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1 Abstract 

Detailed knowledge about the habitat requirements of butterflies is vital for 

successful conservation. The aim of the present study was to examine the 

habitat requirements of the endangered butterfly Scolitantides orion on 15 

sites in Östergötland, Sweden. The requirements of adults and ovipositing 

females were studied with regard to several environmental variables 

measured at three scales; small, transect and large scale. The probability of 

finding adults increased with decreasing tree cover at the small scale, and 

adult numbers increased with the proportion of bare rock at the large scale. 

In contrast, ovipositing females mainly responded to the small scale. The 

main finding was that females oviposited in areas with higher tree cover   

(< 70 %) than that preferred by dwelling adults (< 20 %). However, there 

was a greater probability of finding eggs when tree cover was less than    

50 %. Furthermore, egg numbers on host plants increased with the number 

of leaves on the stem and with the proportion of surrounding bare rock or 

bare ground. At the transect scale, females oviposited in areas with a higher 

density of host plants. To conclude, S. orion predominately inhabits open 

areas with warm microclimatic conditions for dwelling and oviposition. To 

conserve this species, suitable areas containing nectar plants and high 

densities of host plants with large leaf numbers and surrounded by large 

proportions of bare rock or bare ground, should be preserved. The areas 

should be maintained by selective clearing at regular intervals to uphold 

canopy openness and heterogeneity. 

2 Introduction 

The global rate of species extinctions is currently estimated to be 100 to 

1000 times higher than the natural background extinction (Pimm et al. 

1995). The main threats to global biodiversity are habitat loss and 

fragmentation (Fahrig 2003). Some species are particularly vulnerable to 

environmental change. These include food specialists, habitat specialists 

and rare species (Kotiaho et al. 2005, Ewers & Didham 2006, Brückmann 

et al. 2010). 

One species group that is sensitive to environmental change is butterflies, 

and many European butterflies have declined in abundance during the last 

decades due to habitat loss and fragmentation (van Swaay et al. 2010). 

Butterflies respond faster to environmental change than both birds and 

vascular plants because they have a short lifespan (Thomas et al. 2004) and 

often are restricted to specific habitats (Brückmann et al. 2010, Krauss et 
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al. 2010). Butterflies are thus valuable indicator species of habitat health 

(Bourn & Thomas 2002, Krauss et al. 2010). 

To conserve a certain butterfly species, knowledge about its habitat 

requirements at different life stages is needed (Murphy et al. 1990). Adults 

and immature stages require specific conditions which may be completely 

or partly separated in space (Dennis et al. 2006). Adults can respond to 

different external factors at a macrohabitat and microhabitat scale, such as 

nectar resources (Williams 1988, Britten & Riley 1994, Ravenscroft 1994a, 

Batáry et al. 2007), host plant resources (Krauss et al. 2005) and vegetation 

structure (Grundel et al. 1998a, Eichel & Fartmann 2008, Rosin et al. 

2012). However, the habitat requirements of immature stages are often 

more specific than those of adults. Thus, it is usually the requirements of 

larvae and pupae that determine population size and distribution 

(Ravenscroft 1994b, Thomas et al. 2001, Krauss et al. 2005, Thomas et al. 

2011). When females select an oviposition site, they usually determine the 

environment for both egg and larval stages (Wiklund 1984) with 

implications on offspring growth and survival (Thompson 1988, Grundel et 

al. 1998b, Bonebrake et al. 2010). Ovipositing females can respond to 

different external factors at multiple scales; macrohabitat (e.g. host plant 

density; Gutiérrez et al. 1999), microhabitat (e.g. vegetation structure; 

Grundel et al. 1998a, Hatada & Matsumoto 2008), host species (Tränkner 

& Nuss 2005) and individual host characteristics (e.g. leaf colour; 

Stefanescu et al. 2006, plant height; Strausz et al. 2012). 

One specialised butterfly that has decreased in distribution and abundance 

in many European countries mainly due to fragmentation is Scolitantides 

orion (van Swaay & Warren 1999). The current threat status of this blue 

butterfly is LC (least concern) in Europe and NT (near threatened) in the 

European Union (European Red list of butterflies; van Swaay et al. 2010). 

In Sweden, S. orion is currently classified as EN (endangered) due to rapid 

population declines in the last three decades (Red list of Swedish species; 

Swedish Species Information Centre 2012). The species was formerly 

distributed from Västra Götaland County to Uppland County, southern 

Sweden (Elmquist 2011). In 2011, the Swedish population of S. orion was 

estimated to 1000 individuals (Elmquist 2011). The population is currently 

found in four regions, but the main occurrences are in Bråviken in 

Östergötland County and Marvikarna in Södermanland County (Elmquist 

2011, Species Gateway 2013). In these regions, the species inhabits sun 

exposed rock outcrops and slopes with sparse vegetation (Marttila et al. 

2000, Elmquist 2011). Scolitantides orion is an indicator of this habitat 

type which is also inhabited by other red-listed butterflies such as 
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Parnassius apollo (Elmquist 2011). The main threat to S. orion is currently 

forest closure in midland sites, though vegetation closure caused by litter 

accumulation in rock crevices may also be a future threat in coastal sites 

(Elmquist 2011). 

The aim of this study is to gain a better understanding of the habitat 

requirements (assuming that preference equals requirement; Thompson 

1988, Grundel et al. 1998b, Bonebrake et al. 2010) of adult and ovipositing 

S. orion butterflies. Today, there are no detailed studies on the habitat 

requirements of this species and such information can be vital for 

conservation efforts. The information may be used to develop a 

management plan for S. orion and to select suitable locations for population 

translocation. 

3 Material & methods 

3.1 Study species 

In Sweden, S. orion adults start to emerge from over-wintering pupae in 

early May and the flight period ends in late June (Species Gateway 2013). 

Individuals are on the wing for only short periods each day (Elmquist 

2011). Due to their characteristic wing pattern (Figure 1a) they can easily 

be distinguished from other blue butterflies flying at the same time. The 

adults are attracted to five major nectar plants; Spergula morisonii, 

Geranium sanguineum, Viola tricolor, Lychnis viscaria and Crepis spp. 

(Elmquist & Carlsson 2009). A few days after adult emergence, females 

start to oviposit (Tränkner & Nuss 2005). In Finland and Sweden, the 

species has been observed to oviposit on Sedum telephium ssp. maximum 

(hereafter referred to as S. maximum; Figure 1b), a perennial succulent 

plant often found on rock outcrops or slopes (Feilberg & Svedberg 2000, 

Marttila et al. 2000, Tränkner & Nuss 2005, Mossberg & Stenberg 2010, 

Swedish Species Information Centre 2012). The eggs are laid individually 

or in small batches, and can be placed either on the adaxial or abaxial 

surface of leaves or along the stem (Elmquist 2011). 

The eggs develop during approximately two to three weeks (Swedish 

Species Information Centre 2012). They have a diameter of 0.5 mm, and 

their characteristic circular form with an inward bend in the middle makes 

them easy to distinguish (Figure 1c). In early June, the eggs hatch as larvae 

(Species Gateway 2013). The larval stage lasts during approximately 31 

days (Tränkner & Nuss 2005) during which the larvae feed on the leaves 

and stems of S. maximum (Elmquist 2011). The larvae may form 
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facultative associations with ants (Tränkner & Nuss 2005) in which larvae 

provide ants with sugar-rich secretions while ants are thought to protect 

larvae from predators (Pierce et al. 2002, Daniels et al. 2005, Elmquist 

2011). There are no data on when the pupae are formed (Species Gateway 

2013), but from the data on other life stages and their length it can be 

assumed that the pupae are formed in early August. The pupae are dormant 

under rocks or in cliffs to the following year or the year thereafter when 

they hatch into flying adults (Elmquist & Carlsson 2009). 

3.2 Study area 

The study was conducted in a region (58°40´ N, 16°18´ E) north of the bay 

Bråviken in Östergötland County. The region is dominated by rock 

outcrops and slopes with sparse vegetation and mixed woodland. It is partly 

fragmented by human settlements in the form of vacation houses. A 

railway runs next to the rock outcrops and slopes in some parts of the 

region. 

A total of 15 sites in Bråviken were chosen based on the number of adult 

individuals observed in each site during the years 2009–2011
1
 (Figure 1d). 

The sites represented areas with none to a high number (up to 93) of 

observed adults. They included one or more rock outcrop or slope, 

seemingly suitable for S. orion, and potentially unsuitable areas such as 

dense woodlands. The vegetation structure differed only slightly between 

sites and their sizes ranged from 0.32 to 4 hectares. All sites, except one, 

include sites from earlier field inventories. 

 

 

 

 

 

 

 

_________________ 

1
Jan Axelsson “Inventering av fetörtsblåvinge (Scolitantides orion)”, unpublished 

documents 



 
5 

 

Figure 1. a) Wing pattern on the upper side (left) and underside (right) of 
Scolitantides orion. b) Scolitantides orion female ovipositing on Sedum 
maximum. c) Scolitantides orion egg. Photos: Karl-Olof Bergman. d) The 15 
study sites in Bråviken, Östergötland County, southern Sweden. The size of 
dots represents the size of sites, i.e. smaller dots represent small-sized sites 
and larger dots represent large-sized sites. 

3.3 Species surveys 

The study was conducted between 10th May and 1st August 2012, covering 

adult and egg stages. 

3.3.1 Adult survey 

Sites where a high number of S. orion adults had been observed in earlier 

field inventories were monitored daily from 10th May and onwards to 

determine the time of emergence and consequently the peak flight period, 

i.e. the time when most adults had emerged. The adult survey was carried 

out from 19th
 
to 27th May to cover the peak flight period. All 15 sites were 

surveyed in daytime between 10 am and 6 pm (Swedish summer time,  
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GMT+2), corresponding to S. orion activity
2
. Inventories were performed 

during sunny conditions in temperatures above 17 °C and wind speed 

below 8.0–10.7 m s
-
¹ (following Wikström et al. 2009 and Elmquist 2011). 

No inventories were carried out in strong rains or thunderstorms, since S. 

orion is thought to fly in sunny weather only (Elmquist 2011). 

At each site, adult occurrence and abundance was determined by walking 

in line transects and recording all observed individuals within a semi-circle 

2.5 m ahead and 2.5 m to each side of the observer. Transects were parallel 

to the long side of each site and located 10 m apart. They were walked in a 

steady pace of approximately 50 m min
-1

 (following Wikström et al. 2009). 

Each site was surveyed once, and care was taken to avoid double-counting 

individuals by viewing the flight of observed individuals whenever it was 

possible. 

When spotting a flying or resting individual, a number of environmental 

variables were recorded (Table 1). When an individual was found on a 

nectar plant or other vegetation, also the visited plant species was noted. 

To compare adult occurrence with the composition of sites, a survey of 

systematically selected points was carried out simultaneously during the 

study period in all 15 sites. Points were chosen by demarcating sites on a 

map and with even distances noting the GPS coordinates within each site 

(using http://kartor.eniro.se/). Between 30 and 60 GPS points were visited 

in each site, with larger sites having a higher number of points. The GPS 

points were examined with regard to the same environmental variables 

recorded in the adult survey (Table 1). 

 

 

 

 

 

 

 

_________________ 

2
pers. comm., Jan Axelsson, Swedish Society for Nature Conservation 

http://kartor.eniro.se/
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Table 1. Environmental variables recorded in the adult survey and egg survey 
of Scolitantides orion butterflies in Bråviken, Östergötland County, southern 
Sweden. 

Variable Adult Egg    Description, (diameter of circle) 

Inclination (º) ● ● The slope of the ground was measured by using an 
inclinometer, (5 m Ø). 

Sun exposure (%) ● ● By facing south and estimating the proportion of sunlight 
reaching the spot from east to west, i.e. during a day. 

 Cover of trees (%) ● ● Vegetation above 3 m, (5 m Ø).  

Cover of bushes (%) ● ● Bushy vegetation below 3 m, (5 m Ø). 

Proportion of bare rock (%) ● ● (Adult: 5 m Ø), (Egg: 15 cm Ø). 

Proportion of bare ground (%)  ● (15 cm Ø). 

Proportion of vegetation (%)  ● (15 cm Ø). 

Vegetation height (cm)  ● By using a vegetation height gauger, i.e. a 30 × 30 cm 
aluminium disc (430 g) is dropped down a vertically held 
ruler and vegetation height is determined from where the 
disc comes to rest (Ekstam & Forshed 1996), (15 cm Ø). 

Number of nectar plants ●  Number of stems of the five major nectar plant species, 
(5 m Ø). 

Number of host plants ● ● Number of stems of (surrounding) host plants,         
(Adult: 5 m Ø), (Egg: 2.5 m Ø). 

Plant height (cm)  ● Length of host plant stem. 

Number of leaves  ● Number of leaves on host plant stem. 

Soil depth (cm)  ● Where the host plant stands, by using a graded steel 
stick. 

● = Variable studied. 

3.3.2 Egg survey 

Sedum maximum plants were examined for S. orion eggs in the end of the 

peak flight period and daily thereafter. Due to a period of cold weather, the 

developmental time of eggs was thought to be prolonged. The egg survey 

was therefore carried out two to four weeks after the peak flight period, 

between 12th and 28th June, which was considered as the peak egg period. 

Among the 15 sites, seven sites were surveyed for occurrence and 

abundance of eggs. These sites differed in one or more aspects; size, 

location and number of adult individuals observed in each site, in order to 

achieve information about oviposition choice in different habitats. 
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Host plant choice of ovipositing females was examined by walking in line 

transects of 2 m width, and recording all stems of S. maximum with and 

without eggs within certain plots along the transect. Transects were parallel 

to the long side of each site, and the plots examined differed somewhat 

between sites of different size (Table 2). 

Table 2. Transect plots examined for Sedum maximum plants and Scolitantides 
orion eggs on seven sites in Bråviken, Östergötland County, southern Sweden. 

Site Transect 
plot area 

Distance between plots along 
transect, i.e. non-recording parts 

Distance between 
transects 

Number of plots 
recorded 

1    20 m
2
 10 m 15 m 37 

2      6 m
2
 15 m 10 m 33 (with host plants) 

7 

8 

12 

   20 m
2
   0 m 10 m 28 

45 

  9 (with host plants) 

10 

13 

   20 m
2
 10 m 10 m 47 

33 

Sedum maximum plants with and without eggs were examined with regard 

to a number of environmental variables (Table 1). When an egg was found 

on a plant, its position was noted according to 1 for placement on the first 

leaf round, 2 for placement on the second leaf round and 1.5 for placement 

on the stem between first and second leaf rounds, and so on. It was also 

noted whether the egg was located on the adaxial or abaxial surface of the 

leaf. 

In five of the seven study sites, the overall percentages of sun exposure, 

cover of trees and bushes, and proportion of bare rocks were recorded for 

each transect plot to gather information about which variables that 

determine egg occurrence. All variables were recorded in the same manner 

as that described in Table 1. 

3.4 Statistical analyses 

3.4.1 Adult survey 

To examine how adult occurrence and abundance was affected by recorded 

environmental variables, data from the adult survey and the survey of 

systematically selected points was used. Among the 15 study sites, data 

was analysed from a total of eight sites where seven or more adults had 
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been observed. In total, 472 points were investigated in these sites and used 

in analysis. 

Environmental variables that were not normally distributed were 

transformed prior to analysis. The independent variable inclination was 

square root transformed, whereas the variables cover of bushes and number 

of nectar plants were log transformed. The variables cover of trees, sun 

exposure, proportion of bare rock and number of host plants were not 

transformed. Correlation analysis was performed and among the variables 

that were highly correlated (R ≥ 0.707) only the most biologically 

meaningful variable was kept for further analysis. The variables cover of 

trees and sun exposure were highly correlated and cover of trees were kept 

for further analysis. Number of adults was the dependent variable and not 

transformed prior to analysis. 

Data was analysed in R version 2.15.2 with the add-on library “pscl” 

version 1.06.2 for fitting zero-inflated regression models (Zeileis et al. 

2008). The independent variables were centred and standardized 

(subtracted with their mean and divided with their standard deviation) 

before analysis, to improve biological interpretation of the influence of 

each variable involved in interactions (Schielzeth 2010). Since adults were 

absent from 80.0 % of points, the data was analysed with zero-inflated 

regression models that are used for count data with an excess number of 

zeroes (Zeileis et al. 2008). Zero-inflated models include a count sub-

model for the relationship between abundance and independent variables, 

and a binomial sub-model for the relationship between occurrence and 

independent variables (Zeileis et al. 2008). For the count sub-model a 

Poisson error distribution and a logarithmic link function were used, and 

for the binomial sub-model a binomial error distribution and a logit link 

function were used. The model included all independent variables in both 

the count sub-model and the binomial sub-model. Akaike´s Information 

Criterion (AIC) is a measure of relative model fit that was used to identify 

plausible models. AIC is proportional to the probability of the model and is 

penalized for the number of model variables (Burnham & Anderson 2004). 

One quadratic variable was added to the count sub-model for each model 

run with the purpose to get a better fitted model. Quadratic variables have a 

non-linear effect with a local optimum, and both cover of trees and cover of 

bushes could be assumed to have such an optimum. The influence of each 

quadratic variable on model fit was also examined in the vicinity of the 

corresponding non-quadratic variable. The quadratic variable was kept in 

the model when the AIC value was lowered by its presence and when its 

optimum could be considered to have a biological explanation. Here, I 
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present estimates of the model with the lowest AIC value. However, other 

models are considered as plausible when their AIC values are less than two 

units higher than the AIC value of the best fitted model (Burnham & 

Anderson 2004). The variable estimates and confidence limits of the model 

for abundance were transformed as Et = exp(Em), where Em is the original 

estimate and Et is the proportional change in adult abundance per unit 

change in the independent variable (Paltto et al. 2011). 

3.4.2 Egg survey 

To examine how egg occurrence and abundance was affected by recorded 

environmental variables, data from the egg survey was used. Among the 

seven study sites, data was analysed from a total of six sites where more 

than thirty eggs had been found in each site. In total, 879 S. maximum 

plants were investigated in these sites and used in analysis. 

The independent variables plant height, inclination, vegetation height and 

number of surrounding host plants were square root transformed prior to 

analysis, whereas the variables number of leaves, soil depth, cover of 

bushes and proportion of bare rock were log transformed. The variables sun 

exposure, cover of trees, proportion of bare ground and proportion of 

vegetation were not transformed. The variables sun exposure and cover of 

trees as well as proportion of bare ground and proportion of vegetation 

were highly correlated (R ≥ 0.707). Cover of trees and proportion of bare 

ground were regarded as the most biologically meaningful variables in 

these correlations and thus kept for further analysis. Number of eggs was 

the dependent variable and not transformed prior to analysis. 

As for the adult data, the independent variables were centred and 

standardized before analysis. Since eggs were absent from 75.7 % of S. 

maximum plants, the data was analysed with zero-inflated regression 

models. For the count sub-model a negative binomial error distribution and 

a logarithmic link function were used due to Poisson overdispersion, 

whereas for the binomial sub-model a binomial error distribution and a 

logit link function were used. The analysis continued according to the same 

methodology as for the adult data. Cover of trees, cover of bushes and 

vegetation height were quadrated and included in the count sub-model in 

the same manner as for the adult data. The estimates of the zero-inflated 

model with the lowest AIC value are presented in this report. The variable 

estimates and confidence limits of the model for abundance were 

transformed as Et = exp(Em), where Em is the original estimate and Et is the 
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proportional change in egg abundance per unit change in the independent 

variable. 

3.4.3  Large scale 

The effects of recorded environmental variables on adult and egg 

abundances were also examined at site level. All 15 sites that were studied 

in the adult survey were included in analyses of adult abundance, and all 

seven sites that were studied in the egg survey were included in analyses of 

egg abundance. The dependent variables were number of adults or eggs per 

hectare, and derived from the adult survey and egg survey. The 

independent variables were cover of trees and bushes, proportion of bare 

rock and number of nectar plants and host plants per 100 m
2
, and derived 

from the survey of systematically selected points. Number of host plants 

per 100 m
2
 was square root transformed prior to analysis of adult 

abundance. The other independent variables were considered as normally 

distributed and not transformed prior to analysis. Data was analysed with 

simple linear regression in IBM SPSS Statistics version 20. To account for 

multiple comparisons, the significance level was corrected as α/N, where α 

is the critical P-value (0.05) and N is the number of analyses (Bonferroni 

correction; Martin & Bateson 2007). Independent variables were 

significant when P < 0.01. 

4 Results 

In total, 117 S. orion adults and 922 S. orion eggs were found during the 

study period. Adults were observed in 13 of the 15 study sites, and the 

number of adults per site ranged from one to 30 individuals (median = 8; 

IQR = 6.5 (4–10.5)). In site 10 and 15 no adults were found. Eggs were 

found in all seven study sites of the egg survey, and the number of eggs per 

site ranged from one to 579 (median = 55; IQR = 119 (32–115)). A total of 

941 S. maximum plants were found among the seven sites. Eggs were found 

on 215 (22.8 %) of these plants. 

4.1 Adult survey 

Among the eight sites that were used in analysis, a total of 101 S. orion 

adults were observed. The number of adults per site ranged from seven to 

30 individuals (median = 10; IQR = 6.5 (8.25–14.75)). Most adults           

(N = 81; 80.2 %) were flying at the time of observation, whereas only a 

few (N = 20; 19.8 %) were found on nectar plants, host plants or other 

vegetation. 
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The probability of occurrence of S. orion adults increased with decreasing 

tree cover (Table 3). The probability of adult occurrence was greater than 

50 % when tree cover was less than 20 % (Figure 2). Adult occurrence was 

not significantly affected by any other environmental variable (Table 3). 

Adult abundance was not significantly affected by any recorded variable 

(Table 3). 

The presented zero-inflated regression model had the lowest AIC value, 

and there was no other plausible model that better explained adult 

occurrence and abundance. 

Table 3. Regression models explaining abundance and occurrence of 
Scolitantides orion adults on eight sites in Bråviken, Östergötland County, 
southern Sweden (N = 472 points). A Poisson error distribution was used for 
abundance, and a binomial error distribution was used for occurrence. 
Independent variables are significant when P < 0.05. 

Type of 
model 

Independent variable Variable 
estimate 

Lower 
95 % CI 

Upper  
95 % CI 

z-value P-value 

Abundance
a
 Intercept   0.30   0.11   0.83 - 2.30    0.021 

 Inclination
b
   1.16   0.95   1.42   1.42    0.154 

 Cover of trees   0.47   0.17   1.31 - 1.45    0.148 

 Cover of bushes
c
   0.91   0.66   1.26 - 0.57    0.569 

 Proportion of bare rock   0.86   0.60   1.24 - 0.80    0.423 

 Number of nectar plants
c
   1.15   0.90   1.47   1.12    0.262 

 Number of host plants   1.04   0.91   1.19   0.53    0.595 

Occurrence Intercept - 2.15 - 3.93 - 0.38   2.38    0.017 

 Inclination
c
   0.62 - 0.35   1.59 - 1.25    0.211 

 Cover of trees - 3.71 - 7.01 - 0.40   2.20    0.028 

 Cover of bushes - 1.57 - 3.34   0.19   1.75    0.081 

 Proportion of bare rock   0.93 - 0.27   2.13 - 1.53    0.127 

 Number of nectar plants
c
   0.81 - 0.35   1.97 - 1.38    0.169 

 Number of host plants - 0.03 - 0.53   0.46   0.14    0.890 

a
The variable estimates and confidence limits of the model are back-transformed: estimated values express the 

proportional change in adult abundance per unit increase in the independent variable. For example, 1.05 and 0.95 
express 5 % increase and 5 % decrease, respectively, in adult abundance per unit increase in the independent variable. 
b
Variable square root transformed. 

c
Variable log transformed. 
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Figure 2. Probability of occurrence of Scolitantides orion adults in relation to 
tree cover. 

4.2 Egg survey 

Among the six sites that were used in analysis, a total of 921 S. orion eggs 

were found. In site 10 only one egg was found and this site was therefore 

excluded from analysis. A total of 879 S. maximum plants were found 

among the six sites. Eggs were found on 214 (24.3 %) of these plants. The 

number of eggs per site ranged from 32 to 579 (median = 56.5;              

IQR = 215.5 (42.5–258)), and the number of eggs per plant ranged from 

one to 35 (median = 3; IQR = 4 (1–5)). Most S. orion eggs were laid on the 

adaxial surface of S. maximum leaves (N = 402; 43.6 %) or on the stem    

(N = 339; 36.8 %), whereas fewer were laid on the abaxial surface of 

leaves (N = 180; 19.5 %). The placement of eggs on S. maximum plants 

showed a positive relationship with the number of leaves on the stem  

(F(919) = 340.566; P < 0.001); eggs were generally laid on the upper parts of 

S. maximum plants. 

Plant height, soil depth and tree cover all had a significant effect on the 

occurrence and abundance of S. orion eggs. The probability of egg 

occurrence increased with decreasing plant height (Table 4). There was a 

greater than 50 % probability of finding eggs when S. maximum plants 

were shorter than 30 cm (Figure 3a). Egg abundance on S. maximum plants 

decreased by 35 % per unit increase in plant height (Table 4). 

The probability of egg occurrence increased with increasing soil depth 

(Table 4). There was a greater than 50 % probability of finding eggs when 

soil depth was deeper than 2 cm (Figure 3b). However, egg abundance on 

S. maximum plants decreased by 22 % per unit increase in soil depth (Table 

4). 
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The probability of egg occurrence increased with decreasing tree cover 

(Table 4). The probability of finding eggs was greater than 50 % when tree 

cover was less than 70 % (Figure 3c). Most egg-bearing S. maximum plants 

were found in areas with no tree cover (Figure 3d). However, egg 

abundance on S. maximum plants increased by 39 % per unit increase in 

tree cover. The quadratic variable of tree cover showed that this variable 

had a non-linear effect on egg number. The number of S. orion eggs on S. 

maximum plants increased with increasing tree cover to an optimum and 

then decreased with increasing tree cover after that breaking point (Table 

4). The distribution of eggs over six categories of tree cover revealed a 

similar pattern as the distribution of plants in Figure 3d. More eggs per 

plant were found in areas with 21–60 % of tree cover, whereas fewer eggs 

per plant were found in areas with lower tree cover. 

Table 4. Regression models explaining abundance and occurrence of 
Scolitantides orion eggs on six sites in Bråviken, Östergötland County, southern 
Sweden (N = 879 Sedum maximum plants). A negative binomial error 
distribution was used for abundance, and a binomial error distribution was used 
for occurrence. Independent variables are significant when P < 0.05. 

Type of 
model 

Independent variable Variable 
estimate 

Lower 
95 % CI 

Upper  
95 % CI 

z-value P-value 

Abundance
a
 Intercept   1.08   0.68   1.73   0.33    0.741 

 Plant height
b
   0.65   0.45   0.95 - 2.25    0.025 

 Number of leaves
c
   3.14   2.14   4.58   5.91 < 0.001 

 Soil depth
c
   0.78   0.61   0.99 - 2.02    0.044 

 Cover of trees   1.39   1.04   1.86   2.24    0.025 

 Cover of trees
2
   0.61   0.41   0.90 - 2.48    0.013 

 Cover of bushes
c
   1.32   1.09   1.60   2.86    0.004 

 Inclination
b
   1.08   0.90   1.30   0.87    0.386 

 Proportion of bare rock
c
   1.44   1.19   1.76   3.67 < 0.001 

 Proportion of bare ground   1.27   1.04   1.55   2.34    0.019 

 Vegetation height
b
   1.27   1.00   1.61   1.97    0.049 

 Vegetation height
b2

   1.10   0.98   1.24   1.63    0.104 

 Number of host plants
b
   0.65   0.54   0.80 - 4.14 < 0.001 

 Theta
d
   0.33   0.25   0.42 - 8.55 < 0.001 
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Table 4 (continued). 

Type of 
model 

Independent variable Variable 
estimate 

Lower 
95 % CI 

Upper  
95 % CI 

z-value P-value 

Occurrence Intercept   4.59 - 0.59   9.76 - 1.74    0.082 

 Plant height
b
 - 1.82 - 3.61 - 0.03   2.00    0.046 

 Number of leaves
c
   1.30 - 0.40   3.01 - 1.50    0.135 

 Soil depth
c
   3.32   0.83   5.80 - 2.62    0.009 

 Cover of trees - 3.49 - 6.61 - 0.37   2.19    0.028 

 Cover of bushes - 0.99 - 0.27   0.09   1.80    0.072 

 Inclination
b
   0.63 - 0.54   1.79 - 1.06    0.290 

 Proportion of bare rock
c
   0.38 - 0.66   1.42 - 0.72    0.474 

 Proportion of bare ground - 1.18 - 2.68   0.32   1.54    0.124 

 Vegetation height
b
   2.60 - 0.24   5.44 - 1.80    0.073 

 Number of host plants
b
 - 0.08 - 0.85   0.68   0.22    0.828 

a
The variable estimates and confidence limits of the model are back-transformed: estimated values express the 

proportional change in egg abundance per unit increase in the independent variable. For example, 1.05 and 0.95 
express 5 % increase and 5 % decrease, respectively, in egg abundance per unit increase in the independent variable. 
b
Variable square root transformed. 

c
Variable log transformed. 

d
Theta is a parameter of the negative binomial variance function (Zuur et al. 2009). 
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Figure 3. Probability of occurrence of Scolitantides orion eggs in relation to      
a) the height of Sedum maximum plants, b) soil depth, and c) tree cover. d) The 
distribution of all S. maximum plants (N = 879; grey bars) and S. maximum 
plants with S. orion eggs (N = 214; white bars) over six categories of tree cover.     

The number of S. orion eggs on S. maximum plants increased significantly 

with the number of leaves on the stem (Table 4, Figure 4a). Egg abundance 

on plants also increased by 32 % per unit increase in bush cover (Table 4). 

Most egg-bearing plants were found in areas with 1–15 % of bush cover 

(Figure 4b). The same figure shows that more egg-bearing plants were 

found in areas with 31–60 % of bush cover, compared to the distribution of 

all S. maximum plants. The distribution of eggs over six categories of bush 

cover revealed a similar pattern as the distribution of plants in Figure 4b. 

Plants that were found in areas with 0–30 % of bush cover received more 

eggs compared to plants that were found in areas with higher bush cover. 

Egg abundance on S. maximum plants increased by 44 % per unit increase 

in proportion of bare rock, and by 27 % per unit increase in proportion of 
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bare ground and vegetation height, respectively (Table 4). Most egg-

bearing plants were found in areas with a vegetation height of 1–4 cm 

(Figure 4c). The same figure shows that more egg-bearing plants were 

found in areas with a vegetation height of 5–24 cm, compared to the 

distribution of all S. maximum plants. The distribution of eggs over seven 

categories of vegetation height revealed a similar pattern as the distribution 

of plants in Figure 4c. Plants that were found in areas with a vegetation 

height of 1–4 cm received more eggs compared to plants that were found in 

areas with taller vegetation. 

Egg abundance on S. maximum plants decreased by 35 % per unit increase 

in the number of surrounding host plants (Table 4). Most egg-bearing 

plants were surrounded by a small number of other S. maximum plants, 

compared to the distribution of all plants (Figure 4d). The distribution of 

eggs over six categories of number of surrounding host plants revealed a 

similar pattern as the distribution of plants in Figure 4d. Plants that were 

surrounded by one to eight other host plants received more eggs compared 

to plants that were surrounded by more host plants. 

The presented zero-inflated regression model had the lowest AIC value 

(1758.155). There was one other plausible model that could explain egg 

occurrence and abundance since it had a less than two unit higher AIC 

value (1758.974; Appendix). However, that model did not affect the 

general conclusions of this study. 
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Figure 4. a) The number of Scolitantides orion eggs on Sedum maximum plants 
in relation to the number of leaves. The distribution of all S. maximum plants   
(N = 879; grey bars) and S. maximum plants with S. orion eggs (N = 214; white 
bars) over b) six categories of bush cover, c) seven categories of vegetation 
height, and d) six categories of number of surrounding host plants. 

On a transect scale, most transect plots with S. orion eggs had 16 to 30 S. 

maximum plants (Figure 5). The same figure shows that more transect plots 

with eggs had 46 to 75 host plants, compared to the distribution of all 

transect plots. 
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Figure 5. The distribution of all transect plots (N = 36; grey bars) and transect 
plots with Scolitantides orion eggs (N = 19, white bars) over five categories of 
number of Sedum maximum plants. 

4.3 Large scale 

At a site scale, the number of adults per hectare increased significantly with 

the proportion of bare rock (Table 5). There was also a trend of increasing 

number of adults per hectare with decreasing tree cover. 

Table 5. Effects of independent variables on the number of Scolitantides orion 
adults per hectare on 15 sites in Bråviken, Östergötland County, southern 
Sweden (N = 15 sites). The direction of the linear relationship is indicated by the 
sign of the t-value, i.e. a negative t-value means a decrease in the number of 
adults per hectare when the independent variable increases. Independent 
variables are significant when P < 0.01. 

Independent variable F-value R-value t-value P-value 

Cover of trees   5.654 0.551 - 2.378 0.033 

Cover of bushes   0.162 0.111 - 0.403 0.693 

Proportion of bare rock 14.601 0.727   3.821 0.002 

Number of nectar plants/100 m
2
   0.013 0.032 - 0.114 0.911 

Number of host plants/100 m
2a

   1.211 0.292 - 1.101 0.291 

a
Variable square root transformed. 

No environmental variables did significantly affect the number of eggs per 

hectare at a site scale (Table 6). However, there was a trend of increasing 

number of eggs per hectare with decreasing tree cover. 
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Table 6. Effects of independent variables on the number of Scolitantides orion 
eggs per hectare on seven sites in Bråviken, Östergötland County, southern 
Sweden (N = 7 sites). The direction of the linear relationship is indicated by the 
sign of the t-value, i.e. a negative t-value means a decrease in the number of 
adults per hectare when the independent variable increases. Independent 
variables are significant when P < 0.01. 

Independent variable F-value R-value t-value P-value 

Cover of trees 4.873 0.703 - 2.208 0.078 

Cover of bushes 1.393 0.467   1.180 0.291 

Proportion of bare rock 2.341 0.565   1.530 0.187 

Number of nectar plants/100 m
2
 0.091 0.134   0.302 0.775 

Number of host plants/100 m
2
 0.110 0.147   0.331 0.754 

5 Discussion 

Butterflies require different resources at different life stages and this is 

known to influence butterfly distributions (Williams 1988, Schultz & 

Dlugosch 1999, Krauss et al. 2005, Albanese et al. 2008, Thomas et al. 

2011). Often, the requirements of immature stages are very precise and 

may limit distributions to a larger extent than those of adults (Thomas 

1991, Gutiérrez et al. 1999, Kopper et al. 2000). The aim of the present 

study was to gain a better understanding of the habitat requirements of S. 

orion in order to conserve the species. In line with earlier findings, the 

habitat requirements of ovipositing S. orion females and their larvae were 

more specific than those of adults since ovipositing females responded 

significantly to more environmental variables compared to adults. 

Ovipositing females mainly responded to a small plant scale, whereas 

adults responded to a small point scale and a large site scale (Table 7). 

 

 

 

 

 

 



 
21 

Table 7. Overview of the relationship between independent variables and 
abundance or occurrence of Scolitantides orion adults and eggs in Bråviken, 
Östergötland County, southern Sweden. The small scale is “point” and “plant”, 
whereas the large scale is “site”. The direction of the linear relationship is 
indicated by a positive or negative sign. ab = abundance, occ = occurrence,        
n.s. = not significant, – = no data available. 

Independent variable Adults 

     Point                     Site 

                 Eggs 

               Plant                     Site 

Inclination        n.s.                        –                  n.s.                         – 

Cover of trees     – occ                       n.s.           + ab, – occ                   n.s. 

Cover of bushes        n.s.                       n.s.                + ab                        n.s. 

Bare rock        n.s.                     + ab                + ab                        n.s. 

Bare ground          –                          –                + ab                          – 

Vegetation height          –                          –                + ab                          – 

Number of nectar plants        n.s.                       n.s.                    –                         n.s. 

Number of host plants        n.s.                       n.s.                – ab                        n.s. 

Plant height          –                          –           – ab, – occ                     – 

Number of leaves          –                          –                + ab                          – 

Soil depth (cm)          –                          –           – ab, + occ                    – 

5.1 Plant height, number of leaves and egg placement 

In the present study, the number of S. orion eggs on S. maximum plants 

increased with the number of leaves on the stem. By placing their eggs on 

plants with a large number of leaves, females may ensure that larvae have 

enough food for development (Stefanescu et al. 2006). Furthermore, S. 

orion eggs were found on S. maximum plants that were shorter than empty 

plants. Strausz et al. (2012) showed similar results for Lycaena dispar 

inhabiting diverse habitats in Austria. Lycaena dispar females laid more 

eggs on short host plants with a large number of leaves. In the present 

study, there was a strong positive correlation (R(877) = 0.699; P < 0.001) 

between plant height and number of leaves. Thus, plant height may not be 

as important for egg number as leaf number. Scolitantides orion females 

often oviposited on host plants growing in sunny conditions, and plants in 

these areas are short and thick-leaved compared to plants growing in  
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shadier areas
3
. 

Furthermore, S. orion females laid their eggs on the upper parts of plants 

probably also due to higher food quality for the larvae. Upper plant parts 

generally have higher nitrogen contents compared to lower plant parts 

(Agerbirk et al. 2010), and upper leaves are known to maintain their 

nitrogen contents better throughout the season compared to middle and 

lower leaves (Ravenscroft 1994b). Tränkner & Nuss (2005) found that S. 

orion larvae often fed on the upper leaves of S. maximum, and this may be 

a direct consequence of female oviposition choice (Agerbirk et al. 2010). In 

the present study, females may choose to oviposit on leaves with higher 

nitrogen contents (Bourn & Thomas 1993, Stefanescu et al. 2006) since 

nitrogen-rich foods can increase developmental rates of larvae. However, 

females may not actively choose to oviposit on nitrogen-rich leaves since 

this may be a direct consequence of female choice to oviposit on upper 

leaves. Larvae reared on nitrogen-rich leaves may experience an enhanced 

growth and survival because the time of being susceptible to parasites and 

other threats is shortened (Loader & Damman 1991). 

Scolitantides orion females frequently placed their eggs on the adaxial 

surface of S. maximum leaves or along the stem. Previous studies on 

butterfly species have shown similar egg-laying behaviour (Gutiérrez et al. 

1999, Webb & Pullin 2000). Eggs that are laid on the adaxial surface of 

leaves or along the stem may receive a higher proportion of sunshine 

compared to eggs on abaxial leaf surfaces. High sun exposure can shorten 

the developmental time of eggs (Williams 1981) and decrease their 

susceptibility to predators (Bonebrake et al. 2010). 

5.2 Bare rock, bare ground, vegetation height and soil depth 

At a large site scale, the number of S. orion adults per hectare increased 

with the proportion of bare rock. High proportions of bare rock increase the 

temperature at ground level resulting in a warm microclimate (Eichel & 

Fartmann 2008). In rocky and sun exposed areas, temperatures at ground 

level can be ten degrees higher than those of the near surroundings (Kopper 

et al. 2000). Since S. orion is a small butterfly flying in spring and early 

summer, warm microclimatic conditions may be important to maintain 

adult activity (Ravenscroft & Young 1996). 

At a small plant scale, the number of S. orion eggs on S. maximum plants  

_________________ 
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increased with the proportion of bare rock or bare ground and increased 

vegetation height. Previous studies have shown that other butterfly species 

oviposit on host plants surrounded by significantly higher proportions of 

bare rock or bare ground (Ravenscroft & Young 1996, Krämer et al. 2012, 

Stuhldreher et al. 2012), but contrasting findings exist (Küer & Fartmann 

2003). Similar to bare rock, high proportions of bare ground increase the 

temperature at ground level resulting in a warm microclimate (Stuhldreher 

et al. 2012). Warm microclimatic conditions may fulfil the temperature 

requirements of early life stages (Ravenscroft & Young 1996) and decrease 

the developmental times of eggs and larvae (Roy & Thomas 2003, Friberg 

& Wiklund 2008). Shortened developmental times may be vital for 

butterflies inhabiting the cool limits of their ranges because larvae can 

reach diapause before host plant senescence (Thomas 1991). 

Since tall vegetation may decrease the temperature of microclimates (Küer 

& Fartmann 2003), it is surprising that the number of S. orion eggs on S. 

maximum plants increased with increasing vegetation height. However, the 

number of eggs on host plants increased over a small range of relatively 

short vegetation. More eggs were found on host plants in areas with short 

vegetation (1–4 cm), whereas fewer eggs were found on host plants in 

areas with taller vegetation. As previously shown, the number of S. orion 

eggs also increased with the number of leaves on S. maximum plants. Since 

leaf numbers tend to increase with decreasing proportions of surrounding 

vegetation (F(877) = 3.627; P = 0.057), host plants with higher egg numbers 

appear to grow where few other plant species thrive. Thus, short vegetation 

may not be as important for egg and larval development as high 

proportions of bare rock and bare ground. 

Furthermore, the number of S. orion eggs on S. maximum plants increased 

with decreasing soil depth. This is not surprising since S. maximum plants 

are mainly found on rock outcrops and slopes (Feilberg & Svedberg 2000, 

Mossberg & Stenberg 2010) with low soil depth. 

5.3 Cover of trees and bushes 

Scolitantides orion adults were found to respond negatively to increased 

tree cover at a small point scale. Although not significant, the same 

relationship was observed at a large site scale. Tree cover was not 

significantly correlated with bare rock at a large site scale (R(13) = - 0.439; 

P = 0.102), however, a high proportion of bare rock means less tree cover. 

At a small point scale, adults were frequently found in areas with less than 

20 % of tree cover. This is similar to the findings of Pocewicz et al. (2009) 

who showed that adult densities of Coenonymphia tullia and Vanessa 
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cardui inhabiting diverse habitats in USA decreased with increasing tree 

cover. High tree cover may shadow the area and thus decrease the local 

temperature (Albanese et al. 2007, Hatada & Matsumoto 2008). Since S. 

orion adults, like many other butterfly species, depend on sunshine for 

upholding flight activity (Konvička & Kuras 1999), shaded areas are often 

avoided. 

Besides dwelling in open habitats, S. orion females predominately placed 

their eggs on S. maximum plants growing in areas with low tree cover. This 

is in concordance with the findings of Anthes et al. (2008) and Bonebrake 

et al. (2010). Anthes et al. (2008) showed that Hamearis lucina females 

dwelling in forest clearings in Germany predominately laid their eggs on 

host plants without tree shading, whereas Bonebrake et al. (2010) found 

that females of the species Euphydryas gillettii inhabiting wet meadows in 

USA mainly oviposited on host plants in areas with low tree cover. In the 

present study, S. orion females oviposited in areas with higher tree cover  

(< 70 %) than that preferred by dwelling adults (< 20 %). In line with the 

findings of the present study, Albanese et al. (2007, 2008) showed that 

Callophrys irus adults in anthropogenic habitats in USA dwells in areas 

with low tree cover (< 29 %) whereas eggs are laid in areas with higher tree 

cover (19–65 %). Since S. orion inhabits rather exposed rock outcrops and 

slopes, moderate tree cover may protect eggs and larvae in windy weather 

(Rosin et al. 2012). Shade provided by tree cover may also inhibit host 

plant desiccation (Anthes et al. 2008) and improve the nutritional status of 

host plants (Albanese et al. 2008) which is beneficial for larval 

development (Loader & Damman 1991). 

Although S. orion females predominately placed their eggs on S. maximum 

plants in areas with low tree cover, the number of eggs on host plants 

increased with increasing tree cover. Plants that were found in areas with 

21–60 % of tree cover were few but received more eggs per plant compared 

to plants that were found in areas with lower tree cover. As already 

mentioned, shade from tree cover may inhibit the desiccation of host plants 

(Anthes et al. 2008) and this may be one reason for placing higher egg 

numbers on host plants surrounded by trees. However, higher egg numbers 

on plants in areas with 21–60 % of tree cover may also be due to that there 

are few other host plants available in the near surroundings. In support of 

this explanation, the number of S. orion eggs per hectare tended to increase 

with decreasing tree cover at a large site scale. 

Furthermore, the number of S. orion eggs on S. maximum plants increased 

with increasing bush cover. However, the number of eggs on host plants 
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increased over a small range of relatively low bush cover. More eggs per 

plant were found in areas with 0–30 % of bush cover, whereas fewer eggs 

per plant were found in areas with higher bush cover. Similar to tree cover, 

bushes may protect eggs and larvae in windy weather (Gutiérrez et al. 

1999, Fartmann 2006). However, bushes may also function as a physical 

obstacle when searching for oviposition sites (Hatada & Matsumoto 2008). 

The latter might explain why most egg-bearing S. maximum plants were 

found at some distance from bushes
4
. High bush cover in combination with 

large proportions of bare rock or bare ground, as was observed in the 

present study, is characteristic of a warm microclimate (Gutiérrez et al. 

1999). 

5.4 Number of host plants and nectar plants 

At a small plant scale, the number of S. orion eggs on S. maximum plants 

decreased with increasing number of surrounding host plants. Previous 

studies on other butterfly species have mainly shown contrasting results 

(Gutiérrez et al. 1999, Eichel & Fartmann 2003, Hatada & Matsumoto 

2008), whereas similar results seem to be sparse. In the present study, S. 

orion populations appear to spread their eggs among S. maximum plants 

growing in relatively large host plant stands instead of placing their eggs on 

the same plant. Egg spreading reduces intra-specific competition over food 

resources and may thus enhance larval feeding and development (Gibbs et 

al. 2004). At the same time, it is presumed that the higher egg numbers on 

S. maximum plants in small host plant stands are simply due to that there 

are few other plants available. Too large egg numbers on host plants 

growing in small stands may cause over-exploitation of host plants and 

thus reduce larval growth and survival (Gibbs et al. 2004, Boggs & 

Freeman 2005). However, transect plots with a higher density of S. 

maximum plants had a higher frequency of S. orion eggs. Thus, at a plant 

scale the number of eggs may not necessarily be higher on plants in large 

host plant stands, whereas at a transect scale eggs occur where the density 

of host plants is higher. 

At a large site scale, no relationship was found between S. orion abundance 

and host plant abundance. This is in concordance with the study by 

Komonen et al. (2008) on S. orion butterflies inhabiting rock outcrops and 

slopes in Finland. Studies on other butterfly species have shown similar 

results (Kopper et al. 2000), however, most studies have found a positive  

_________________ 
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relationship between butterfly and host plant numbers (Gutiérrez et al. 

1999, Krauss et al. 2005, Albanese et al. 2007, Grundel & Pavlovic 2007, 

Eichel & Fartmann 2008). One explanation to why the present study did 

not find any linkage between butterfly and host plant abundance may be 

that butterfly numbers are often determined by the number of host plants 

growing under the correct conditions rather than by the total amount of host 

plants (Bourn & Thomas 1993). Besides, adult abundance in a given year 

can be presumed to depend on host plant abundance of the previous year 

rather than of the present year. Any relationship between butterfly numbers 

and host plant abundance may also be revealed if leaf numbers instead of 

stem numbers are recorded in a given area since leaf numbers better 

represent availability of larval foods (Schultz & Dlugosch 1999). As 

previously shown, there is a positive relationship between abundance of S. 

orion eggs and leaf numbers at a small plant scale. The number of S. orion 

butterflies may be affected by leaf numbers also at a large site scale. 

In the present study, occurrence and abundance of S. orion adults was not 

significantly affected by the number of nectar plants neither at a small point 

scale nor at a large site scale. Komonen et al. (2008) found no relationship 

between abundance of S. orion adults and number of nectar plants, and 

suggested that nectar plants outside the rock outcrops and slopes may 

determine population size. The present study included areas outside the 

seemingly suitable S. orion habitat and still did not find any relationship 

between adult abundance and number of nectar plants. Earlier studies on 

other butterfly species have shown that butterfly abundance is positively 

affected by the number of nectar plants (Williams 1988). One explanation 

to why the present study did not find any relationship between adult 

numbers and nectar plant abundance may be that nectar resources are 

sufficient for the populations (Krauss et al. 2005). However, any 

relationship between adult numbers and nectar plant abundance may be 

found if nectar content instead of number of nectar plants is recorded in a 

given area (Schultz & Dlugosch 1999). 

5.5 Conservation implications 

Detailed knowledge about the habitat requirements of butterflies is vital for 

successful butterfly conservation (Murphy et al. 1990). The present study 

shows that S. orion butterflies predominately inhabit open areas with warm 

microclimatic conditions for dwelling and oviposition. To conserve S. 

orion it is important to preserve suitable areas containing nectar plants and 

high densities of S. maximum plants. Sedum maximum plants should have a 

large number of leaves and be surrounded by a large proportion of bare 
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rock or bare ground. Trees shading rock outcrops and slopes should be 

cleared on a regular basis to allow sunlight to reach nectar plants and host 

plants, and to make these resources available for butterflies. Furthermore, 

bushes should be pruned to prevent them from covering S. maximum 

plants. On the other hand, trees and bushes are important for S. orion 

larvae, so too many clearings may have a negative effect on the 

populations. Thus, it is vital to uphold canopy openness and heterogeneity 

in the habitats of S. orion, and this can be done by selective clearing. 

To provide management recommendations on a larger scale than described 

here for conserving S. orion butterflies, it may be necessary to examine the 

influence of patch area and connectivity on butterfly persistence. Komonen 

et al. (2008) showed that patch area and connectivity explained persistence 

of S. orion populations in Finland, and some findings of the present study 

indicate that connectivity affect butterfly occurrence. In the most distant 

sites (site 10, 14 and 15) none or only one individual was found. These 

sites were disconnected from neighbouring sites by woodland or human 

settlements. Focus should be on preserving a large number of inter-

connected suitable sites, since this reduces the likelihood of meta-

population extinction (Elmes & Thomas 1992, Hanski & Singer 2001, 

Thomas et al. 2001). 

6 Acknowledgements 

I would like to thank my supervisor Karl-Olof Bergman for assistance and 

guidance during this study. Furthermore, I am grateful to Heidi Paltto for 

valuable help with the statistical analyses in R. I also thank Lars 

Westerberg and Per Milberg for valuable help with the statistics. For kindly 

demonstrating field sites and sharing information about S. orion, I thank 

Jan Axelsson. I also thank Håkan Elmquist for valuable species 

information. This work was financially supported by Stiftelsen Oscar och 

Lili Lamms Minne and Wala och Folke Danielssons Stiftelse. 

7 References 

Agerbirk N, Chew FS, Olsen CE, Jørgensen K (2010) Leaf and floral parts 

feeding by orange tip butterfly larvae depends on larval position but not on 

glucosinolate profile or nitrogen level. Journal of Chemical Ecology 36, 

1335-1345 

http://dx.doi.org/10.1007/s10886-010-9880-5
http://dx.doi.org/10.1007/s10886-010-9880-5
http://dx.doi.org/10.1007/s10886-010-9880-5


 
28 

Albanese G, Vickery PD, Sievert PR (2007) Habitat characteristics of adult 

frosted elfins (Callophrys irus) in sandplain communities of southeastern 

Massachusetts, USA. Biological Conservation 136, 53-64 

Albanese G, Vickery PD, Sievert PR (2008) Microhabitat use by larvae and 

females of a rare barrens butterfly, frosted elfin (Callophrys irus). Journal 

of Insect Conservation 12, 603-615 

Anthes N, Fartmann T, Hermann G (2008) The duke of burgundy butterfly 

and its dukedom: larval niche variation in Hamearis lucina across central 

Europe. Journal of Insect Conservation 12, 3-14 

Batáry P, Örvössy N, Kőrösi Á, Vályi Nagy M, Peregovits L (2007) 

Microhabitat preferences of Maculinea teleius (Lepidoptera: Lycaenidae) 

in a mosaic landscape. European Journal of Entomology 104, 731-736 

Boggs CL, Freeman KD (2005) Larval food limitation in butterflies: effects 

on adult resource allocation and fitness. Oecologia 144, 353-361 

Bonebrake TC, Boggs CL, McNally JM, Ranganathan J, Ehrlich PR (2010) 

Oviposition behavior and offspring performance in herbivorous insects: 

consequences of climatic and habitat heterogeneity. Oikos 119, 927-934 

Bourn NAD, Thomas JA (1993) The ecology and conservation of the 

brown argus butterfly Aricia agestis in Britain. Biological Conservation 63, 

67-74 

Bourn NAD, Thomas JA (2002) The challenge of conserving grassland 

insects at the margins of their range in Europe. Biological Conservation 

104, 285-292 

Britten HB, Riley L (1994) Nectar source diversity as an indicator of 

habitat suitability for the endangered uncompahgre fritillary, Boloria 

acrocnema (Nymphalidae). Journal of the Lepidopterists´ Society 48, 173-

179 

Brückmann SV, Krauss J, Steffan-Dewenter I (2010) Butterfly and plant 

specialists suffer from reduced connectivity in fragmented landscapes. 

Journal of Applied Ecology 47, 799-809 

Burnham KP, Anderson DR (2004) Multimodel inference: understanding 

AIC and BIC in model selection. Sociological Methods & Research 33, 

261-304 

http://dx.doi.org/10.1016/j.biocon.2006.10.055
http://dx.doi.org/10.1016/j.biocon.2006.10.055
http://dx.doi.org/10.1016/j.biocon.2006.10.055
http://dx.doi.org/doi:10.1016/j.biocon.2006.10.055
http://dx.doi.org/doi:10.1016/j.biocon.2006.10.055
http://dx.doi.org/10.1007/s10841-007-9084-7
http://dx.doi.org/10.1007/s10841-007-9084-7
http://dx.doi.org/10.1007/s10841-007-9084-7
http://www.eje.cz/scripts/viewabstract.php?abstract=1282
http://www.eje.cz/scripts/viewabstract.php?abstract=1282
http://dx.doi.org/10.1007/s00442-005-0076-6
http://dx.doi.org/10.1007/s00442-005-0076-6
http://dx.doi.org/10.1111/j.1600-0706.2009.17759.x
http://dx.doi.org/10.1111/j.1600-0706.2009.17759.x
http://dx.doi.org/10.1016/0006-3207(93)90075-C
http://dx.doi.org/10.1016/0006-3207(93)90075-C
http://dx.doi.org/10.1016/S0006-3207(01)00193-8
http://dx.doi.org/10.1016/S0006-3207(01)00193-8
http://dx.doi.org/10.1111/j.1365-2664.2010.01828.x
http://dx.doi.org/10.1111/j.1365-2664.2010.01828.x
http://dx.doi.org/10.1177/0049124104268644
http://dx.doi.org/10.1177/0049124104268644


 
29 

Daniels H, Gottsberger G, Fiedler K (2005) Nutrient composition of larval 

nectar secretions from three species of myrmecophilous butterflies. Journal 

of Chemical Ecology 31, 2805-2821 

Dennis RLH, Shreeve TG, van Dyck H (2006) Habitats and resources: the 

need for a resource-based definition to conserve butterflies. Biodiversity 

and Conservation 15, 1943-1966 

Eichel S, Fartmann T (2008) Management of calcareous grasslands for 

nickerl´s fritillary (Melitaea aurelia) has to consider habitat requirements 

of the immature stages, isolation, and patch area. Journal of Insect 

Conservation 12, 677-688 

Ekstam U, Forshed N (1996) Äldre fodermarker. Betydelsen av 

hävdregimerna i det förgångna, målstyrning, mätning och uppföljning. 

Naturvårdsverket förlag, Stockholm 

Elmes GW, Thomas JA (1992) Complexity of species conservation in 

managed habitats: interaction between Maculinea butterflies and their ant 

hosts. Biodiversity and Conservation 1, 155-169 

Elmquist H (2011) Åtgärdsprogram för fetörtsblåvinge 2011-2015 

(Scolitantides orion). Naturvårdsverket, Rapport 6424 

Elmquist H, Carlsson B (2009) Inventering av svartfläckig blåvinge 

Maculinea arion, fetörtsblåvinge Scolitantides orion. Södermanlands län 

2005-2008. Länsstyrelsen i Södermanlands län, Rapport 2008:6 

Ewers RM, Didham RK (2006) Confounding factors in the detection of 

species responses to habitat fragmentation. Biological Reviews 81, 117-142 

Fahrig L (2003) Effects of habitat fragmentation on biodiversity. Annual 

Review of Ecology, Evolution, and Systematics 34, 487-515 

Fartmann T (2006) Oviposition preferences, adjacency of old woodland 

and isolation explain the distribution of the duke of burgundy butterfly 

(Hamearis lucina) in calcareous grasslands in central Germany. Annales 

Zoologici Fennici 43, 335-347 

Feilberg J, Svedberg U (2000) Våra vilda blommor. Prisma, Stockholm 

Friberg M, Wiklund C (2008) Host plant preference and performance of the 

sibling species of butterflies Leptidea sinapis and Leptidea reali: a test of 

the trade-off hypothesis for food specialisation. Oecologia 159, 127-137 

http://dx.doi.org/10.1007/s10886-005-8395-y
http://dx.doi.org/10.1007/s10886-005-8395-y
http://dx.doi.org/10.1007/s10531-005-4314-3
http://dx.doi.org/10.1007/s10531-005-4314-3
http://dx.doi.org/10.1007/s10841-007-9110-9
http://dx.doi.org/10.1007/s10841-007-9110-9
http://dx.doi.org/10.1007/s10841-007-9110-9
http://dx.doi.org/10.1007/BF00695913
http://dx.doi.org/10.1007/BF00695913
http://dx.doi.org/10.1007/BF00695913
http://dx.doi.org/10.1017/S1464793105006949
http://dx.doi.org/10.1017/S1464793105006949
http://dx.doi.org/10.1146/annurev.ecolsys.34.011802.132419
http://www.annzool.net/PDF/anz43-free/anz43-335.pdf
http://www.annzool.net/PDF/anz43-free/anz43-335.pdf
http://www.annzool.net/PDF/anz43-free/anz43-335.pdf
http://dx.doi.org/10.1007/s00442-008-1206-8
http://dx.doi.org/10.1007/s00442-008-1206-8
http://dx.doi.org/10.1007/s00442-008-1206-8


 
30 

Gibbs M, Lace LA, Jones MJ, Moore AJ (2004) Intraspecific competition 

in the speckled wood butterfly Pararge aegeria: effect of rearing density 

and gender on larval life history. Journal of Insect Science 4:16 

Grundel R, Pavlovic NB (2007) Resource availability, matrix quality, 

microclimate, and spatial pattern as predictors of patch use by the karner 

blue butterfly. Biological Conservation 135, 135-144 

Grundel R, Pavlovic NB, Sulzman CL (1998a) Habitat use by the 

endangered karner blue butterfly in oak woodlands: the influence of canopy 

cover. Biological Conservation 85, 47-53 

Grundel R, Pavlovic NB, Sulzman CL (1998b) The effect of canopy cover 

and seasonal change on host plant quality for the endangered karner blue 

butterfly (Lycaeides melissa samuelis). Oecologia 114, 243-250 

Gutiérrez D, Thomas CD, León-Cortés JL (1999) Dispersal, distribution, 

patch network and metapopulation dynamics of the dingy skipper butterfly 

(Erynnis tages). Oecologia 121, 506-517 

Hanski I, Singer MC (2001) Extinction-colonization dynamics and host-

plant choice in butterfly metapopulations. The American Naturalist 158, 

341-353 

Hatada A, Matsumoto K (2008) Effects of vegetation coverage on 

oviposition by Luehdorfia japonica (Lepidoptera: Papilionidae). Journal of 

Forest Research 13, 96-100 

Komonen A, Tikkamäki T, Mattila N, Kotiaho JS (2008) Patch size and 

connectivity influence the population turnover of the threatened chequered 

blue butterfly, Scolitantides orion (Lepidoptera: Lycaenidae). European 

Journal of Entomology 105, 131-136 

Konvička M, Kuras T (1999) Population structure, behaviour and selection 

of oviposition sites of an endangered butterfly, Parnassius mnemosyne, in 

Litovelské Pomoraví, Czech Republic. Journal of Insect Conservation 3, 

211-223 

Kopper BJ, Charlton RE, Margolies DC (2000) Oviposition site selection 

by the regal fritillary, Speyeria idalia, as affected by proximity to violet 

host plants. Journal of Insect Behavior 13, 651-665 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC528876/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC528876/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC528876/
http://dx.doi.org/10.1016/j.biocon.2006.10.003
http://dx.doi.org/10.1016/j.biocon.2006.10.003
http://dx.doi.org/10.1016/j.biocon.2006.10.003
http://dx.doi.org/10.1016/S0006-3207(97)00165-1
http://dx.doi.org/10.1016/S0006-3207(97)00165-1
http://dx.doi.org/10.1016/S0006-3207(97)00165-1
http://dx.doi.org/10.1007/s004420050442
http://dx.doi.org/10.1007/s004420050442
http://dx.doi.org/10.1007/s004420050442
http://dx.doi.org/10.1007/s004420050957
http://dx.doi.org/10.1007/s004420050957
http://dx.doi.org/10.1007/s004420050957
http://www.jstor.org/stable/10.1086/321985
http://www.jstor.org/stable/10.1086/321985
http://dx.doi.org/10.1007/s10310-008-0060-1
http://dx.doi.org/10.1007/s10310-008-0060-1
http://www.eje.cz/pdfarticles/1312/eje_105_1_131_Komonen.pdf
http://www.eje.cz/pdfarticles/1312/eje_105_1_131_Komonen.pdf
http://www.eje.cz/pdfarticles/1312/eje_105_1_131_Komonen.pdf
http://dx.doi.org/10.1023/A:1009641618795
http://dx.doi.org/10.1023/A:1009641618795
http://dx.doi.org/10.1023/A:1009641618795
http://dx.doi.org/10.1023/A:1007887809621
http://dx.doi.org/10.1023/A:1007887809621
http://dx.doi.org/10.1023/A:1007887809621


 
31 

Kotiaho JS, Kaitala V, Komonen A, Päivinen J (2005) Predicting the risk 

of extinction from shared ecological characteristics. Proceeding of the 

National Academy of Sciences 102, 1963-1967 

Krauss J, Steffan-Dewenter I, Müller CB, Tscharntke T (2005) Relative 

importance of resource quantity, isolation and habitat quality for landscape 

distribution of a monophagous butterfly. Ecography 28, 465-474 

Krauss J, Bommarco R, Guardiola M, Heikkinen RK, Helm A, Kuussaari 

M, Lindborg R, Öckinger E, Pärtel M, Pino J, Pöyry J, Raatikainen K, Sang 

A, Stefanescu C, Teder T, Zobel M, Steffan-Dewenter I (2010) Habitat 

fragmentation causes immediate and time-delayed biodiversity loss at 

different trophic levels. Ecology Letters 13, 597-605 

Krämer B, Kämpf I, Enderle J, Poniatowski D, Fartmann T (2012) 

Microhabitat selection in a grassland butterfly: a trade-off between 

microclimate and food availability. Journal of Insect Conservation 16, 857-

865 

Küer A, Fartmann T (2003) Prominent shoots are preferred: microhabitat 

preferences of Maculinea alcon ([Denis & Schiffermüller], 1775) in 

northern Germany (Lycaenidae). Nota lepidopterologica 27, 309-319 

Loader C, Damman H (1991) Nitrogen content of food plants and 

vulnerability of Pieris rapae to natural enemies. Ecology 72, 1586-1590 

Martin P, Bateson P (2007) Measuring behaviour: an introductory guide. 

3rd ed. Cambridge University Press, Cambridge 

Marttila O, Saarinen K, Marttila P (2000) Six years from passing bell to 

recovery: habitat restoration of the threatened chequered blue butterfly 

(Scolitantides orion) in SE Finland. Entomologica Fennica 11, 113-117 

Mossberg B, Stenberg L (2010) Den nya nordiska floran. 3rd ed. Bonnier 

Fakta, Stockholm 

Murphy DD, Freas KE, Weiss SB (1990) An environment-metapopulation 

approach to population viability analysis for a threatened invertebrate. 

Conservation Biology 4, 41-51 

Paltto H, Nordberg A, Nordén B, Snäll T (2011) Development of 

secondary woodland in oak wood pastures reduces the richness of rare 

epiphytic lichens. PLOS ONE 6(9), 1-8 

http://dx.doi.org/10.1073/pnas.0406718102
http://dx.doi.org/10.1073/pnas.0406718102
http://dx.doi.org/10.1111/j.0906-7590.2005.04201.x
http://dx.doi.org/10.1111/j.0906-7590.2005.04201.x
http://dx.doi.org/10.1111/j.0906-7590.2005.04201.x
http://dx.doi.org/10.1111/j.1461-0248.2010.01457.x
http://dx.doi.org/10.1111/j.1461-0248.2010.01457.x
http://dx.doi.org/10.1111/j.1461-0248.2010.01457.x
http://dx.doi.org/10.1007/s10841-012-9473-4
http://dx.doi.org/10.1007/s10841-012-9473-4
http://www.uni-muenster.de/imperia/md/content/landschaftsoekologie/biozoenologie/pdf_thomas/pdf_2005/kuer_fartmann_2005_nota-lepid-27_309-319.pdf
http://www.uni-muenster.de/imperia/md/content/landschaftsoekologie/biozoenologie/pdf_thomas/pdf_2005/kuer_fartmann_2005_nota-lepid-27_309-319.pdf
http://www.uni-muenster.de/imperia/md/content/landschaftsoekologie/biozoenologie/pdf_thomas/pdf_2005/kuer_fartmann_2005_nota-lepid-27_309-319.pdf
http://www.jstor.org/stable/1940958
http://www.jstor.org/stable/1940958
http://www.cabdirect.org/abstracts/20013046295.html;jsessionid=C7A02DA65B2C46B7539C334F8E49CC54?gitCommit=4.13.29
http://www.cabdirect.org/abstracts/20013046295.html;jsessionid=C7A02DA65B2C46B7539C334F8E49CC54?gitCommit=4.13.29
http://www.cabdirect.org/abstracts/20013046295.html;jsessionid=C7A02DA65B2C46B7539C334F8E49CC54?gitCommit=4.13.29
http://dx.doi.org/10.1111/j.1523-1739.1990.tb00266.x
http://dx.doi.org/10.1111/j.1523-1739.1990.tb00266.x
http://dx.doi.org/doi:10.1371/journal.pone.0024675
http://dx.doi.org/doi:10.1371/journal.pone.0024675
http://dx.doi.org/doi:10.1371/journal.pone.0024675


 
32 

Pierce NE, Braby MF, Heath A, Lohman DJ, Mathew J, Rand DB, 

Travassos MA (2002) The ecology and evolution of ant association in the 

Lycaenidae (Lepidoptera). Annual Review of Entomology 47, 733-771 

Pimm SL, Russell GJ, Gittleman JL, Brooks TM (1995) The future of 

biodiversity. Science 269, 347-350 

Pocewicz A, Morgan P, Eigenbrode SD (2009) Local and landscape effects 

on butterfly density in northern Idaho grasslands and forests. Journal of 

Insect Conservation 13, 593-601 

Ravenscroft NOM (1994a) The ecology of the chequered skipper butterfly 

Carterocephalus palaemon in Scotland. I. Microhabitat. Journal of Applied 

Ecology 31, 613-622 

Ravenscroft NOM (1994b) The ecology of the chequered skipper butterfly 

Carterocephalus palaemon in Scotland. II. Foodplant quality and 

population range. Journal of Applied Ecology 31, 623-630 

Ravenscroft NOM, Young RM (1996) Habitat specificity, restricted range 

and metapopulation persistence of the slender scotch burnet moth Zygaena 

loti in western Scotland. Journal of Applied Ecology 33, 993-1000 

Rosin ZM, Myczko Ł, Skórka P, Lenda M, Moroń D, Sparks TH, 

Tryjanowski P (2012) Butterfly responses to environmental factors in 

fragmented calcareous grasslands. Journal of Insect Conservation 16, 321-

329 

Roy DB, Thomas JA (2003) Seasonal variation in the niche, habitat 

availability and population fluctuations of a bivoltine thermophilous insect 

near its range margin. Oecologia 134, 439-444 

Schielzeth H (2010) Simple means to improve the interpretability of 

regression coefficients. Methods in Ecology and Evolution 1, 103-113 

Schultz CB, Dlugosch KM (1999) Nectar and hostplant scarcity limit 

populations of an endangered oregon butterfly. Oecologia 119, 231-238 

Species Gateway (2013) Scolitantides orion. 

http://www.artportalen.se/bugs/default.asp (accessed 7 March) 

 

http://dx.doi.org/10.1146/annurev.ento.47.091201.145257
http://dx.doi.org/10.1146/annurev.ento.47.091201.145257
http://links.jstor.org/sici?sici=0036-8075%2819950721%293%3A269%3A5222%3C347%3ATFOB%3E2.0.CO%3B2-N
http://links.jstor.org/sici?sici=0036-8075%2819950721%293%3A269%3A5222%3C347%3ATFOB%3E2.0.CO%3B2-N
http://dx.doi.org/10.1007/s10841-008-9209-7
http://dx.doi.org/10.1007/s10841-008-9209-7
http://www.jstor.org/stable/2404152
http://www.jstor.org/stable/2404152
http://www.jstor.org/stable/2404153
http://www.jstor.org/stable/2404153
http://www.jstor.org/stable/2404153
http://www.jstor.org/stable/2404680
http://www.jstor.org/stable/2404680
http://www.jstor.org/stable/2404680
http://dx.doi.org/10.1007/s10841-011-9416-5
http://dx.doi.org/10.1007/s10841-011-9416-5
http://dx.doi.org/10.1007/s00442-002-1121-3
http://dx.doi.org/10.1007/s00442-002-1121-3
http://dx.doi.org/10.1007/s00442-002-1121-3
http://dx.doi.org/10.1111/j.2041-210X.2010.00012.x
http://dx.doi.org/10.1111/j.2041-210X.2010.00012.x
http://dx.doi.org/10.1007/s004420050781
http://dx.doi.org/10.1007/s004420050781
http://www.artportalen.se/bugs/default.asp


 
33 

Stefanescu C, Peñüelas J, Sardans J, Filella I (2006) Females of the 

specialist butterfly Euphydryas aurinia (Lepidoptera: Nymphalidae: 

Melitaeini) select the greenest leaves of Lonicera implexa (Caprifoliaceae) 

for oviposition. European Journal of Entomology 103, 569-574 

Strausz M, Fiedler K, Franzén M, Wiemers M (2012) Habitat and host 

plant use of the large copper butterfly Lycaena dispar in an urban 

environment. Journal of Insect Conservation 16, 709-721 

Stuhldreher G, Villar L, Fartmann T (2012) Inhabiting warm microhabitats 

and risk-spreading as strategies for survival of a phytophagous insect living 

in common pastures in the Pyrenees. European Journal of Entomology 109, 

527-534 

Swedish Species Information Centre (2012) Fact sheet 2012-10-22: 

Scolitantides orion – fetörtsblåvinge. C. U. Eliasson. 

http://www.artfakta.se/artfaktablad/Scolitantides_Orion_101741.pdf 

(accessed 20 March 2013) 

Thomas JA (1991) Rare species conservation: case studies of European 

butterflies. pp 149-197 in: Spellerberg IF, Goldsmith FB, Morris MG (eds) 

The scientific management of temperate communities for conservation. 

Blackwell Scientific Publications, Oxford 

Thomas JA, Bourn NAD, Clarke RT, Whitfield KE, Simcox DJ, Pearman 

GS, Curtis R, Goodger B (2001) The quality and isolation of habitat 

patches both determine where butterflies persist in fragmented landscapes. 

Proceedings of the Royal Society B 268, 1791-1796 

Thomas JA, Telfer MG, Roy DB, Preston CD, Greenwood JJD, Asher J, 

Fox R, Clarke RT, Lawtons JH (2004) Comparative losses of British 

butterflies, birds, and plants and the global extinction crisis. Science 303, 

1879-1881 

Thomas JA, Simcox DJ, Hovestadt T (2011) Evidence based conservation 

of butterflies. Journal of Insect Conservation 15, 241-258 

Thompson JN (1988) Evolutionary ecology of the relationship between 

oviposition preference and performance of offspring in phytophagous 

insects. Entomologia Experimentalis et Applicata 47, 3-14 

Tränkner A, Nuss M (2005) Risk spreading in the voltinism of 

Scolitantides orion orion (Pallas, 1771) (Lycaenidae). Nota 

lepidopterologica 1, 55-64 

http://www.eje.cz/pdfarticles/1145/eje_103_3_569_Stefanescu.pdf
http://www.eje.cz/pdfarticles/1145/eje_103_3_569_Stefanescu.pdf
http://www.eje.cz/pdfarticles/1145/eje_103_3_569_Stefanescu.pdf
http://www.eje.cz/pdfarticles/1145/eje_103_3_569_Stefanescu.pdf
http://dx.doi.org/10.1007/s10841-012-9456-5
http://dx.doi.org/10.1007/s10841-012-9456-5
http://dx.doi.org/10.1007/s10841-012-9456-5
http://www.wwu-muenster.de/imperia/md/content/landschaftsoekologie/biozoenologie/pdf_thomas/pdf_2012/stuhldreher_et_al_satyrium_spini_common_pastures_eje_2012.pdf
http://www.wwu-muenster.de/imperia/md/content/landschaftsoekologie/biozoenologie/pdf_thomas/pdf_2012/stuhldreher_et_al_satyrium_spini_common_pastures_eje_2012.pdf
http://www.wwu-muenster.de/imperia/md/content/landschaftsoekologie/biozoenologie/pdf_thomas/pdf_2012/stuhldreher_et_al_satyrium_spini_common_pastures_eje_2012.pdf
http://www.artfakta.se/artfaktablad/Scolitantides_Orion_101741.pdf
http://dx.doi.org/10.1098/rspb.2001.1693
http://dx.doi.org/10.1098/rspb.2001.1693
http://dx.doi.org/10.1126/science.1095046
http://dx.doi.org/10.1126/science.1095046
http://dx.doi.org/10.1007/s10841-010-9341-z
http://dx.doi.org/10.1007/s10841-010-9341-z
http://dx.doi.org/10.1111/j.1570-7458.1988.tb02275.x
http://dx.doi.org/10.1111/j.1570-7458.1988.tb02275.x
http://dx.doi.org/10.1111/j.1570-7458.1988.tb02275.x
http://www.soceurlep.eu/tl_files/nota/bd28_1/07%20Traenkner%2BNuss.pdf
http://www.soceurlep.eu/tl_files/nota/bd28_1/07%20Traenkner%2BNuss.pdf


 
34 

van Swaay CAM, Warren MS (1999) Red data book of European 

butterflies (Rhopalocera). Convention on the conservation of European 

wildlife and natural habitats. Nature and Environment, No. 99. Council of 

Europe, Strasbourg 

van Swaay C, Cuttelod A, Collins S, Maes D, Lopez Munguira M, Šašić 

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

(2010) European Red list of butterflies. Publications Office of the 

European Union, Luxembourg 

Webb MR, Pullin AS (2000) Egg distribution in the large copper butterfly 

Lycaena dispar batavus (Lepidoptera: Lycaenidae): host plant versus 

habitat mediated effects. European Journal of Entomology 97, 363-367 

Wiklund C (1984) Egg-laying patterns in butterflies in relation to their 

phenology and the visual apparency and abundance of their host plants. 

Oecologia 63, 23-29 

Wikström L, Milberg P, Bergman KO (2009) Monitoring of butterflies in 

semi-natural grasslands: diurnal variation and weather effects. Journal of 

Insect Conservation 13, 203-211 

Williams EH (1981) Thermal influences on oviposition in the montane 

butterfly Euphydryas gillettii. Oecologia 50, 342-346 

Williams EH (1988) Habitat and range of Euphydryas gillettii 

(Nymphalidae). Journal of the Lepidopterists´ Society 42, 37-45 

Zeileis A, Kleiber C, Jackman S (2008) Regression models for count data 

in R. Journal of statistical software 27:8 

Zuur AF, Ieno EN, Walker NJ, Saveliev AA, Smith GM (2009) Mixed 

effects models and extensions in ecology with R. Springer, New York 

 

 

 

 

 

 

http://www.eje.cz/pdfarticles/148/eje_097_3_363_Webb.pdf
http://www.eje.cz/pdfarticles/148/eje_097_3_363_Webb.pdf
http://www.eje.cz/pdfarticles/148/eje_097_3_363_Webb.pdf
http://dx.doi.org/10.1007/BF00379780
http://dx.doi.org/10.1007/BF00379780
http://dx.doi.org/10.1007/s10841-008-9144-7
http://dx.doi.org/10.1007/s10841-008-9144-7
http://dx.doi.org/10.1007/BF00344974
http://dx.doi.org/10.1007/BF00344974
http://images.peabody.yale.edu/lepsoc/jls/1980s/1988/1988-42(1)37-Willams.pdf
http://images.peabody.yale.edu/lepsoc/jls/1980s/1988/1988-42(1)37-Willams.pdf
http://www.jstatsoft.org/v27/i08/
http://www.jstatsoft.org/v27/i08/


 
35 

8 Appendix 

Plausible regression models explaining abundance and occurrence of 
Scolitantides orion eggs on six sites in Bråviken, Östergötland County, southern 
Sweden (N = 879 Sedum maximum plants). A negative binomial error 
distribution was used for abundance, and a binomial error distribution was used 
for occurrence. Independent variables are significant when P < 0.05. 

Type of 
model 

Independent variables Variable 
estimate 

Lower 
95 % CI 

Upper  
95 % CI 

z-value P-value 

Abundance
a
 Intercept   1.12   0.70   1.80   0.48    0.629 

 Plant height
c
   0.64   0.44   0.94 - 2.27    0.024 

 Number of leaves
c
   3.17   2.13   4.72   5.68 < 0.001 

 Soil depth
c
   0.80   0.63   1.02 - 1.77    0.077 

 Cover of trees   1.30   0.98   1.72   1.83    0.067 

 Cover of trees
2
   0.63   0.43   0.92 - 2.38    0.017 

 Cover of bushes
c
   1.33   1.10   1.60   2.96    0.003 

 Inclination
b
   1.08   0.91   1.29   0.87    0.382 

 Proportion of bare rock
c
   1.45   1.19   1.78   3.62 < 0.001 

 Proportion of bare ground   1.28   1.05   1.56   2.48    0.013 

 Vegetation height
b
   1.47   1.25   1.73   4.61 < 0.001 

 Number of host plants
b
   0.66   0.54   0.81 - 4.00 < 0.001 

 Theta
d
   0.32   0.25   0.41 - 8.90 < 0.001 

Occurrence Intercept   4.86 - 0.98 10.69 - 1.63    0.103 

 Plant height
b
 - 1.96 - 3.75 - 0.17   2.15    0.032 

 Number of leaves
c
   1.38 - 0.49   3.24 - 1.45    0.148 

 Soil depth
c
   3.47   0.78   6.17 - 2.52    0.012 

 Cover of trees - 3.64 - 7.16 - 0.11   2.02    0.043 

 Cover of bushes
c
 - 0.98 - 2.06   0.10   1.79    0.074 

 Inclination
b
   0.63 - 0.54   1.79 - 1.06    0.291 

 Proportion of bare rock
c
   0.43 - 0.74   1.61 - 0.72    0.471 

 Proportion of bare ground - 1.21 - 2.86   0.43   1.45    0.148 

 Vegetation height
b
   2.53 - 0.70   5.76 - 1.54    0.124 

 Number of host plants
b
 - 0.12 - 0.94   0.69   0.30    0.767 
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a
The variable estimates and confidence limits of the model are back-transformed: estimated values express the 

proportional change in egg abundance per unit increase in the independent variable. For example, 1.05 and 0.95 
express 5 % increase and 5 % decrease, respectively, in egg abundance per unit increase in the independent variable. 
b
Variable square root transformed. 

c
Variable log transformed. 

d
Theta is a parameter of the negative binomial variance function (Zuur et al. 2009). 


