily survival rates
are prone to being sedentary with limited dispersal ability, making them
vulnerable, like Euphydryas aurinia (SCHTICKZELLE et al. 2005) or Lopinga
achine (BERGMAN & LANDIN 2002). During 2005 and 2006, the survival
rate of the females was higher than that of the males, which is in agreement
with the results of CELIK (2004). A decline in the female survival rate in
2007 is a reason to worry, as the shorter lifespan of females can have a
direct effect on the quantity of eggs laid. In the case of xerophilous ecotype
of M. alcon, it has been proven that the total quantity of eggs possibly laid
can be many times higher than the realized number of eggs laid; in other
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words, the females are time-constrained in terms of egg laying (KOROSI et
al. 2007). Along with the decreased lifespan, the number of laid eggs
probably decreases, making the basis of the next generation and the long-
term survival of the population uncertain. However, the decline of the
apparent survival rate can be a sign of growing dispersion; dispersion may
occur because of the declining quality of the habitat patch or any other
general problem, such as the unusually hot weather in June and July of
2007.

The mean lifespan of males was 5 to 6 days and females 7 to 9 days in
the first years, which is slightly higher than estimated in the Slovenian
population. However, in 2007, the mean lifespan was similar to the
Slovenian results (CELIK 2004). It is of particular importance that at the
beginning of our sampling in 2005, the population was found in a different
location, in a deeper site, than during the last surveys of the 80’s. In this
respect, this fact warns of the danger of continuous desiccation.

Following the initial results of population structure in the examined
habitat patch, we explored the area for more possible habitat patches in
2006. From the 16 locations, 12 were promising for holding a population or
subpopulation. Study Il shows that the 12 examined populations form a
metapopulation, which is larger both in area and population size than earlier
estimations suggested (BALINT & MATE 2004); however, it is divided into
small subpopulations, which indicates that the population complex may be
vulnerable due to small subpopulation sizes. The attributes of classic
metapopulations include colonization-extinction dynamics, fast turnover
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rates, sufficient dispersal among habitat patches, asynchronous dynamics of
the local populations, and strict distinction between habitat and hostile
matrix (HANSKI & GLIPIN 1997; HANSKI 1998; BOURN et al. 2000).

Our results suggest that female dispersal is very low; hence, the
probability of recolonization is low, and a fast turnover rate is unlikely
(HANSKI & GLIPIN 1997). While females move only among the closest
habitats, there is evidence that males are able to move between all the
examined habitat patches, which is inconsistent with our first
foreknowledge on closed populations based on short within-site movements
and high daily survival rate (details in Study IIl.). Similar gender
differences in dispersal were also observed in an Italian population
(BONELLI et al. 2010). In a Slovenian habitat complex, the maximum
observed dispersal movement was less than 340 m (CELIK & VEROVNIK
2010), whereas a Croatian study showed no dispersal even among close
habitat patches (450 m; SASIC 2010).

Spatial asynchrony in demography of local populations is also frequently
detected in metapopulation dynamics (SuTcLIFFE et al. 1997). In the studied
metapopulation, there were two groups of habitat patches with 6 days
difference between the peaks of the estimated daily population sizes. The
first peak occurred in the largest, more open patches on the western side of
the study area, while the latest peak was in the smaller, more closed habitat
patches on the eastern side (Fig. 2. in Study I11.). In this case, the distance
between the two groups and difference between habitat characteristics, such
as area and shading, may together have caused the asynchrony among
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subpopulations. This asynchrony is probably not large enough to save a
subpopulation from environmental perturbations, such as unfavourable
weather conditions, but it could strengthen the metapopulation, as the two
groups of patches are separated by time and distance.

Dispersal among habitat patches is possible, as patches inhabited by the
metapopulation have soft rather than sharp habitat boundaries. Several male
butterflies were spotted in between habitat patches, indicating that the
matrix is suitable for longer persistence; however, female dispersal is more
limited. These differences in dispersal distances may result from sex-
specific effects of an unfavourable matrix environment on flight speed.
Dispersal was not even among patches, and the VM2 model did not fit in
some patches. Those patches probably differed in habitat quality, affecting
dispersal pressure (BAGUETTE et al. 2011).

According to these results, the metapopulation of C. oedippus at Ocsa
consists of two groups of habitat patches that can aid each other’s long-term
survival even though we did not observe any female dispersal between the
two groups. Female dispersal was limited to very short distances, but male
dispersal might have been also controlled by habitat quality, along with
patch area and distance. Our results indicate that creating stepping-stones or
corridors for females between habitat patches may have a positive effect on
female dispersal, and therefore, strengthen the metapopulation.

Habitat patches differed in several ways: area, quality and earlier and
current management. Patches of the same size were very different in terms
of the number of marked individuals (Table 1 in Study Il1.). While the
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small number of marked individuals in patch Kb can be explained by its
distance from the core habitat patches, the centrally located patch E must be
of lower quality as it only supports a small population. In addition, there are
differences in the lifespan of males and females among the habitat patches,
which can be related to different survival in and dispersal from the patches.
Greater dispersal can be caused by several factors, including lower habitat
quality, males searching for females and density dependent dispersal
(BAGUETTE et al. 2011). Overall, male dispersal was greater than female
dispersal, explaining the lower apparent survival and shorter lifespan for
males. The shorter estimated lifespan compared to other studies (CELIK &
VEROVNIK 2010; OrvOssY et al. 2010) and low recapture rate are probably
the consequence of dispersal among local habitat patches.

Determination of habitat quality in the patches and the requirements of
the species can help determine proper habitat management, which can
facilitate long-term persistence of the subpopulations. Three variables of
habitat quality were of particular importance: groundwater level, height of
grass litter and the area covered by tussocks. In contrast to our expectation
that higher water levels increases habitat quality for the subpopulations, we
found that the patches with lower groundwater levels were inhabited by
larger and denser subpopulations. However, we have to acknowledge that
this phenomenon is only true at this range of groundwater level, as the
surrounding drier, uninhabited areas were not included in the study.
Conservation efforts were made to maintain or increase the groundwater
level in the area after the study period.
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The effect of water level rise should be studied on the population of the
species as it may have a detrimental effect on larval survival by changing
vegetation structure and microclimate. An earlier study on Coenonympha
tullia showed that larvae could climb up to high positions during flooding
(Joy &PULLIN 1996). Therefore, maintaining tall vegetation is important for
larval survival in areas subject to flooding. During winter and early spring,
the study area can be covered by water, and the existence of dry areas could
be crucial for larvae survival.

Local adult C. oedippus butterflies may prefer semi-open habitats with
bushes (CELIK & VEROVNIK 2010; OrvOssy et al. 2010; SASiC 2010),
because bushes develop well where the groundwater is not too high,
providing a better microclimate for the butterflies in hot summers. More
specifically, the groundwater level should be high enough to maintain the
Molinietum vegetation for the species, but sufficiently low to allow larval
survival and the presence of bushes for adult preferences. Although the
presence of bushes might increase the size and density of subpopulations,
encroachment of bushes due to abandonment of these wet meadows can
destroy the habitats in the study area and in other European locations (BRAU
et al. 2010; CELIK & VEROVNIK 2010; Orvossy et al. 2010; SASIC 2010).
Regular mowing can prevent encroachment of bushes and the spread of
weeds, such as Solidago spp., but it also has a negative effect on tussock
structure and the amount of grass litter (BARTOS et al. 2011).

Structured vegetation with tussocks and large amounts of grass litter
were among the most important factors affecting population density and size
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in the study area. The maximum daily density was higher in habitat patches
where tussocks covered a large proportion of the patch, and the estimated
population size increased with the height of grass litter. This could be the
consequence of larvae overwintering inside the tussocks and grass litter
(BrRAU et al. 2010). Traditionally, infrequent (once yearly) mowing by hand
in autumn maintained these semi-open meadows. Too frequent mowing
could lead to the loss of grass litter and tussock structures, while lack of
mowing would result in the area (SKORKA et al. 2007) becoming
overgrown.

In Study 1V, we demonstrated that the distribution of different life stages
of the model species Z. polyxena requires slightly different habitats.
Although distribution of adults and juvenile forms showed quite similar
patterns, we also revealed some differences that can be explained by
different environmental conditions in distinct vegetation types.

Adult butterflies clearly avoided poplar patches, but their abundance in
the other three vegetation types was fairly similar. This pattern largely
coincided with the cover of bare ground, and none of the other
environmental variables had significant effects on it. However, we suppose
that light intensity may play a crucial role in affecting butterfly movement
and distribution. Light intensity was negatively correlated with bare ground
cover. It is possible that bare ground cover was influenced by the amount of
sunlight on an area during the whole development period of Z. polyxena.
Our result that bare ground and shaded microhabitat types negatively
affected adult abundance confirms the conclusion of CELIK (2012) that host
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plant stands in sunny locations is strongly related to male numbers and
weakly related to female adult numbers. CELIK showed that within the
foodplant patch size or amount of foodplant had no effect on imago
abundance similar to our study (CELIK 2012). Foodplant occurred in high
amounts and probably was not a limiting factor on the study area;
meanwhile, the study did not include areas without foodplants. Some studies
show that the availability of larval resources does not affect the abundance
of females, e.g. Parnassius apollo (FRED et al. 2006). However, other large-
scale studies suggest that population size of monophagous butterflies
linearly increases with the density of foodplants (KrRAuss et al. 2004;
BATARY et al. 2007).

Distribution of eggs showed a slightly different pattern from butterflies,
as their presence and number was lower in open patches beside the
unpopular poplar patches. This distribution means that butterflies used the
food plant patches in open areas, but did not lay many eggs there; different
life stages may have different requirements. Eggs were more abundant in
hummock and black locust patches where food plants were bigger and food
plant number was higher. It seems that the number and size of food plants
can jointly explain the egg distribution. Egg distribution could differ from
adult distribution in other butterfly species as well, such as Hypochrysops
halietus, where adult density was high in a track without vegetation, but
larvae were present only on the foodplant (DOVER & ROWLINGSON 2005).
Other studies showed that adults preferred the habitat suitable for egg
laying, so egg density was greater where adults were more abundant, as in
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the case of Aricia artaxerxes (ELLIS 2003). However, A. artaxerxes has a
strong attachment to its habitat due to the almost-sessile females and posting
males (VARGA, pers. comm.). Our observations on Z. polyxena individuals
suggest that the activity of this species is influenced by sunlight (KOROST et
al., unpublished data). However, clearings could be too dry for eggs, and
drought can be a critical factor in the larval development of butterfly species
(SCHWEIGER et al. 2006). Clearings were not only dry, but were exposed to
nocturnal frost during the egg and early larval stages.

Hummocks and black-locust patches were the best oviposition sites at
this disturbed plantation site, an observation confirmed by a latter study
(BATARY et al. 2008), probably due to the large number and size of
foodplants. Hummocks are nitrogen-rich and sunny enough to be suitable
habitat for the foodplant. Sufficient foodplant is necessary, since excessive
egg load can lead to defoliation of the foodplants, as in the case of Zerynthia
cretica. Egg density depended on foodplant density at this scale; however,
in a latter study on egg distribution, we showed that the surrounding
foodplant density had no significant effect on egg density at the level of
individual food plant shoots (BATARY et al. 2008).

Larvae showed a different distribution from eggs and butterflies, since
they were significantly more abundant in hummock patches. Few larvae
were present in black locust and open patches and almost none in poplar
patches. Food plant height was highest in hummock and lowest in poplar
patches, just like the number of larvae.
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Egg distribution changed by the time the development reached larval
stage (Table 1 in Study IV.). In spite of the large number of eggs in black
locust patches (mean 12.7+4.9) eggs per quadrate), larvae number decreased
(mean 4.1+1.1 larvae per quadrate). The most probable explanation is that
larvae had a higher mortalityrate in black-locust patches. As black locust
was growing leaves during the study, transects in black locust became more
and more shaded during larval development. Therefore, foodplant patches in
black-locust vegetation can be ecological traps. There is also a possibility of
larval movement from black locust patches, but it would be also the result of
lower habitat quality.

Increasing shade might also lower temperatures and cause either
increasing mortality or decreasing growth rate. MEYER and Sisk (2001)
found that canopy cover is an important factor in the mortality of eggs and
larvae, since too much light can dry out eggs, while overshading may be
unsuitable for the foodplants. Our results showed that the height of
foodplant positively affected both the presence and density of larvae. This
finding emphasizes the importance of sufficient foodplant to avoid
defoliation and larval starvation (DENNIS 1996).

The most traditional foodplant-based definition of habitat patch would
fail in the case of the Z. polyxena in this location. Foodplants were available
at the study site in large quantity, but the suitability of foodplant patches
differed in the four habitat types. The poplar plantation seemed to be a poor
habitat for this butterfly; each of the three studied life stages was less
numerous there. The butterflies did not use the suitable foodplant patches in
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the poplar habitat, which therefore can be regarded as a low-quality habitat
or even an ecological trap (ROBERTSON et al. 2013), as its quality decreases
during the butterfly’s development. Defining the habitat based on all the
necessary resources (DENNIs et al. 2006; VANREUSEL et al. 2007) would
lead to more precise habitat maps, in contrast to those based merely on
foodplant distribution.

Study IV showed the importance of within-patch habitat quality, as the
different life stages of the butterfly were revealed to have different habitat
requirements, a result that aligns with other studies (THOMAS 1991; ELLIS
2003; DOVER & ROWLINGSON 2005). We point out the importance of
within-site variation in habitat quality on the distribution of Z. polyxena.

The importance of human-dominated habitats is increasing due to the
decline of natural habitats and decrease of natural disturbances (ROBERTSON
et al. 1995); therefore, the state of these plantation complexes can greatly
affect the survival and reproduction of the Southern Festoon and can offer
them alternative habitats similar to other insect species that live in riparian
forests (ALLEGRO & SclaKy 2003). Although these human-created
plantations are novel ecosystems they can also function as ecological traps
for the butterflies (ROBERTSON et al. 2013).

44



SUMMARY

In this study, | discuss three important aspects of butterfly conservation:
the significance of ecological studies on butterfly conservation, the
importance of habitat use and availability of resources at all life stages for
butterflies, and the consequences of the spatial structure of populations.
Instead of analysing all of these aspects for one species, | examined three
different species: Maculinea (Phengaris) teleius, Coenonympha oedippus
and Zerynthia polyxena. All three are protected species, although they are
threatened to different degrees. The studies aimed to reveal the points where
conservation management can impact the long-term survival of the species.
The primary aim, however, was to reveal species’ habitat use and
requirements in all cases. Knowing the requirements of a species can aid in
the creation of suitable habitat management to protect the habitat and the
species for survival. As European landscapes are human dominated,
butterfly habitats are related to human management. All changes in
traditional management, whether increasing or decreasing it, can lead to
deterioration of habitats. For this reason, many threatened butterfly species
need planned conservation management to ensure their survival.

The current biodiversity crisis appears more critical among butterfly
species than other species. The population of specialist butterfly species
declined more than generalist species, placing them at even greater risk of
extinction. The first step to forming a conservation plan for a species is to
locate the populations. Then, it is necessary to survey the population
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structure, size and dynamics. Afterwards, the focus turns to the species’
habitat requirements and use in order to form a possible management plan
for each habitat. Finally, it is necessary to measure the effects of habitat
management. In our cases, our initial knowledge of the three species
differed between the well-known M. teleius, the less-studied C. oedippus
and the understudied Z. polyxena.

The aims of this study were to supplement the existing knowledge about
habitat use and population biology in the case of these three species for later
conservation management. In the case of M. teleius, numerous publications
are available dealing with the ecology and conservation of the species; some
studies even concentrate on the possible effects of management. Several
European research groups have studied the distribution, population size and
reproduction biology of C. oedippus. In Hungary, the location of one
permanent population was known, but population structure, dispersal,
habitat use and habitat requirements of the species were unknown. This
population of the threatened species was considered to be at high risk for
local extinction. Z. polyxena ranges in Southern and Eastern Europe. Aside
from our study on its egg distribution, there is only one publication about Z.
polyxena, regarding its population structure and our study on egg
distribution. The species is not in immediate danger, but has protected status
and may require management actions to preserve its current populations.

The main reasons for butterfly diversity decline in Europe are habitat
loss, habitat fragmentation and changes in land. As European landscapes
have long been human dominated, many species relying on low-intensity
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agricultural use typical of earlier agronomic eras now require conservation-
oriented habitat management to be maintained. Agricultural landscapes,
especially wet meadows, are affected by intensification or abandonment,
both of which can diminish formerly suitable butterfly habitats. Habitat
degradation and fragmentation of wet meadows have caused the decline of
several butterflies, including C. oedippus and M. teleius.

M. teleius is an endangered butterfly throughout Europe due to its special
life-cycle and habitat loss. Our aims in Study | were to describe the
microhabitats available for the butterfly in order to determine the factors
that influence the presence and density of M. teleius as well as to investigate
the relationship between host ant species and M. teleius. The vicinity of
eight fens was chosen for sampling, where four types of microhabitats were
available for the butterflies: Typha-, Lythrum-, Stachys-, Molinia
microhabitat. In five transects around each fen, the number of imagos was
counted twice a day during the flight period. The following parameters were
measured or assessed along the transects: number of foodplant flowerheads
(Sanguisorba officinalis), microhabitat type, grazing intensity, soil
humidity, vegetation height and host ant presence. The four microhabitat
types differed significantly in terms of soil humidity, vegetation height,
foodplant density and distance from fen. Generally, Typha situated the
closest to the fen, had the highest soil humidity and vegetation height; it was
followed by Lythrum-, Stachys- and, Molinia microhabitat with decreasing
soil humidity and vegetation height. The foodplant with the highest density
occurred in the Lythrum and Stachys microhabitats. Using linear mixed
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models, we found that microhabitat type was the most important factor in
determining the presence of M. teleius. Local grazing intensity had no direct
effect on butterflies, while foodplant flowerheads had a positive effect on
the abundance of butterflies. The number of butterflies was significantly
higher in quadrates where the host ant (Myrmica scabrinodis) was present.
Our results suggest that the grazing regime should be maintained to support
the given distribution of microhabitats and the survival of butterflies.

C. oedippus is one of the most endangered butterflies in Europe due to
the decrease in habitats, the current small population size and isolation of
most locations. C. oedippus occupies wet meadows dominated by
Molinietum vegetation. The aim of Study Il was to estimate some essential
parameters of population dynamics (e.g. population size, sex ratio, survival
rate, average lifespan) in a single population of C. oedippus during a three-
year period using a mark—release—recapture method. The population size did
not fluctuate during the three years; the total estimated numbers of
individuals were 130-270. The survival probability was 0.81-0.84/day in
the case of males and 0.70-0.89/day in females. The catchability was
between 0.27-0.53 in males and 0.22-0.38 in females. The structure of the
population indicates that C. oedippus is a sedentary butterfly species, with a
low dispersal ability. In the study area, drainage seems to be the main
destructive factor for the habitat.

In Study 111, we enlarged the study area and covered all occupied
patches of the habitat complex. The species’ presence was recorded in 16
patches, with 12 patches of higher densities. We aimed to gain information
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about the population structure, discriminating clusters of habitat patches
based on phenology, asynchrony of subpopulations and movement patterns
of the species. We also sought to determine whether and how habitat quality
affects its population size and density. In each part of the habitat complex,
population size and the extent of dispersal among habitats was estimated
with a mark—release—recapture method. Effects of habitat quality on daily
population size and maximum daily density were also surveyed. The
population complex seems viable as the population size was almost 4000
individuals, but divided into 12 subpopulations. Although the layout of the
habitat patches suggested the metapopulation approach, the population
structure parameters, such as the low dispersal ability of females, did not
confirm it. The habitat patches had slightly different quality, causing
different population sizes and densities. Three variables stood out from the
parameters describing the habitat patches: level of groundwater, height of
grass litter and the size of the habitat covered with tussocks. All of these
parameters can affect imago or larval survival throughout suitable
microclimates. The preferable habitats were covered by large amounts of
tussocks, with high grass litter and high but not-too-high level of ground
water. Such conditions can be maintained by a light mowing regime and
suitable water regulation.

In Study IV, we focused on how habitat quality affects the presence and
size of butterfly populations and the distribution of different life stages. The
aim of Study IV was to determine factors affecting the small-scale habitat
use of Z. polyxena, including the use of foodplant patches by adults and the
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distribution of eggs and larvae among foodplant patches; it also sought to
reveal the resource requirements of the species at all life stages in a human-
dominated landscape. Z. polyxena is a vulnerable, but locally abundant
species in Hungary. The larva requires birthwort (Aristolochia clematitis) as
a foodplant. We examined the small-scale habitat use of adults and
distribution of eggs and larvae among different vegetation types to reveal
the requirements of the species at all life stages. Transect counts were
conducted in a tree plantation complex comprised of four types of
vegetation. Number (£SE) of adults, eggs and larva were lowest in the
poplar plantation (adult 0.3+0.2, egg 1.1£1.1, larva 0.6+0.3). Medium
amounts of butterflies were observed in open (adult 8.3+2.9, egg 3.14+2.6,
larva 3.1+1.9) and black locust (adult 9.4+4.2, egg 12.7+4.9, larva 4.1+1.1)
habitat. The number of butterflies was highest in hummocks (adult 13.5+1.5,
egg 12.9£5.7, larva 8.4+2.1). Adults avoided bare ground. We encountered
most eggs in dense foodplant patches with high plants. Foodplant height
also positively influenced the occurrence of larvae. Although distribution of
adults and juvenile forms showed quite similar patterns, we also noted some
differences resulting from various environmental conditions in distinct
vegetation types. Our study stresses the importance of habitat quality, which
affects butterfly population size even in a highly-degraded habitat complex.
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OSSZEFOGLALO

Dolgozatomban az okologiai kutatasok természetvédelmi jelentdségét
jarom kortl, védett nappali lepkék példajan. A lepkék €lohelyhasznalata, az
egyes fejlodési stadiumok szamdra sziikséges forrasok elérhetdsége és a
populaciok térbeli szervezddése mind jelentdsek a természetvédelmi elmélet
¢és gyakorlat szempontjabol. Ezeket az aspektusokat harom kiilonboz6 védett
nappali lepkefajt modellszervezetként hasznalva vizsgaltam. A vérfi
boglarka (Maculinea (Phengaris) teleius), az eziistsavos szénalepke
(Coenonympha oedippus) és a farkasalma lepke (Zerynthia polyxena) védett
fajok, habar veszélyeztetettségiik mértéke kiilonbozd. A vizsgalatok célja
volt kideriteni, hogy mely ponton alkalmazhatdéak természetvédelmi
beavatkozasok a fajok hosszutava talélésének biztositasdhoz. A legfobb cél
az ¢él6helyhasznalat és a forrasigények feltarasa volt mindharom faj
esetében, ezeknek az ismerete ugyanis elengedhetetleniil sziikséges a
megfeleld természetvédelmi kezelési tervek kidolgozasahoz. A nappali
lepke él6helyek Europaban erételjes antropogén hatas alatt allnak, a
hagyomanyos kezelés megvaltoztatasa a teriiletet leromlasahoz vezethet,
akar intenzivebbé valik, akar felhagynak vele. Emiatt sok veszélyeztetett
lepkefaj  élohelyének  megorzéséhez  sziikséges jol  megtervezett
természetvédelmi beavatkozasokat végezni.

A jelenlegi biodiverzitas krizis erdsebben jelentkezik a nappali lepke

fajok esetén, mint mas csoportokndl. A specialista fajok populacionak
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hanyatlasa nagyobb mértékli, mint a generalista fajoké, igy kihalasuknak
nagyobb a veszélye.

A természetvédelmi kezelések kidolgozasdhoz vezetd elsé 1épések
magukban foglaljak a faj populacidinak lokalizacidjat, a populaciok
méretének, strukturajanak és dinamikajanak feltarasat. Ezek utan lehet a
fajok élohelyhasznalatara és forrassziikségletére fokuszalni. A végsé cél az
ezek alapjan felallitott kezelési terveknek a megvalositdsa és hatdsainak
ellenérzése. A kiinduldsi informacidk mennyisége kiilonbdzé a harom
modellfaj esetén, a M. teleius szamos kutatas alanya, a C. oedippus sokkal
kevésbé ismert, mig a Z. polyxena kifejezetten ritkan vizsgalt.

Kutatasaink célja az volt, hogy kiegészitsék a meglévé ismereteket a
harom faj élohely hasznalatar6l és populaciobiologidjarél a késébbi
természetvédelmi intézkedések tudomanyos megalapozasa érdekében.

A M. teleius 0Okologiajaval, védelmével ¢és a fajra iranyuld
természetvédelmi kezelések hatdsaival szamtalan publikacio foglalkozik.

A C. oedippus egy kevésbé vizsgalt faj, habar néhany kutatocsoport mar
méretét. A faj magyarorszagi elterjedésérél kevés ismeret allt
rendelkezésiinkre. Egyetlen stabil populécio eléfordulasa volt ismert, de a
populacié szerkezetérél, az egyedek diszperzidos képességérol és
¢l6helyhasznalatarol nem voltak adatok. Raadasul ez a populécio is
veszélyeztetetté valt €lohelyének kiszaradasa miatt.

A Z. polyxena kevéssé tanulmanyozott, egyetlen publikacio jelent meg a
faj populacié strukturajarol illetve egy masik a petézési szokasairol. A faj

52



jelenleg nincs erésen veszélyeztetve, de védett statusa természetvédelmi
kezeléseket tehet indokoltta.

A nappali lepke diverzitas csokkenésének fOo okai az €lohelyvesztés- és
fragmentacio, illetve a gazdalkodas megvaltozasa. Az eurdpai tajak régota
emberi mivelés alatt allnak, ezért sok fajgazdag éldhelytipus erdsen fligg a
hagyomanyos kis intenzitdsut mezdgazdasagi miveléstol, ennek fenntartasa
azonban tobb teriileten mar csak természetvédelmi kezelés formajaban
lehetséges. Az agrar ¢l6helyek kozill a nedves réteket mind az
intenzifikacid, mind a felhagyas veszélyezteti. A nedves rét jellegi
¢léhelyek leromlasa ¢€s fragmenticidja szdmos nappali lepke fajt
veszélyeztet, koztiik a C. oedippus-t és a M. teleius-t.

A M. teleius egész Europaban veszélyeztetett, specialis életmodja és
¢lohelyeinek eltinése miatt. A dolgozatom alapjaul szolgalo I. tanulmany
célja a faj szamara elérhetd potencialis éléhelyfoltok jellemzése volt.
Feltételeztiik, hogy a M. teleius jelenléte és denzitasa kiilonbozik a
vizsgalati teriileten megtalalhat6 négy kiilonbozd €él6helytipus esetében. Azt
vizsgaltuk, hogy a tapnévény mennyisége, a hangyagazda jelenléte és
bizonyos kornyezeti tényezOk hogyan befolyasoljak a kifejlett egyedek
jelenlétét illetve denzitasat.

Kunpeszér mellett nyolc, egymashoz kozel es6 turjan kortl jeldltik ki a
mintavételi teriiletet. Négy, a faj szdmara megfeleld él6helytipus fordult eld:
Typha-, Lythrum-, Stachys- és Molinia dominalta vegetacio. Ot 50%5
méteres transzektet helyeztiink el minden turjanfolt koriil (a turjan szélére
merdlegesen kifelé), ezek mentén szamoltuk az egyedeket naponta kétszer a
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repiilési iddszak alatt. A transzektek mentén a kovetkezd paramétereket is
feljegyeztiik: a tapnovény (Sanguisorba officinalis) viragfejeinek szama,
¢lohelytipus, legelés intenzitasa, talajnedvesség, vegetdcid magassag,
hangyagazda jelenléte. A talajnedvesség, vegeticidé magassag, tapnovény
denzitas és a turjantol vald tavolsag szignifikansan kiilonbozott a négy
élohelytipusban. Altaliban a Typha él6hely helyezkedett el legkozelebb a
turjan szegélyéhez, itt volt a legnagyobb a talaj nedvessége és a vegetacio
magassaga is. Ezen kiviil helyezkedett el a Lythrum és Stachys dominalta
¢l6hely, végiil legmesszebb a turjdnoktol, az egyre alacsonyabb vegetacid
magassaggal és talajnedvességgel bird gyep ¢€lohelytipus. A tdpndvény a
Lythrum és Stachys dominalta éléhelytipusban fordult elé a legnagyobb
stiriségben. Linearis kevert modellek segitségével megallapitottuk, hogy az
¢léhely tipus volt a legfontosabb tényez6 a M. teleius egyedek jelenléte
szempontjabol. A kiilonbozd szinti legelési intenzitasnak nem volt
kozvetlen hatdsa a lepkékre, mig a tapnovény virdgfejeinek strlisége
pozitivan befolyasolta a lepkék egyedszamat. Az egyedszdm ugyancsak
szignifikansan nagyobb volt azokban a kvadratokban, ahol a hangyagazda
faj (Myrmica scabrinodis) jelen volt. Eredményeink szerint a jelenlegi
legeltetés megfeleld lehet a faj szamara megfeleld éldhelytipusok
fenntartdsa ¢és igy a faj talélésének biztositasa szempontjabol.

A C. oedippus egyike Eurdpa legveszélyeztetettebb lepkefajainak. Ennek
oka ¢l6helyeinek leromlasa ¢€s eltlinése, a populdciok kis mérete ¢és
izolaltsaga. A C. oedippus Molinietum tarsulasokban, nedves réteken él. A
II. tanulmanyban egy Ocsa kozeli populacio méretének és
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populaciddinamikai paramétereinek becslése volt a célunk. A hirom éves
vizsgalat soran jelolés-visszafogas modszerrel allapitottuk meg a populacid
méretét, ami nem valtozott jelentds mértékben a vizsgalat idétartama alatt.
A teljes becsiilt egyedszam 130 és 270 kozott volt. A latszolagos tulélési
valoszinliség 0,81-0,84/nap volt a himek ¢és 0,70—0,89/nap a ndstények
esetén. A fogasi valdszintiség 0,27-0,53 kozott volt a himek és 0,22-0,38 a
néstények esetén. A populacio szerkezete alapjan a C. oedippus alacsony
diszperzios képességii helytiild faj.

A 1IL. tanulmany elkészitése soran kiterjesztettiik a vizsgalati teriiletet a
kornyéken talalt valamennyi foglalt éldhelyfoltra. A faj 16 él6helyfoltban
volt jelen, ebbdl 12-ben nagyobb mennyiségben. A populaciostruktira
feltarasa volt a célunk: a fenoldgia, aszinkronitas és mozgasmintazat alapjan
elkiiloniild ¢€lohely folt csoportok elkiilonitése. Emellett a vizsgalat célja
volt, hogy megallapitsuk, hogyan befolyasolja az él6helyek mindsége a
szubpopulaciok méretét ¢és denzitdsat. A populdcidoméretet az
¢léhelykomplexum  valamennyi alegységében  jelolés-visszafogas
modszerrel becsiiltiik, igy a foltok kozti diszperzios események egy részét is
megfigyeltiik. Felmértiik az él6hely mindségének a populdcidméretre és
denzitasra gyakorolt hatasat is.

Az éléhelykomplexum teljes teriiletén kozel 4000 egyed volt jelen,
ugyanakkor figyelembe kell venni, hogy az egyedek nagy része 12
alpopulaci6  kozt oszlott meg. Az élohelyfoltok elrendezddése
metapopuldcios strukturara utalt, azonban eredményeink szerint ez a
metapopulacié nincs egyensulyi allapotban. A populaciostruktura
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paraméterei, valamint a néstények alacsony diszperzios képessége alapjan
az alpopulaciok ujratelepiilésének valoszinlisége alacsony, igy a
metapopulaciokra jellemz0 gyors kihalas-visszatelepiilés dinamika nem
mikddik.

Az ¢éléhelyfoltok mindsége eltéré volt, aminek a kovetkeztében az
alpopulaciok mérete és denzitasa IS kiilonbozott. Ezeket leginkabb a
talajvizszint, a fllavar magassaga és a zsombékokkal fedett teriilet mérete
befolyasolta. Mindharom paraméter kozvetleniil hat a larvak talélésére,
illetve kozvetve az imagok szamara sziikséges él6hely kialakitasaban is
szerepet jatszik. A legkedvezdbb ¢éldhelyeken nagy teriileteket borit
zsombékolo szerkezetli novényzet, nagy mennyiségli filavar talalhato és a
talajvizszint elég magas a Molinietum tarsulas fenntartasahoz, viszont elég
alacsony a bokrok fejlédéséhez. Ez az éléhely fenntarthatd rendszeres, de
kis intenzitasu kaszalassal és megfeleld vizvisszatartas szabalyzassal.

A TV. tanulmany koézéppontjaban az él6helymindség populacid6 méretre
gyakorolt hatasa allt. A Z. polyxena egy védett, de elterjedt és néhol nagy
mennyiségben eléforduld faj Magyarorszagon. Hazankban a larvék
kizarolag farkasalman (Aristolochia clematitis) taplalkoznak. Célunk volt,
hogy meghatarozzuk a Z. polyxena él6helyhasznalatat, figyelembevéve a
kiilonbozé fejlodési  fazisok eltérd éldhelyigényét. Meghataroztuk a
tapnovényfoltokban az imagok, a peték és a larvak eloszlasat, mikdzben
feltartuk az egyes fejlodési formdak él0helyigényeit. Transzekt menti
szdmlalassal becsiiltik az egyedek relativ denzitdsit egy olyan
nyarfaiiltetvényen, ahol négyféle élhely allt rendelkezésre. Mind a kifejlett
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egyedek, mind a peték és larvak szdma (£SE) a nyaras teriileteken volt a
legalacsonyabb (lepke 0,3+0,2, pete 1,1+1,1, larva 0,6+0,3). Valamivel t6bb
lepke volt megfigyelhet6 a nyilt (lepke 8,3+£2,9, pete 3,142,6, larva 3,1£1,9)
¢s az akacos (lepke 9,4+4,2, pete 12,7+4,9, larva 4,1+£1,1) élohelytipusban.
Ugyanakkor itt kell megjegyezni, hogy a larvak szama alacsonyabb volt az
akdcos foltokban, mint az a lerakott peték szama alapjan varhat6 volt. A
lepkék legnagyobb szdmban a zavart domb élohelyetipusban fordultak eld
(lepke 13,5+1,5, pete 12,9+5,7, larva 8,4+2,1). A Kkifejlett egyedek
elkertilték azokat a teriileteket, ahol nagy volt a csupasz talajfeliilet aranya.
A legtobb petét a slirli és magas tapnovényekkel boritott kvadratokban
figyeltiik meg. A tapnovények magassaga emellett a larvak mennyiségét is
pozitivan befolyasolta. A kifejlett egyedek és a peték, valamint larvak
eloszlasa kissé eltért a négy élohelytipusban, a kornyezeti paraméterek
kiillonbozésége miatt. Vizsgalatunk felhivja a figyelmet az ¢éldhely
mindségének egy ¢€lohelyen beliili valtozatossaganak jelentdségére, ami

befolyasolja a populdciok méretét és eloszlasat.
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Abstract. The Scarce Large Blue ( linea teleius) is an butterfly Europe due to its special life-cycle and
habitat loss. Our aims were to describe the microhabitats available to this butterfly, to test what factors influence the presence and
density of M. teleius adults and to investigate the relationship between host ant species and M. releius. The vicinities of eight fens
were sampled, where there are four types of microhabitats available for this butterfly: Narrowleaf Cattail (Typha angustifolia),
Purple Loosestrife (Lythrum salicaria), Marsh Woundwort (Stachys palustris) and Purple Moorgrass (Molinia coerulea) dominated
vegetation. In five transects (50 x 5 m) around each fen (running from the edge of the fen into the meadows) the number of imagos
was counted twice a day during the flight penod Along |hc transects, the following parameters were measured or assessed: number
of of foodplant (. i type, grazing intensity, soil humidity, vegetation height and host
ant presence. The four mi types differed signi in soil humidity, vegetation height, foodplant density and distance
from a fen. Generally the Typha microhabitat, situated closest to fens, had the highest soil humidity and vegetation height, followed
by the Lythrum, Stachys and finally the Molinia microhabitat along a gradient decreasing soil humidity and vegetation height. The
foodplant was most abundant in the Lythrum and Stachys microhabitats. Using linear mixed models and forward stepwise manual
selection we found that microhabitat type was the most important factor determining the presence of M. teleius. The local grazing
intensity had no direct effect but flowerheads of the foodplant had a positive effect on the abundance of butterflies. The number of
butterflies was significantly higher in quadrats where the host ant (Myrmica scabrinodis) was present compared to those where they
were absent. Our results suggest that grazing should be continued in order to maintain the current distribution of microhabitats and
survival of the butterflies.

INTRODUCTION linea teleius, 1779), is an endangered but-
Wet meadows are among the most important habitats of terfly throughout Elm'o?c (Van Swany & Welrren, 2003).
threatened butterflies in Europe (Kiihn et al., 2005). More Threats such as of G b
than half of the Hungarian Prime Butterfly Areas (PBA) and habitat loss cr)daﬂgcr the species m Hun;;l_ry.
are wet meadows (Van Swaay & Warmn 2003) Itisnow Although there are still several large populations (Balint,
widely d d that 1 ion (e.g. 1991; Van Swaay & Wan'cn‘ 2003). M. lelems breeds in
A A % et and ts in the fl ds of its
intense grazing, land drainage or improvement of grass- W ipot S
lands) mduct:s the dwcmly and abundance of butterflies  foedplant, Great l?umel ﬂSar.rgmsorba officinalis). These-
iated. with et . (eg. fore the butterfly’s distribution strongly depends on the
Van Swaay & Warren, 1999 Konvicka et al., 2003; Zim- distribution of the host plant (Thomas, 1984). The species
mermann et al., 2065) Furthermore, as a result of is obligately myrmecophilous (Thomas et al., 1989), the
changes in h land-use, the extensively managed host ant species in the study area is Myrmica scabrinodis
semi-natural meadows have become increasingly frag- (Ylander, 1846) (Tannl!y & Csosz, 2004; Csf)sz et al.,
mented (Kéry etal., 2001). In semi-natural habitats, vege- \;np;xl])l.). ]Younglca!cr%lllals = afiér developing ({0 the
tation structure, habitat features, such as microhabitat fac- [0l larval stage in the flowerhcads of Great Bunet —are
tors or management (gmzmg. mowing) and even eco- adopted by their host ants (Thomas, 1984). In the ant
logical (e.g. the rel hip between b i nests the caterpillars live as social parasites, i.e. prey on
and ants) are important elements in determining the distri- :'h'l:l an brood until they complete their development the
ion of butterfli ft, 1994; Witek et al, [0 OWIngyear.
!2)88:;‘ of buticetties: (Rayenwcro s WIEK eh Figurny & Woyciechowski (1998) observed that M
Mac'""nm butterflies are among the most intensively teleius, in contrast to the sympatric species M. nausithous
studied butterfly conservation model systems due to their (Bergstrisser, 1779), oviposits on the younger and shorter
special life cycle, endangered condition and because it is gowcrhca:s gt arc'::los:r lc:!;:c gro;u;]d a"dhh":;f e
widely recognised that they are sensitive indicators of CIWEIE: o OWoval e A T 66 O T OWEL LAl P gkl
environmental change (New et al., 1995; Settele et al,, ~ZPPropriate stage of developement cante greatly affeoted

2005). Our study species, the Scarce Large Blue (Macu- by management (Johst et al., 2006). The habitat require-
ments of the carly stages (eggs or larvae) are usually nar-

* Both authos contributed equally to the paper.
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rower and more specialised than that of the imago, so
these stages determine the distribution of the butterfly
(Ellis, 2003). Therefore, it is only when the niches of
foodplant and host ant overlap that Maculinea popula-
tions persist, i.c. sufficient eggs must be laid within the
foraging mange of its host Myrmica colonies (Thomas et
al., 1998).
We selected extensively grazed pastures around cight
closely adjoining fens on the Hungarian Great Plain. The
ding of cach fen is ch ised by a mosaic of
swamp meadows, rple
and salt steppes, which host dlffcrcnl subpopulations of
M. teleius (Kordsi et al, unpubl). Our aims were to
describe the microhabitats available for the butterfly
around the fens, to determine the factors that influence
the presence and density of M. teleius and finally to
investigate the relationship between host ant species and
M. teleius.

MATERIAL AND METHODS

The study arca is situated at Kunpeszér, on the Hungarian
Great Plain (Central Hungary, Kiskunsdg National Park). In the
study area the mean annual temperature is about 10.3°C and
mean annual precipitation about 520 mm. This large area (some
hundreds of hectares) is a mosaic of fens and meadows. The
patchiness of the area is due to the variation in local topography
affecting soil humidity. Fens, situated in the most humid and
deepest depressions, are characterised by willow bushes and
reed and are not suitable habitats for this butterfly. Eight fens of
a comparable size were selected (mean = 2.8 ha, range = 0.8-5.4
ha). Around them four types of microhabitat were available for
this butterfly: vegetation dominated by Namowleaf Cattail
(Typha angustifolia, hence Typha microhabitat), by Purple
Loosestrife (Lythrum salicaria, Lythrum microhabitat), by
Marsh Woundwort (Stachys palustris, Stachys microhabitat) and
by Purple Moorgrass (Molinia coerulea, Molinia microhabitat).
The study area had been grazed by cattle for at least 5 years
from early spring until late autumn. The cattle density was about
0.3 cows per hectare, and the grasslands were never fertilised or
treated with pesticides.

Five 50 m long and 5 m wide transects were laid out at each
marshland fen, from the edge of the fen perpendicularly out-
wards to the meadows and as far as possible from cach other
(Fig. 1). Transects were divided into ten 5 * § m quadrats (400
quadrats in total). The number of M feleius individuals was
recorded in cach quadrat by walking along cach transect in 2
minutes, usually twice a day (when weather conditions allowed)
during the flight period from 31* of July to 25" of August in
2005, i.e. altogether 28 times. Observations on butterflies were
carried out on relatively sunny, calm days, the first from 9:00
am. in the moming and second in the aftemoon up to 4:00 p.m.
Parallel to this study the basic population parameters of M.
teleius were surveyed at the most populated fen (fen “A”, see
Fig. 1) using the MRR method. The daily number of individuals
was about 500-700 and the population at fen “A” was around
2000 individuals, which means that the whole study area could
support several thousands butierflies (Orvassy et al., unpubl.).

During the flight period we measured or assessed some local
factors in the quadrats, which might be in association with the
presence and density of the study species. We counted the
number of foodplant flowerheads, measured soil humidity and
vegetation height, and classified microhabitat type and grazing
intensity in every quadrat. Soil humidity was based on a
measure of the electrical conductivity at the end of the flight
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Fig. 1. Map of the study area. The fens are outlined by black
lines, while the dashed lines indicate the transects. In the middle
of the bottom part of the map is the most heavily populated fen
(fen “A™).

period. Vegetation height was measured at five random points in
each quadrat and means of these measurements were used in the
analyses. Grazing intensity was classified as absent, light or
strong, based on the incidence of chewing and trampling. Fur-
thermore, pitfall traps containing glycol were used to detect the
presence of host ant species. One trap was placed in every
second quadrat for two weeks shortly after the flight period.
Thirty-two of the traps were lost due to trampling by cattle.

Since the species was not present in 209 quadrats, a logistic
regression analysis was used to determine the relationship
between presence of butterflies and explanatory variables. A
nested design was used with transects nested within fens and
quadrats within transects. A forward manual stepwise selection
was made, and the null model had the presence-absence of the
butterfly as the dependent variable, the number of foodplant
flowerheads as the first covariate and fen and transect as random
factors. Then, one by one all variables (soil humidity, grazing
category, microhabitat type and vegetation height) were added
until the best model was obtained (one with the smallest AIC
value). Further, we took into account that the quadrats within a
transect probably are not correlated equally with each other.
Therefore, a correlation between the quadrats was built into the
models, which were nested in transects. In this way it was pos-
sible to avoid edge effects causing bias in the models.

In the case of fen “A", where the most butterflies were
observed, a linear regression analysis was carried out. The logy
transformation of the number of butterflics observed per quadrat
was the dependent variable. In addition, the null model con-
tained the number of foodplant flowerhead as the first covariate,
the transect as a random factor and the above described correla-
tion. Then the same forward manual stepwise selection proce-
dure was applied as in the case of the logistic regression.

The comparisons between microhabitat types and distance
from the fen, soil humidity, foodplant flowerhead density and
vegetation height were tested using the Kruskal-Wallis test. The
relationship between the number of Maculinea teleius and Myr-
mica scabrinodis was analysed using a Mann-Whitney test. All
statistical analyses were performed using R software packages
(R Development Core Team, 2004).

RESULTS

The position of the microhabitat types depends on the
distance from the fen, usually in the order Typha micro-
habitat (edge of the fen), Lythrum microhabitat, Stachys
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Fig. 2. Medians, quartiles and ranges of the four microhabitat types in terms of distance from a fen (A) and vegetation height (B).

The circles indicate outliers.

habitat and Molinia microhabitat, furthest from the
fen (Fig. 2a). This distribution is not a rigid one, as some
of the microhabitats may not be present or not in this
order. There are signi di in the di: of

of M. teleius i d with the number of
flowerheads (Table 1, Fig. 4).

Over the whole area the number of M. feleius was sig-

four microhabitats from the edge of the fens (Kruskal-
Wallis test; 3* = 55.2, d.£. = 3, p < 0.001). This is due to
differences in topography and soil humidity. There are
significant differences in soil humidity (Kruskal-Wallis
test; 7 = 176.6, d.f. = 3, p < 0.001) and vegetation height
among microhabitats (x* = 235.4, d.f. = 3, p < 0.001). The
highest vegetation was at the edges of fens and declined
along the transects as microhabitat types changed (Fig.
2b). The foodpl: density was signi
higher in the Lythrum and Stachys than in Typha and
Molinia microhabitats (x* = 62.1, d.f. = 3, p< 0.001).

The best nested logistic regression model showed a sig-
nificant effect for microhabitat type, but no effect of
foodplant or grazing (Table 1). M. teleius seemed to
prefer Stachys and Molinia microhabitats, where the but-
terfly was recorded in more of the quadrats, than in the
Lythrum and Typha microhabitats, which were much less
preferred (Fig. 3).

Altogether, there were obtained 553 individual sight-
ings of butterflies, 290 were at the most populated fen
(fen “A™). In the best lincar regression model butterfly

bund: was affected signi ly by the number of
foodplant flowerhcads but not by grazing (Table 1). The

higher in quadrats where host ants (Myrmica
scabrinodis) were present compared to quadrats lacking
the host ant (Mann-Whitney test, U=2612.5, p = 0.003).

DISCUSSION

In this study microhabitat type was the most important
factor determining the presence of M. releius imagos in a
large mosaic landscape (Stachys microhabitats were the
most preferred), whereas at the most populated fen, only
the density of foodplant flowerheads influenced the abun-
dance of butterflies. However, the foodplant density was
different in the microhabitats, the highest density
occurred in Stachys and Lythrum microhabitats. This also
means that the drier and shorter Molinia microhabitats,
which were generally furthest from the fens and the
wetter and higher Typha microhabitats close to the fens
probably simply act as a matrix for the butterflies.
Thomas & Elmes (2001) found that the foodplants pre-
ferred by M. feleius were most abundant in short (0-30
cm) vegetation in France and Poland. This is similar to
our results, as in the Stachys microhabitat the range in
vegetation height was 10-36 cm for the whole area, while
at the fen “A™ it was 16-34 cm and in the Lythrum micro-
habitat 22-44 c¢m. So this butterfly species seems to have
similar vegetation height requirements in this region as in

Taue 1. Effects of foodplant flowerhead density, grazing, microhabitat type, soil humidity and vegetation height on the presence

(logistic and (lincar

of M. teleius based on the transcct counting method. The best models, after

forward manual stepwise model selection do not contain all the explanatory variables. The results for the logistic regression were
derived from all 40 transects at the eight fens, while the linear regression used only the data for the fen where the butterflies were
most frequently recorded. Variance components of the logistic and linear regression models: random effect = 0,780, residuals =

0.934; random effect = 0.262, residuals = 0.271.

Logistic regression

Linear regression

mumDF  denDF 3 3 numDF  denDF F »
Foodplant flowerhead 1 354 0.008 0.928 1 42 10956 0.002
Grazing 2 354 1.229 0.294 1 42 1018 0.370
Microhabitat type 3 354 2846 0.038
733
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Fig. 3. Proportion of quadrats on each of the four microhabi-

tats in the whole study area where M. feleius was present.

other parts of Europe. Furthermore, with increase in food-
plant density the abundance of butterflies increased at the
most populated fen. In contrast to our result, which comes
from one fen, Nowicki et al. (2005a) found that at a meta-
population level foodplant density limits the abundance of
M. alcon [(Denis & Schiffermiiller), 1775], but not that of
M. teleius and M. nausithous, while Loritz & Settele
(2005) showed that foodplant availability affects M. nau-
sithous occupancy. Furthermore, Anton et al. (2005)
showed that the density of M. nausithous is positively
correlated with the density of its host ant M. rubra (L.,
1758), but not with that of its foodplant S. officinalis. Our
result can be explained by butterflies occurring mainly at
those sites where their foodplants are abundant. However,
microenvironmental factors (e.g. soil humidity) determine
foodplant abundance and type of microhabitat, so micro-
environmental factors and microhabitat types probably
have direct and indirect effects on the butterfly.

For the conservation of endangered species, it is impor-
tant to maintain the quality of this remaining habitats
(Maes et al., 2004; WallisDeVries, 2004, Johst et al.,
2006). The present study did not indicate that local
grazing intensity had a direct effect on butterfly occur-
rence or abundance. We did not compare sites with dif-
ferent grazing intensity or regimes as in other studies (e.g.
Griebeler & Seitz, 2002; WallisDeVries, 2004), because
the whole area was subject to the same management, but
measured grazing by means of indicators of chewing and
trampling by cattle. However, the low grazing pressure
recorded is probably adequate management for this study
site. Therefore, like others (Thomas, 1990; Griebeler &
Seitz, 2002), we also think that grazing results in a par-
ticular vegetation height and cover of grassland favour-
able for the butterfly and especially its host ants.

Van Dyck et al. (2000) concluded that host-ant nests
(either directly or indirectly) could influence oviposition
in M. alcon. Thomas & Elmes (2001) did not accept that
M. alcon can detect ant nests before oviposition. The fact
that there was not an ant trap in each quadrat prevented
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Fig. 4. Relationship between number of foodplant flower-
heads per quadrate and the logarithm of M. teleius abundance at
the most heavily populated fen. The solid line represents the
fixed effect of the linear mixed model.

the inclusion of host ant presence in the models and so it
was only possible to test separately the relationship
between host ant presence and M. feleius abundance.
Though butterfly abundance was significantly higher in
quadrats in which the host ant was present, this study is
too limited to decide if this butterfly is directly or indi-
rectly affected by the presence of host ants. But we draw
attention to the fact that lower host ant density can
increase the risk of local extinction (Thomas, 1994).
However, most studies do not find a significant relation-
ship between host ant presence and abundance of Macu-
linea imagos or eggs (c.g. Bonelli et al., 2005; Musche et
al., 2005; Nowicki et al., 2005b; Prondvai et al., 2005; but
see Anton et al., 2005; Glinka & Settele, 2005).

The implication for conservation is that grazing should
be continued in order to maintain the current distribution
of microhabitats. However, it must be emphasised that the
grazing intensity in this study was about 0.3 cattle/ha,
which is lower than the scheme prescribed in the current
Hungarian Agri-Environment Program (0.5-1.2 cattle/ha
depending on pasture productivity, Angyan et al., 2003).
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Abstract

Butterflies react sensitively to changes in habitat quality.
Their diversity has been decreasing in Europe due to habitat
degradation, fragmentation, management changes and cli-
mate change. The False Ringlet (Coenonympha vedippus) is one
of the 59 butterfly species protected in Hungary. The species
occupies marshy meadows dominated by Mo/inietum vegeta-
tion. Besides drainage, inappropriate management can also
deteriorate these habitats. Nowadays the butterfly remains
present in a habitat complex in Hungary, at the north-west-
ern part of the Hungarian Great Plain and a newly (2009)
rediscovered population in north-western Hungary. Mark—
release—recapture method was used to estimate the popula-
tion size and describe population structure in a 0.65 ha habi-
tat patch from 2005 to 2007. The population size did not
fluctuate during the 3 years; the total estimated number of
individuals ranged between 130 and 270. The survival prob-
ability was 0.81-0.84/day in the case of males, in females
0.70-0.89/day. The catchability was between 0.27-0.53 in
males and 0.22-0.38 in females. The structure of the popu-
lation indicates that the False Ringlet is a sedentary butterfly
species, with low dispersal ability. In the study area, drain-
age seems to be the main threatening factor for its habitat.
The studied population has recently moved to neighbouring
lower parts of the habitat patch, because the formery oc-
cupied part of the habitat patch had been desiccated and the
vegetation had been changed. For the long-term survival of
the species at this habitat patch the drainage should be in-
hibited, while in other habitat patches around, the control of
invasive plant species is inevitable beside habitat restoration.

Keywords: False Ringlet, Coenonympha oedippus, Hungary,
MRR, population size

Introduction

he diversity of butterfly species has decreased in
I large volume in Europe, some surveys show even
larger decrease, than in the groups of bird or plant
species (eg. Thomas et al. 2004). Similarly, the threat sta-
tus of the species decayed more strongly among butterflies
(Van Strien et al. 2009). The main reasons of butterfly di-
versity decline in Europe are habitat fragmentation (Ehrlich
1988, Maes & Van Dyck 2001), habitat loss (Pullin 2002)
and changes of land management (Skérka et al 2007). Due
to their sensitivity to temperature, climate change has also
enhanced effect on the diversity of butterflies (Lewis & Bry-
ant 2002; Settele et al. 2008).

Agricultural landscapes are affected by either intensification
(Thomas 1995) or abandonement, both of which can diminish
formerly suitable butterfly habitats (Strijker 2005). The succes-
sion after abandonment and the colonization of invas

e alien
species can decrease the diversity and abundance of native spe-
ces (Skorka et al. 2007). Species inhabiting wet meadows are
among the most endangered ones, because the area of those
habitats is declining rapidly as they can be easily converted to
agricultural landscapes (Maes & van Dyck 2001, Maes et al.
2004). Drainage is widely recognized as the most important
threatening factor for wet meadows, which can affect large ar-
eas throughout water table equalization (IUCN 1993).

The False Ringlet (Coenonympha oedippus) inhabits wet
meadows dominated by Mo/nia species. Itis one of the most
endangered butterflies in Europe; it is considered as nearly
threatened by TUCN (2008) and listed in Annex IT and TV
of Habitats Directive and Annex IT of the Bern Conven-
tion. The geographical distribution of the species is highly
fragmented and colonies are isolated (Van Helsdingen et al.
1996, Kudrna 2002). The size and distribution of the Euro-
pean populations are declining at several localities and seem
to be stable at others, while limited information is available
about the populations in Asia.
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Oneof the first publications about the species describes its
weak, jumping flight, which is related to the supposed weak
dispersal ability (Seitz 1906). The first description of the eco-
logical requirements of the species is from France. Lhonore
& Lagarde (1999) mention the problems of fragmentation,
isolation and other threatening factors, which endanger the
long-time survival of the butterfly. The size and structure
of a Slovenian population was studied with mark—release—
recapture method by Celik (2004) from 1995 to 1996. The
maximum density of the butterflies was 145 individuals /ha
in a 1.27 ha habitat patch, which in contrast to other Euro-
pean habitats consists of areas of Bradhypodinm grasslands and
shrubs. Survival probability was 0.77 /day for males and 0.80/
day for females in the second year (Celik 2004).

In Hungary, there were several suitable habitat areas for
the species earlier, e.g. remarkable populations were described
from the Hansdg, Kiskunsig, Obuda regions and from Szar

tion size, sex ratio, survival rate, average lifespan) in a single
population of the False Ringlet in a three-year period using
mark-release~recapture method.

Material and methods

Distribution

The distribution of the species is just partly documented;
populations were probably widely distributed in the steppe
zone of the temperate region, in Mo/inietun habitats. Outside
Europe the species is present in temperate Asia as well: Ural,
S and W Siberia, N Kazakhstan, Mongolia, China and Japan
(Tolman & Lewington 2008). Based on the database of the
TUCN the nearly threatened species is native in Austria, Bel-
gium, France, Germany, Hungary, Italy, Japan, Kazakhstan,

according to sp in the coll of the H

Natural History Museum (Bilint et al. 2006). Due to large-
scale drainage in the Kiskunsig and Hansag, several wet mead-
ows disappeared, hence their vegetations have been changed
(Molnr et al. 2008). The Obuda area (today the northern part
of Budapest) was lost due to
urban development.

There is a habitat complex
left in the Kiskunsdg region, in
the north-western part of the
Hungarian Great Plain, near
to Ocsa. However, extinction
directly threatens the species
in this habitat complex as well
due to habitat deterioration and
isolation. Habitat degradation
is the result of drainage accom-
panied with aggressive disper-
sion of invasive plant species.
The transformation of vegeta-
tion associations caused by des-
iccation can lead to the spread
of invasive alien plant species
(eg Sokidag spp), which are
present around the area. In
Eastern European wet mead-
ows, Solidago spreads forcefully
and affects negatively the but-
terfly communities (Morodi et
al. 2009). Since the 1980 the
butterfly has left some parts of the habitat, which have become
unsuitable and it has moved to lower habitat patches. There was
a large population at the Csiffiri meadows 2.8 km from the
study site (Seregélyes etal. 1986), but that area has become very
dry recently and now it is covered by mesophilous vegetation
instead of Molnietum.

The nearly threatened status of the species motivates the
monitoring of the population size. However, to facilitate
long-term survival of the species, more accurate population
size estimation and the exploration of population structure
are necessary. The aim of this study was to estimate some
essential parameters of population dynamics (e.g. popula-

Liect in, Mongolia, Poland, Russian Federation, Slova-
kia, Spain, Switzerland and Ukraine (TUCN 2008). The map
of the “Encyclopedia of life” shows 18 localities in France,
8 in Trtaly, 8 in Austria, 5 in Liechtenstein, 4 in Poland, 2 in
Switzerland, 2 in Spain and 1 in Hungary, based mainly on

Fig. 1. Present (o) and former (o) populations of the False Ringlet in Hungary. 1 study site at
Ocsa (Kiskunség region), 2 new population found in 2009 (Hansag), 3 Hansag, 4 Szar, 5 Obuda.

data from museum collections. In Asia 2 localities in Japan
and 1 in South Korea are known (EOL 2009). None of the
databases contains information about the existing Croatian
and Slovenian populations (Sasic, this volume, Celik et al.
this volume), for other countries the information is ex-
tremely incomplete, e.g. Ttaly had more than 100 populations
(Bonelli et al. this volume).

In Hungary, former populations of the species existed in
the Hansig, Obuda and Kiskunsag region (Fig 1). The only
present population was considered to be in the Kiskunsig
region, but in 2009 a new; unknown location was found in
the north-western part of Hungary.
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Study site

Our study site was 0.65 ha in size, covered with

Table 1. Results of MRR: capture statistics for Coenonympha oedippus in
2005-2007 at Ocsa.

Molinietum vegetation and surrounded with Year | No.of marked No. of No. of captures
bushes and trees (Salix spp) The area tends individuals recaptures

to be overgrown by common reed (Phragmites male | female | male | female | male | female
anstralis), reed mace (Tipha spp,) and willow 2005 70 66 139 95 209 161
(Salix spp.) Shm,b& The -tmdiﬂofml manage: 2006 106 140 34 326 340 266
ment was extensive mowing or light grazing,

Presently the meadow is mown once in a cou- 2007 58 42 26 12 84 54

ple of years. The water table level is lower than

ideal due to two reasons. The drainage started in the 1920%
(Seregélyes et al. 1986), while later on the advance of gravel
mining accelerated the desiccation of the area. The butter-
fly population has recently moved to lower areas compared
to the habitat maps from the 1980 (L. Peregovits personal
observation).

Species

The species is strictly protected by law in Hungary, consid-
ered as nearly threatened by TUCN (2008). Part of its Hun-
garian habitats are strictly protected in the Ocsa Landscape
Protected Area and desi d as Sites of C ity In-

1999). The total size of butterflies in a year was calculated
with the modified method of Cook et al. (1967). The domi-
nant grasses and sedges were identified in 2005 in the pres-
ently and formerly occupied habitat patches of the species.

Results

The number of marked, captured and recaptured males was
higher than those of females in two years, females outnum-
bered males in capture statistics in 2006 (Table 1).

The model selection resulted gender dependent survival
and capture probability in the first two years and gender in-
d dent survival and capture probability in the third year.

terests. The False Ringlet has one generation in Hungary;
the flight period is in June-July. Females lay eggs from late
June. The polyphagous larvae hatch after 2-3 weeks and
start feeding on Mo/inia and Carex species.

Sampling method

For population size estimation mark—release—recapture
method was used in one habitat patch. Samplings occurred
between 16th. June — 1st. July 2005, 17th. June — 7th. July
2006 and Gth. June — 20th. June 2007. The sampling effort

Table 2. Results of MRR: I structure and

P
Female survival probability was slightly higher than that of
the males in 2005 and 2006. The survival probability in the
third year was gender independent and decreased to 0.78.
The mean lifespan of females was 8.58 and 7.18 days in the
first years, while mean lifespan of males was 5.74 in 2005 and
5.04 in 2006. The mean lifespan had decreased to 3.95 for
both sexes in 2007 (Table 2). Capture probability was 0.40
and 0.53 in males and 0.22 and (.38 in the case of females in
the first years and 0.27 in 2007 (Table 2). The estimated total
population size was 137 in 2005, 273 in 2006 and 212 in 2007,
for the intensive study years 2005 and 2006 this is close to
the number of actually marked individuals (Tables 1 and 2).

Year Daily survival probability Mean lifespan Capture probability +SE Estimated total
1SE population size
male female male female male female male female
2005 0.84+0.02 0.89%0.02 574 8.58 0.4£0.04 0.2210.03 67.85 69.71
2006 0.82+0.02 0.87+0.01 5.04 7.18 0.53£0.03 0.38+0.02 116.30 157.46
2007 0.78% 0.04 3.95 0.27+0.06 212.80

was different in the three years: sampling was conducted
daily in 2005 and 2006, while every second day in 2007. The
butterflies were marked individually with permanent ink
pen. A grid of 5X5 m quadrates was laid down in the habitat
and capture locations were recorded.

The apparent survival probability and capture probability
were estimated for both sexes with the Cormack—Jolly—Se-
ber method using Mark 5.1 (White & Burnham 1999). The
best models were selected based on Akaike’s information
criterion (AIC). Mean lifespan was calculated from survival
probability (Cook et al. 1967). The daily population size was
estimated with program POPAN 5 (Arnason & Schwarz

The highest estimated daily population size changed be-
tween 45-81 for males and 29-96 for females (Fig 2). Males
reached their maximum estimated daily population size ear-
lier than females in each year. The butterfly showed the char-
acteristics of protandry, males outnumbered females in the
first days of the observation period (Figs. 2 and 3).

Observations of individual movements during the sam-
pling suggested that the butterflies preferred the wettest ar-
eas, while avoided open spaces probably due to the more
balanced microclimate in the vicinity of bushes; the individ-
uals were sedentary, their flight was short and jumping, They
performed short movements. The average distance between
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Fig. 2. Estimated daily population size in a habitat patch of
Coenonympha oedippus from 2005 to 2007, based on MRR
studies.

Fig. 3. Percentage of males based on daily capture exceeds
female ratio during the first days of sampling in all the
examined years.

Table 3. Plant species list in the recent and in the earlier habitat patch, the species composition

is changing due to drainage.

Recent habitat

Earlier habitat

Vegetation

species rich Molinietum

searing Molinietum,
with mesophyl patches

Deschampsia caespitosa, Molinia sp.,
Phragmites australis

Molinia sp., Festuca pratensis,
Calamagrostis epigeios

Dominant sedge species

Carex: acutifornis, Cladium mariscns,
Schoenus nigricans

Characteristic attendant species

Equisetum arvense, Inula britannica,
Lythrum salicaria, Carex flacca,
Cirsinm palustre

Rbinanthus sp., Galinn verum,
Deschampsia caespitasa, Dactylis glomerata,
Briza media
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consecutive recaptures was 38.3 m (52 animals, 1-11 move-
ments/animal). According to the tracking data of individu-
als, males moved more frequently and flew longer distances
(approx. 10-15 m/occasion) than females (0.2—4m), al-
though sample size was not sufficient for statistical analysis.

In the presently occupied habitat patch a species rich
Molinietum complex exists, while the neighbouring, formerly
occupied part of the habitat shows characteristics of a mes-
ophilous meadow with plenty of herbaceous plant species

(Table 3).

Discussion

During the three years of the survey, there was no major
fluctuation in population size, a promising sign regarding its
survival, even though long—term trend cannot be estimat-
ed in this time scale. Along with Celik’s survey in Slovenia,
protrandric population structure was observed (Celik 2004),
whichis a widely recognized phenomenon among butterflies.
Early eclosion of males minimizes the energy consumption
of females and predation threats before reproduction, while
males have enough time to seek for females (Ehrlich 1989).
Both males’ and females” movement was restricted to short-
distance within the habitat patch, similar to Celik’s results
(2004). Short flights imply sedentary living habits and closed
population.

The apparent survival rate (0.78-0.89) of the species is in the
higher region among butterflies. According to Brakefield (1982),
survival probability around 0.8 is typical to butterfly species
with colonial population structure in temperate climate zones.
Although survival rate can be as high as 0.94 in other butterflies
species, like Enphydryas anrinia (Schtickzelle et al. 2005); or 0.88
for males and 0.84 for females as in the case of I.gpinga achine
(Bergman & Landin 2002). Both butterflies” dispersal ability is
similar to sedentary and vulnerable species (Bergman & Landin
2002, Schtickzelle et al. 2005). Our observations on within site
movement do not contradict with these results, as the move-
ment lengths of Coenonympha oedippus between two consecutive
captures are generally short. We can confirm that survival rate
around 0.8 might be a sign that the population is closed and dis-
persal of individuals is low. During 2005 and 2006, the survival
rate of the females was higher than that of the males, which is
in agreement with the results of Celik (2004).

Decline of the survival rate in 2007 is a reason to worry,
as the shorter lifespan of females can have a direct effect
on the quantity of eggs laid. It’s proven in the case of M.
rebeli that the total quantity of eggs possibly laid can be
many times higher than the realized number of eggs laid,
in other words the females are time-cc ined i

years, which is slightly higher than estimated in the Slovenian
population (Celik 2004). But in 2007 the mean lifespan was
similar to the Slovenian results (Celik 2004).

It has particular importance that at the beginning of our
sampling in 2005 the population was found in a different
location, in a deeper site, than during the last surveys in the
80%s. In this respect this fact warns of the danger of continu-
ous desiccation. Vegetation contains Molinia tussocks only in
the current habitat, while the previous habitat patch is now
rather 2 meadow rich in mesophilous species. This is charac-
teristic recently to the whole area — the formerly base-habitat
of Csiffar rét (2.8 km form our study site; Seregélyes et al.
1986) has now a strongly desiccating Astragalo—Festucetum,
where the butterfly is now absent. Assuming that this mead-
ow had been a firmly wet Molinietum, the average groundwa-
ter level dropped with 2040 cm since the 80’ (Seregélyes
etal. 1986).

Although the habitat complex of Ocsa lies within the
borders of Duna-Tpoly National Patk, the area is not ex-
empt from human impact: there are some gravel pits in the
vicinity of the strictly protected area. Gravel mining cre-
ates large-surfaced deep lakes, which load themselves with
groundwater. As a result of evaporation, these lakes take
groundwater from the surrounding areas, which dries them
up and change the vegetation (Tari et al. 2008). The region is
also well-drained, which causes a lower water retention abil-
ity and desiccation as well (Hubayné Horvith 2005).

Another threatening factor of the Coemonympha oedippus
habitats is the advance of weeds and invasive plant species.
Primarily, So/idago species occupy a growing percentage of
the habitat complex, which could be controlled by regular
mowing during flowering time (Weber 2000, Morod et al.
2009). However, the complete elimination of Sokdago seems
to be unlikely. Wet meadows between groves of trees are
used by hunting organizations as well, providing corn and
other grains (containing weeds) for the game. This activity
creates weed-communities, altering and deteriorating further
the vegetation required by the butterfly.

In the absence of management, succession in this area
will result in bushy groves, which is not appropriate for the
butterflies. According to our observations butterflies also
avoid large open areas. To apply appropriate conservation
management it is inevitable to learn more about the butter-
fly’s habitat use, considering the different aspects of require-
ments of all life stages (Dennis et al. 2006, Vanreusel & Van
Dyck 2007).

In Hungary Coenonympha oedippus is present in this habi-
tat complex and a newly discovered population in north-

western Hungary only. Part of the formerly known habitats
1ed

their egg-laying (Kérési et al. 2008). Therefore, along with
the decrease of the lifetime, the number of laid eggs prob-
ably decreases, making the basis of the next generation and
the long-term survival of the population uncertain. How-
ever, the decline of the apparent survival rate can be a sign
of growing dispersion too, because of the declining quality
of the habitat patch or any other general problem, ie. the
paramount hot weather in June and July in 2007. The mean
lifespan of males was 5 to 6, females 7 to 9 days in the first

are vanished, such as those around Obuda and Szir, other
parts are now being reconstructed, such as those in Hansig
(Margéezi et al. 2002). There are some areas in the Kiskun-
sig National Park that seem to be appropriate for the butter-
fly. The isolation of the remained populations (among them
this surveyed one) with small size indicates the possibility
of inbreeding, which should be excluded or confirmed by
genetic surveys. Accordingly, we conclude that the devel-
opment of conservation actions for Coenonympha oedippus is
essential and inevitable. Habitat degradation should imme-
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diately be stopped, especially the desiccation, and the spread
of invasive plants should be controlled, to maintain proper
habitats for long-term survival of the species in Hungary.

Acknowledgement

We would like to thank Gabor Onodi for botanical survey
and Andris Maté, Marta Kocsis, Laszl6 Somay and Aniko
Zolei for fieldwork cooperation. We are also grateful to
Tracey Worrall and David Miller for improving the Eng-
lish text. This research was supported by a National R&D
Programme (contract no.: 3B023-04). Péter Batary was sup-
ported by the Al der von Humboldt Foundati

References

Arnason N, Schwarz CJ (1999) Using POPAN-5 to analyse
banding data. Bird Study 46 (Suppl.): 157-168.

Blint Z, Gubdnyi A, Pitter G (2006) Magyarorszdg védett pil-
langdalakii lepkéinek lignsa a Magyar Te domdnyi
Miizenm gydjteménye alapjan [A catalogue of protected
papilioformid butterflies of Hungary based on the collec-
tion of the Hungarian Natural History Museum]. Hun-
garian Natural History Museum, Budapest.

Bergman KO, Landin J (2002) Population structure and
movements of a threatened butterfly (Igpinga achine) in
a fragmented landscape in Sweden. Biolygical Conservation
108: 361-369.

Brakefield PM (1982) Ecological studies on the butterfly
Maniola jurtina in Britain. II. Population dynamics: the
present position. Journal of Animal Fcology 51: 721-738.

Celik T (2004) Population dynamics of endangered species
Coenonympha oedippus Fabricius, 1787 (Lepidoptera:
Satyridae) on the Ljubljansko Baarje (Slovenia). Acta Fn-
tomologica Slovenica 12: 99-114.

Convention on the Conservation of European Wildlife and
Natural Habitats CETS No.: 104.

Cook LM, Brower LP, Croze HJ (1967) The accuracy of a
population estimation from multiple recapture data. Jour-
nal of Animal Ecology 6: 57-60.

Dennis RLH, Shreeve T, Van Dyck H (2006) Habitats and
resources: the need for a resource-based definition to
conserve butterflies. Biodiversity Conservation 15: 1943-
1966.

Ehrlich PR (1988) The loss of diversity: Causes and conse-
quences. In: Wilson EO, Peter FM (eds) Biodiversity. Na-
tional Academy Press, Washington D.C, pp. 212-216.

Ehrlich PR (1989) The structure and dynamics of butterfly
populations. In Vane-Wright RI, Ackery PR (eds) The Bi-
ology of Butterflies. Princeton University Press, Princeton,
25-40.

EOL (2009) “Coenonympha oedippus Fabricius, 1787 En-
cyclopedia of Life, available from http://www.eol.org/
pages/965969?vetted=true&category_id=9 Accessed 15
May 2009.

World Conservation Monitoring Centre (1996) Coenonym-
pha oedippus. In: TUCN 2008.

Habitats Directive (Council Directive 92/43/EEC on the
Conservation of natural habitats and of wild fauna and
flora) Official Journal L 206, 22/07/1992 P. 0007 - 0050;
(http://eur-lex.europa.cu/LexUriServ/LexUriServ.do?u
ri=CELEX:31992L0043:EN:HTML)

Hubayné Horvith N (2005) Felhagyott tozegkitermels-
helyek természeti értékei és optimilis hasznositisa. [Nat-
ural values of a cutaway peatlands and their optimal af-
ter-use] PhD Dissertation, Budapesti Corvinus Egyetem,
Tijtervezési és Tertiletfejlesztési Tanszék, Budapest

TUCN (1993) The wetlands of Central and Eastern Europe.
The World Conservation Union. IUCN East European Pro-
ramme, Environmental research Series 7. pp. 83.

TUCN (2008) Red List of Threatened Species. <www.iucn-
redlist.org>. Downloaded on 15 May 2009.

si A, Orvéssy N, Batiry P, Kévér Sz, Peregovits L
(2008) Restricted within-habitat movement and time-
constrained egg-laying of female Maculinea rebeli butter-
flies. Occologia 156 (2): 455-464.

Kudrna O (2002) The Distribution Atlas of European But-
terflies. Oedippus 20: 1-343.

Lewis OT, Bryant SR (2002) Butterflies on the move.
TRENDS in Fcology & FEvolution 17: (8) 351-352.

Lhonore J, Lagarde M (1999) Biogeography, ecology and
conservation of Coenonympha oedippus (Fab., 1787)
(Lepidop Nymphalidae: Saty
Entomologique de France 35: 299-307.

Maes D, Van Dyck H (2001) Butterfly diversity loss of Flan-
ders (North Belgium): Europe’s worst case scenario? Bio-
logical Conservation 99: 263-276.

Maes D, Vanreusel W, Talloen W, Van Dyck H (2004) Func-
tional conservation units for the endangered Alcon Blue
butterfly Maculinea aloon in Belgium (Lepidoptera: Lycae-
nidae). Biolagical Conservation 120: 229-241.

Margoczi K, Takics G, Pellinger A, Kirpiti L (2002): Wet-
land reconstruction in Hansdg area (Hungary). Restoration
Newsletter 15: 14-15.

Molnir Z, Biré M, Boloni J, Horvith F (2008) Distribution
of the (semi)-natural habitats in Hungary I. — Marshes
and grasslands. Ada Botanica Hungarica 50 (Suppl): 59-105.

Moron D, Lenda M, Skorka P, Szentgyorgyi H, Settele J,
Woyciechowski M (2009) Wild pollinator communities
are negatively affected by invasion of alien goldenrods
in grassland landscapes. Biolkgical Conservation 142: 1322-
1332.

Pullin AS (2002) Conservation biokgy. Cambridge University
Press, Cambridge, UK. 358pp.

Schtickzelle N, Choutt J, Goffart P, Fichefet V, Baguette M
(2005) Metapopulation dynamics and conservation of the
marsh fritillary butterfly: Population viability analysis and

K

Annales de la Societe

management options for a critically endangered species
in Western Burope. Biological Conservation 126: 569-581.

Seitz A (1906) The Macrolepidaptera of the Palearctic Region 1.
Stuttgart, 379pp.

Seregélyes T, Pallag O, Grofesik Gy (1986) Az Ocsai
Tijvédelmi Korzet természetvédelmi fenntartasi és fej-
lesztési terve. [Nature sustainance and develspment plan for the
Ocsa Landscape Protection Area.] Korayezetvédelmi Intézet,
Budapest, 49pp.



Structure and size of a threatened False Ringlet population in Hungary 37

Settele J, Kudma O, Harpke A, Kihn 1, van Swaay I,
Verovnik R, Warren M, Wiemers M, Hanspach J, Hickler
T, Kithn E, van Halder I, Veling K, Vliegenthart A, Wyn-
hoff T, Schweiger O (2008) Climatic Risk Atlas of Enropean
Butterflies. BioRisk 1: 1-710.

Skorka P, Settele J, Woyciechowski M (2007) Effects of
management cessation on grassland butterflies in south-

Fcosystems & E 121: 319-

ern Poland. Agric
324.

Strijker D (2005) Marginal lands in Europe—causes of de-
cline. Basic and Applied Eeology 6: 99-106.

Tari C, Szanyi J, Kovics B (2008) A Réckevei — Duna és
az Ocsai Téjvédelmi Korzet kézott elhelyezkedd kavics-
banyik hidraulikai hatasai. [Hidraulical effects of the gravel
mines located between the Danube of Rckeve and the Ocsa Land-
scape Protection Area) Abstract Meeting of Young Geoscientist
http://isza.hu/index.php?searchword=%F3csa&option
=com_search&Itemid=5

Thomas JA (1995) The conservation of declining butterfly
populations in Britain and Europe: priorities, problems
and successes. Biological Journal of the Linnean Sodety 56
(Suppl): 55-72.

Thomas JA, Telfer MG, Roy DB, Preston CD, Greenwood
JID, Asher J, Fox R, Clarke RT, Lawton JH (2004) Com-
parative losses of British butterflies, birds, and plants and
the global extinction crisis. Science 303: 1879-1881.

Tolman T, Lewington R (2008) Collins Butterfly Guide. Harper
Collins Publishers, London, 384pp.

Van Helsdingen PJ, Willemse L, Speight MCD (1996) Back-
ground information on invertebrates on the Habitats Directive and
the Bern Convention, Council of Europe, 217pp.

Vanreusel W, Van Dyck H (2007) When functional habitat
does not match vegetation types: A resource-based ap-
proach to map butterfly habitat. Bio/ygical Conservation 135:
202-211.

Van Strien AJ, van Duuren ], Foppen RPB, Soldaat LL
(2009) A typology of indicators of biodiversity change as
a tool to make better indicators. Ewlygical Indicators 9(6):
1041-1048.

Weber E (2000) Biological flora of central Europe: Sokidago
altissima. 1. Flora 195: 123-134.

White GC, Burnham KP (1999) Program MARK: Survival
estimation from populations of marked animals. Bird
Study 46 (Suppl): 120-138.



J Insect Conserv (2013) 17:537-547
DOI 10.1007/s10841-012-9538-4

ORIGINAL PAPER

Potential metapopulation structure and the effects of habitat
quality on population size of the endangered False Ringlet

butterfly

Noémi Orvissy - Adam Korosi - Péter Batdry -
Agnes Vozar - Laszlé Peregovits

Received: 14 March 2012/ Accepted: 25 October 2012/ Published online: 6 November 2012

© Springer Science+Business Media Dordrecht 2012

Abstract The False Ringlet (Coenonympha oedippus) is
a European butterfly species, endangered due to the severe
loss and fragmentation of its habitat. In Hungary, two
remaining populations of the butterfly occur in lowland
Purple Moorgrass meadows. We studied a metapopulation
occupying twelve habitat patches in Central Hungary. Our
aim was to reveal what measures of habitat quality affect
population size and density of this metapopulation, esti-
mate dispersal parameters and describe phenology of sub-
populations. Local population sizes and dispersal
parameters were estimated from an extensive mark—
release—recapture dataset, while habitat quality was char-
acterized by groundwater level, cover of grass tussocks,
bush cover, height of vegetation and grass litter at each
habitat patch. The estimated size of the metapopulation
was more than 3,000 individuals. We estimated a low
dispersal capacity, especially for females, indicating a very
low probability of (re)colonization. Butterfly abundance
and density in local populations increased with higher grass
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litter, lower groundwater level and larger area covered by
tussocks. We suppose that these environmental factors
affect butterfly abundance by determining the microcli-
matic conditions for both larvae and adult butterflies. Our
results suggest that the long-term preservation of the
studied metapopulation needs the maintenance of high
quality habitat patches by appropriate mowing regime and
water regulation. Management also should facilitate dis-
persal to strengthen metapopulation structure with creating
stepping-stones or gradually increase habitat quality in
present matrix.

Keywords Coenonympha oedippus - Dispersal -
Habitat management - Mark-recapture - Population size -
Purple Moorgrass meadow

Introduction

The biodiversity crisis currently seems to appear more
critical among butterfly species than other species (Thomas
1991; Thomas et al. 2004). Butterfly populations disappear
more rapidly than bird or plant populations due to short life
and lack of dormant propagules (Thomas et al. 2004).
However, Hambler et al. (2011) suggested that long-term
extinction rates are similar amongst birds and butterflies,
but the latter react more rapidly to changes in habitat
quality or climate. In Europe, the decline is attributed to
habitat destruction, agricultural intensification or aban-
donment and climate change (Thomas 1991; Thomas and
Morris 1994; Warren et al. 2001; Hanski 2003; Parmesan
2003). As European landscapes have long been human
dominated, many species rich habitat types rely on low-
intensity agricultural use typical of earlier agronomic eras,
now requiring conservation-oriented habitat management

@ Springer
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to maintain them. Around 50 % of butterfly species live in
such semi-natural managed grasslands (Erhardt and Thomas
1991), where management is necessary to maintain their
current populations (van Swaay and Warren 1999; van
Swaay 2002).

Wet meadows are seriously threatened by the above
factors (Halada et al. 2011), and have become one of the
most endangered habitat types in Europe. Habitat degra-
dation and fragmentation of wet meadows have caused the
decline of several butterflies (van Swaay and Warren 1999;
Nowicki et al. 2007; Skérka et al. 2007), including the False
Ringlet (Coenonympha oedippus) (van Swaay et al. 2010).
Most of its European populations are threatened by habitat
loss (isolation and fragmentation) and habitat degradation,
especially land drainage, abandonment and changes in
habitat management. Populations also suffer from the
spread of invasive weeds (Solidago spp.) and encroachment
of bushes after abandonment, collection of butterflies, devel-
opment of built-up areas and climate change (van Swaay
and Warren 1999; Celik and Verovnik 2010; Orvﬁssy etal.
2010; Sasic¢ 2010; Sielezniew et al. 2010).

In order to stop further decline and promote the long-
term survival of the species, suitable habitat management is
required. Development of a proper management action plan
should be based on a survey that describes which factors
influence the metapopulation structure of the species under
consideration and determine the parameters of the best
available habitat’s quality.

Generally, two main approaches exist to explain the
variation of population size and predict survival of butterfly
species: metapopulation theory and the habitat quality
approach (Thomas et al. 2001). Metapopulation theory
assumes that patch size and isolation are the main factors
that influence population size and persistence in a habitat
patch (Hanski and Glipin 1997), which has been supported
by several studies (e.g. Thomas and Hanski 1997; Thomas
et al. 1998; Nowicki et al. 2007). This approach has been
used for several butterfly species due to their high sensi-
tivity to fragmentation (Baguette and Neve 1994; Hanski
1998; Fischer et al. 1999; Ockinger 2006; Hovestadt et al.
2011). However, the metapopulation approach has some
limitations in continuous landscapes, where habitat patch
definition is not exact and resources of butterflies do not
spatially overlap (Dover and Settele 2009).

The resource limitation approach offers an alternative to
avoid the problems of patch definition, continuity of
landscapes and sparse location of resources in the matrix
(Dennis et al. 2006). It determines the habitat based on
necessary resources, and emphasises the importance of the
habitat quality (Vanreusel and Van Dyck 2007). The
resource limitation approach is part of the wider and more
traditional habitat quality approach, which is the analysis
of habitat quality in light of the habitat requirements of a
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certain species (Oostermeijer and van Swaay 1998; Skérka
et al. 2007). Such studies usually include surveys to
determine appropriate habitat management. Using both
metapopulation and habitat quality approaches in the same
study, it is possible to predict population size or density
(Thomas et al. 2001; Sawchik et al. 2003; Rabasa et al.
2008) and in some cases patterns of site occupancy more
reliably than by the conventional separation (Lenda and
Skérka 2010; Sanford et al. 2011). Furthermore, this
double approach is particularly relevant in the study area,
as the False Ringlet lives in a fragmented habitat complex
where habitat quality varies considerably. Efforts to
maintain the small and isolated populations by conserva-
tion management are hampered by a lack of knowledge
about the habitat requirements of this species. Hence, a
suitable management regime would facilitate the long-term
survival of the species. Therefore, our study aims were
(i) to gain information about the population structure:
discriminate clusters based on phenology, asynchrony of
subpopulations and movement pattern of the species, and
(ii) to determine whether and how habitat quality affect its
population size and density.

Materials and methods
Species

The distribution area of the False Ringlet covers the whole
Palaearctic region (Gorbunov 2001; Bozano 2002). The
locations of European populations are more or less identified,
while there is little information about the Asian populations.
The current geographical distribution of the species is highly
fragmented, and colonies in the European part are highly
isolated (Kudma 2002). The species has experienced more
than 80 % population decline across its European range in
recent decades, and has become extinct in Slovakia, Bulgaria
and Switzerland (van Swaay and Warren 1999; Dusej et al.
2010). The False Ringlet is considered as “near th d”
by IUCN (2011), and is listed in Annex II and IV of the
Habitats Directive and Annex II of the Bern Convention.
Although the size and distribution of the European popula-
tions are declining at several localities, some populations
seem (o be stable. The largest and most stable populations
exist in Italy (Bonelli et al. 2010). Highly isolated popula-
tions are still present in France (Lhonoré and Lagarde 1999),
Liechtenstein (Staub and Aistleitner 2006), Austria
(Aistleitner et al. 2006), Slovenia (éelikand Verovnik 2010),
Croatia (Kuinié et al. 1999; Sagi¢ 2010), Hungary (érviissy
et al. 2010), Poland (Sielezniew et al. 2010) and Russia
(Gorbunov 2001). Outside Europe, C. oedippus is very abun-
dant in the Transbaikalia, northern Altai, Chuluunbaatar and
in the Mongolian Altai, while populations are more scattered
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in the West Siberian lowlands (Gorbunov and Kosterin 2007,
Briu et al. 2010). The European populations generally
occupy semi-open wet habitats: Purple Moorgrass (Molinia
coerulea) meadows, bogs, wet heathlands, sedge communi-
ties at marginal zones of swamps and forest meadows (Briiu
etal. 2010; Celik and Verovnik 2010; ﬁrvbssy et al. 2010;
Sasi¢ 2010; Sielezniew et al. 2010). There are some popu-
lations in the Mediterranean parts of Europe that occur in dry
habitats (Celik 2004; van Halder et al. 2008), but also with a
high coverage of Purple Moorgrass. In Hungary, the species
has been recorded in several locations, but its original habi-
tats have disappeared or decreased insize. There are only two
remaining metapopulations, the current study site at Ocsa,
Central Hungary (Orvossy et al. 2010) and one in the Ferts-
Hansag National Park, Western Hungary (Andrds Ambrus
pers. comm.)

Based on earlier studies of within-habitat movements,
this species was considered sedentary with weak flight
ability (Lhonoré and Lagarde 1999; Celik et al. 2009). Its
oviposition is not selective, as females lay their eggs on
different plant species or on grass litter (Briiu et al. 2010).
After emergence, young polyphagous larvae feed on
monocotyledonous species, especially on Purple Moorgrass
(Brdu et al. 2010). Larvae hibernate in the tussocks of
grass, continue feeding during spring and pupate in early
May (Briiu et al. 2010). Imagoes emerge in June-July, and
the flight period lasts 4-5 weeks.

Study site

Our study area was situated next to the town of Ocsa,
Central Hungary, and belongs to the Duna-Ipoly National

Fig. 1 The twelve study habitat
patches of the False Ringlet
metapopulation complex at
Ocsain 2007 using ESRI World v
Topographic Map

Park. All potential habitat patches were mapped around the
two known inhabited patches based on a rough field survey
of the vegetation and aerial photos. Altogether, 31 potential
habitat patches were surveyed for the presence of the False
Ringlet butterfly in June and July 2006; the species’ pres-
ence was recorded in 16 patches with 12 patches of higher
densities. These twelve study patches were isolated from
each other by 0.01-3.2 km, separated by softwood forest
groves, shrubs, grasslands or agricultural areas (Fig. 1).
They varied in size from 0.14 to 1.66 ha. The examined
patches were all wet meadows with the ground water level
close (0.1-2.0 m) to the surface, and vegetation was
dominated by mainly Purple Moorgrass and other Poaceae
and Carex species with few nectar sources for the butter-
flies (f)rvéssy et al. 2010). Forests and shrubs surrounded
these meadows. The traditional management of the area
was extensive mowing for haymaking. Most of the studied
patches had been abandoned without any or with very
limited mowing; traditional once a year mowing is still
carried out only in three patches (c, d, e on Fig. 1.). The
abandoned patches have experienced weed invasion and
scrub encroachment.

Sampling

We carried out an extensive mark-release-recapture survey
in the twelve habitat patches between the Sth and 28th of
June 2007. The butterflies were individually marked using
permanent pens on the underside of their hindwings. Each
patch was visited every other day. In order to standardize
the sampling effort, the duration of each visit depended on
the size of the patch; as a standard, the surveyor spent
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60 min in a 0.5 ha patch. We observed and caught but-
terflies occasionally (1-3 times) in the four additional
locations, these data were included only in the Virtual
Migration 2 model (see below), as the model require
information about all the known habitat patches. We
measured the quality of each habitat patch in randomly
distributed 2 x 2 m quadrats (3-7 quadrats per habitat
patch depending on their size). Height of vegetation (5
measures per quadrat), height of grass litter (5 measures per
quadrat), number of flowers/nectar sources (all flowers of
forbs) were measured in all quadrats. The arithmetic mean
values of each parameter were used in the analyses. Height
of vegetation was measured excluding bushes, from the
ground to the surface of grass plants (Poaceae and Carex
species mainly). Grass litter was a thick layer of dead
leaves, we measured its height from the ground. The
thickness of this layer is largely influenced by mowing and
hay removal. The area covered by tussocks and percentage
of bush cover were estimated for each habitat patch. Area
covered by tussocks is a parameter which can be connected
to earlier management, as intensive mowing destroys tus-
sock structure (BartoS et al. 2011). Also tussock structure
may have an effect on larval survival by providing hiber-
nating sites in case of high groundwater level. The
groundwater level was measured after the flight period by
hand-dug wells (5 cm diameter) in each patch. Therefore,
the relationship between population size or density of the
species and the groundwater level should be treated only as
a guideline.

Statistical analysis

The mark-release-recapture dataset was analysed in two
steps, and separately for each of the twelve habitat patches.
First, we fitted a Cormack—Jolly-Seber (CJS) model to
each dataset with time- and sex-dependent parameters
(survival rate and recapture probability). We tested for the
goodness of fit by a bootstrap GOF test and a z>-based
GOF test (‘Release’) (Lebreton et al. 1992). Then we
performed a model selection based on AIC values to reach
the most parsimonious model (Burnham and Anderson
2002). Secondly, we fitted a Jolly-Seber (JS) model with a
set up for survival rate and encounter probability as in the
most parsimonious CJS model. Model selection was per-
formed again to find the best parameterization (the JS
model had two additional parameters: population size N,
which can be sex-dependent, and proportional recruitment
pent, which can be time- and sex-dependent). Daily pop-
ulation size was a derived parameter of the JS model.
Average lifespan was calculated from the survival rate of
the CJS model (1/—In(Phi), Cook et al. 1967). All analyses
were carried out using MARK 5.1 software (White and
Burnham 1999).
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The Virtual Migration 2 programme (Hanski et al. 2000)
was used to estimate the following dispersion and popu-
lation parameters for both sexes: within-patch mortality,
migration rate per one-hectare patch, scaling of migration
with patch size, distance-dependence of migration, mor-
tality during migration and scaling of immigration into a
patch. This programme can handle the problems of dif-
ferent number of dispersal events and capture probability
between males and females. Parameter estimation was
conducted using 1,000 randomizations in simulated
annealing followed by 5,000 intelligent randomizations to
converge on the optimum (Hanski et al. 2000). One
parameter was fixed, as there were no significant difference
between scaling of immigration and scaling of emigration.
Confidence intervals for the parameters were estimated
based on likelihood ratio tests, we used 2,000 evaluations.
Replicate runs were conducted to check for convergence of
parameter estimates and confidence intervals.

The relationship between butterfly quantity and habitat
quality parameters was analysed with “General Additive
Models, for Location, Scale and Shape”, without any
smoothing effect, only for exploiting the availability of
lognormal dispersion. Two response variables were used in
the analyses: total population size (the estimated number of
all individuals during a flight period in each habitat patch)
and the maximum observed density of individuals
(observed number of individuals divided by the minutes
spent in each habitat patch during the peak day of the flight
period). For both dependent variables we fitted a general
additive model with lognormal error distribution, without
any smoothing effect. Predictor variables were standard-
ized: height of vegetation, height of grass litter, number of
flowers/nectar sources, area covered by tussocks, percent-
age of bush cover, area and groundwater level. We applied
a backward-stepwise model selection based on AIC values.
These analyses were performed using gamlss package
(Stasinopoulos et al. 2012) of R (2.12.2) statistical software
(R Development Core Team 2011).

Results

In 2007, due to the hot weather, butterflies emerged earlier
than usual; the first observation was on the 3rd of June, the
mark-release-recapture was carried out between the 5th and
28th of June. Altogether, 1,496 butterflies (914 males and
582 females) were marked, during 2,052 capture events.
The maximum daily butterfly density ranged between 0.09
and 1.72 observed individual per minute per patch, total
population size per patch varied between 24 and 1,055
individuals (Table 1). We had sufficient data in ten habitat
patches for estimation of the daily population size and
survival. The daily survival (SE) varied between 0.22
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(0.18) and 0.79 (0.02) for males and 0.82 (0.04) and 0.87
(0.08) for females. The changes in estimated daily popula-
tion size in the habitat patches are shown in Fig. 2. In all
patches protandry was observed, i.e. males emerged earlier
than females (Fig. 2). Average lifespan (SE) varied between
0.7 (0.5) and 7.3 (0.3) days (Table 1). The timing of the
highest daily population size varied in the ten habitat pat-
ches; there were 6 days difference between first and last
peaks in the number of individuals. Highest daily popula-
tion size was observed on the 5th and 6th of June in patch C,
D, E, My, and between the 10th-12th of June in patch B1,
B2, K1, K2, K3, V2. The two groups of patches were sep-
arated by relatively large distances and differed in size
(Fig. 1). The estimated total number of individuals in the
metapopulation was slightly over 3,000, which was calcu-
lated for ten habitat patches, where the total estimated
number of individuals (SE) varied between 24 (6.7) in patch
E and 765 (73.5) males and 290 (28.6) females in patch B2.

As the butterflies were individually marked in twelve
patches regularly and in four additional ones occasionally,
we had information about the dispersal among habitat pat-
ches. Altogether, 48 dispersal events (37 males and 11
females) were detected between habitat patches. Females
moved less frequently and shorter distances than males. For
males, the longest observed movement was 5.8 km, while
the longest observed movement by a female butterfly was
less than 0.5 km. The Virtual Migration 2 model showed that

one dispersal parameter differed significantly between males
and females; distance-dependence of migration was stronger
in the case of females (Table 2). The Virtual Migration 2
model’s goodness-of-fit test showed that model fit was poor
only in two habitat patches (C, V2) for males and in three
habitat patches (K1, M, V2) for females (Table 3).

The maximum daily density was significantly affected
by the groundwater level and by the area covered by
tussocks following the minimal adequate general additive
model (Table 4). The density of butterflies was higher in
habitats where the groundwater level was lower, and the
area covered by tussocks was larger, groundwater level had
a stronger effect (Table 4). The depth of groundwater level
and the height of grass litter, based on general additive
model (Table 4), affected the estimated total population
size. The population size was larger in habitat patches
where the groundwater level was lower and the grass litter
was higher, both parameters had almost equal influence
on population size (Table 4).

Discussion

Metapopulation structure

The metapopulation of the False Ringlet at Ocsa, Hungary,
is larger both in area and population size than earlier

Table 1 Summary data of the mark-release-recapture dataset, and derived parameters from Cormack-Jolly-Seber model (capture probability,

Lifespan) and Jolly-Seber model (total population size)

Habitat Area  Number of Number of Capture probability Lifespan (SE) (day) Maximum daily  Total population size (SE)
patch (ha)  captured recaptured density
individuals  individuals
m f m f m f m f Captured m f
individual/
minute
BI 014 46 33 3 4 062(0.76) 0079 (0.05 0.7(05) 7.3(0.4) 083 4£.0(<0.1)  93.4(359)
B2 053 322 205 79 75 0.15(0.02) 42(03) 73 (0.3) 095 765.3 (73.5) 289.9 (28.6)
€ 166 137 82 19 10  0.18 (0.06) 28(0.3) 0.27 384.4 (77.0)  236.3 (49.5)
D 079 38 46 5 9 034(0.11) 25 (0.4) 033 55.9 (12.2)
E 0.54 16 20 3 5 0.30(0.13) 34(04) 0.17 23.7(6.7)
Kl 016 141 87 19 21  0.19 (0.04) 2.8 (0.3) 172 336.8 (53.0) 164.1 (26.6)
K2 021 187 128 26 39  035(0.10) 0.16 (0.03) 1.5(04) 5.0(0.3) 142 302.7 (30.9)
K3 027 115 65 24 22 0.17(0.03) 42(0.3) 0.78 225.7(33.1) 1144 (19.3)
M 053 85 54 24 12 027 (0.06) 40 (03) 048 102.7 (7.4)
V2 042 89 110 39 52 0.30(0.04) 37(0.3) 69(0.3) 046 94.4(74)
At 0.04 7 3 4 0 0.60
Kb 0.57 7 10 5 0 0.09

Here we present the most parsimonious models, in some cases gender differences appeared in parameter values (m: male, f: female). The
Cormack-Jolly-Seber models were for each patches: B1, K2 [Phi(g), P(g)}: B2, V2 Phi(g).P(l; C, D, E, K1, K3, Mv [Phi(),P()]. The number of

with Corl Seb

marked and recaptured butterflies was not large enough for model

k-Jolly nor with Jolly-Seber method

in patch At and Kb. The Jolly-Seber model did not fit for males of patch B1, due to low recapture rate
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Fig. 2 Estimated daily population sizes (£SE). Estimation was based
on MRR dataset analysis with a Jolly-Seber model. The best model
was gender dependent in patch B1, B2, K2 and V2, hence males and
females are illustrated separately, while in the other patches estimated
daily population sizes were illustrated jointly for males and females.
The Jolly-Seber model did not correctly fit for males of patch BI,
therefore SE values are large

Table 2 Parameter estimates from the Virtual Migration 2 model
95 % d intervals in p h for False Ringlet within the
12 study and 4 additional meadow patches

Male parameter value Female parameter value

Within-patch
mortality

Emigration
constant

0.096 (0.000; 0.231) 0.112 (0.000; 0.180)

0.140 (0.032; 0.266) 0.071 (0.011; 0.201)

Scaling of
emigration

—0.189 (—0.463; —0.000) —0.000 (—0.545; 0.000)

Distance
dependence

1.026 (0.654; 1.554) 0.210 (0.000; 0.625)

Migration
mortality

Scaling of - -
immigration

3.896 (0.000; 8.239) 14.546 (0.000; 58.531)

Distance d differed significantly between males and

females. Significant differences between sexes are shown in bold.

Scaling of emigration and immigration did not differ significantly;
scaling of immigration was a fixed

estimations suggested (Bdlint and Mdté 2004), but it is
divided into small subpopulations. This indicates that the
population complex may be vulnerable due to small sub-
population sizes. Spatial isolation of the subpopulations
raises the possibility of a metapopulation structure. The
attributes of classic metapopulations include colonization-
extinction dynamics, fast turnover rate, sufficient dispersal
among habitat patches, asynchronous dynamics of the local
populations, and strict distinction between habitat and
hostile matrix (Hanski and Glipin 1997; Hanski 1998;
Bourn et al. 2000). Our results suggest that female dis-
persal is very low, hence, probability of recolonization is
low, and a fast turnover rate is unlikely (Hanski and Glipin
1997). While females move only among the closest habi-
tats, there is evidence that males are able to move between
all the examined habitat patches. Similar gender differ-
ences in dispersal were also observed in an Italian popu-
lation (Bonelli et al. 2010). In a Slovenian habitat complex
the maximum observed dispersal movement was less than
340 m (Celik and Verovnik 2010), whereas a Croatian
study shows no dispersal even among close habitat patches
(<450 m; Sagi¢ 2010).

Spatial asynchrony in demography of local populations
can also be frequently detected in metapopulation
dynamics (Sutcliffe et al. 1997). In the studied metapopu-
lation, there were two groups of habitat patches with 6 days
difference between the peaks of the estimated daily

Table 3 Virtual Migration 2 model goodness-of-fit test for each habitat patch separately for males and females

Habitat Males Females

Q df Q df Q df Q df Q df Q df
B1 044 23 0.12 11 0.28 11 0.32 22 0.03 11 0.11 10
B2 1.36 23 0.54 11 0.28 11 0.41 22 0.23 11 0.10 10
o 1,418.37 13 1,418.36 6 0.01 6 0.04 13 0.03 6 0.02 6
D 0.03 13 0.01 6 0.02 6 0.03 13 0.02 6 0.01 6
E 0.01 13 0.01 6 0.01 6 0.02 13 0.01 6 0.01 6
K1 217 23 0.23 11 0.15 11 34.32 22 0.10 11 32.51 10
K2 0.72 23 0.20 11 0.19 11 32.95 22 32.54 11 0.11 10
K3 0.77 23 0.17 11 0.19 11 1.66 22 0.07 11 0.12 10
M 0.01 13 0.00 6 0.01 6 208.29 13 208.27 6 0.02 6
v2 1,422.41 23 0.06 11 1,418.55 11 213.90 23 0.10 11 208.37 11
At 0.01 13 0.00 6 0.01 6 0.01 8 0.00 1 0.01 1
Kb 0.00 13 0.00 6 0.01 6 0.02 13 0.00 6 0.01 6
A 0.00 1 0.00 0 0.00 0 0.00 1 0.00 0 0.00 0
Bt 0.00 1 0.00 0 0.00 0 0.00 1 0.00 0 0.00 0
S 0.00 1 0.00 0 0.00 0 0.00 1 0.00 0 0.00 0
Vi 0.00 1 0.00 0 0.00 0 0.00 1 0.00 0 0.00 0

Significant (p > 0.05) lack of fit are shown in bold
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Table 4 Results of general additive model analyses showing the minimal adequate models for maximum density and total population size of the

False Ringlet

AIC of basic model
with intercept only

Dependent variable

AIC of lowest AIC model

Explanatory variables Parameter estimates (SE)

Maximum density 17.03 =121

Total population size 143.00 131.86

Groundwater level 0.67 (0.09)
Area covered with tussocks 0.39 (0.09)
Groundwater level 0.59 (0.14)
Height of grass litter 0.66 (0.15)

Groundwater level, area covered by tussocks and height of grass litter are significantly related with the density and total population size of False Ringlet

Si of d para in all cases: p < 0.001

population sizes. The first peak occurred in the largest,
more open patches on the western side of the study area,
while the latest peak was in the smaller, more closed
habitat patches on the eastern side (Fig. 2.). In this case, the
distance between the two groups and difference between
habitat characteristics (such as area and shading) may
together have caused the asynchrony among subpopula-
tions. This asynchrony is probably not large enough to save
a subpopulation from environmental perturbations, such as
unfavourable weather conditions, but can strengthen the
metapopulation, as the two groups of patches are separated
by time and distance. Dispersal among habitat patches is
possible, as patches inhabited by the metapopulation have
soft rather than sharp habitat boundaries. Several male
butterflies were spotted in between habitat patches, indi-
cating that the matrix is suitable for longer persistence,
although, female dispersal is more limited. These differ-
ences in dispersal distances may be a result of sex-specific
effects of unfavourable matrix environment on flight speed,
as was shown by Turlure et al. (2011) in Boloria butterflies.
Dispersal was not even among patches, and the VM2
model did not fit in some patches. Those patches probably
differed in habitat quality, affecting dispersal pressure
(Baguette et al. 2011).

According to these results, the metapopulation of False
Ringlet at Ocsa is consisted of two groups of habitat pat-
ches that can aid the long-term survival of each other,
although we did not observe any female dispersal between
the two groups. Female dispersal was limited to very short
distances, but male dispersal might have been also con-
trolled by habitat quality, alongside patch area and dis-
tance. Our results indicate that creating stepping-stones or
corridors for females between habitat patches may have a
positive effect on female dispersal and therefore strengthen
the metapopulation. Although, to reveal the metapopula-
tion structure, the long-term study of patch occupancy and
local population asynchrony is necessary, while a genetic
study would help to assess the present and past possibilities
of dispersal.

2} Springer

Habitat quality, requirements and management

Habitat patches differed in several ways, in area, quality
and earlier and current management. Patches in the same
size were very different in the number of marked individ-
uals (Table 1). Habitat patch B2 has a large subpopulation
versus patch E or Kb. While the small number of marked
individuals in patch Kb can be explained by its distance
from the core habitat patches, the centrally located patch E
must be of lower quality as it only supports a small pop-
ulation. In addition, there are differences in the lifespan of
males and females among the habitat patches. Lifespan is
calculated from apparent survival probability, which is
negatively related with dispersal from a given patch.
Greater dispersal can be caused by several factors,
including lower habitat quality, males searching for female
and density dependent dispersal (Baguette et al. 2011). In
this case, male butterflies in patch B1 have a very short
estimated lifespan, which is probably a result of a combi-
nation of poor model fitting and a high emigration rate, and
not a locally high death rate. A high emigration rate of
males in this patch may be the result of a low number of
females in that patch. Overall, male dispersal was greater
than female dispersal, explaining the lower apparent sur-
vival and so shorter lifespan of males. The shorter esti-
mated lifespan, compared to other studies (Celik and
Verovnik 2010; Orvéssy et al. 2010) is probably the con-
sequence of dispersal among local habitat patches.
Determination of habitat quality in the patches and the
requirements of the species can help determine proper
habitat management, which can facilitate long-term per-
sistence of the subpopulations. Three variables of habitat
quality were of particular importance: groundwater level,
height of grass litter and the area covered by tussocks. Our
expectation was that higher water level increases habitat
quality for the subpopulations, as the species lives in wet
meadows and the local and several other European popu-
lations are suffering from the effects of land drainage
(Celik and Verovnik 2010; Orvéssy et al. 2010; Sasié 2010;
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Sielezniew et al. 2010). In contrast to this, we found that
the patches with lower groundwater level were inhabited
by larger and denser subpopulations. However, we have to
acknowledge that this phenomenon is only true at this
range of groundwater level, as the surrounding unoccupied
drier uninhabited areas were not included in the study. In
the light of the fact that there are plans to increase the
groundwater level in the area, this is an especially impor-
tant result. The groundwater level may have a detrimental
negative effect on larval survival by changing vegetation
structure and microclimate. Rapid and drastic increases of
groundwater level should be avoided, as this could destroy
the habitat as well as the population. An earlier study on
Coenonympha tullia showed that larvae can climb up to
high positions during flooding (Joy and Pullin 1996).
Therefore maintaining tall vegetation is important for lar-
val survival in areas subject to flooding. During winter and
early spring the area can be covered by water and the
existence of dry areas can be crucial for the survival of
larvae. Adult False Ringlet butterflies locally may prefer
semi-open habitats with bushes (Celik and Verovnik 2010;
Crvﬁssy et al. 2010; Sagi¢ 2010; Sielezniew et al. 2010),
because bushes develop well where the groundwater is not
50 high and provide a better microclimate for the butterflies
in hot summers. More specifically, the groundwater level
should be high enough to maintain the Molinietum vege-
tation for the species, but sufficiently low to allow larval
survival and the presence of bushes for adult preferences.

Although the presence of bushes might increase the size
and density of subpopulations, encroachment of bushes due
to abandonment of these wet meadows can destroy the
habitats in the study area and in other European locations
as well (Brau et al. 2010; Celik and Verovnik 2010;
Orvoeiy et al. 2010; Sasi¢ 2010; Sielezniew et al. 2010).
Regular mowing can prevent the spread of weeds, such as
Solidago spp. and encroachment of bushes, but also has a
negative effect on tussock structure and amount of grass
litter (Bartos et al. 2011).

Structured vegetation with tussocks and large amounts
of grass litter were among the most important factors
affecting population density and size in the study area. The
maximum daily density was higher in habitat patches
where tussocks covered a large proportion of the patch, and
the estimated population size increased with the height of
grass litter. This could be the consequence of larvae
overwintering inside the tussocks and grass litter (Briiu
et al. 2010). Traditionally, infrequent (once yearly) mow-
ing by hand in autumn maintained these semi open
meadows. Too frequent mowing could lead to the loss of
grass litter and of tussock structures, while lack of mowing
would result in the overgrowing of the area (Skorka et al.
2007). For future prospects, a mowing experiment would
help to reveal what kind of management can maintain an

optimal habitat quality. Before that, there is an urgent topic
to examine. The water level is going to be increased on the
area to halt decades of slow desiccation. This process will
rearrange the metapopulation structure: patch location,
habitat size and quality, dispersal possibilities etc. Fol-
lowing this process would answer some questions about
how this metapopulation reacts to habitat changes and its
precise structure.
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Habitat quality affects the presence and size of butterfly populations. Resources for all life
stages must be found in a given or few habitat patches. Southern festoon (Zerynthia polyx-
ena) is a vulnerable, but locally abundant species in Hungary: The larva requires birthwort
(Aristolochia clematitis) as food plant. We examined the small scale habitat use of adults
and distribution of eggs and larvae among different vegetation types to reveal the require-
ments of the species in all life stages. Transect counts were conducted in a tree plantation
complex comprising four types of vegetation. Number (+SE) of adults, eggs and larva were
lowest in poplar plantation (adult 0.3+0.2, egg 1.1+1.1, larva 0.6+0.3). Medium amount of
butterflies were observed in open (adult 8.3+2.9, egg 3.1+2.6, larva 3.1+1.9) and black-locust
(adult 9.4+42, egg 12.7+4.9, larva 4.1+1.1) habitat. Number of butterflies was highest in
hummocks (adult 13.5+1.5, egg 12.945.7, larva 8.4+2.1). Adults avoided bare ground. We
encountered most eggs in dense food plant patches with high plants. Food plant height
also positively influenced the occurrence of the larvae. Although distribution of adults
and juvenile forms showed quite similar patterns, we could also reveal some differences
that caused by different environmental conditions in distinct vegetation types. Our study
stresses the importance of habitat quality, which affects population size of butterflies even
ina highly degraded habitat complex.

Keywords: habitat quality, habitat patch, life stage, resource use, tree plantations.

INTRODUCTION

The occurrence of a butterfly species can be significantly affected by the
area, isolation and quality of the habitat (THomas et al. 1992, WAHLBERG et al.
2002). While some investigations considered patch geometry as the most rel-
evant factor (Hanski et al. 1996, THomas & Hanskr 1997, Nowickt et al. 2007),
other studies revealed that within-site variation in habitat quality is more im-
portant in predicting patterns of site occupancy (THomas et al. 2001, FLEIsH-
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MAN et al. 2002). Most ecological studies examining the role of habitat qual-
ity, area and isolation in butterfly occurrence and abundance pattern face the
problem of habitat definition. Although defining a habitat patch is essential
in these studies, adequate definition can be difficult, especially in continuous
landscapes in which landscape elements do not help to identify suitable habi-
tats. In the course of habitat definition specific requirements of all life stages
should be considered, since different life stages use different resources and
all of them should be found within reach. Habitats may consist of different
vegetation patches, containing one or more resources for the species, but not
necessarily all of them at once. In light of the fact that such resources at finer
spatial scale do not necessarily overlap in the area occupied by the butterfly,
determining the habitat patch solely on the basis of the presence of the food
plant is not always appropriate (DENNIs et al. 2006).

In continuous landscapes, in which spatial limitation and isolation has
little effect on the distribution of a given species, significance of habitat qual-
ity is relatively more important. Habitat quality can be described by structural
factors, such as the amount of shade or light intensity (GRUNDEL et al. 1998),
by main components of vegetation and food plant density (BATARY et al. 2007),
or by the prevalence of sources of nectar, which can influence the density of
adults within a suitable habitat (FiscHer 1998). Females and males can have
different habitat requirements due to their different drives, such as finding
suitable sites for oviposition or mating partners (BuLL et al. 1985, MuNGUIRA et
al. 1997, GRuNDEL et al. 1998). For some butterfly species, habitat permanence
is also an important component of habitat quality (FiscHeR et. al. 1998), while
other species are adapted to changing environments (WarreN 1987). Vegeta-
tion management can also influence the quality of habitats, and therefore the
habitat use of butterflies (SmaLLIDGE & DonaLp 1997).

Habitat quality requirements can be different for the given life stages, as
they require different resources (DenNis et al. 2006). The distribution and den-
sity of adult butterflies itself are not necessarily good predictors of oviposition
sites (DovER & RowLiNGson 2005), because habitat requirements of eggs and
larvae are usually narrower than those of the adults, therefore these stages
determine essentially the distribution of butterfly species (Tnomas 1991, EL-
L1s 2003). Females try to choose the most appropriate places for egg laying.
Oviposition sites may be chosen on the basis of structural parameters such
as distance from the habitat edge (Beraman 1999), light intensity (MEYER &
Sisk 2001), fundamental rock (THomas 1983), area of bare ground (THomas
et al. 1986), soil cover (FiscHER et al. 1998) or structure of shade (GRUNDEL et
al. 1998). Food plant features, such as size and abundance, thickness of food-
plant leaves’ mesophyllum and organic nitrogen content are also important
factors affecting the choice of oviposition site (Bourn & THomas 1993, ELLis
2003). Other, non-food plant characteristics can also affect the selection of
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oviposition site, e.g., sward height (THomas 1983, THomas et al. 1986, ELLis
2003). Microhabitat features can have a considerable effect on larval survival,
as demonstrated e.g., in the case of Coenonympha tullia (Se1 & PorTer 2003).
Occurrence of Euphydryas aurinia larvae associated with high food plant cover
and short grasses (Konvicka et al. 2003).

Our aims were to determine factors affecting the small-scale habitat
use of southern festoon (Zerynthia polyxena), including the use of food plant
patches by adults and the distribution of eggs and larvae among food plant
patches, and to reveal the resource requirements of the species in all life stag-
es in a human-dominated landscape. We studied a population inhabiting a
tree plantation habitat complex where food plant patches of various size and
density occurred in four different vegetation types: poplar plantation, black-
locust (Robinia pseudo-acacia) plantation, hummocks created by stubbings and
clearings. We hypothesized that structural differences of food plant patches
in different vegetation types has an effect on distribution and abundance of
the southern festoon.

MATERIAL AND METHODS

The southern festoon (Zerynthia polyxena [Denis et Schiffermiiller], 1775) is a papil-
ionid butterfly distributed from Central and South Europe to the Southern Ural Mts. The
northern edge of its range is in the Carpathian Basin, where the species occupies disturbed
habitats with nitrogen-rich soil such as gallery forests, abandoned orchards and vineyards,
clearings, poplar and black locust plantations and roadsides. The agricultural intensifica-
tion, river control and urbanization caused a decline in natural disturbance of such habitats
in Europe (SMALLIDGE & LeoroLp 1997), thus butterflies requiring disturbed habitats have
been forced to use human-dominated and artificially disturbed habitats (RoBERTSON et al.
1995). Today most populations of the southern festoon can be found in black locust planta-
tions, road verges, riparian woodlands and degraded deciduous forests (BALiNT et al. 2006).
In plantations, due to forestry management, the disturbed, nitrogen-rich soil provides ex-
cellent conditions for the food plant of the caterpillars.

The flight period is between late April and early June. Caterpillars hatch a week after
the oviposition and pupate in July. In the study area the flight period started on the 26th of
April in 2005. This species is oligophagous, but in Hungary its larval food plant is exclu-
sively the birthworth (Aristolochia clematitis).

Study area

The population studied lives in a poplar (Populus = euramericana) plantation mixed
with black-locust (Robinia pseudo-acacia) patches near Csévharaszt on the Hungarian Great
Plain (47°18'59"N, 19°26"18"E). Four vegetation types were available for the butterflies:
poplar- and black-locust plantations, hummocks and clearings. Hummocks created by the
forestry during the earlier deforestation built-up from stumps of harvested trees merged
to a 1.5-2 m high, narrow (~8 m) and long (~200 m) belt covered with soil. These structures
were partly shaded and disturbed, which is ideal for birthworth. The larval food plant

Acta zool. hung. 60, 2014



4 ORVOSSY, N, KOROSI, A., BATARY, P, VOZAR, A. & PEREGOVITS, L.

was present in all type of vegetation, but in different quantity. Before the butterfly survey
(between 3rd and 6th of May), a map of food plant patches of the study area was pre-
pared with ca. 2-m precision using GPS Trimble GeoExplorer3 (Trimble Navigation Ltd.,
USA) (Fig. 1). Food plants appeared some days later than the start of the flight period in
the study year. Transects were designated during the following days. In every available
habitat type unit a transect was designated, so that each transect was inside in a distinct
food plant patch. Each clump of food plants in which the density of shoots was at least five
shoot per m? and which was separated by at least 10 m from other clumps, was considered
a distinct patch. The mean food plant patch size was 1966 m* (SEM 450).

Study design and sampling

Altogether 23 large food plant patches were selected for sampling (Fig, 1). Each patch
was located in one of the four vegetation types: 6 in poplar plantation, 7 in black-locust
plantation, 6 in hummocks and 4 in clearings. To avoid pseudo-replication in each sepa-
rated habitat type unit only one transect was designated. Transects (6 » 40 m) starting point
and direction were selected randomly in every food plant patch. Each transect was divided
into 4 mlong and 1 m wide plots, and every second plot (altogether five plots per transect)
was used for egg and larva census and vegetation survey.

Number of adults was counted twice a day at each transect, altogether 16 times, be-
tween May 13-26, 2005. Transects were visited in altered order to avoid effects of timing.
Number of eggs and larvae was counted twice in each plot, at the first in the middle of the
flight period in 11th-12th of May and the second time at 31st of May. Number and height
of food plants, height of other plants and percentage of bare ground were measured at the

== transects

[ open

(=21 foodplant_patch
B hummock

(=] black-locust
[ poplar

Fig. 1. Habitat map of the study area at Csévharaszt, Central Hungary.
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same time. Light intensity was measured on each transect during the second survey by
a photometer (LI-189 Quantum/Radiometer/Photometer) at 100 points 120 cm above the
ground between 12:00 noon and 1:00 p.m.

Transects and sampling plots covered only a smaller part of a larger habitat complex,
but the large density of adults, eggs and larvae made this possible. Sampling area upper
limit was the necessary separation of transects to avoid semi-replication, while labour and
time effort limited the frequency of egg and larval censuses.

Statistical analyses

Due to the overdispersion and heteroscedasticity in our dataset, and correlations
among explanatory variables, we used conditional inference trees to analyse our data. Tree
based methods are getting more popular in life sciences, but relatively new to field ecol-
ogy (Low et al. 2006). This method is a variant of ‘recursive binary partitioning’ or ‘trees’,
a class of simple regression models for prediction and explanation (HotHorn et. al 2006).
Itis a powerful and easy to understand statistical method, which can substitute regression
models and produce similar or better results without the strict restrictions of parametric
regression models (HoTHorN et. al 2006). Nacy et al. (2010) showed the advantage of con-
ditional inference tree method in a comparative study of two tree based methods and a
regression method.

Generally, tree-based methods split the sample step by step into smaller and smaller
groups according to math ical conditions. Conditional inference tree uses regression
estimation for splitting the sample into two groups at each node. The recursive binary par-
titioning is embedded into a well-defined framework of conditional inference procedures,
hence both the overfitting and variable selection problem induced by a recursive fitting
procedure are solved (HoTHoRN et. al 2006). If the outcome variable is measured on a con-
tinuous scale (as in the present study), the method is called regression tree whereas in case
of a categorical outcome variableitis called classification tree (Nacy et al. 2010).

We carried out six regression tree analyses with quad type test statistic and Bonfer-
roni correction. Number of adults, eggs and larvae as response variables were analysed
separately. In the first three trees explanatory variable was only the vegetation category,
while in the other three trees we used undergrowth parameters as explanatory variables:
height of food plants, number of food plants, height of other undergrowth plants, per-
centage of bare ground and (only in the case of adults) light intensity. The separation of
vegetation category and undergrowth parameters was necessary as vegetation type clearly
influenced the undergrowth parameters (see Results). Conditional inference trees are not
sensitive to the association between explanatory parameters, as the hierarchy of the out-
come can show the connection among them We also included the transect ID that each plot
belonged to. We used the data of the first undergrowth survey in the case of eggs, because
in that instance only 5.7% of the offspring were in the larval stage, and used the second
survey in the case of larvae, when only 4.6% were still in egg stage. In the case of eggs
another conditional inference tree was made, where presence or absence of eggs in a plot
was the dependent variable. Undergrowth parameters by vegetation type were tested by
Kruskal-Wallis test, and Multiple Comparison after Kruskal-Wallis test. Correlations of the
undergrowth parameters with light intensity were tested by Spearman correlation tests.
We used R 3.1.0 for statistical analysis (R DEvELorMENT Core TEam 2014); the ‘party” pack-
age was used for conditional inference tree analysis (HoTHorn et. al 2006), the pgirmess
(Giraupoux 2014) package was used for Multiple Comparison after Kruskal-Wallis test.
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Table 1. Adult, egg and larva distribution in the four vegetation types.

Adult (SE) Egg (SE) Larva (SE)
Poplar 0.3(0.2) 11(L1) 0.6(0.3)
Open 83(29 3.0(2.6) 31(19)
Black-locust 9.4 (42) 12.7 (4.9) 41(11)
Hummock 13.5 (15) 12.9 (5.7) 8.4(2.1)
RESULTS

Altogether 182 butterflies were observed over the course of 16 sampling
occasions along the 23 transects. Southern festoon adults used the food plant
patches in all of the four vegetation types, but their distribution was uneven
(Table 1, Fig. 2). Number of adults was significantly lower in poplar plan-
tations than in other types. Number of butterflies was significantly higher
in transects with smaller percentage of bare ground. In transects where bare
ground cover was >25%, number of food plants had a nearly significant posi-
tive effect on butterfly numbers (Fig. 3).

922 eggs were counted just after the peak of the flight period. Eggs were
present in 28 out of the 115 sampling plots (14 hummock, 11 black-locust,
2 open, 1 poplar plots). Number of eggs was only marginally significantly
higher in black locust and hummock plots than in open and poplar plots (Fig.
3). The result of ‘conditional inference tree’ analysis with the undergrowth
parameters as explanatory variables showed, that the first node of the tree
was host plant height (Table 3). Plots with higher than 45 cm host plants host-

Numser of burelies
3
Nomoe of cggs
—
Numoer oflavse
o—
-
—_

: [ %1

=7 06 0t b

Buackiocust Hummock Goen Poplar Blackiocust Hammock Open Poplar Black-boust Hurmock Open Pogiar

Fig. 2. Mean number of adults, eggs and larvae in the four vegetation types. Bars indicate
95% confidence intervals.
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Table 2. Habitat characteristics of the four vegetation types examined during the first

(1) and second (2) survey. Mean (+SE) number and height of food plants and mean (+SE)

percentage of bare ground cover per plots in each type of vegetation and mean (+SE)
light intensity/each transects in the four vegetation category.

heightof food number of food % cover of bare height under-  light
plants (cm) plants ground growth (cm)  intensity
(lux)
1 2 1 1 2 2 1 2 2
Poplar 314 55.0 29.0 63.4 438 497 294 328 4128
+4.4 7.5 +1.6 +1.5 +49 £27 19 17  166.0
Open 538 1495 235 17.7 45 515 230 260 17318
92 151 16 £2.9 £11 £21  +14 258 281
Black- 465 59.2 296 237 147 543 283 289  890.0
locust 7.4 47.4 £ 27 +3.3 2.6 +#11  #£26 #2181

Hum- 1296 1372 375 20.7 42 633 292 292 11956
mock 243 183 2.0 3.1 +1.2 +4.9 +12 428 #2095

ed significantly more eggs than plots with smaller host plants. Host plant
number significantly partitioned plots with smaller (<45 cm) host plants into
two groups; plots with more than 135 host plants hosted more eggs than plots
with fewer host plants (Fig. 3).

After the flight period 471 larvae were counted in the plots. Larvae were
present in 48 of the 115 plots. Larvae number was significantly higher in plots
of hummock vegetation type than in black-locust, open and poplar type. The
second node of the conditional inference tree was only marginally non-sig-
nificant and partitioned black-locust and open plots from poplar plots (Fig.
3). The regression tree with the undergrowth parameters showed that food
plant height partitioned the sample into three category, plots with the highest
number of larvae were plots with higher than 75 cm food plants, fewer larvae
were in plots with food plants between 75 and 60 cm, and the lowest number
of larvae were in plots with shorter than 60 cm food plants (Fig. 3).

The four vegetation types differed in number of food plants, height of
food plants, cover of bare ground and light intensity (Table 2). Relying on

Table 3. Results of conditional inference trees on the habitat characteristics as dependent
and vegetation type as independent variables. Significant values are bold.

habitat parameter groupl group2 P

bare ground black-locust, hummock, open poplar <0.001
food plant heightl black-locust, hummock, open poplar 0.013
food plant height2 hummock black-locust, open, poplar ~ 0.117
food plant number2 hummock black-locust, open, poplar  0.001
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Kruskal-Wallis tests some vegetation type characters differed in the four veg-
etation type. Food plant height was different in the four vegetation category at
the first survey (df =3, x*=11.0, p = 0.011), it was higher in hummocks than in
open transects based on Multiple Comparison test after Kruskal Wallis (Table
4) (observed difference = 13.2, critical difference = 11.1, p = 0.05). The differ-
ence became non-significant for the second survey (df =3, x> =3.7, p = 0.291).
Food plant number at the first survey was significantly higher in hummock
vegetation type than in others (df = 3, x* = 13.2, p = 0.004), while at the second
survey it was significantly higher in hummock and open patches than in black
locust and poplar patches (df =3, x*=15.3, p = 0.002) (Table 4). Similarly, light
intensity was also significantly higher at hummocks and open patches than
in black locust and poplar ones (df = 3, light intensity x* = 12.7, p = 0.005).
Bare ground cover was significantly higher in poplar patches than in all other
vegetation types (first survey: df =3, x* = 12.1, p = 0.007, second survey: df =3,
X? = 47.6, p < 0.01) (Table 4). Height of undergrowth at the first survey was
significantly higher in black-locust, and hummock, than in open and poplar
quadrates (df =3, x*>=14.5, p =0.002) (Table 4). During the second survey, there
was no significant difference in height of undergrowth (df = 3, 2= 36, p =
0.307). There was a negative correlation between light intensity and percent-
age of bare ground cover per transects (S = 3131.36, p = 0.01, rho=-0.55), while
we found a positive correlation between light intensity and number of host
plants in the first (S = 1136, p = 0.04 rho = 0.44), and second survey (S = 631.66,
p <0.01, rho = 0.69). There was no significant correlation between light inten-
sity and height of host plants nor in the first (S =2030.02, p = 0.99 rho =-0.003),
neither in the second survey (S = 1274.15, p = 0.08 rho = 0.37).

DISCUSSION

Our study demonstrated that distribution of different life stages of the
southern festoon butterfly was highly uneven among food plant patches in
different vegetation types. Although distribution of adults and juvenile forms
showed quite similar patterns, we could also reveal some differences that can
be explained by different environmental conditions in distinct vegetation types.

Adult butterflies clearly avoided poplar patches, but their abundance in
the other three vegetation types was fairly similar, in other words, they used
them equally. This pattern largely coincided with the cover of bare ground
and none of the other environmental variables had significant effect on it.
However, we suppose that light intensity may play a crucial role in affect-
ing butterfly movement and distribution. Our observations on Z. polyxena
individuals suggest that the activity of this species is highly dependent on
direct sunlight (KGr6st et al. unpubl. data), and we suggest that poplar stands
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were avoided by the butterflies because light intensity was probably below
a certain threshold. Moreover, light intensity was negatively correlated with
bare ground cover. Possibly, bare ground cover described better the amount
of sunlight on an area during the whole development period of the southern
festoon, than once measured light intensity. Measurement of light intensity
was far less precise and detailed than that of other environmental variables,
and presumably this also may have caused that it did not prove to have a sig-
nificant effect. Our result that bare ground and shaded microhabitat type had
a negative effect on adult abundance confirms the conclusion of CeLik (2012)
that the area of host plant stands in sunny locations is strongly related with
male and weakly with female adult numbers. They showed the importance
of sunny food plant patches and the significance of resource overlapping.
Size or amount of food plants had no effect on imago abundance, similarly to
our study (CeLik 2012). Flight activity of adult butterflies in search for nectar
sources and resting places could mask the female’s search for suitable ovi-
position sites, therefore the adults may spend time in areas with few or low
quality larval food plant. However, the lack of a significant food plant effect
on adults could be the result of the fact that we did not differentiate genders
during our survey. Different habitat use of males and females is possible, par-
ticularly in light of male dominance in sex ratios, which was observed during
in earlier MRR studies in 2003-2004 in Hungary (Orvossy et al. unpubl. data)
and in Slovenia (CeLix 2012). Male dominance can lead to male harassment on
females, causing different behaviour and habitat use of the two sexes. Females
fly longer distances, while males have a smaller home range (CeLik 2012).
Another explanation for the lack of larval food plant effect on adults might
be that food plants, which occurred in high abundance, were not a limiting
factor in the study area and the study did not include areas without food
plants. There are studies where the availability of larval resources did not
affect the abundance of females, e.g. Parnassius apollo (FReD et al. 2006), while
other large-scale studies suggest that population size of monophagous but-
terflies linearly increases with the density of larval food plants (Krauss et al.
2004, BaTARry et al. 2007) or that adult abundance is positively correlated with
the larval food plant, as in the case of Euphydryas aurinia (MunGuira 1997).
Distribution of eggs showed a bit different pattern from butterflies as
their presence and number was lower in open and poplar patches than in
hummocks and black locust patches. This means that butterflies used the food
plant patches in open areas, but did not lay many eggs there. Eggs were more
abundant in plots where food plants were bigger and food plant number was
higher. Food plant number was significantly higher in hummock (first sur-
vey), and in hummock and open patches (second survey). Food plants were
significantly taller in hummock than in other vegetation types at the first sur-
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vey. At the second survey the pattern was similar, but the difference was not
significant. Seemingly, the number and size of food plants together can jointly
explain the egg distribution. Egg distribution could differ from adult distri-
bution in other butterfly species as well, such as Hypochrysops halietus, where
adult density was high in a track without vegetation, but larvae were present
only on the food plant (Dover & Rowringson 2005). Other studies showed
that adults preferred the same habitat suitable for egg-laying, so egg density
was greater where adults were more abundant, as in the case of Aricia arta-
xerxes (ELLis 2003). Our observations on Z. polyxena individuals suggest that
the activity of this species is highly dependent on direct sunlight (K6rost et al.
unpubl. data). However, clearings could be too dry for eggs, and drought can
be a critical factor in the larval development (ScawEIGeR et al. 2006). Clearings
were not only dry, but were more exposed to occasional night frosts during
the egg and early larval stages.

Hummocks and black-locust patches were the best oviposition sites, an
observation that was confirmed by a latter study (BATAry et al. 2008), prob-
ably due to the large number and size of food plants, which had a positive
relationship with the amount of larvae. Hummocks are nitrogen-rich and
sunny enough to be the most suitable habitat for the food plant. To lay eggs
in an area with sufficient food plant is necessary, since excessive egg load can
lead to defoliation of the food plants, as in the case of Zerynthia cretica, which
forces larval searching for food plant with increased mortality (Dennis 1996).
Although egg density depended on food plant density at this scale, in a latter
study on egg distribution we showed that at the level of individual food plant
shoots the surrounding food plant density had no significant effect on egg
density (BATARY et al. 2008).

Larvae showed a different distribution from eggs and butterflies, since
they were significantly most abundant in hummock patches. Larvae number
was also lower in poplar patches than other vegetation types, but this differ-
ence was marginally non-significant. We recorded larvae in much more plots
than eggs, probably because eggs are usually laid in small clusters by females
and caterpillars may disperse to reduce competition. Larvae number was sig-
nificantly affected by food plant height, indicating that food plant biomass
may be an important factor in larval survival and development. Food plant
height was highest in hummocks and lowest in poplar patches, just like the
number of larvae. The fact that larval distribution differed from egg distribu-
tion suggests that larval survival was highest in hummock patches. Number
of larvae was highest in hummocks, medium amount was observed in black-
locust and open patches and only occasionally was observed in poplar planta-
tion. The difference in significance of egg and larval distribution might mean
that the initial distribution of the recruits changed during larval development.
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This phenomenon could be explained by the fact that females do not neces-
sarily can select the best host and larvae may reject the given plant individual
they hatched on (Bernays & Cuapman 1994). It is also possible that larvae
were moved from less suitable microhabitats and/or had a higher mortality
rate on them. Egg-laying is time consuming, besides choosing the best ovi-
position places, females should also optimise the number of eggs laid. This
can lead to aggregated egg distribution, as larvae were less aggregated, larval
movement is likely. Larval movement could reduce competition among con-
specifics, compensate weak maternal choice or changes in habitat quality after
egg-laying. Adults strongly preferred hummocks and black-locust patches.
Egg distribution showed similar pattern, although it was not so pronounced.
This pattern changed when larvae hatched. Hummocks hosted most of them;
black-locust and open patches had fewer larvas while poplar plots were al-
most free of larvae. This pattern change could be the result of different egg
and larval survival in the four vegetation types. As black-locust was coming
to leaves, transects in black-locust patches became more shaded therefore, it
may be turn to an ecological trap, since after the egg-laying period it became
less suitable for larval development than in hummocks.

Changes in habitat quality during larval development were the result of
both the growing shading of black-locust trees, and the proliferation of under-
growth, which could delay or inhibit the development of food plant and/or
larvae. Lower temperatures might force the larvae to leave the hatching place
because of either increasing mortality or decreasing growth rate. Mever and
Sisk (2001) found that canopy cover is an important factor in mortality of eggs
and larvae, since too much light can dry out eggs, while overshading may
reduce food plant vigour. Our results showed that the height of food plants
positively affected both presence and density of larvae. This emphasizes the
importance of a sufficient amount of food plant to avoid defoliation and larval
starvation (DEnN1s 1996).

The traditional food plant based definition of habitat patch would fail in
the case of the southern festoon in the study area. Though food plants itself
were available in the study site in large quantity, however, the suitability of
food plant patches was different in the four habitat types. The poplar planta-
tion seems to be the poorest habitat for this species; each of the three studied
life stages was less numerous there. At first sight suitable food plant patches
of the poplar habitat were not used by the butterflies and therefore can be
regarded as low quality habitats or even an ecological trap (RoBERTSON et al.
2013), asits quality is decreasing during the butterfly’s life-cycle. Defining the
habitat based on all the necessary resources (DeNNis et al. 2006, VANREUSEL et
al. 2007) would lead to more precise habitat maps, in contrast to those based
merely on food plant distribution.

Acta zool. hung. 60, 2014



14 ORVOSSY, N., KOROSL A., BATARY, P, VOZAR, A. & PEREGOVITS, L.

This study showed the importance of within-patch habitat quality, as the
different life stages of this butterfly were revealed to have different habitat
requirements, a result that is in concordance with other studies (THomas 1991,
ELLis 2003, Dover & RowLingson 2005). We did not investigate the effects of
size or isolation of habitat patches in this study area, which is relatively large
and easily penetrable for the southern festoon. In our study we could point
out the importance of habitat quality on the fine scale distribution of Z. polyx-
ena and proving that within-site variation in habitat quality is very relevant
to site occupancy of this species, as in the case of Melitaea cinxia (THomas et al.
2001), Polyommatus bellargus (THomas et al. 2001), Thymelicus acteon (THomAs
1983, THomas et al. 2001) and Speyeria nokomis (FLErsuman 2002).

Since the importance of human-dominated habitats is increasing due to
the decline of natural habitats and decrease of natural disturbance (RoBERrT-
son et al. 1995), the state of these plantation complexes can strongly affect the
survival and reproduction of southern festoon and can offer alternative habi-
tats for them, similarly to other insect species living in riparian forests (AL-
LEGRO & Sciaky 2003). Human created habitats, like plantations can also act as
ecological trap for butterflies (RoBerTson et al. 2013), therefore study on real
habitat requirements of all the life stages is necessary to facilitate long-term
survival of protected butterfly species.
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