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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 SWAAY 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 DYCK 2001; PULLIN 2002; SKÓRKA 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; KLEIJN 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 (SKÓRKA et al. 2007). Cessation of management can enhance 

short-term biodiversity and butterfly abundance, but later deteriorate the 

habitat (DOVER et al. 2011; SKÓRKA & LENDA 2010; VAN SWAAY 2013). 

Intensive agriculture generates large and homogeneous landscape units 

around less intensively used grassland remnants and causes fragmentation 

(KÉRY 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 (KRAUSS et al. 2003; STEFFAN-DEWENTER & TSCHARNTKE 2000), 

although others show no such effect (ÖCKINGER & SMITH 2006). Landscape 

heterogeneity generally increases diversity (WEIBULL & OSTMAN 2003; 

ÖCKINGER 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 

(KRAUSS 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 (SAMWAYS 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 (KÜHN 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; KONVIČKA 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; SKÓRKA et al. 

2007; VAN SWAAY et al. 2010a). 
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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, SKÓRKA et al. 2007, SPITZER et 

al. 2009). 
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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; ÖCKINGER 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 

(OOSTERMEIJER & VAN SWAAY 1998; SKÓRKA 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 (BATÁRY 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; KONVIČKA 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; NOWICKI 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 

& SKÓRKA 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, I 

examined three different species: Maculinea (Phengaris) teleius 

(Bergsträsser, 1779), Coenonympha oedippus (Fabricius, 1787) and 

Zerynthia polyxena ([Denis & Schiffermüller], 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 

(KŐRÖSI et al. 2012), effects of management on population (KŐRÖSI 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 & CSŐSZ 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 (ŠAŠIĆ 2010) and Slovenia (ČELIK & 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 (DOLEK et al. 2010). There are some populations in the 

Mediterranean parts of Europe that occur in dry habitats (ČELIK 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 

(BRÄU 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 II and IV of the 

Habitat Directive (1979) and Annex II 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 (LHONORÉ & 

LAGARDE 1999; ČELIK 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; ČELIK & VEROVNIK 2010; ÖRVÖSSY et al. 2010; ŠAŠIĆ 2010). In 

Eastern European wet meadows, Solidago spreads forcefully and negatively 

affects butterfly communities (MOROŃ et al. 2009). 
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In Hungary, remarkable populations were described in the Hanság, 

Kiskunság and Óbuda regions, as well as in Szár (BÁLINT et al. 2006). 

These habitats disappeared due to large-scale drainage (MOLNÁR et al. 

2008) and urban development. Two habitats remained in Hungary, a 

permanent population in the Kiskunság region, near Ócsa (BÁLINT et al. 

2006) and in the Fertő-Hanság 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 Fertő-Hanság 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 



14 

 

Germany and Switzerland (VAN SWAY et al. 2010a). The species is listed in 

the Habitat Directive Annex IV and the Bern Convention Annex II. 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 (ČELIK 2012) our study on egg distribution adds to this (BATÁRY 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 I. 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 II. 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 III. 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 Ócsa in the Kiskunság 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 Ócsa 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 I.). 

Around these depressions, four types of microhabitat were available for this 

butterfly: Typha-, Lythrum-, Stachys-, Molinia microhabitat (Study I.). 

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 Ócsa. In Study II. 

we focused on a small (0.65 ha) habitat patch for population size estimation. 

In Study III. 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 III.). 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 (ÖRVÖSSY 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 IV.). 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 II. and III. 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 II. 

Mark–release–recapture method was used in one habitat patch in 2005-

2007 (patch ”MV” in Fig 1. in Study III.). Sampling was conducted daily in 

2005 and 2006, while every second day in 2007. A grid of 5×5 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 & SCHWARZ 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 



21 

 

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 

CORE TEAM 2004). 

STUDY II. and STUDY III. 

We estimated the population size for only one habitat patch of C. 

oedippus at Ócsa in Study II. 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 III. 

In Study III. 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/-ln(Phi), COOK 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 I. 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; χ
2
 = 55.2, d.f. = 3, p < 0.001), in soil 

humidity (Kruskal-Wallis test; χ
2
 = 176.6, d.f. = 3, p < 0.001) and 

vegetation height among microhabitats (χ
2
 = 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 I.). The foodplant 

flowerhead density was significantly higher in the Lythrum and Stachys than 

in Typha and Molinia microhabitats (χ
2
 = 62.1, d.f. = 3, p < 0.001). 
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Study II.: 

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 III.: 

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 IV.). 
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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 & ELMES (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 (FRANZÉN 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 ČELIK’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 ČELIK’s results. Short 

flights imply sedentary living habits and closed populations, the assumption 

of closed populations was partially disproved in the latter Study III. 

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 ČELIK (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 (KŐRÖSI 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 (ČELIK 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 III shows that the 12 examined populations form a 

metapopulation, which is larger both in area and population size than earlier 

estimations suggested (BÁLINT & MÁTÉ 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 III.). 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 (ČELIK & VEROVNIK 

2010), whereas a Croatian study showed no dispersal even among close 

habitat patches (450 m; ŠAŠIĆ 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 III.). 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 Ócsa 

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 III.). 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 (ČELIK & 

VEROVNIK 2010; ÖRVÖSSY 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 (ČELIK & VEROVNIK 2010; ÖRVÖSSY et al. 2010; ŠAŠIĆ 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 (BRÄU 

et al. 2010; ČELIK & VEROVNIK 2010; ÖRVÖSSY et al. 2010; ŠAŠIĆ 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 (BARTOŠ 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 

(BRÄU 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 (SKÓRKA et al. 2007) becoming 

overgrown. 

In Study IV, 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 ČELIK (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. ČELIK showed that within the 

foodplant patch size or amount of foodplant had no effect on imago 

abundance similar to our study (ČELIK 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 (KRAUSS et al. 2004; 

BATÁRY 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 (KŐRÖSI 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 

(BATÁRY 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 (BATÁRY 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 & SCIAKY 2003). Although these human-created 

plantations are novel ecosystems they can also function as ecological traps 

for the butterflies (ROBERTSON et al. 2013). 
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SUMMARY 

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 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, I 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 I 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 II 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 III, 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 3.1±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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ÖSSZEFOGLALÓ 

Dolgozatomban az ökológiai kutatások természetvédelmi jelentőségét 

járom körül, védett nappali lepkék példáján. A lepkék élőhelyhasználata, az 

egyes fejlődési stádiumok számára szükséges források elérhetősége és a 

populációk térbeli szerveződése mind jelentősek a természetvédelmi elmélet 

és gyakorlat szempontjából. Ezeket az aspektusokat három különböző védett 

nappali lepkefajt modellszervezetként használva vizsgáltam. A vérfű 

boglárka (Maculinea (Phengaris) teleius), az ezüstsávos szénalepke 

(Coenonympha oedippus) és a farkasalma lepke (Zerynthia polyxena) védett 

fajok, habár veszélyeztetettségük mértéke különböző. A vizsgálatok célja 

volt kideríteni, hogy mely ponton alkalmazhatóak természetvédelmi 

beavatkozások a fajok hosszútávú túlélésének biztosításához. A legfőbb cél 

az élőhelyhasználat és a forrásigények feltárása volt mindhárom faj 

esetében, ezeknek az ismerete ugyanis elengedhetetlenül szükséges a 

megfelelő természetvédelmi kezelési tervek kidolgozásához. A nappali 

lepke élőhelyek Európában erőteljes antropogén hatás alatt állnak, a 

hagyományos kezelés megváltoztatása a területet leromlásához vezethet, 

akár intenzívebbé válik, akár felhagynak vele. Emiatt sok veszélyeztetett 

lepkefaj élőhelyének megőrzéséhez szükséges jól megtervezett 

természetvédelmi beavatkozásokat végezni. 

A jelenlegi biodiverzitás krízis erősebben jelentkezik a nappali lepke 

fajok esetén, mint más csoportoknál. A specialista fajok populációnak 
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hanyatlása nagyobb mértékű, mint a generalista fajoké, így kihalásuknak 

nagyobb a veszélye. 

A természetvédelmi kezelések kidolgozásához vezető első lépések 

magukban foglalják a faj populációinak lokalizációját, a populációk 

méretének, struktúrájának és dinamikájának feltárását. Ezek után lehet a 

fajok élőhelyhasználatára és forrásszükségletére fókuszálni. A végső cél az 

ezek alapján felállított kezelési terveknek a megvalósítása és hatásainak 

ellenőrzése. A kiindulási információk mennyisége különböző a három 

modellfaj esetén, a M. teleius számos kutatás alanya, a C. oedippus sokkal 

kevésbé ismert, míg a Z. polyxena kifejezetten ritkán vizsgált. 

Kutatásaink célja az volt, hogy kiegészítsék a meglévő ismereteket a 

három faj élőhely használatáról és populációbiológiájáról a későbbi 

természetvédelmi intézkedések tudományos megalapozása érdekében. 

A M. teleius ökológiájával, védelmével és a fajra irányuló 

természetvédelmi kezelések hatásaival számtalan publikáció foglalkozik. 

A C. oedippus egy kevésbé vizsgált faj, habár néhány kutatócsoport már 

tanulmányozta az elterjedését, szaporodásbiológiáját és populációinak 

méretét. A faj magyarországi elterjedéséről kevés ismeret állt 

rendelkezésünkre. Egyetlen stabil populáció előfordulása volt ismert, de a 

populáció szerkezetéről, az egyedek diszperziós képességéről és 

élőhelyhasználatáról nem voltak adatok. Ráadásul ez a populáció is 

veszélyeztetetté vált élőhelyének kiszáradása miatt. 

A Z. polyxena kevéssé tanulmányozott, egyetlen publikáció jelent meg a 

faj populáció struktúrájáról illetve egy másik a petézési szokásairól. A faj 
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jelenleg nincs erősen veszélyeztetve, de védett státusa természetvédelmi 

kezeléseket tehet indokolttá. 

A nappali lepke diverzitás csökkenésének fő okai az élőhelyvesztés- és 

fragmentáció, illetve a gazdálkodás megváltozása. Az európai tájak régóta 

emberi művelés alatt állnak, ezért sok fajgazdag élőhelytípus erősen függ a 

hagyományos kis intenzitású mezőgazdasági műveléstől, ennek fenntartása 

azonban több területen már csak természetvédelmi kezelés formájában 

lehetséges. Az agrár élőhelyek közül a nedves réteket mind az 

intenzifikáció, mind a felhagyás veszélyezteti. A nedves rét jellegű 

élőhelyek leromlása és fragmentációja számos nappali lepke fajt 

veszélyeztet, köztük a C. oedippus-t és a M. teleius-t. 

A M. teleius egész Európában veszélyeztetett, speciális életmódja és 

élőhelyeinek eltűnése miatt. A dolgozatom alapjául szolgáló I. tanulmány 

célja a faj számára elérhető potenciális élőhelyfoltok jellemzése volt. 

Feltételeztük, hogy a M. teleius jelenléte és denzitása különbözik a 

vizsgálati területen megtalálható négy különböző élőhelytípus esetében. Azt 

vizsgáltuk, hogy a tápnövény mennyisége, a hangyagazda jelenléte és 

bizonyos környezeti tényezők hogyan befolyásolják a kifejlett egyedek 

jelenlétét illetve denzitását. 

Kunpeszér mellett nyolc, egymáshoz közel eső turján körül jelöltük ki a 

mintavételi területet. Négy, a faj számára megfelelő élőhelytípus fordult elő: 

Typha-, Lythrum-, Stachys- és Molinia dominálta vegetáció. Öt 50×5 

méteres transzektet helyeztünk el minden turjánfolt körül (a turján szélére 

merőlegesen kifelé), ezek mentén számoltuk az egyedeket naponta kétszer a 
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repülési időszak alatt. A transzektek mentén a következő paramétereket is 

feljegyeztük: a tápnövény (Sanguisorba officinalis) virágfejeinek száma, 

élőhelytípus, legelés intenzitása, talajnedvesség, vegetáció magasság, 

hangyagazda jelenléte. A talajnedvesség, vegetáció magasság, tápnövény 

denzitás és a turjántól való távolság szignifikánsan különbözött a négy 

élőhelytípusban. Általában a Typha élőhely helyezkedett el legközelebb a 

turján szegélyéhez, itt volt a legnagyobb a talaj nedvessége és a vegetáció 

magassága is. Ezen kívül helyezkedett el a Lythrum és Stachys dominálta 

élőhely, végül legmesszebb a turjánoktól, az egyre alacsonyabb vegetáció 

magassággal és talajnedvességgel bíró gyep élőhelytípus. A tápnövény a 

Lythrum és Stachys dominálta élőhelytípusban fordult elő a legnagyobb 

sűrűségben. Lineáris kevert modellek segítségével megállapítottuk, hogy az 

élőhely típus volt a legfontosabb tényező a M. teleius egyedek jelenléte 

szempontjából. A különböző szintű legelési intenzitásnak nem volt 

közvetlen hatása a lepkékre, míg a tápnövény virágfejeinek sűrűsége 

pozitívan befolyásolta a lepkék egyedszámát. Az egyedszám ugyancsak 

szignifikánsan nagyobb volt azokban a kvadrátokban, ahol a hangyagazda 

faj (Myrmica scabrinodis) jelen volt. Eredményeink szerint a jelenlegi 

legeltetés megfelelő lehet a faj számára megfelelő élőhelytípusok 

fenntartása és így a faj túlélésének biztosítása szempontjából. 

A C. oedippus egyike Európa legveszélyeztetettebb lepkefajainak. Ennek 

oka élőhelyeinek leromlása és eltűnése, a populációk kis mérete és 

izoláltsága. A C. oedippus Molinietum társulásokban, nedves réteken él. A 

II. tanulmányban egy Ócsa közeli populáció méretének és 
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populációdinamikai paramétereinek becslése volt a célunk. A három éves 

vizsgálat során jelölés-visszafogás módszerrel állapítottuk meg a populáció 

méretét, ami nem változott jelentős mértékben a vizsgálat időtartama alatt. 

A teljes becsült egyedszám 130 és 270 között volt. A látszólagos túlélési 

valószínűség 0,81–0,84/nap volt a hímek és 0,70–0,89/nap a nőstények 

esetén. A fogási valószínűség 0,27–0,53 között volt a hímek és 0,22–0,38 a 

nőstények esetén. A populáció szerkezete alapján a C. oedippus alacsony 

diszperziós képességű helytülő faj. 

A III. tanulmány elkészítése során kiterjesztettük a vizsgálati területet a 

környéken talált valamennyi foglalt élőhelyfoltra. A faj 16 élőhelyfoltban 

volt jelen, ebből 12-ben nagyobb mennyiségben. A populációstruktúra 

feltárása volt a célunk: a fenológia, aszinkronitás és mozgásmintázat alapján 

elkülönülő élőhely folt csoportok elkülönítése. Emellett a vizsgálat célja 

volt, hogy megállapítsuk, hogyan befolyásolja az élőhelyek minősége a 

szubpopulációk méretét és denzitását. A populációméretet az 

élőhelykomplexum valamennyi alegységében jelölés-visszafogás 

módszerrel becsültük, így a foltok közti diszperziós események egy részét is 

megfigyeltük. Felmértük az élőhely minőségének a populációméretre és 

denzitásra gyakorolt hatását is. 

Az élőhelykomplexum teljes területén közel 4000 egyed volt jelen, 

ugyanakkor figyelembe kell venni, hogy az egyedek nagy része 12 

alpopuláció közt oszlott meg. Az élőhelyfoltok elrendeződése 

metapopulációs struktúrára utalt, azonban eredményeink szerint ez a 

metapopuláció nincs egyensúlyi állapotban. A populációstruktúra 
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paraméterei, valamint a nőstények alacsony diszperziós képessége alapján 

az alpopulációk újratelepülésének valószínűsége alacsony, így a 

metapopulációkra jellemző gyors kihalás-visszatelepülés dinamika nem 

működik. 

Az élőhelyfoltok minősége eltérő volt, aminek a következtében az 

alpopulációk mérete és denzitása is különbözött. Ezeket leginkább a 

talajvízszint, a fűavar magassága és a zsombékokkal fedett terület mérete 

befolyásolta. Mindhárom paraméter közvetlenül hat a lárvák túlélésére, 

illetve közvetve az imágók számára szükséges élőhely kialakításában is 

szerepet játszik. A legkedvezőbb élőhelyeken nagy területeket borít 

zsombékoló szerkezetű növényzet, nagy mennyiségű fűavar található és a 

talajvízszint elég magas a Molinietum társulás fenntartásához, viszont elég 

alacsony a bokrok fejlődéséhez. Ez az élőhely fenntartható rendszeres, de 

kis intenzitású kaszálással és megfelelő vízvisszatartás szabályzással. 

A IV. tanulmány középpontjában az élőhelyminőség populáció méretre 

gyakorolt hatása állt. A Z. polyxena egy védett, de elterjedt és néhol nagy 

mennyiségben előforduló faj Magyarországon. Hazánkban a lárvák 

kizárólag farkasalmán (Aristolochia clematitis) táplálkoznak. Célunk volt, 

hogy meghatározzuk a Z. polyxena élőhelyhasználatát, figyelembevéve a 

különböző fejlődési fázisok eltérő élőhelyigényét. Meghatároztuk a 

tápnövényfoltokban az imágók, a peték és a lárvák eloszlását, miközben 

feltártuk az egyes fejlődési formák élőhelyigényeit. Transzekt menti 

számlálással becsültük az egyedek relatív denzitását egy olyan 

nyárfaültetvényen, ahol négyféle élőhely állt rendelkezésre. Mind a kifejlett 
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egyedek, mind a peték és lárvák száma (±SE) a nyaras területeken volt a 

legalacsonyabb (lepke 0,3±0,2, pete 1,1±1,1, lárva 0,6±0,3). Valamivel több 

lepke volt megfigyelhető a nyílt (lepke 8,3±2,9, pete 3,1±2,6, lárva 3,1±1,9) 

és az akácos (lepke 9,4±4,2, pete 12,7±4,9, lárva 4,1±1,1) élőhelytípusban. 

Ugyanakkor itt kell megjegyezni, hogy a lárvák száma alacsonyabb volt az 

akácos foltokban, mint az a lerakott peték száma alapján várható volt. A 

lepkék legnagyobb számban a zavart domb élőhelyetípusban fordultak elő 

(lepke 13,5±1,5, pete 12,9±5,7, lárva 8,4±2,1). A kifejlett egyedek 

elkerülték azokat a területeket, ahol nagy volt a csupasz talajfelület aránya. 

A legtöbb petét a sűrű és magas tápnövényekkel borított kvadrátokban 

figyeltük meg. A tápnövények magassága emellett a lárvák mennyiségét is 

pozitívan befolyásolta. A kifejlett egyedek és a peték, valamint lárvák 

eloszlása kissé eltért a négy élőhelytípusban, a környezeti paraméterek 

különbözősége miatt. Vizsgálatunk felhívja a figyelmet az élőhely 

minőségének egy élőhelyen belüli változatosságának jelentőségére, ami 

befolyásolja a populációk méretét és eloszlását. 
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