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1 Abstract 

Many of the European butterfly species have declined rapidly over the 

past decades. The cause is thought to be habitat loss due to factors such as 

increased tree cover, afforestation and intensified agriculture. I analyzed 

nation-wide data on butterfly occurrences in Sweden, to explore whether 

occurrences of individual species, grassland dependent species, grassland 

specialists, red-listed species, and moths, have increased or declined over 

a period of five years. I found that four species had significantly declined 

and eight had increased. The results were in accordance with other finds 

from Sweden, as well as from the UK, regarding the declining species. In 

contrast, the results regarding the increasing species only partly 

confirmed previous studies. I also found that grassland specialists and 

red-listed species had increased, possibly reflecting the fact that Sweden 

has a relatively large amount of boreal landscapes containing patches of 

clear-cuts and semi-natural grasslands. 

2 Introduction 

Many of the butterfly species in Sweden and the rest of Europe depend on 

the species of vascular plants that grow mainly in semi-natural 

grasslands. Over the past 200 years, the amount of pastures and meadows 

has declined dramatically in Sweden (Nilsson et al. 2008, Swedish Board 

of Agriculture 2013). The largest decline has occurred in meadows; of the 

land area covered by meadows by the late 19th century, only 0.6 % 

remains today (Swedish Board of Agriculture 2013). Nilsson et al. (2008) 

found that semi-natural grasslands in Sweden are lost mainly when they 

are converted into tree plantations. Another important factor is the 

homogenization of agriculture, where meadows and pastures are lost 

when they are converted to arable land (Swedish Environmental 

Protection Agency 2014). 

Of the European butterfly species, 8.5 % are threatened and 31 % have 

declining populations (Van Swaay et al. 2010). In Sweden, 9 % of 

butterfly species are threatened and 21 % are on the Swedish Red List 

(Gärdenfors et al. 2015). Several studies have shown a decline in the 

abundance and species diversity of butterflies in both Sweden (Öckinger 

et al. 2006, Nilsson et al. 2008, Nilsson et al. 2013) and other European 

countries (Maes & Van Dyck 2001, Saarinen et al. 2003, Van Dyck et al. 

2009).  According to Van Swaay et al. 2010, the two major threats to 

European butterflies are agricultural intensification, which includes 

conversion of grasslands to crop fields and fertilization of grasslands, and 

abandonment of agricultural land, which leads to invasion of trees and 
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shrubs. Other threats include climate change, change of woodland 

management and habitat fragmentation (Van Swaay et al. 2010). 

Butterflies are sensitive to environmental change and function as 

indicators of biodiversity in other species of insects (Thomas 2005, Fox 

et al. 2007) and species communities in general (Fox et al. 2007). 

Because of this, monitoring of butterfly populations is important to the 

assessment of the state of biodiversity in various environments. The 

Swedish monitoring program NILS (The National Inventory of 

Landscapes in Sweden), which started in 2003, conducts inventories 

every five years of a selection of terrestrial species in Sweden (Swedish 

University of Agricultural Sciences 2015). The aim is to collect data on 

the state of and changes in biodiversity.  

The sites for inventory of butterflies (Lepidoptera) have now been visited 

twice by NILS, but the data had not yet been analysed prior to the present 

study. Hence, this is the first time data are available that describe the 

change in butterfly occurrences on a nation-wide level in Sweden. All 

previous studies have focused on regional or local scales. The aim of the 

present study was to estimate the population trends of Swedish 

butterflies, through analysis of data collected by NILS. I analysed the 

occurrence of butterflies at specific grassland sites all over Sweden to 

find out whether occurrences had increased or declined, over a five-year 

period. Occurrences were analysed on a species level, but also with 

regards to grassland dependent species, grassland specialists, red-listed 

species and moths (Sphingidae). 

3 Material & methods 

3.1 Data collection 

NILS conducts inventories in 631 squares that each have a size of 5 × 5 

km and are distributed across all types of terrestrial environments in 

Sweden (Swedish University of Agricultural Sciences 2015). These 

squares are visited once during a five-year cycle. The next cycle starts 

right after the previous one ends, so that each square is visited every five 

years. Butterflies are only monitored in grasslands, in 696 randomly 

selected sites within the squares (Swedish University of Agricultural 

Sciences 2014). Because different butterfly species appear at different 

times in the summer, each site is visited three times during one summer. 

Data is collected along predetermined transects within the sites. The field 

workers follow the transect and note all butterflies within five meters to 

the sides and in front of them. If the species identity of an individual 

cannot be determined, the taxonomic group to which the individual 
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belongs may be determined instead. Otherwise, the specimen is collected 

for later identification. Only the butterfly species on the species list 

compiled by NILS (Swedish University of Agricultural Sciences 2014) 

are registered by the field workers. Data are collected when conditions 

are favourable for butterflies, that is during daytime, sunny weather, 

winds below 8 m/s and temperatures above 17°C (Swedish University of 

Agricultural Sciences 2014). 

3.2 Data analysis 

A data set of occurrences for 96 species of butterfly in 696 grassland sites 

was received from NILS. Data had been collected during two cycles, the 

first from 2006 to 2010, and the second from 2011 to 2015. The two 

cycles were compared to each other, with regards to butterfly occurrence, 

in the analysis. Because the second cycle was still ongoing at the time of 

the analysis, and data from 2015 had not yet been collected, all data from 

2010 was removed from the data set prior to analysis. Many sites and 

visits were also missing from one cycle, and so were removed from the 

other cycle before the analysis. Quite often some transects were missing 

from one of the visits, so the data had to be adjusted by deleting transects 

(to achieve identical transect lengths). The data set that was used in the 

analysis contained 486 grassland sites and 90 species. 

Data were analyzed through calculation of odds ratios (OR), with 95 % 

confidence interval, one for each species. The number of sites where a 

particular species was present during the first cycle, but not the second 

was calculated. This was the number of sites where the species was said 

to have disappeared. The number of sites where the same species was 

absent during the first cycle but present during the second was also 

calculated, and was said to be the number of sites where the species 

appeared. Finally, the number of sites where the species was present 

during both cycles was calculated. This was the number of sites where the 

species was said to be remaining. The odds of a species appearing in the 

second cycle (i.e. increasing) was then calculated by using the following 

formula: 

[(Number of sites with species appearing)/(Number of sites 

with species appearing + Number of sites with species 

remaining)]/[(Number of sites with species 

remaining)/(Number of sites with species appearing + 

Number of sites with species remaining)] 

which is equivalent to: 
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Number of sites with species appearing/ Number of sites with 

species remaining 

The odds of a species disappearing in the second cycle (i.e. declining) was 

then calculated in the same way. The ORs were then calculated by: 

Odds of species appearing/Odds of species disappearing 

Species were grouped according to Bergman et al. (manuscript), in 

grassland dependent or grassland non-dependent, and grassland specialists 

or non-specialists. Species were also grouped in red-listed or non-red-

listed, and moths or non-moths. The red-listed species were red-listed on a 

Swedish level (Gärdenfors et al. 2015). ORs and confidence intervals were 

then calculated for these groups in the same way as for species.  

The ORs and confidence intervals for species were calculated by using the 

online Calculator for confidence intervals of odds ratio in an unmatched 

case control study (Hutchon 2001). The ORs and confidence intervals for 

the groups were calculated using the software Comprehensive Meta 

Analysis 2. The natural logarithms of the ORs and the confidence intervals 

were then calculated. 

4 Results 

Four species had a significant decline in occurrences between the first 

and the second cycle (Appendix): Boloria euphrosyne, Boloria selene, 

Aglais urticae and Coenonympha pamphilus. The occurrences of eight 

species had significantly increased in the second cycle (Appendix): 

Araschnia levana, Callophrys rubi, Polyommatus amandus, Argynnis 

paphia, Argynnis aglaja, Melitaea athalia, Brenthis ino and Thymelicus 

lineola. As for the rest of the species, 38 had increased, five were 

unchanged and 35 had declined, although not significantly so (Appendix). 

An increase was found in all groups analysed, but only the increase in 

grassland specialists and red-listed species was significant (Figure 1). 

5 Discussion 

A decline in occurrence of the butterfly species B. euphrosyne, B. selene, 

A. urticae and C. pamphilus, over a period of five years, indicate 

downward population trends for these species in Sweden. Of the four 

declining species, B. euphrosyne, B. selene, and C. pamphilus have all 

shown a decline in abundance in southern Sweden in previous studies 

(Nilsson & Franzén 2009). The two Boloria species even disappeared 

from one site (Nilsson & Franzén 2009). All four declining species have  
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Figure 1. Changes in occurrences of groups of butterfly in Swedish 
grasslands over a five-year period as described odds ratios (bars 
indicate CI95 %). Positive values correspond to an increase, while 
negative values correspond to a decrease. 

also seen rapid declines in the UK over the past decades (UKBMS 2014a, 

2014b, 2014c, 2014d), although an increase has been seen in B. 

euphrosyne and B. selene over the last ten years (UKBMS 2014a, 2014 

b). C. pamphilus has also seen a recent, moderate decline in Europe 

(European Environment Agency 2013). On a European level, however, 

none of the declining species in this study are considered threatened (Van 

Swaay et al. 2010). Many of the species in the present study for which the 

changes in occurrence were not significant, have been shown to have 

declined or disappeared in southern Sweden (Nilsson & Franzén 2009). It 

is possible that declines in these species are actually nation-wide. 

However, statistical power is rather low for species that are rare in the 

data set. 

The declining trends of butterfly populations and species diversity have 

several possible explanations. Pollard (1997) found that the breeding 

success of A. urticae was reduced by drought. The proposed explanation 

was that the larvae depend on host plants (the common nettle) with high 

leaf water (Pollard 1997). Warren et al. (2001) showed that B. 

euphrosyne, and other habitat specialists, were negatively affected where 

habitat limitation and climate warming are opposing forces. 

On a more general level, increasing occurrence of trees and shrubs has 

been correlated with local extinctions of butterflies (Öckinger et al. 2006) 

and with declining butterfly abundance (Jonason et al. 2010). Intensive 

agriculture has also been found to affect extinction rates (Maes & Van 

-1 0 1
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Dyck 2001). Eutrophication has a negative effect on species distribution 

(Maes & Van Dyck 2001, Kuussaari et al. 2007) and extinction rates 

(Öckinger et al. 2006). The distribution area of species with low dispersal 

ability has been found to decline more rapidly than the distribution area 

of mobile species (Maes & Van Dyck 2001, Kuussaari et al. 2007), 

indicating that habitat fragmentation contributes to the decline. 

The increase in A. aglaja and M. athalia is not is accordance with results 

from local inventories in southern Sweden (Nilsson & Franzén 2009), 

where both species disappeared from one site, and either declined or 

remained unchanged at the other sites. The results of this study, however, 

may show that A. aglaja and M. athalia have increased on a nation-wide 

level, even though there have been local declines. A. aglaja has increased 

rapidly in the UK since the 1970s (UKBMS 2014e), while M. athalia has 

seen a rapid decline (JNCC 2010). One of the increasing species in this 

study, A. levana, has also been shown by Nilsson and Franzén (2009) to 

increase in southern Sweden. C. rubi and T. lineola have declined rapidly 

in the UK over the past decades (UKBMS 2014f, 2014 g), while A. 

paphia has increased (UKBMS 2014h). None of the increasing species in 

this study are threatened on a European level (Van Swaay et al. 2010). 

Considering the decreasing amount of semi-natural grassland as a cause 

of butterfly decline (described above), one may expect a decline in 

grassland specialists. The results of the present study, however, show the 

opposite. The increase in grassland specialists and red-listed species, as 

well as some individual species, is in contrast to these findings in Europe. 

Van Swaay et al. (2006) found a decline in grassland specialists 

specifically. A possible explanation for this discrepancy, is so called 

thresholds, where a small amount of decrease in the amount of habitat 

causes a sharp decline in occurrence. Bergman et al. (2004) showed that 

such thresholds may exist for several butterfly species. This threshold 

may have been surpassed for certain species in other European countries 

(Bergman et al. 2004), but not yet in Sweden. 

Bergman et al. (2008) also found that, in boreal landscapes, there is no 

relationship between the amount of semi-natural grasslands and butterfly 

diversity. They further found that species associated with low-

productivity grasslands, i.e. species that have declined in many European 

countries, were common in these boreal landscapes in Sweden. Ibbe et al. 

(2011) found similar results: Swedish clear-cuts with a history as 

meadows are rich in grassland specialists that are threatened in other parts 

of Europe. Bergman et al. (2008) propose that semi-natural grasslands in 

boreal coniferous forests are important to biodiversity in Western Europe. 

This may explain why some of the individual species, as well as 
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grassland specialists and red-listed species, have increased in Sweden, 

according to the present study, while they have seen a decline in many 

other parts of Europe. 

5.1 Social and ethical aspects 

During the field work that generated the current data, butterflies that 

could not be identified to species level in the field were killed with ethyl 

acetate for later identification (Swedish University of Agricultural 

Sciences 2014). However, this is not expected to affect butterflies on a 

population level, considering the findings of Gezon et al. (2015), 

according to which bee abundance and community structure were not 

affected by lethal sampling. Because butterflies are indicators (Fox et al. 

2007), the knowledge obtained from butterfly monitoring can tell us 

something about the biodiversity of grasslands in general. It may also 

serve as an important foundation for the development of conservation 

programmes for species rich grasslands. 

6 Acknowledgement 

I would like to thank several people for their help and support: my 

supervisors Per Milberg and Karl-Olof Bergman, my fellow students 

Malin Larsson and Annika Larsdotter, and Malin Tälle. I would also like 

to thank Daniel Johansson and Sandra Lilja for their valuable feedback on 

this report. Last, but not least, I would like to thank the people at NILS 

for providing me with their data. 

7 References 

Bergman K-O et al. (manuscript) Landscape mediated patterns of species 

richness for butterflies in southern Sweden. Unpublished manuscript 

Bergman K-O, Ask L, Askling J, Ignell H, Wahlman H, Milberg P (2008) 

Importance of boreal grasslands in Sweden for butterfly diversity and 

effects of local and landscape habitat factors. Biodiversity and 

Conservation 17, 139-153 http://dx.doi.org/10.1007/s10531-007-9235-x 

Bergman K-O, Askling J, Ekberg O, Ignell H, Wahlman H, Milberg P 

(2004) Landscape effects on butterfly assemblages in an agricultural 

region. Ecography 27, 619-628 http://dx.doi.org/10.1111/j.0906-

7590.2004.03906.x 

Cronvall E (2014) Fältinstruktion för fjärilar, humlor, grova träd och 

lavar i ängs- och betesmarker. Swedish University of Agricultural 

Sciences (in Swedish) 

http://dx.doi.org/10.1007/s10531-007-9235-x
http://dx.doi.org/10.1111/j.0906-7590.2004.03906.x
http://dx.doi.org/10.1111/j.0906-7590.2004.03906.x


 9 

European Environment Agency (2013) The European Grassland Butterfly 

Indicator 1990-2011. Publications Office of the European Union, 

Luxemburg  

Fox R, Warren MS, Asher J, Brereto TM, Roy DB (2007) The State of 

Britain's Butterflies 2007. Butterfly Conservation and the Centre for 

Ecology and Hydrology, Wareham 

Gezon ZJ, Wyman ES, Ascher, JS, Inouye DW, Irwin RE (2015) The 

effect of repeated, lethal sampling on wild bee abundance and diversity. 

Methods in Ecology and Evolution http://dx.doi.org/10.1111/2041-

210X.12375  

Gärdenfors U, Tranvik L, Sjödin Skarp L, Croneborg H (2015) 

Rödlistade arter i Sverige 2015. ArtDatabanken SLU, Uppsala (in 

Swedish) 

Hutchon DJR (2001) Calculator for Confidence Intervals of Odds Ratio 

in an Unmatched Case Control Study: 

http://www.hutchon.net/confidor.htm Accessed in May 2015 

Ibbe M, Milberg P, Tunér A, Bergman K-O (2011) History matters: 

Impact of historical land use on butterfly diversity in clear-cuts in a 

boreal landscape. Forest Ecology and Management 261, 1885-1891 

http://dx.doi.org/10.1016/j.foreco.2011.02.011 

JNCC (2010) UK Priority Species Pages: Melitaea athalia Version 2: 

http://jncc.defra.gov.uk/_speciespages/446.pdf Accessed in May 2015 

Jonason D, Milberg P, Bergman K-O (2010) Monitoring of butterflies 

within a landscape context in south-eastern Sweden. Journal for Nature 

Conservation 18, 22–33 http://dx.doi.org/10.1016/j.jnc.2009.02.001 

Kuussaari M, Heliöla J, Pöyry J, Saarinen K (2007) Contrasting trends of 

butterfly species preferring semi-natural grasslands, field margins and 

forest edges in northern Europe. Journal of Insect Conservation 11, 351-

366 

Maes D, Van Dyck H (2001) Butterfly diversity loss in Flanders (north 

Belgium): Europe's worst case scenario? Biological Conservation 99, 

263-276 http://dx.doi.org/10.1016/S0006-3207(00)00182-8 

Nilsson SG, Franzén M (2009) Alarmerande minskning av dagfjärilar. 

Fauna och Flora 104, 2–11 (in Swedish) 

http://dx.doi.org/10.1111/2041-210X.12375
http://dx.doi.org/10.1111/2041-210X.12375
http://www.hutchon.net/confidor.htm%20Accessed%20in%20May%202015
http://dx.doi.org/10.1016/j.foreco.2011.02.011
http://jncc.defra.gov.uk/_speciespages/446.pdf
http://dx.doi.org/10.1016/j.jnc.2009.02.001
http://dx.doi.org/10.1016/S0006-3207%2800%2900182-8


 10 

Nilsson SG, Franzén M, Jönsson E (2008) Long-term land-use changes 

and extinction of specialised butterflies. Insect Conservation and 

Diversity 1, 197-207 http://dx.doi.org/10.1111/j.1752-4598.2008.00027.x 

Nilsson SG, Franzén M, Pettersson LB (2013) Land-use changes, farm 

management and the decline of butterflies associated with semi-natural 

grasslands in southern Sweden. Nature Conservation 6, 31–48 

Pollard E, Greatorex-Davies JN, Thomas JA (1997) Drought reduces 

breeding success of the butterfly Aglais urticae. Ecological Entomology 

22, 315-318 http://dx.doi.org/10.1046/j.1365-2311.1997.00064.x 

Saarinen K, Lahti T, Marttila O (2003) Population trends of Finnish 

butterflies (Lepidoptera: Hesperioidea, Papilionoidea) in 1991–2000. 

Biodiversity & Conservation 12, 2147-2159 

http://dx.doi.org/10.1023/A:1024189828387 

Swedish Board of Agriculture (2013) Utvecklingen av ängs- och 

betesmarker 1890-2013: 

https://jordbruketisiffror.wordpress.com/2013/07/26/4699/ Accessed in 

May 2015 (in Swedish) 

Swedish Environmental Protection Agency (2014) Odlingslandskapets 

utbredning och innehåll: http://www.naturvardsverket.se/Stod-i-

miljoarbetet/Vagledningar/Miljoovervakning/Bedomningsgrunder/Odling

slandskap/Odlingslandskapets-utbredning-och-innehall/ Accessed in May 

2015 (in Swedish) 

Swedish University of Agricultural Sciences (2015) Nationell Inventering 

av Landskapet i Sverige: http://www.slu.se/sv/centrumbildningar-och-

projekt/nils/mer-om-nils1/ Accessed in May 2015 

Thomas JA (2005) Monitoring change in the abundance and distribution 

of insects using butterflies and other indicator groups. Philosophical 

Transactions of the Royal Society B 360, 339-357  

UKBMS (2014a) Pearl-bordered Fritillary (Boloria Euphrosyne): 

http://www.ukbms.org/SpeciesFactsheets.aspx?speciesId=14 Accessed in 

May 2015 

UKBMS (2014b) Small Pearl-bordered Fritillary (Boloria selene): 

http://www.ukbms.org/SpeciesFactsheets.aspx?speciesId=18 Accessed in 

May 2015 

http://dx.doi.org/10.1111/j.1752-4598.2008.00027.x
http://dx.doi.org/10.1046/j.1365-2311.1997.00064.x
http://dx.doi.org/10.1023/A:1024189828387
https://jordbruketisiffror.wordpress.com/2013/07/26/4699/
http://www.naturvardsverket.se/Stod-imiljoarbetet/Vagledningar/Miljoovervakning/Bedomningsgrunder/Odlingslandskap/Odlingslandskapets-utbredning-och-innehall/
http://www.naturvardsverket.se/Stod-imiljoarbetet/Vagledningar/Miljoovervakning/Bedomningsgrunder/Odlingslandskap/Odlingslandskapets-utbredning-och-innehall/
http://www.naturvardsverket.se/Stod-imiljoarbetet/Vagledningar/Miljoovervakning/Bedomningsgrunder/Odlingslandskap/Odlingslandskapets-utbredning-och-innehall/
http://www.slu.se/sv/centrumbildningar-och-projekt/nils/mer-om-nils1/
http://www.slu.se/sv/centrumbildningar-och-projekt/nils/mer-om-nils1/
http://www.ukbms.org/SpeciesFactsheets.aspx?speciesId=14
http://www.ukbms.org/SpeciesFactsheets.aspx?speciesId=18


 11 

UKBMS. 2014c. Small Tortoiseshell (Aglais urticae): 

http://www.ukbms.org/SpeciesFactsheets.aspx?speciesId=2 Accessed in 

May 2015 

UKBMS (2014d) Small Heath (Coenonympha pamphilus): 

http://www.ukbms.org/SpeciesFactsheets.aspx?speciesId=29 Accessed in 

May 2015 

UKBMS (2014e) Dark Green Fritillary (Argynnis Aglaja): 

http://www.ukbms.org/SpeciesFactsheets.aspx?speciesId=12 Accessed in 

May 2015 

UKBMS (2014f) Green Hairstreak (Callophrys rubi): 

http://www.ukbms.org/SpeciesFactsheets.aspx?speciesId=23 Accessed in 

May 2015 

UKBMS (2014g) Essex Skipper (Thymelicus lineola): 

http://www.ukbms.org/SpeciesFactsheets.aspx?speciesId=119 Accessed 

in May 2015 

UKBMS (2014h) Silver-washed Fritillary (Argynnis Paphia): 

http://www.ukbms.org/SpeciesFactsheets.aspx?speciesId=17 Accessed in 

May 2015 

Van Dyck H, Van Strien AJ, Maes D, Van Swaay CAM (2009) Declines 

in common, widespread butterflies in a landscape under intense human 

use. Conservation Biology 23, 957–965 http://dx.doi.org/10.1111/j.1523-

1739.2009.01175.x 

Van Swaay C, Cuttelod A, Collins S, Maes D, López Munguira M, Sasic 

M, Settele J, Verovnik R, Verstrael T, Warren M, Wiemers M, Wynhoff I 

(2010) European Red List of Butterflies. Publications Office of the 

European Union, Luxemburg 

Van Swaay C, Warren M, Loïs G (2006) Biotope use and trends of 

European butterflies. Journal of Insect Conservation 10, 189-209 

Warren MS, Hill JK, Thomas JA, Asher J, Fox R, Huntley B, Roy DB, 

Telfer MG, Jeffcoate S, Harding P, Jeffcoate G, Willis SG, Greatorex-

Davies JN, Moss D, Thomas CD (2001) Rapid responses of British 

butterflies to opposing forces of climate and habitat change. Nature 414, 

65–69 http://dx.doi.org/10.1038/35102054 

Öckinger E, Hammarstedt O, Nilsson SG, Smith HG (2006) The 

relationship between local extinctions of grassland butterflies and 

http://www.ukbms.org/SpeciesFactsheets.aspx?speciesId=2
http://www.ukbms.org/SpeciesFactsheets.aspx?speciesId=29
http://www.ukbms.org/SpeciesFactsheets.aspx?speciesId=12
http://www.ukbms.org/SpeciesFactsheets.aspx?speciesId=23
http://www.ukbms.org/SpeciesFactsheets.aspx?speciesId=119
http://www.ukbms.org/SpeciesFactsheets.aspx?speciesId=17
http://dx.doi.org/10.1111/j.1523-1739.2009.01175.x
http://dx.doi.org/10.1111/j.1523-1739.2009.01175.x
http://dx.doi.org/10.1038/35102054


 12 

increased soil nitrogen levels. Biological Conservation 128, 564–573 

http://dx.doi.org/10.1016/j.biocon.2005.10.024 

  

http://dx.doi.org/10.1016/j.biocon.2005.10.024


 13 

8 Appendix 

Changes in occurrences of butterfly species in Swedish grasslands over a 

five-year period as described odds ratios (bars indicate CI95 %). Positive 

values correspond to an increase, while negative values correspond to a 

decrease. 

 

Polyommatus icarus

Plebejus argus/P. idas

Pieris rapae

Erebia ligea

Ochlodes sylvanus

Lycaena phlaeas

Aricia artaxerxes

Lasiommata megera

Thecla betulae

Zygaena minos

Colias palaeno

Lycaena virgaureae

Aglais io

Lycaena helle

Pieris brassicae

Argynnis adippe

Papilio machaon

Hemaris fuciformis

Nymphalis polychloros

Hipparchia semele

Coenonympha pamphilus

Coenonympha tullia

Aglais urticae

Boloria selene

Plebejus optilete

Aricia eumedon

Aricia nicias

Boloria euphrosyne

Boloria aquilonaris

Limenitis populi

Coenonympha hero

Boloria thore

Boloria frigga

Plebejus argyrognomon

Vanessa cardui

Carterocephalus palaemon

Issoria lathonia

Satyrium w-album

Boloria eunomia

-8 0 8

ln(Odds ratio)



 14 

Appendix continued 

 

Zygaena filipendulae
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Appendix continued 

 

 

Aricia agestis

Polyommatus dorylas
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