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Abstract 
 

Management of rare and threatened species requires an understanding of processes limiting 

population establishment and growth. The Large blue butterfly Phengaris arion is thought to 

depend on two other organisms, the Thyme plant Thymus serpyllum and the ant genus 

Myrmica, for the completion of its life cycle. The large blue butterfly is very rare in Sweden 

and also declining in Europe, and both the large blue and Myrmica are red-listed and in need 

of protection. Studies conducted in Great Britain have suggested that a lack of suitable habitat 

with the presence of the host plant thyme and Myrmica limits the distribution of the large 

blue. A good environment for the butterfly is thus a habitat where all three organisms can 

exist. 

To examine whether vegetation structure and the density of Thymus serpyllum flowers and 

Myrmica ants are good predictors of the presence of the large blue in Sweden, I investigated 

sites where the butterfly has been observed or reportedly gone extinct in the last five years. I 

studied six sites on the mainland (one in the region of Stockholm, and five in the Uppsala 

region), and 10 sites on the island of Gotland. At each site, I recorded the density of thyme 

flowers and their phenological stage, the cover of field layer vegetation, shrubs, and trees, and 

any observations of the large blue and of ants.  

Sites with the large blue tended to have a higher density of thyme flowers than areas without 

observations of the large blue. However, abundance of Myrmica, temperature, cloudiness, 

vegetation height, cover of ground vegetation, shrubs and trees did not differ significantly 

between sites with and without the butterfly.  

Because the study species is rare and endangered, the number of sites with current and past 

occurrence is limited, which complicates the statistical analysis of factors influencing its 

distribution. However, the results indicate the importance of a high abundance of thyme 

flowers for the occurrence of the large blue. Ants of the genus Myrmica were observed at only 

two of eight sites with observations of the large blue.  This suggests that the method used to 

detect Myrmica ants was not efficient, or that in Sweden the large blue does not critically 

depend on the presence of Myrmica ants. To conclude, the remaining populations of the large 

blue should be monitored, and measures to improve habitat quality should be considered at 

sites where it has gone extinct. Reintroductions can be considered at sites where the species 

has previously existed and that have strong populations of thyme and Myrmica ants. This 

could potentially produce a similar success story as the reintroduction of the large blue 

butterfly in Great Britain. 

Keywords: Large blue butterfly, Myrmica, thyme, population size, habitat requirements, species composition 
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1. Introduction 
 

Management of rare and threatened species requires information about the factors governing 

population establishment and growth. Habitat loss and fragmentation due to changes in land 

use have been identified as critical factors contributing to the decline of butterfly species. 

Drainage of wetlands has resulted in drier habitats. Semi-natural grasslands in the form of 

pastures and meadows, which are generally good habitats for butterflies, have drastically 

decreased during the last 100 years, as has the ecotone between forests and such habitats. In 

addition, the use of artificial fertilizers, and pesticides has had a negative impact on the 

butterfly fauna (Holst, 2021). For conservation and restoration efforts, information about the 

habitat requirements of threatened species is fundamental. 

Some butterflies have a complex life cycle that includes an interaction with a specific host 

plant, but also with other species essential for larval development. For example, the large blue 

butterfly (Phengaris arion) oviposits on thyme, where the larva feeds on the flower bud. For 

the next stage of development, the larva drops from the thyme to the ground and then starts an 

acoustic mimicry to imitate an ant larva to attract Myrmica ants. If the butterfly larva succeeds 

to deceive the ant, the ant brings the larva to the colony. The butterfly spends the rest of the 

larval and pupal stages in the anthill. The pupa then hatches, and the butterfly climbs out of 

the anthill and a new cycle can begin (Hayes, 2015). 

The butterfly's population in Sweden decreased drastically due to the drought in 2018 and the 

population has not recovered (Rosquist, 2021). The large blue went extinct in the United 

Kingdom (UK) in 1979 but was successfully reintroduced in 1984. The reintroduction was 

based on available knowledge about the life cycle of the butterfly and its habitat requirements. 

For successful reintroduction, it was considered essential that habitats were sufficiently large 

and harbored a high density of thyme plants and ant hosts, and that cattle grazing was 

sufficiently intense (The Reintroduction of Large Blue Butterflies, 2021). 

In this project, I have compiled available information about the life cycle and habitat 

requirements of the large blue butterfly in Sweden. In addition, I have examined associations 

between the occurrence of the large blue butterfly, and habitat factors assumed to be 

important for its survival and reproduction. I have compared sites where the large blue occurs 

with sites where it is no longer found with regards to the presence and abundance of thyme 

and Myrmica ants, and the distance between the host plant and ant nests. I have tested the 

following hypotheses: At sites with the large blue, (1) the density of thyme flowers is greater, 

(2) Myrmica ants are more abundant, and (3) the distance between thyme plants and Myrmica 

nests are shorter, compared to sites where it is no longer observed. To characterize the 

openness of the study sites, I recorded the cover of shrubs, trees, and open meadow 

vegetation, and the height of the field layer. In addition, I recorded wind strength and 

temperature at the time of my visit, as the large blue prefers higher temperatures, whereas 

Myrmica prefers cooler and shaded sites (Elmes et al., 1998). 
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2. Background 

 

2.1 Species description 

The large blue butterfly is one of Europe's largest bluewing species with a wingspan of 33–42 

mm. In Sweden, the butterfly has been recorded in small populations in the last 5 years in 

Vallentuna outside Stockholm, Uppsala, eastern Skåne, and the islands of Gotland and Öland. 

The forewings of both sexes are solid blue with distinct black spots and the hindwings are 

spotless. The underside of the wings is grey with spots in both sexes, but the size of the spots 

varies between populations (Artdatabanken, 2022). The colony structure consists mostly of 

small colonies in the same habitat during the butterfly's life cycle. The butterfly can disperse 

up to 2-3 km from the birth habitat and thereby spread and form new colonies (Warren and 

Wigglesworth, 2004).   

 

2.2 Large blue life stages 

Ovipositing female butterflies search for thyme flower buds to lay eggs. A thyme flower bud 

is sufficient to feed only one larva, and females lay no more than one to two eggs per bud 

(Eeles, 2002). The egg-laying period lasts between two to five days. During a good season, a 

female can lay 50 – 100 eggs, and in a bad season about 25 eggs. The incubation period is 5-

10 days depending on the temperature (Thomas, 1989). 

 

The larval stage is spent eating the shell and thyme buds and before the next stage within the 

larva stage, there is a behavioral change (Thomas, 1989). The larva drops to the ground from 

the host plant and rises on its front legs in an attempt to imitate an ant larva that has left the 

anthill with an acoustic mimicry to deceive the genus Myrmica. The larva forms a secretion, 

which simultaneously produces a sound mimicking a calming effect and motivates the ant to 

close contact with the larva. Ants communicate with each other through a semiochemical 

substance with hydrocarbon on their skin, it identifies if they are from the same colony. The 

larva tricks the ant into close contact so that the hydrocarbon is transferred from the ant's skin 

to the larva’s, which creates the illusion that the larva belongs to the ant's colony. The feature 

of the larva is a strategy to be able to be adopted by different species of Myrmica (Hayes, 

2015). If the larva is accepted by the ant, the ant moves the larva to the ant colony with other 

ant larvae. For the development of a pupa, the larva eats ant larvae during the autumn and 

winter. The pupal stage lasts a few weeks in the spring and then the butterfly hatches and 

leaves the ant hill. The butterfly begins to search for a partner and a new life cycle begins 

(Eeles, 2002). 
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2.3 Environment description 
The large blue butterfly can be found on sun-exposed open and nutrient-poor land, with 

occasional bushes which give protection from strong winds. It is found in meadows, pastures, 

outcrop- and alvar habitats with plenty of thyme (Elmquist and Stadel Nielsen, 2006). The 

number large blue in Sweden reported to the species data bank between 2018–2022 varies 

among regions: Gotland  924, Skåne 282, Öland 201, Uppland 49, and Västergötland 22 

individuals (Artdatabanken, 2022). 

 

2.4 Host organisms: Thyme and Myrmica ants 

Thymus serpyllum is a perennial and fragrant dwarf shrub with rooting branches. Thyme 

flowers grow in clusters at the top of the stems and the flowering time is usually in July-

September. Thyme is found in dry and open habitats. Since 2020, the plant has been classified 

as near threatened (NT) in the red list  (Weber, 1947; Artdatabanken, 2022). The plant has 

been negatively affected by increased fertilization, overgrowth, and denser forests (Preston, 

Pearman and Dines, 2002). Measures to favor thyme could thus be increased grazing, 

allowing lands to recover from eutrophication, and clearing of forests. Thyme is found in 

most of Sweden from Skåne, along the Baltic coast to Norrbotten, and westward up to 

Jämtland (Artdatabanken, 2022).  

 

The genus Myrmica are red ants with red-yellow body color and may have darker pigments on 

the head (Weber, 1947). Ant colonies usually consist of 100 to 2000 workers with a few 

queens (Douwes et al., 2012). The butterfly needs large quantities of ant larvae to survive the 

larval stage (Thomas and Wardlaw, 1992).  In a previous study, it was found that on average 

422 worker ants are needed for a butterfly to survive in the colony. The ant is found in many 

different habitat types, but humidity and temperature should be correct for a site to be 

habitable. The height and density of vegetation influence protection from sun exposure and 

drying of the soil at the anthill (Elmes et al., 1998). Earlier studies discovered that grass 

height between 25-30 cm was good for protection against sun exposure and high 

temperatures. Myrmica ants prefer moist soil to build their anthills more easily. Myrmica 

rarely move far from the anthill (Brian, 1956). Myrmica is a red-listed ant genus that is part of 

Natura 2000 in Annex 4 to the Species and Habitats Directive (EUR-Lex, 2020). There are 

about 10 species in Scandinavia and 2-5 species occur in the same habitat as the Large blue 

butterfly (Elmquist and Stadel Nielsen, 2006). 

 

2.5 Why is the large blue butterfly threatened?  

During the life cycle, the large blue develops through several critical stages, and most 

individuals die before the adult stage. Suitable habitat for the host plant thyme and the host 

ant has decreased (Elmquist and Stadel Nielsen, 2006). One decisive factor for offspring 

survival is the female's choice of oviposition. The phenology of the host plant must be in the 

correct flowering phase and the eggs must be laid in areas with Myrmica (Fürst and Nash, 

2010; Patricelli et al., 2015). A short distance between thyme plants and the anthill is 

considered necessary for the larva to have a high chance of being found (Elmquist and Stadel 

Nielsen, 2006).  After adoption by the ant, the butterfly larva feeds on the ant larva in the hill. 

The number of ant larvae in small anthills may not be sufficient for the survival of butterfly 
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larvae over the winter. A larva may also be killed should it be discovered during the long 

period in the hill. When the butterfly leaves the anthill, it has its first opportunity to spread its 

wings and fly away. The butterfly must find vegetation that is not too high or too low to climb 

and then dry and extend its wings (Eeles, 2002). 

 

Limited gene exchange is expected among small isolated populations (Als et al., 2004). 

However, in Sweden, subpopulations of the butterfly are found in Öland, Gotland, and eastern 

Skåne that are connected through gene flow (Elmquist and Stadel Nielsen, 2006). The drought 

in Sweden in 2018 is thought to have caused the extinction of the relative Kronärtsblåvinge 

Plebejus argyrognomo, and is likely to have reduced population sizes and genetic variation in 

the large blue (Rosquist, 2021). 

2.6 The extinction and reintroduction of the Large Blue in Great Britain 

In Great Britain, the large Blue was captured and sold for its beautiful appearance, and as a 

consequence driven to extinction. In 1925, an attempt was made together with the Committee 

for the Protection of British Lepidoptera to save the species by trying to breed them in a 

laboratory (Thomas, 1980). Due to a lack of knowledge regarding the butterfly's life cycle and 

habitat requirements, the operation failed. Attempts were made to improve conditions for the 

butterfly in areas in the southwest of England by removing human impact and grazers and by 

preventing natural fires that decrease the abundance of gorse (Ulex europaeus) in the reserves. 

The butterfly was able to reproduce in only a few areas (Lee, 2003). Britain joined the 

Committee for the Conservation of the Large Blue in 1962 and spent more resources on 

studies of the butterfly's life cycle. The overgrowth of the meadows in the nature reserves led 

to the extinction of the butterfly in 1979, "Killed by kindness". Researcher Jeremy Thomas in 

Great Britain contacted a research team on Öland in Sweden in 1984 and obtained butterfly 

eggs for a re-establishment attempt in Great Britain. In the laboratory, the eggs were cared for 

and hatched into larvae. They developed into a few adult individuals, which were then 

reintroduced in areas where the butterfly had previously been found. These efforts have been 

successful and the large blue is now re-established in the UK (The Reintroduction of Large 

Blue Butterflies with LRWT Head of Conservation John Clarkson, 2021) 
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3. Methods 
 

3.1 Study sites 

To compare habitat conditions at sites where the large blue has recently been observed and at 

sites where it has been reported extinct, I visited 16 sites. I studied 9 sites where I expected to 

find the butterfly (Skesta hage in the Stockholm region, Hjälstaviken in the Uppsala region, 

and Alskoga 1, Alskoga 2, Asträsk 1, Asträsk 2, Garde 1, Garde 2 and Linde on Gotland), and 

7 sites where the species has been reported extinct (Bergesta focksta, Vånsjöåsen, Tuna 

Backar, and Dumdals ängar in the Uppsala region, and Aursviken, Mallgårds haid and 

Sandare kulle on Gotland). 

 

My choices of areas in Gotland were based on the inventory conducted by the Gotland County 

Board 2007-2009. Entomologist Håkan Elmqvist helped me select areas on Gotland where the 

greatest number of large blue butterflies were found during the inventory.  

The site in Stockholm was selected based on recommendations and previous knowledge by 

Julia Stigenberg from the Stockholm County board, and the sites in Uppsala were 

recommended by Erik Sjödin from the Uppsala County Board, where they annually monitor 

the large blue. 

3.2 Fieldwork 
Fieldwork was carried out in Uppsala on 8 and 12 July, in Stockholm on 14 July, and in 

Gotland 19-23 July 2022. The workday started between 08:00 and 11:00. I chose not to start 

later than 11:00 because when temperatures are too high, ants are not expected to be active. 

Each field day, I visited 1-3 sites depending on weather and distance between sites. 

At each site, any observations of the large blue and thyme plants were recorded. At each 

thyme plant, 20 x 20 cm squares were placed to count the density of thyme flower buds and to 

determine what percentage of buds was in the flowering phase. The distance was measured 

between thyme plants. To determine the presence of ants, I put out ant baits each consisting of 

three sugar cubes about 15 cm apart on a plate. At each plate, I took a GPS point. Ant baits 

were located at least two meters apart and next to thyme plants. After 60 minutes, I counted 

the number of ants that had been attracted to the sugar cubes and captured one specimen for 

species identification.  

To characterize habitat conditions, I recorded the height of ground vegetation (3 measures), 

management (nature reserve, protected area, or no protection), whether the site was grazed or 

not, the cover of bushes and trees in percentage, and whether it had been subject to natural 

fires or conservation burning. To describe weather conditions during my visit, I recorded air 

temperature above ant baits, cloudiness (proportion of sky covered), and wind speed using a 

scale of 1-5; 1. No wind, 2. Light wind but does not move bushes, 3. Bushes move with the 

wind, 4. Small trees/tree branches bend from the wind, 5. A strong wind (plate blew away). 
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Picture 1: Trap next to a thyme plant. 

 

 

3.3 Species identification 
The large blue was identified visually in the field. The wings are blue with distinctive and 

prominent black spots on the forewings. To identify ants, captured ants were taken and sent 

for identification to Erik Sjödin, coordinator of the action program for threatened species at 

the Uppsala County Administration Board. 

 
Picture 2: Large blue butterfly in the field. 

 
 

3.4 Analysis 

One challenge with studying rare and endangered species is that it is challenging to gather 

sufficiently large sample sizes to allow formal statistical analysis. Below, I therefore have to 

limit comparisons to simple tests and identifying whether trends in the data are consistent 

with predictions or not. 

I used the Wilcoxon rank test to determine whether sites with and without the large blue 

differed in the density of thyme flowers (the mean density of thyme flowers in the 20 x 20 cm 

plots), the proportion of thyme flower buds that had opened, air temperature and cloud cover 

the day the site was visited, or in the cover of the field, shrub or tree layer.   
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I examined a logistic model to examine whether the presence of the large blue was related to 

density of thyme flowers and whether it differed between sites on the mainland and Gotland, 

respectively.  Statistical analyses were conducted in JMP version 15. 

 

4. Results 
 

4.1 Presence of the large blue 

The Large blue was observed at seven of the nine sites at which it was expected based on 

previous reports (six sites on Gotland: Alskoga 1, Alskoga 2, Asträsk 1, Asträsk 2, Garde 1, 

and Garde 2, and one in the Uppsala region: Hjälstaviken). In addition, I found it at Dumdals 

ängar in the Uppsala region, where the large blue has not been seen in recent years. I did not 

find the butterfly at two sites where it has been recently recorded: Skesta hage in the 

Stockholm region, and Linde on Gotland.  

4.2 Differences in environmental variables between sites with and without the large 

blue 
Sites at which I observed the large blue had a higher density of thyme flowers compared to 

sites without the large blue (Table 1). However, sites with and without observations of the 

large blue did not differ with regards to the abundance of Myrmica ants (Table 1). In fact, 

Myrmica was found only at two of the eight sites where the large blue was observed. 

Moreover, sites with and without observations of the large blue did not differ in proportion of 

thyme flower buds in bloom, temperature, cloud cover, ground vegetation height, or cover of 

ground vegetation, shrubs and trees (Table 1).  

Table 1. Environmental variables at all sites where the large blue was observed (N = 8 

sites), and at sites where it was not observed (N = 8; mainland and Gotland considered 

together).  

 Large blue observed Large blue not observed Wilcoxon test 

 Mean Min Max Mean Min Max P 

Thyme flower density  51.9 29.1 66.1 30.1 18.8 39.2 0.0074 

Number of Myrmica 2.5 0 14 0.9 0 4 0.8360 

Temperature (0C) 28.4 19.2 33.3 27.9 22.2 35.6 0.7132 

Thyme flower buds in 

bloom (%) 

65.2 40 78.8 57.6 30 90.8 0.3181 

Ground vegetation height 

(cm) 

15.6 5.8 24.5 18.7 5.9 39.8 0.8748 

Cloudiness (%) 14 5 50 44 0 95 0.3015 

Field (%) 65 30 95 73.5 45 100 0.7518 

Shrubs (%) 24.3 5 60 19.3 0 50 0.3494 

Tree (%) 10.6 0 40 7.1 0 20 0.3082 

 

The logistic model showed that presence of the large blue was positively associated with the 

density of thyme flowers (chi-square = 4.36, P = 0.0368), but did not differ between sites 

examined at the mainland and Gotland, respectively (chi-square = 0.03, P = 0.8594).  

Density of thyme flowers results from the Wilcoxon test, only the density of the thyme had a 

significant value. 
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4.3 Presence of the Myrmica 

Myrmica was found at four sites: (Asträsk 1, 14 individuals; Hjälstaviken, 6 individuals; 

Linde 6 individuals and Sandare kulle 3 individuals). Asträsk 1 and Hjälstaviken were the 

only sites with both Myrmica and the large blue.  

Ground vegetation height, shrub cover, tree cover and temperature tended to be lower, and 

cloudiness greater at sites with observations of Myrmica compared to sites with no Myrmica 

observed (Table 2). However, the density of thyme flowers and the proportion of thyme 

flower buds in bloom did not show any striking differences between sites with and without 

Myrmica (Table 2). 

 
Table 2. Environmental variables at sites where Myrmica was observed (N = 4 sites),  and 

at sites where it was not observed (N = 12).  

 Without Myrmica With Myrmica 

 Mean Min Max Mean Min Max 

Thyme flower density 39.6 24.3 66.1 45.1 18.8 65.3 

Number of Myrmica 0 0 0 4 1 14 

Temperature (C0) 29.5 22.6 35.5 23.9 19.1 31.7 

Thyme flower buds in bloom (%) 62.45 75 79 62.4 47 78.8 

Ground vegetation height (cm) 18.6 5.8 3.8 12.7 5.9 19.8 

Cloudiness (%) 19 0 95 58 5 95 

Field (%) 63.1 20 95 87.5 70 100 

Shrubs (%) 26.6 5 60 7.5 0 20 

Tree (%) 10.1 5 40 5 0 10 
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The most common ant species at the study sites was Formica rufibarbis (Table 3). On average 

two species were observed per site. The site with the highest abundance of ants was 

Hjälstaviken. On average, 17.8 individuals were observed per trap, (6.8 excluding 

Hjälstaviken). 

 
Table 3. Number of ants and species at each study site 

 

 

 

4.4 Land use 

 

Four of the eight sites where the large blue was found and six of the eight sites without the 

large blue were grazed by cows, goats, and/or horses (only cows at sites with the butterfly). 

The remaining sites were overgrown. All sites with the butterfly except the nature reserve 

Hjälstaviken were natural scenery (naturlanskap). Two of the eight areas without the butterfly 

were not nature reserves or protected areas (Table 4). 

Three of the four sites with Myrmica were nature reserves and grazed by cows, goats, or 

horses. Six of twelve sites without Myrmica were grazed by cows, goats, and horses, and three 

were nature reserves (Table 4).  

Site Ant species Number of 

individuals 

   

Alskoga 2 Formica rufibarbis   1 

Asträsk 1 Formica polyctena   3 

  Myrmica sabuleti 14 

Aursviken Formica fusca 18 

  Temnotorax tuberum 13 

Bergesta Focksta Formica polyctena 22 

Dumdals ängar Formica fusca   9 

  Formica rufibarbis 20 

Garde 1 Formica sanguinea 15 

Garde 2 Camponotus herculeanus   7 

  Lasius niger   9 

  Formica polyctena 10 

Hjälstaviken Formica rufibarbis 55 

  Myrmica schencki   6 

Linde Myrmica schencki   4 

Sandare kulle Formica fusca   6 

  Temnotorax interruptus 16 

  Temnotorax parvulus   9 

  Myrmica scabrinodis   3 

Skensta hage  Formica rufibarbis   3 

  Lasius niger 12 

Vånsjöåsen Formica rufibarbis 28 
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There were two sites at which both the large blue and Myrmica were observed. Both sites 

were grazed by cows. Asträsk 1 is an open field with some overgrowth, and Hjälstaviken is a 

protected nature reserve (Table 4). 

 

Table 4. Environmental variables at  different sites. 

 Large blue 

Butterfly   

Myrmica Grazing Threats 

(overgrowth /none) 
Protection 
(nature reserve/none) 

Alskoga 1 4 0 No overgrowth None 

Alskoga 2 2 0 No overgrowth None 

Asträsk 1 4 14 Cow overgrowth None 

Asträsk 2 1 0 No overgrowth None 

Aursviken  0 0 No None Nature reserve 

Bergesta Focksta 0 0 Horse None None 

Dumdals ängar 1 0 Cow None None 

Garde 1 7 0 No None None 

Garde 2 6 0 No None None 

Hjälstaviken 5 6 Cow None Nature reserve 

Linde 0 4 No None Nature reserve 

Mallgårds haid 0 0 Cow overgrowth Nature reserve 

Sandare kulle 0 3 Horse and goat None Nature reserve 

Skenstahage 0 0 Goat None Nature reserve 

Tuna Backar 0 0 Horse overgrowth None 

Vånsjöåsen 0 0 Cow None Nature reserve 
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5.Discussion 

Several factors have been suggested to affect the occurrence of the Large blue. As predicted, 

the abundance of thyme flowers was greater at sites with than at sites without the large blue. 

However, sites with and without observations of the large blue did not differ significantly in 

several other variables of putative importance for the large blue, including the abundance of 

Myrmica ants and land use.  

I observed the large blue at Dumdals ängar but not at Skesta hage. This was unexpected, 

because the large blue has not been observed in Dumdals ängar in the preceding five years in 

inventories conducted by Erik Sjödin. By contrast, at Skesta hage, Julia Stigenberg found 

several individuals in the preceding year. It may be a sign that in these two sites, there may be 

colonization and extinction dynamics. Another explanation could be that we have used 

different inventory methods. I walked around the area for an hour and searched for the large 

blue whereas Sjödin and Stigenberg followed a transect on a map in a predetermined part of 

the area. It is of course possible to miss the butterfly on a single visit, but I visited sites only 

at times when conditions were judged suitable for observations of butterflies in flight. 

Species records reported to Artportalen are used to assess conservation status, but the results 

of the present study show that one cannot expect all occurrences of a species to be observed 

and reported. Artportalen is a database with records of observations from surveys, regional 

environmental monitoring, follow-ups of the biogeographical areas, species inventory for 

threatened species, and annual observations reported by private stakeholders. In 2022, there 

was no record of the butterfly in the areas I surveyed. This could be because inventory 

intensity varies from year to year, and this could be for different reasons for the different 

inventories such as authority inventories, voluntary organizations, and private individuals. 

Moreover, not all inventories are registered at Artportalen. 

Intensive agricultural practice negatively affects the large blue by reducing suitable habitat. 

The Swedish islands of Gotland and Öland are therefore important for the total population of 

the butterfly. These islands have favorable environments, and the subpopulations are stronger 

than that on the mainland and contributes to a classification on the Red List that is better than 

would otherwise be the case (NT; Near Threatened) (Tillstånd och trender för arter och deras 

livsmiljöer: rödlistade arter i Sverige 2020, 2020). More generally, the agricultural landscape 

on Gotland harbours more red-listed species than other parts of Sweden. If populations on 

Gotland and Öland were to be excluded from the Swedish fauna, red-listed species would 

clearly be negatively affected because many red-listed species have strong populations on 

these islands (Sternberg et al., 2015).  
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Swedish butterfly monitoring indicates declining trends for butterfly species. Part of the 

problem can be climate change. Extreme events such as droughts and floods can negatively 

affect species survival and biotic interactions, and this may be particularly critical for species 

with limited distributions. The drought in 2018 reduced populations of butterflies throughout 

Sweden. The mainland has extremely few populations of the large blue and they are 

fragmented, which may pose a risk of increased mortality. Both the host ant and plant are 

sensitive to warmer climates. The ant does not leave the nest during warm periods. The 

butterfly depends on the flowering time of thyme for egg and larval stages. Droughts can 

cause a mismatch in the phenology of the butterfly and the flowering of the thyme, which may 

negatively affect the survival of the butterfly. In recent years, the early flight was not 

synchronized with the development of the host plant (Holst, 2021). 

Rain and wind were influencing factors during fieldwork. Large blue butterfly has a flight 

time of about 2 weeks, which limits the time for fieldwork. The flight time for Stockholm and 

Uppsala was during week 27-28 and on Gotland was week 28-29. During the two weeks in 

the province of Uppland, there were a total of eight days of rain. During the fieldwork in 

Skesta hage, there was a strong wind and on two occasions a trap flew away by the wind. 

Fieldwork on Gotland was affected by bad weather which may affect the activity of the 

butterfly (SMHI, 2022). Previous studies have shown that grazing pressure can affect the 

survival of the large blue butterfly (Eeles, 2002; Elmquist and Stadel Nielsen, 2006).  I 

observed the large blue butterfly at eight sites, three of which were grazed by cows. By 

contrast, I did not record the butterfly at the three sites grazed by horses and the two sites 

grazed by goats. Cows eat grass in shreds, goats clean the ground and horses only eat the 

upper part of the grass. 

Butterflies are known to be found in open warm sunny areas, whereas ants usually reduce 

their activity in warm climates (Elmes et al., 1998). During the project, the temperature was 

between 19–38 C, with an average of 28 C. Temperatures at which I observed the Large blue 

butterfly ranged between 19–33 C and for Myrmica between 19–31 C. Thus, the temperature 

range at which the two species were observed did not differ. Still, different habitat 

requirements of the butterfly and the ants with which it interacts could become a problem as 

temperature increases due to climate change. An increase in temperature may not be a 

problem for the butterfly, but habitats with few or non-shady areas are not favourable habitat 

for Myrmica (Elmes et al., 1998). 

 

The butterfly's distribution in the Palearctic region extends throughout Europe to China and 

parts of the northern coast of Africa towards the Mediterranean. Loss of habitats in Europe 

has affected the conservation status of the Large blue, and a decrease of the butterfly in 

Europe has been documented. Extinction of the species was recorded in the Netherlands in 

1964, Great Britain in 1979 and Belgium in 1996. The Large blue has been reintroduced in 

Great Britain, and it has recolonized Belgium (Bereczki et al., 2022). At the northern 

distribution borders a severe reduction of the Large blue has been observed (Wynhoff, 1998). 

 

Studies on the population of Large blue in Italy, Poland, Hungary and Romania found that 

there were more females than males in small populations, without any indication of protandry 

(Osváth-Ferencz et al., 2017). 
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Genetic variation in populations of Large blue is not a problem as long as gene flow can be 

moved between several populations. Distance between different populations must not be an 

obstacle to gene flow. In the case of reduced habitats, gene flow between populations can be 

affected. The risk of increased inbreeding can create harmful effects and this can also reduce 

the population (Ugelvig et al., 2012). There were smaller distances and more areas with 

populations that were close or adjacent to each other on Gotland compared to Stockholm and 

Uppsala. This could be a reason why more butterflies were found on Gotland compared to the 

mainland. 

To conserve the species, certain factors of primary importance are required. A strong 

population depends on even gender distribution and survival mechanisms. The butterfly lives 

in various xerothermic environments throughout Europe. This hot and dry environment can 

lead to difficulties for the conservation of the butterfly. Host plants and ants require different 

habitats, but the complications must be resolved because the host organisms are part of the 

butterfly's life cycle (Osváth-Ferencz et al., 2017). 

Climate change with the meaning of increased temperature does not affect the butterfly 

directly if the temperature rises a few degrees. Habitat and both host organisms will be 

affected by climate change. Hot and with few or non-shady areas are not favourable habitat 

for Myrmica (Elmes et al., 1998). 

Habitat fragmentation can result in reduced gene flow between populations and increased 

inbreeding in local populations. Increased inbreeding can create harmful effects and 

negatively affect population viability (Ugelvig et al., 2012). There are more populations, and 

distances among populations are shorter on Gotland compared to the Stockholm and Uppsala 

regions, which should produce a more favourable situation for the butterfly in the former area. 

An increased knowledge and basic understanding of the biology of the species should help the 

development of successful management. There are yet few studies that have examined the 

butterfly's behaviour and survival in the anthill. Examining the life stages of Large blue in the 

anthill in the field is challenging, not the least because both Myrmica and the Large blue are 

threatened, which limits possible research practices. 

The large blue butterfly's unique life cycle and beautiful appearance should be preserved 

because rare species create interest. The butterfly can serve as an indicator of threatened 

environments and its fauna and flora. Action programs for large blue can therefore help 

provide better conditions for other threatened species as well. However, more strict area 

protection is not the whole solution because the butterflies often move around the landscape, 

which makes it necessary to secure the management of a network of valuable flower-rich 

lands. One problem is that the current compensation levels are not attractive to the landowners 

(Holst, 2021). 

6.Conclusion 
There is a need for more studies like mine where you examine conditions required for the 

persistence of the large blue in Sweden. There is greater dispersal potential for large blue in 

the UK than in Sweden. This makes it more difficult to compare habitats in the UK with 

Sweden. Hence the importance of investigating and understanding large blue´s habitat in 

Sweden. 



17 
 

In my study, I expected to find more Myrmica, and in particular at sites with the large blue. If 

I could continue the study, I would conduct inventories with more traps within my study sites 

to determine whether I might have missed them. If they are not in sites where I found the 

butterfly, there could be a possibility that the large blue has adopted a way to reproduce 

without the help of Myrmica. That would be important to know for action programs for the 

large blue.  

After the drought in 2018, the large blue has not been seen again in several areas in Sweden. 

To improve the population status, reintroductions could be attempted. For this, sites with 

strong populations of Myrmica and thyme should preferentially be selected. 
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Appendix 1 

Inventory Protocol 
 

Cloudiness: Percentage of the sky is covered by clouds: 

Wind: Measure wind pressure scale 1-5 

1. Windless 

2. Light wind but does not move the bushes 

3. Bushes moves with the wind 

4. Small trees/tree branches bend from the wind 

5. Strong wind (plate blew away) 

Each plate GPS point was measured 

Temperature per plate: Measure the temperature above the trap at the end of the hour. 

Did I see a large Blue in the area: Yes / No 

Number of ants found in the area: 

Found Myrmica in the area: 

Habitat type: Short descriptive of the area 

Protection: nature reserve/protected area/none: 

Threats: overgrowth/overgrazing/none 

Grazing: Are animals grazing in the area? Which of which ones? 

The density of buds: Each plate was placed besae at of thyme. A “block” Measured 

20cmx20cm. Each branch from the wreath was measured. 

Flowering phase: Percentage of thyme was in bloom. 

 

Plant height: Measure 3 different plant heights around the thyme. 

Frequency of the thyme: 

1. Plants with 2-meter distances between each other 

2. Plants with more than 2 meters distance between each other. 
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Short environmental description of each site 

 
Picture 3: Alskoga 1, had different habitat types, and outcrop areas, from open landscapes with outcrop areas to 

alvar forests with natural sinks and glades. The area was a stony outcrop area with a fence, but no sign of grazing 

animals. 

 
Picture 4: Alskoga 2, has different habitat types, and outcrop areas, from open landscapes with outcrop areas to 

alvar forests with natural sinks and glades. Alskoga 2 was a natural forest clearing with mature trees all around. 
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Picture 5: Mallgårds haid, Nature reserve with varying substrate and vegetation. Forest glades and scrub 

surrounded by pine forest.  

 
Picture 6: Garde 1, An open area affected by car traffic. An open field with few bushes and forest. 
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Picture 7: Garde 2, an area with short vegetation with few bushes adjacent to the forest. 

 

Picture 8: Asträsk 1, a large grassy area with few bushes an adjacent forest, and a little lake. 
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Picture 9: Asträsk 2, Large hilly grass area with remaining dead branches after felling. 

 

Picture 10: Linde, the nature reserve is a hilly mountain area with several large clearings in a pine forest. Thyme 

grows around the edge of the mountain. 
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Picture 11: Aursviken, a nature reserve with sparse shrubbery next to a forest by Lake Bondansträsk. 

 

Picture 12: Sandare kulle, in the upper part of the nature reserve there were a few buses and several trees. 

Grazing of horses and goats. Below the hill in an enclosure were cows grazing. 
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Picture 13: Skenstahag, a nature reserve meadow with a small slope surrounded by bushes and trees. 

 
Picture 14: Hjälstaviken, a nature reserve mountain hill with few bushes and trees. At the edge of the hill, there 

was tall grass and then a forest. 
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Picture 15: Dumdals ängar, a short slope of a mountain hill with lots of trees and bushes. Below the hill was tall 

grass for cow grazing. 

 
Picture 16: Tuna Backar, hills with lots of trees and bushes. Adjacent stables with low-intensity horse grazing 
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Picture 17: Vånsjöåsen, natural gravel with cobblestone sauce and open areas with bushes. Grazing by cows. 

 

 
Picture 18: Bergesta focksta, enclosed horse paddock with open grasslands with few bushes and stones with the 

surrounding forest 
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Appendix 2 

Statistics and table 
 

 



31 
 

 

 

 

 



32 
 

 



33 
 

 



34 
 

 



35 
 

 



36 
 

 

 


