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1 Abstract 

A decline in biodiversity in agricultural landscapes has been reported for 

decades. One of the most important habitats for biodiversity in 

agricultural landscapes is semi-natural grasslands. To preserve species-

rich semi-natural grasslands, research need to focus both on local habitat 

quality and on landscape composition at various scales. In the current 

study I examined how nectar sources, host plants and other environmental 

parameters affected the occurrence of adults of four burnet moth species, 

residents of semi-natural grasslands. Also, I investigated the effects of 

landscape composition at 34 spatial scales. The results in general showed 

positive effects of host plants cover, nectar sources abundance, dry soil, 

sun exposure, tall sward height, small herb and grass cover. At the 

landscape level all the species responded negatively to the amount of 

arable land and positively to the amount of forests at scales up to 10000 

m. Two species were negatively affected by the amount of artificial 

surfaces and pasture at some scales. Though the amount of semi-natural 

grasslands and patch area did not affect the occurrence of the species, at 

the local scale semi-natural grasslands were still important for the 

species. Thus, my results suggest that management should be focused 

both on local and landscape levels. Focus should be to preserve sunny 

and open areas of high-quality semi-natural grasslands rich in burnet 

moths’ host plants and especially nectar sources that seem to be more 

important than host plants for adults. Semi-natural grasslands should be 

preferably adjacent to forests and not arable land. 

2 Introduction 

A decline and loss in biodiversity have been reported for decades and the 

major responsible factors are considered to be habitat destruction and 

habitat loss via agriculture and chemical use, urban development and 

forestry (Longley and Sotherton 1997, Brook et al. 2003, Fahrig 2003, 

Faggi et al. 2008). Conservation of biodiversity is especially in focus in 

Europe that has a long history of land use that has resulted in a large 

decline in species richness (Pollard and Eversham 1996, Sánchez-

Rodríguez and Baz 1996, Bourn and Thomas 2002, Wenzel et al. 2006). 

In this context, preserving semi-natural grasslands, which are one of the 

most species-rich habitats in Europe, is a conservation target of high 

priority (Rákosy and Schmitt 2011).  

Semi-natural grasslands are the main habitat for a species-rich group, 

including butterflies and moths, which contributes to ecosystem services 

such as pollination (Raven 1979, Winfree et al. 2011). Both biotic and 

abiotic components of semi-natural grasslands affect abundance and 
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distribution of butterflies and moths. Studies show that presence and 

quality of host plants and nectar sources are essential for occurrence of 

butterflies and moths (Ravenscroft 1994, Corbet 2000, Baz 2002). It is 

especially important for species that use a narrow range of host plants and 

nectar sources (Betzholtz 2003, León-Cortés et al. 2004). Environmental 

factors such as sun exposure and water may also affect the occurrence of 

some species (Clausen et al. 2001, Horak 2013).  

Recent research emphasises, besides importance of the habitat patch, the 

role of landscape matrix for abundance and distribution of the species 

(Prevedello and Vieira 2010). Importance of landscape composition for 

abundance of butterflies and moths varies between different studies. 

Some results show that semi-natural grasslands are essential to maintain 

viable populations while arable land and urban areas have a negative 

effect on the presence of species (Söderström et al. 2001, Sjödin et al. 

2008, Öckinger et al. 2012). On the other hand, Collinge et al. (2003) 

found no significant effect of urbanisation on species richness and 

composition. In this context it is important to take into consideration that 

species may respond differently to the same landscape variable at various 

spatial scales (Bergman et al. 2004, Holland et al. 2004, Botham et al. 

2015). 

One of the inhabitants of semi-natural grasslands are burnet moths 

(Zygaena spp), of which all the six species are listed as Near Threatened 

(NT) in Sweden (ArtDatabanken 2015). Burnet moths are of particular 

conservation concern as, though their distribution is wide, most Zygaena 

species have specific habitat requirements regarding nectar sources and 

host plants (Zarzycki and Dabrowski 1986, Sarin and Bergman 2010). 

Studies on burnet moths focus mostly on separate effects of some nectar 

sources, host plants or other environmental factors. In general, 

availability of semi-natural grasslands, presence of favourable nectar 

sources and host plants as well as sward height are among the most 

reported factors responsible for occurrence of Zygaena species (Bergman 

et al. 2008, Franzén and Nilsson 2008, Sarin and Bergman 2010). But 

knowledge about the whole picture where all main possible habitat 

quality characteristics interact and affect each of the burnet moths species 

is missing. As for the landscape composition, while the positive response 

of burnet moths to semi-natural grasslands is known (Bergman et al. 

2008), the effect of matrix at different scales is not studied for any of the 

burnet moths species.  

The aim of the current study was to evaluate how local habitat 

characteristics like nectar sources, host plants and other environmental 

parameters as well as landscape composition of different land uses at 
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various scales affect the occurrence of adult burnet moths: Zygaena 

filipendulae (Linnaeus, 1758), Zygaena lonicerae (Scheven, 1777), 

Zygaena osterodensis (Reiss, 1921) and Zygaena viciae (Denis & 

Schiffermüller, 1775). The results may be used for developing 

management plans to conserve the burnet moths and biodiversity of semi-

natural grasslands.  

3 Material & methods 

3.1 Study species  

Burnet moths of the genus Zygaena (Zyganeidae, Lepidoptera) are widely 

distributed in the Palearctic region. In Sweden, Z. filipendulae,  

Z. lonicerae and Z. viciae occur from the southern up to the central part 

of the country while Z. osterodensis can be mostly found in Östergötland 

province. Nectar sources are mostly purple and red Asteraceae plants 

while host plants are mostly represented by Fabaceae plants (Naumann at 

el. 1999). Burnet moths prefer open semi-natural pastures to wooded 

(Franzén and Ranius 2004). They are reluctant to fly over cultivated 

fields and they can seldom be seen along balks and fertilized meadows 

(Zarzycki and Dabrowski 1986). The species are thermophilous and 

prefer southern slopes. Their dispersal ability is up to 5600 m and the 

species can be observed mostly during sunny days from 10.00 to 16.00 

(GMT+2) from June to August (Franzén and Nilsson 2008).  

3.2 Local scale  

3.2.1 Study area and species survey 

Habitat preferences of four species of Zygaena were studied in 

Östergötland province in Sweden (Figure 1) during two field seasons 

(July 8-24, 2014 and July 2 to August 4, 2015) at 11 sites. The sites 

consisted mostly of semi-natural grasslands but also of a few clear-cut 

edges along roads. Burnet moths were recorded using a transect method. 

The transects were walked at a speed of approximately 50 m min-1 and 

they were set 15 m apart from each other and perpendicular to the 

narrowest side of the site. Burnet moths were monitored within 5 m ahead 

and 5 m to the sides of the observer. GPS coordinates were taken for 

every individual by means of Garmin GPSMAP® 60CSx.  

The data was collected between 9.00 and 17.00 (GMT+2) in sunny 

weather, at wind speed below 5 m s-1 and temperature above 17 °C 

following Wikström et al. (2009). The survey was also performed at 

cloudy conditions when the temperature was above 20 °C.  
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Figure 1. Sites included in the study that was conducted in Östergötland 
province, Sweden (GSD-Sverigekartan © Lantmäteriet Public License). 

3.2.2 Habitat characteristics 

Each individual burnet moth was recorded together with a number of 

variables including nectar sources, host plants and other environmental 

parameters (Table 1). If more than one burnet moth were observed at one 

spot the same parameters were recorded for all individuals. At each site 

the same parameters as for the burnet moths survey were also recorded in 

control points. For every site 100 control points were evenly distributed 

along the same transects as for the burnet moths survey.  

Possible nectar sources and host plants for the study species (Appendix 

A, Table 2) were selected based on field observations and literature 

(Zarzycki and Dabrowski 1986, Naumann et al. 1999, Sarin and Bergman 

2010).  

Table 1. Parameters measured both at each spot where a burnet moth was 
found and at each control plot. 

Parameter Definition 

Nectar source (No of flower heads) Possible nectar sources (5 m ø) 

Host plant (%) Cover of  host plant leaves (1 m ø) 

Sun exposure (%) 

Amount of sunlight reaching the spot. It was measured by 

facing the south and evaluating amount of sunlight coming 

along east-west trajectory during day time with no clouds  

Soil moisture (dry, mesic)* 
Content of water in the soil at the spot. It was evaluated by 

plant composition in the area (5 m ø) 

Sward height (cm) 

Height of plants at the spot, measured by means of a drop-

disk – a horizontal 30 x 30 cm platform of 430 g sliding along 

a vertical ruler 

Grass cover (%) Area covered by grass (1 m ø) 

Herb cover (%) Area covered by herbs (1 m ø) 

Moss cover (%) Area covered by mosses (1 m ø) 

Bush canopy cover (%) 
Area covered by bushes canopy (5 m ø). Bushes were 

considered as woody plants with less than 3 m height 

Tree canopy cover (%) 
Area covered by trees canopy (5 m ø). Trees were considered 

as woody plants with more than 3 m height 

Bare rock (%) Area covered by bare rock (5 m ø) 

Bare soil (%) Area covered by bare soil at the spot (5 m ø) 

* Mesic soil moisture combined both mesic and wet points  
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3.3 Landscape scale 

3.3.1 Study area and data sets  

In the current study, surveys on burnet moths from 14 different studies in 

Sweden (Appendix B, Table 3) were combined (Figure 2). For each 

species, all sites within their potential distribution area were used in the 

analysis. The potential distribution area was defined as the area within 20 

km radius around the point where the presence of an individual has been 

reported to the Species Observation System (Artportalen) from 1995 to 

2015.  

 

Figure 2. Locations of study sites in Sweden for a) Zygaena filipendulae; b) 
Zygaena lonicerae; c) Zygaena osterodensis; d) Zygaena viciae (GSD-
Sverigekartan © Lantmäteriet Public License).  

3.3.2 Habitats characteristics 

In order to examine the importance of the surrounding landscape, the 

Swedish Land Cover Database (2001) (Svenska marktäckedata © 

Lantmäteriet License No. I2014/00578) was used. Swedish Land Cover 

Database (SMD) accounts for 57 classes of vegetation and land use with 

the resolution of 25 x 25 m and the smallest mapping unit of 1-25 m 

depending on the class. Classes that were found in the area of my study 

were merged into five larger land use classes (Table 4).   

SMD was further processed in ArcGIS 10.3.1 by excluding areas that 

overlapped with semi-natural grasslands acquired from the TUVA 

database (2004). TUVA was provided by Swedish Board of Agriculture 

(Jordbruksverket). Thereby, six land use classes were taken as landscape 

parameters: artificial surfaces, arable land, forests, pasture, water bodies 

including wetlands and semi-natural grasslands.  
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Table 4. Land use classes used in the current study and compiled from 
Swedish Land Cover Database classes. 

Land use classes used in the 

current study 
  Swedish Land Cover Database classes 

Artificial surfaces Dense urban structure 

Places more 200 inhabitants and less areas of green 

Places more 200 inhabitants and larger areas of green 

Places more 200 inhabitants 

Individual houses and farmyards 

Industrial, commercial entities, public services, etc. 

Road and rail networks with the surrounding areas 

Harbours 

Airports 

Gravel and sand quarries 

Other mineral extraction locations 

Landfills 

Construction sites 

Urban green space 

Sports, shooting range, etc. 

Airfield (grass) 

Ski slopes 

Golf course 

Not urban park 

Camping and holiday houses 
 

Arable land   Arable land 

  Fruit and berry 

Forests Deciduous forests not on bog or outcrop  

Deciduous forests on bog 

Deciduous forests on outcrop 

Coniferous forest on lichen fields 

Coniferous forest not on lichen fields  

Coniferous forest not on lichen fields of 7-15 m 

Coniferous forest not on lichen fields more than 15 m  

Coniferous forest on moor 

Coniferous forest on outcrop 

Mixed forests not on bog or outcrop 

Mixed forests on bog 

Mixed forests on outcrop 

Clearcuts 

Young forests 
 

Pasture   Pasture 

Water bodies, including wetlands Water 

Lakes and ponds, open space 

Lakes and ponds, overgrown area 

Seaside lagoon 

Estuary 

Coastal seas and oceans, open space 

Limnogenic wetlands 

Wet bog 

Other bog 

Peat 

Salt affected swamps, marshes 



 8 

3.4 Data analyses 

3.4.1 Local scale  

A generalized linear model with binominal distribution (IBM SPSS 

Statistics 23) was used to analyse how parameters from Table 1 affected 

the presence/absence patterns of the burnet moths. Before applying the 

model all the parameters were tested for possible collinearity (Pearson 

correlation, P < 0.05, r > 0.5) for each species. The final decision on 

which parameters to include in the model was based on which parameters 

were thought be of highest ecological importance. Thereby the following 

exclusions were made: tree canopy if correlated with sun exposure, Vicia 

cracca if correlated with sward height, bare soil if correlated with grass 

cover. Then each species was treated separately in a model where 

presence (1) and absence (0) were dependent variables while the 

parameters were the predictor variables.  

Nectar sources and other environmental parameters were recorded 

separately from host plants. Thus, host plants were analysed separately in 

the model. Mesic and wet points were combined in one mesic soil 

moisture parameter as there were no wet soil moisture points in either Z. 

filipendulae or Z. lonicerae observations. Z. osterodensis and Z. viciae 

had very few observations for this variable as well, three and four 

respectively.  

3.4.2 Landscape scale  

For each species, the six land use classes were quantified at 34 spatial 

scales: from 100 m to 40000 m radius around each respective site (Figure 

3). The analysis was performed in ArcGIS 10.3.1 and Geospatial 

Modelling Environment 0.7.4.0. Then I looked at possible correlations 

between each land use class and occurrence of each species. For this aim 

I used Focus 2.1 program that selects spatially independent and randomly 

chosen sites to conduct multiple simple linear regressions of a response 

variable on a landscape predictor (Holland et al. 2004).  
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Figure 3. An example of four spatial scales around three sites (Svenska 
marktäckedata © Lantmäteriet License No. I2014/00578). 

For each of the species it was also tested if the occurrence of individuals 

depended on the patch area. Generalised linear model with binominal 

distribution was applied (IBM SPSS Statistics 23) where the presence (1) 

and absence (0) as dependent variables were tested against the patch area 

as an independent variable.  

Though Focus 2.1 program tested only one variable at a time, I still 

checked for possible correlations (Pearson correlation, P < 0.05, r > 0.5) 

between all the variables at each spatial scale for every species to be able 

to find out possible ecological interdependence of the landscape 

variables.  

4 Results 

4.1 Local scale 

Nectar sources and other environmental parameters were analysed for  

Z. filipendulae (n = 96), Z. lonicerae (n = 134), Z. osterodensis (n = 130) 

and Z. viciae (n = 70) (Table 5). For all the species, Knautia arvensis had 

a significant positive effect on the presence of the burnet moths. There 

was a significant positive effect of sward height for all the species except 

Z. filipendulae. The effect of grass cover was significantly negative for  

Z. lonicerae and Z. viciae. There were also significant negative effects of 

herb cover and bare soil on the presence of Z. filipendulae. Dry soil had a 

significantly positive effect on Z. lonicerae, Z. viciae and Z. osterodensis. 
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Table 5. Nectar sources and other environmental parameters affecting 
occurrence of the burnet moths, analysed by a generalized linear model with 
binominal distribution. * P < 0.05, ** P < 0.01.   

a) Zygaena filipendulae  b) Zygaena lonicerae  

Parameter Estimate Std. Error P  Parameter Estimate Std. Error P 

Soil moisture, 

dry 
0.505 0.300 0.093  

Soil moisture, 

dry 
0.692 0.263 0.009** 

Soil moisture, 

mesic 
0    

Soil moisture, 

mesic 
0   

K. arvensis 0.290 0.048 1.185E-09**  K. arvensis 0.210 0.039 6.906E-08** 

Sun exposure 0.012 0.006 0.036*  Cirsium spp. -0.047 0.087 0.587 

Sward height -0.031 0.020 0.111  Sun exposure -0.002 0.004 0.548 

Grass cover 0.000 0.006 0.967  Sward height 0.050 0.007 2.893E-11** 

Herb cover -0.015 0.005 0.004**  Grass cover -0.015 0.004 3.971E-05** 

Bush canopy 

cover 
-0.001 0.010 0.955  Herb cover 0.000 0.004 0.982 

Bare rock -0.026 0.016 0.102  
Bush canopy 

cover 
-0.004 0.005 0.497 

Bare soil -0.151 0.046 0.001**  Bare rock -0.020 0.011 0.085 

         

c) Zygaena osterodensis   d) Zygaena viciae  

Parameter Estimate Std. Error P  Parameter Estimate Std. Error P 

Soil moisture, 

dry 
1.041 0.287 2.919E-04**  

Soil moisture, 

dry 
0.925 0.353 0.009** 

Soil moisture, 

mesic 
0    

Soil moisture, 

mesic 
0   

K. arvensis 0.351 0.070 6.178E-07**  K. arvensis 0.349 0.073 1.908E-06** 

Cirsium spp. -0.034 0.115 0.770  Cirsium spp. -0.353 0.318 0.268 

T. pratense 0.042 0.015 0.007**  Sun exposure 0.004 0.005 0.494 

Sun exposure -0.016 0.003 4.239E-06**  Sward height 0.045 0.011 4.208E-05** 

Sward height 0.041 0.009 3.785E-06**  Grass cover -0.019 0.005 5.627E-05** 

Grass cover 0.003 0.004 0.459  Herb cover 0.002 0.005 0.740 

Herb cover 0.008 0.004 0.055  
Bush canopy 

cover 
-0.006 0.007 0.431 

Bush canopy 

cover 
0.008 0.005 0.170  Bare rock -0.022 0.014 0.119 

Bare rock -0.014 0.012 0.247  

Host plants were analysed for Z. filipendulae (n = 119), Z. lonicerae  

(n = 70), Z. osterodensis (n = 79) and Z. viciae (n = 79) (Table 6). Lotus 

corniculatus had a significant negative effect on Z. filipendulae and a 

significant positive effect on Z. viciae. There was also a significant 

positive effect of Vicia cracca on Z. osterodensis and Z. lonicerae. 

Lathyrus pratensis had a significant negative effect on Z. osterodensis. 
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Table 6. Host plants affecting occurrence of the burnet moths, analysed by a 
generalized linear model with binominal distribution. ** P < 0.01.   

a ) Zygaena filipendulae   c) Zygaena osterodensis  

Parameter Estimate Std. Error P  Parameter Estimate Std. Error P 

L. corniculatus -0.044 0.014 0.002**  V. cracca 0.252 0.070 3.367E-04** 

     L. pratensis -0.748 0.286 0.009** 

b) Zygaena lonicerae   L. vernus 0.298 0.195 0.127 

Parameter Estimate Std. Error P  T. pratense -0.252 0.143 0.078 

V. cracca 0.118 0.027 1.168E-05**      

L. pratensis 0.032 0.044 0.466  d) Zygaena viciae  

L. corniculatus 0.017 0.023 0.467  Parameter Estimate Std. Error P 

T. pratense -0.011 0.023 0.630  V. cracca 0.011 0.020 0.606 

T. medium 0.409 0.311 0.188  L. pratensis 0.037 0.022 0.093 

     L. corniculatus 0.050 0.017 0.004** 

4.2 Landscape scale 

The six land use classes were analysed for Z. filipendulae (n = 93),  

Z. lonicerae (n = 113), Z. osterodensis (n = 52) and Z. viciae (n = 108) 

(Figure 4). In general, significant positive correlations were found 

between the occurrence of each species and the amount of forests at all 

the scales except the largest ones. However, Z. lonicerae did not show a 

significant correlation with the forests until the 293 m scale. There was 

also a significant negative correlation with the amount of arable land for 

all four species at all the scales except the smallest and largest scales. 

Z. filipendulae and Z. osterodensis showed a significant negative 

correlation with the amount of pasture and artificial surfaces (except for a 

significant positive effect on Z. osterodensis at the 100 m scale for 

artificial surfaces). For Z. filipendulae, the maximum effect of the pasture 

and artificial surfaces was at the 3981 m and 3415 m respectively while 

for Z. osterodensis, the maximum effect of the same habitats was at the 

6310 m and the 8577 m. Also semi-natural grasslands were significantly 

negatively correlated with the presence of Z. osterodensis and Z. viciae at 

the 100 m and 117 m scales. 
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Figure 4. Pearson correlation coefficient between Zygaena species and land 
use classes at spatial scales (100 - 40000 m).  

The patch area did not influence the occurrence of the species. However, 

there was a tendency for a positive effect of the patch area for  

Z. lonicerae (β = 0.013 ± SE 0.007, P = 0.052).  

Regarding the correlations between landscape variables, there were 

similar patterns for all four species. For all the species there was a 

significant negative correlation between forests and semi-natural 

grasslands up to 136 m and from 20000 m to 40000 m. Forests also had 

significant negative effects on other variables: on arable land from 293 m 

to 40000 m, on artificial surfaces and pasture from 8577 m to 40000 m. 

Pasture had significant positive correlations with semi-natural grasslands 

from 1848 m to 40000 m, with arable land from 10000 m to 40000 m, 

with artificial surfaces from 20000 m to 40000 m. There was also a 

significant positive correlation between arable land and semi-natural 

grasslands from 20000 m to 40000 m.  
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5 Discussion 

With declining butterfly and burnet moth populations in Europe (Pollard 

and Eversham 1996, Sánchez-Rodríguez and Baz 1996, Bourn and 

Thomas 2002, Wenzel et al. 2006) it is essential to understand how they 

respond to changing habitat quality and to the surrounding landscape. 

Many studies show the importance of local habitat quality for 

maintenance of viable population of butterflies and burnet moths 

(Collinge et al. 2003, Krämer et al. 2012). An interplay between biotic 

and abiotic components of semi-natural grasslands - the main habitat for 

many butterflies and burnet moths - influences the species at all life 

stages (Bergström 2005, Sarin and Bergman 2010). However, some 

butterflies and burnet moths species have been shown to respond at larger 

landscape scales as well (Bergman et al. 2008, Öckinger et al. 2012). 

The results of the current study showed that all the burnet moths 

increased in abundance when the nectar sources and host plants were 

abundant though two burnet moths species were negatively affected by 

some host plants. The burnet moths also preferred dry soil, high sun 

exposure, tall sward height, small herb and grass cover. All the species 

were affected positively by forests and negatively by arable land at the 

landscape scale. Two species also increased in abundance with 

decreasing amount of artificial surfaces and pastures at some scales. 

5.1 Local scale 

5.1.1 Nectar sources and other environmental parameters 

Abundance of nectar sources is reported as an important factor for many 

butterflies and burnet moths (Holl 1995, Schneider and Fry 2001, Baz 

2002, Binzenhöfer et al. 2005). According to optimal foraging theory 

(Pyke et al. 1977, Stephens and Krebs, 1986) the choice of a nectar 

source should maximise the trade-off between gained energy and energy 

spent on foraging. Thus, quality of nectar may be important as its 

composition and secretion amount differ between plant species 

(Roshchina and Roshchina 1993). Butterfly females may be especially 

selective in their choice of nectar sources regarding amino-acid 

composition as it may influence their fecundity (Rusterholz and Erhardt 

2000, Mevi‐Schütz and Erhardt 2005).  

The abundance of K. arvensis had a significant positive effect on the 

occurrence of all the burnet moths species. This is in accordance with 

previous studies where this nectar source is preferred by Z. filipendulae,  

Z. osterodensis and Z. viciae (Naumann et al. 1999, Sarin and Bergman 

2010). However, in the Sarin and Bergman study (2010) K. arvensis is 
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not preferred by Z. lonicerae that instead prefer S. columbaria and  

C. jacea. That suggests that K. arvensis is not always Z. lonicerae’s 

favourite nectar source when S. columbaria and C. jacea are present. In 

the same study (2010), Z. viciae use C. arvense as a nectar source besides 

K. arvensis while in the current study the presence of the plant was not a 

significant factor for occurrence of this burnet moth species at all. As for 

Z. osterodensis, it visited both K. arvensis and T. pratense. Little is 

known about nectar sources preferences of this species but Naumann et 

al. (1999) also mention these plants as its nectar sources. 

Fred et al. (2006) found that abundance of nectar sources affects the 

occurrence of butterflies more than the occurrence of host plants. 

However, results of the current and other studies suggest that other 

factors than just the abundance of nectar sources may also influence the 

presence of the burnet moths (Naumann et al. 1999, Collinge et el. 2003, 

Sjödin et al. 2008, Sarin and Bergman 2010).  

In the current study, besides nectar sources, some other environmental 

parameters affected the presence of the burnet moths as well. All the 

study species except Z. filipendulae preferred areas with taller sward 

height than randomly selected areas. My results support other findings 

where areas with tall grass are shown to be important for a large 

proportion of the butterfly species (Collinge et el. 2003, Sjödin et al. 

2008). One explanation for this is that taller sward height can provide 

more biomass that is essential for larvae feeding. Tall sward height may 

also serve as shelter for the species.  

High sun exposure was important only for Z. filipendulae while  

Z. osterodensis preferred less sunny areas. This is partly in accordance 

with previous studies that show that besides Z. filipendulae, Z. lonicerae 

and Z. viciae also prefer sunny areas (Naumann et al. 1999, Sarin and 

Bergman 2010). In the current study Z. lonicerae and Z. viciae showed a 

tendency to prefer areas with less bushes, in other words more sunny 

areas. Preference of warm sunny areas by Z. filipendulae, Z. lonicerae 

and Z. viciae was also shown by their preference for areas with dry soil. 

So my findings are in line with the previous studies where Z. filipendulae, 

Z. lonicerae and Z. viciae are considered to be thermophilous species 

while Z. osterodensis prefer more shady areas. Specific microclimate 

preferences were also shown by occurrence in the areas with small grass 

cover (Z. lonicerae and Z. viciae) and with small herb cover and bare soil 

(Z. filipendulae).  

Overall all four study species showed specific habitat requirements 

regarding their preferences for nectar sources and microclimate. The 
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presence of favourable nectar sources on mainly sunny, open areas with 

tall sward height affected the occurrence of the burnet moths. These 

specific requirements make the species vulnerable to future habitat 

destruction and loss.  

5.1.2 Host plants 

Earlier studies on burnet moths and other insects show that some species 

have specific host plant requirements for egg-laying and larvae feeding 

(Damman 1991, Sarin and Bergman 2010). According to the preference-

performance hypothesis (Jaenike 1978) the right oviposition site is 

essential to increase the rate of survival in offspring (Craig et al. 1989, 

Hódar et al. 2002). One of the main host plants mentioned for Z. 

lonicerae, Z. osterodensis and Z. viciae is V. cracca (Naumann et al. 

1999). In the current study there was a significant positive effect of the 

amount of V. cracca on the presence of both Z. lonicerae and Z. 

osterodensis. The presence of Z. viciae was positively affected by the 

amount of L. corniculatus that is also a host plant for some burnet moths 

(Zarzycki and Dabrowski 1986, Young and Barbour 2004). These results 

are supported by the plant vigour hypothesis (Price 1991) that says that 

females should prefer to lay eggs on larger plants so that larvae could 

perform better.  

The only known host plant for Z. filipendulae is L. corniculatus 

(Naumann et al. 1999). Nevertheless, it had a significant negative effect 

on Z. filipendulae while the same plant had a significant positive effect on 

Z. viciae. There may be ecological and behavioural explanations for these 

results. The sites, where Z. filipendulae and Z. viciae were found, differed 

geographically, thus they may vary in ecological perspective, more 

specifically in the presence or abundance of K. arvensis, a nectar source 

for both species. For adult butterflies nectar sources are considered to be 

more important than host plants (Fred et al. 2006). Thus, insufficient 

amount or absence of K. arvensis in the study area could force the burnet 

moths to fly further for foraging. And finally, some other factors like 

ground temperature or distance between a host plant and bushes may also 

play a bigger role in choosing a site for oviposition than just host plant 

availability (Bergström 2005).  

Behavioural explanations for the opposite effect of L. corniculatus on  

Z. filipendulae and Z. viciae may be differences in oviposition behaviour 

between the two burnet moth species. It is supported by the finding that 

in contrast to Z. viciae, Z. filipendulae may lay eggs not only on a host 

plant but also in the vicinity (Hofmann 1994, pp. 315, 323 cited by 

Hofmann and Kia-Hofmann 2011). Also Z. filipendulae could reject some 
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oviposition sites according to enemy free space hypothesis (Price et al. 

1980, Jeffries and Lawton 1984, Feder et al. 1995) saying that species 

seek to reduce their vulnerability looking for areas with fewer natural 

enemies. Studies on other insects also show that either conspecific 

competition or risk of egg parasitism may affect females’ decision on 

oviposition site (Landolt 1993, Harmon et al. 2003, Sadek et al. 2010).  

The above-mentioned explanations may be applied for significant 

negative effect of L. pratensis on Z. osterodensis. The burnet moths could 

avoid areas with this plant as they were occupied with foraging in other 

areas. Z. osterodensis specimens could also avoid some areas where 

parasites or conspecifics were present.  

Thus, my results showed that only specific host plants affected the 

presence of the burnet moths although two burnet moth species avoided 

their host plants probably because of the effect of some other factors such 

as the availability of nectar sources in the area, the presence of 

conspecifics or parasites.  

5.2 Landscape scale 

Though semi-natural grasslands contain suitable nectar sources and host 

plants and therefore play an important role in sustaining viable 

populations of butterflies and moths (Öckinger and Smith 2006), in the 

current study the amount of semi-natural grasslands had no significant 

effect on the presence of the burnet moths. Moreover, the effect was 

mostly negative. This suggests that although semi-natural grasslands are 

the main habitat for the burnet moths, its quantity and quality regarding 

nectar sources, host plants and microclimate was not sufficient at the 

landscape scale. 

Some researchers have found that patch area is important for butterfly 

and burnet moth populations (Steffan-Dewenter and Tscharntke 2000, 

Krauss et al. 2003) while others disagree (Thomas et al. 2001, 

Binzenhöfer et al. 2005). My results also showed that patch area had a 

limited effect on the occurrence of the species. According to Binzenhöfer 

et al. (2005), an absence of effect of patch area is probably caused by a 

high density of suitable habitats in the study area. If so, suitable habitats 

have to be present in other parts of the landscape. 

This seems to be the case since all the study species were positively 

affected by forests. Clearcuts, glades and road verges along forests may 

contain additional nectar sources and host plants that cannot be found in 

nearby semi-natural grasslands. Villemey et al. (2015) also found a 

positive effect of woody habitats adjacent to grasslands on butterfly 
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abundance. It is also possible that forests serve as zones that buffer for 

the negative effect of insecticides, herbicides and fertilisers sprayed in 

arable land. These chemicals contribute to direct mortalities, changes in 

fecundity and longevity of butterflies and burnet moths (Longley and 

Sotherton 1997). But all these conclusions should be considered with 

caution as in the current study forests were negatively correlated with 

arable land from 293 m to 40000 m as well as with semi-natural 

grasslands at the smallest scales (100-136 m). Both arable land and semi-

natural grasslands had a negative effect on the presence of the burnet 

moths. Thus it is not completely clear if it was the amount of forest, 

arable land or semi-natural grasslands, or their combination that affected 

the occurrence of the burnet moths. However, a combination of the 

positive effect of forests and a negative effect of arable land seems to be 

the most probable reason.  

My results showed significant negative effect of arable land for all the 

burnet moths at the majority of the scales and of pasture for  

Z. filipendulae and Z. osterodensis at some scales. In arable land and 

pasture the use of chemicals and fertilisers, besides its direct effect on 

insects, can lead to eradication or degradation of host plants and nectar 

sources (Longley and Sotherton 1997). The study species’ main nectar 

source, K. arvensis, and main host plants, L. corniculatus and V. cracca, 

grow on infertile or intermediately fertile soils (Hill et al. 1999). Thus, 

they can be outcompeted by nitrophilous plants. Other studies also show a 

negative effect of nitrogen input on plant composition and abundance of 

butterflies and burnet moths (Bobbink et al. 1998, Öckinger et al. 2006a).   

Effect of artificial surfaces was negatively significant only for  

Z. filipendulae and Z. osterodensis at the large scale with the peaks at 3.4 

and 8.6 km radius respectively. Z. osterodensis was affected at a larger 

range of scales (1-10 km) than Z. filipendulae that was affected only at 

around 3.5 km. Artificial surfaces were positively correlated with pasture 

at the largest scales. As pasture also had a negative effect on the 

occurrence of the burnet moths, it could be either artificial surfaces or 

pasture that decreased the abundance of the species. Other possible 

reasons for artificial surfaces’ negative effect may include a pollution 

gradient around habitats affecting amount and quality of host plants. For 

example, transmission of fluorides in soil and in surface water can be 

traced for 30 km and 3-5 km respectively from a pollution source (plants 

producing aluminium, fertilisers, brick, steel or glass) (Arnesen et al. 

1995). Even small releases of fluorides can affect leaves weight and 

leaves area of plants (Fornasiero 2003). Also heavy metals coming from 

such activities as burning of fossil fuels, sewage sludge and use of 
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fertilizers and pesticides can accumulate some kilometres from the source 

and they are reported to be responsible for decrease in plant growth 

(Ogunkunle and Fatoba 2012, Chibuike and Obiora 2014). However,  

Z. osterodensis showed a significant positive effect of artificial surfaces 

at 100 m and 117 m radii. Since artificial surfaces included quarries in 

my study it is possible that these structures on some sites could enhance 

the abundance of the species as Schmitt (2003) reported the positive 

correlation between the occurrence of butterflies, burnet moths and old 

quarries.  

The overall results of the current study showed that the burnet moths 

responded to landscape composition at different scales. There was a 

significant positive effect of forests and a negative effect of arable land 

on all the study species up to 10000 m. The maximum dispersal distance 

for the burnet moths is reported to be 5600 m (Franzén and Nilsson 

2008). Ovaskainen et al. (2002) concluded that spatial clustering of 

suitable habitats should be at least a few times larger than species’ 

dispersal range. Thus, my results are in line with previous findings and 

they suggest a large-scale approach for successful conservation. Indeed, 

in order to be able to study the response of a species to its habitat, it is 

essential to measure habitat variables at an appropriate scale. Otherwise 

the results may lead to wrong conclusions at what scale the management 

should be applied at.  

Overall my results on the effect of the landscape composition on the 

occurrence of the burnet moths showed that the amount of semi-natural 

grasslands did not significantly affect the presence of the species at any 

scale. Instead, it was the matrix that had an effect on the burnet moth 

abundance at different scales. These results are in accordance with other 

studies that show the essential role of matrix for many insects in human-

dominated landscapes. Matrix can influence isolation of the patches 

(Ricketts 2001) and dispersal (Haynes and Cronin 2003), magnitude of 

edge effect (Haynes and Cronin 2006) as well as pollinator biodiversity 

(Diekötter et al. 2007).  

 

5.3 Implications for conservation 

This study showed that adult burnet moths preferred areas with high 

abundance of K. arvensis, a nectar source, and a large cover of host 

plants: V. cracca for Z. osterodensis and Z. lonicerae, L. corniculatus for 

Z. viciae. As Z. filipendulae avoided areas with L. corniculatus, its only 

host plant, it suggests that other factors, such as absence or deficiency of 

nectar sources nearby, may be more important for adults. It means that 
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dependence of burnet moths on different plants at different life stages 

makes the species even more vulnerable than a species depending on a 

particular plant during its whole life-span. Thus, special attention should 

be paid on the availability of nectar sources for the adult burnet moths on 

semi-natural grasslands. The importance of nectar sources and host plants 

for all the species was also reflected by a negative effect of arable land 

that contains no resources for the burnet moths. The preferred 

microclimate for the study species was sunny, open areas with tall sward 

height. Thus, management should be focused on open, lightly grazed and 

unfertilised areas.  

My results also suggest that management should be oriented not only on 

the habitat quality at the local scale but also at the landscape scale up to 

10000 m. In this context, the study showed that the quality and quantity 

of semi-natural grasslands was not sufficient and the burnet moths visited 

forests to find additional suitable habitats. It means that it is preferable 

that semi-natural grasslands are adjacent to forests and not arable land.  

5.4 Societal & ethical considerations 

In agroecosystems burnet moths are part of biodiversity that performs 

many ecological services such as pollination, recycling of nutrients and 

local microclimate control. When these natural services are lost, 

environmental and economic costs may be high that in its turn can lead to 

reduction of life quality. Thus, it is essential to preserve biodiversity in 

agricultural ecosystems.  

As burnet moths are reported to be positively correlated with butterfly 

species in semi-natural grasslands (Franzén and Ranius 2004), this makes 

burnet moths a good indicator of species-rich semi-natural grasslands and 

together with other families from Lepidoptera that have specific habitat 

requirements they can be used as umbrella species group for 

environmental quality and assessment of habitat changes (Schmitt 2003). 

During the field work in this study all the burnet moths specimens were 

handled without killing individuals and chemical treatment was not 

applied. No plants were damaged. 
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8 Appendix 

Appendix A 

Table 2. Possible nectar sources and host plants based on field observations 
and literature for Zygaena filipendulae, Zygaena lonicerae, Zygaena 
osterodensis and Zygaena viciae. + relevant, - irrelevant.  

 
Zygaena 
filipendulae 

Zygaena 
lonicerae 

Zygaena 
osterodensis 

Zygaena 
viciae 

N
e

c
ta

r 

s
o

u
rc

e
s
 Vicia cracca - + + + 

Knautia arvensis + + + + 

Circium spp.* + + + + 

Trifolium pratense - - + - 

H
o

s
t 

p
la

n
ts

 

Vicia cracca - + + + 

Vicia sylvatica - - + - 

Lathyrus pratensis - + + + 

Lathyrus vernus - - + - 

Lotus corniculatus + + - + 

Trifolium pratense - + + - 

Trifolium medium - + - - 

* In the current study Circium arvense and Circium palustre were merged into one group 
Circium spp. due to difficulties in identification in the field.  

Appendix B 

Table 3. Surveys on burnet moths and other insects conducted in Sweden 
and containing 14 databases included in the current study.  

Reference Number of sites Area of study 

Amandusson (1996) 8 Västergötland 

Bergman et al. (2004) 62 Östergötland 

Bergman et al. (2008) 60 Östergötland 

Franzén  and Nilsson (2008)  16 Kronoberg 

Franzén  and Ranius (2004)  99 Östergötland 

Hammarstedt (2007)  25 Skåne 

Johansson (2009)  10 Jonköping 

Länsstyrelsen Blekinge län (2010)  26 Blekinge 

Olsson (2007)  24 Värmland 

Öckinger and Smith (2006)  48 Skåne 

Öckinger et al. (2006 b) 12 Skåne 

Öckinger et al. (2006 a) 13 Skåne 

Öckinger et al. (2012)  45 Östergötland and Uppland 

Rundlöf (2002)  16 Kronoberg 

 


