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1 Abstract 

Several boreal insect species are pyrophilic and are more or less 

dependent on recently burned forest. Many pyrophilic species are 

attracted to potential substratum-rich recently burned forest by smoke and 

heat. Modern forestry has dramatically reduced the amount and size of 

forest fires in northern Europe during the last century and as a result 

several of the pyrophilic species are now threatened. The aim of this 

study was to analyse how the occurrence of insects such as Diptera of the 

pyrophilic genus Microsania, pyrophilic Coleoptera, obligate saproxylic 

Coleoptera and Coleoptera with unknown fire-dependency were affected 

by the forest fire history during the last 14 years. The aim was also to 

analyse what effect the spatial and temporal scales of the forest fire 

history has on the occurrence of these insects. This was done using smoke 

attraction traps, a unique method for catching pyrophilic insects without 

an actual forest fire, and analysing the results with a unique regional short 

term forest fire history dataset, containing all fires between the years of 

1998-2011 in Östergötland county in Sweden. The forest fires were 

clustered and more abundant in the eastern parts of the county. Seven out 

of eleven pyrophilic beetles were positively correlated with recent forest 

fires, mostly for the smaller spatial scales, 100 m – 5000 m. The 

abundance of many beetles with unknown fire-dependency were 

associated with recent forest fires. The general ecology for many of these 

species is not well known but some of these beetles might be favoured by 

different substrates that are created by fires. Strategically placed 

conservation burns can help to increase the spatial and temporal 

connectivity of forest fires to conserve both fire dependent and generally 

associated insects in the future. 

2 Introduction 

Frequent fires were previously a common feature in the boreal forests 

(Zackrisson 1977, Niklasson & Granström 2000) and have probably 

exerted a strong selection pressure on many forest organisms. For 

instance, forest fires create substrates that many forest species depend on 

for their long term survival, including plants, fungi, beetles, Diptera and 

other arthropods (e.g. Wikars 1992, Granström & Schimmel 1993, 

Wikars 2002, Johansson et al. 2010, Hjältén et al. 2010, Ylisirniö et al. 

2012). Due to modern forestry, the amount and size of forest fires in 

northern Europe have dramatically decreased in the last century, from 

being the major disturbance factor to being almost totally eliminated 

(Tolonen 1978, Niklasson & Granström 2000, Niklasson et al. 2010). 

Therefore many forest species that are dependent on forest fires are now 

threatened. 
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Numerous insect species are dependent on dead wood as well as heavily 

stressed, dying or recently dead trees. These insects sometimes display a 

pyrophilic behaviour since they are attracted to potential substratum-rich 

recently burned habitats by smoke and/or heat (Saint-Germain et al. 

2008). In boreal forests, pyrophily, is thought to be widespread, and 

several studies have shown immediate and massive colonization of recent 

burns by insects (Gardiner 1957, Muona & Rutanen 1994, Wikars & 

Schimmel 2001, Saint-Germain et al. 2004). Several pyrophilic species 

are found at very high densities in recent burns, but are uncommon or 

rare in unburned forests. Thus, recently burned habitats are important for 

the long term survival of these species and the decline seen in some 

species has been consistently linked with a lengthening of the fire cycle 

related to fire suppression (Anhlund & Lindhe 1992, Wikars 1997, 

Jonsell et al. 1998). Therefore, one can hypothesize that the abundance of 

pyrophilic species would be positively related to a high abundance of 

forest fires in the landscape.  

North European boreal forests have been intensively managed the last 

few decades (Esseen et al. 1997, Angelstam 1998). This has affected the 

availability of dead wood as a result of active fire suppression. Today, 

less than 0.01 % of Fennoscandian forests burn annually (Granström 

2001). Additionally, the dead wood volume has been reduced by 90–98 

% under recent management when comparing managed landscapes with 

pristine forests in Finland (Siitonen 2001). Combined, this has led to the 

severe decline of numerous saproxylic species, including species 

associated with recent burns (Jonsell et al. 1998).  

Recently, attempts have been made at rehabilitating saproxylic and 

pyrophilic species by creating or preserving recently burned areas. 

Conservation burns, is a highly efficient conservation measure in 

intensively managed boreal forest landscapes (Kouki et al. 2011). It can 

quickly transform an intensively managed forest stand to a suitable 

habitat for several rare and threatened species. Prescribed forest fires are 

currently used as a conservation tool in Fennoscandia (Wikars 2002). 

Additionally, the forestry certification systems FSC (Forest Stewardship 

Council) and PEFC (Programme for the Endorsement of Forest 

Certification) demand that forest owners in Sweden burn 5 % of the 

regeneration area on dry and mesic ground if their property is larger than 

5000 hectares (Ingvarson et al. 2012). Conservation burns has been 

shown to have profound positive effects on the general species 

assemblage where both fire-dependent and other less fire specialised 

forest species benefit from fires (Wikars & Schimmel 2001, Saint-

Germain et al. 2004). However, the ecological benefit of conservation 



 4 

burns for these species depends on the availability of habitat patches that 

harbour potential colonizers for the newly burned areas. This availability 

is partly determined by the forest fire history and the habitat quality of the 

surrounding landscape. Little is known about the relationship between the 

landscape forest fires history of the landscape and the occurrence of 

pyrophilic insects in the landscapes. There is a need for knowledge on 

how to enhance the benefits of conservation burns by optimizing fire 

frequency, size of fires and placement in the landscape.  

The aim of this study was to analyse how the occurrence of insects such 

as Diptera of the pyrophilic genus Microsania, pyrophilic Coleoptera, 

obligate saproxylic Coleoptera and Coleoptera with unknown fire-

dependency were affected by the short term forest fire history of a 

landscape. The aim was also to analyse what effect the spatial and 

temporal scales of the forest fire history has on the occurrence of these 

insects. This was done using smoke attraction traps, a unique method for 

catching fire favoured insects without an actual forest fire, and analysing 

the findings with a unique regional short term forest fire history dataset. 

3 Material & methods 

3.1 Study sites for the smoke attraction traps 

This study is based on data from a field study on the use of smoke 

attraction traps, performed from 14 June to 31 July 2011.The study was 

conducted in 21 forest locations in Östergötland County, south-east 

Sweden (Figure 1), the fieldwork was done by Henrik Norman. The sites 

were selected based partly on the forest fire history in the county 

investigated by Ångström-Balla (2006) in order to include sites with a 

wide range of forest fire densities in the surrounding landscape. Sites 

were located at least 10 km away from each other, except in two cases, to 

avoid spatial dependence.  
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Figure 1. The location of the 21 study sites where smoke attraction traps were 
used to catch insects in forests in Östergötland County, Sweden.  

3.2 Experimental setup for the smoke attraction traps 

The smoke was generated in a fireplace made out of a 200 L metal drum 

and the insects were caught in a 1.5 m wide black nylon net set up around 

the fireplace. The net had 1 mm mesh size, with measures 5 m x 5 m x 

1.5 m (length, width, height). Birch logs were used as fuel for the fire, 

and smoke was created by putting humid forest litter on top of the 

burning birch logs. The smoke generation was initiated at 10:00 h and 

was let to burn freely until 11:00 h, when insect collection started. In 

order to avoid any differences in litter quality between the sites, the forest 

litter was almost exclusively brought from the same site, a coniferous 

forest near Sturefors (58.283N, 15.716E) and kept in large plastic bags. 

At 21:00 h, the fire was extinguished and the sampling was terminated for 

the day. 
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Figure 2. The experimental setup, consisting of nylon net surrounding a metal 
drum cut in half. The net was secured to the ground using lines and concrete 
parasol holders. In the front of this picture, the entrance of the net to the 
fireplace can be seen. Image: Linnea Norman. 

3.3 Sampling with smoke attraction traps 

Insects flying into the square net setup were collected and then preserved 

in 95 % alcohol. Because of the handling time of insects, fire managing 

and weather observations, the active time of catching was standardised to 

45 minutes per hour batch. At a few occasions, the study could not be 

initiated until 12:00 h or 13:00 h due to practical difficulties, and some 

hours were missing due to rain or practical issues. Furthermore, the 

number of Coleoptera individuals collected proved to be higher after 

15:00 h. Therefore, to speed up the identification, the intervals from 

11:00 h to 15:00 h were omitted from eight sites. To ensure equivalent 

data, 6 catch periods were used between 14:00 h to 21:00 h (mostly the 6 

hours between 15:00 h and 20:00 h). Insects considered in this study were 

Coleoptera and Microsania spp. of the Diptera order.  

3.4 Data analysis 

3.4.1 Forest fire history 

The basis of the fire history used in this study was data from the Swedish 

Civil Contingencies Agency, supplemented data from archives on forest 

fires held at local fire stations. Many fires that lacked a spatial reference 
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were given coordinates after consulting with the staff at the fire stations. 

These local records contained all fires greater than 100 m2 between the 

years of 1998-2011 in the county of Östergötland and all neighbouring 

municipalities as a buffer zone. The number and area of forest fires varied 

between the years (Figure 3). 

 

Figure 3. Area of forest fires and number of forest fires per km2 in 
Östergötland county and the surrounding municipalities for each year between 
1998-2011. Östergötland county and the surrounding municipalities consists 
of 14394.05 km2 forested area and the total area of burnt forest, between 
1998 and 2011, is 20.5439 km2, 0.00143 % of the forested area have been 
burnt between 1998-2011. The dotted part of the line represent the years that 
was not used in the statistical analyses. 

Östergötland county and the surrounding municipalities consists of 

14394.05 km2 forested area, which is 61.2 % of the total area. The total 

area of burnt forest, between years 1998-2011, is 20.5439 km2 which 

means that 0.00143 % of the forested area has burned between years 

1998-2011. To be able to analyse the effect of the spatial distribution of 

the forest fires, 41 circles with radii from 100 m to 20000 m were defined 

based on the natural logarithm to get a high resolution close to the smoke 

attraction trap and to increase the distances between the circles with the 

distance from the trap (Figure 4). The minimum radius was 100 m 

because 4 sites out of 21 had forest fires within a 100 m distance and the 

maximum radius was 20000 m because it is the probable maximum travel 

distance for pyrophilic insects. The number and area of forest fires were 

calculated within each of the 41 circles around each smoke attraction trap 

using the software ArcMap 10 (Esri 2011). The fire history was divided 

into three periods, year 1999-2002, year 2003-2006 and year 2007-2010, 

to be able to analyse the temporal scale of the fire history. A 

geoprocessing tool that computes the average distance to each feature's 

closest neighbour was used to calculate the average nearest neighbor 
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distance in the three time periods, using the software ArcMap 10 (Esri 

2011). The average nearest neighbor distance were 4096 for the years 

1999-2002, 5015 m for years 2003-2006 and 2600 m for years 2007-

2010. 

 

Figure 4. Approach for the spatial forest history analysis, showing the 41 
circles with different radii ranging from 100 m to 20000 from the location of a 
smoke attraction trap in the site Rippestorp, in the county of Östergötland. 
The red circles represent the area of the forest fires. 

Data on lightning strikes between year 2002 and 2012 was provided by 

the Swedish Meteorological and Hydrological Institute (SMHI). The 

probability of forest fires was calculated using lightning density within 

coniferous and deciduous forest within 41 radii around each “smoke 

trap”. The forested areas were extracted from ground cover type 

coniferous, mixed and deciduous forest in GSD-Terrain map vector data 

(©Lantmäteriet I2012/0021). The connectivity (Ci) was calculated with 

regard to all forest fires within 20 km from the smoke traps. 

𝐶𝑖 =∑𝑒−
𝑑𝑖𝑗
𝛼

𝑛

𝑗≠𝑖

𝐴𝑗
𝑏 

The parameter α is the dispersal distance and scales the inverse distance 

weighing function by setting the distance where the weight is 0.5. Values 

for α were 2 km, 3.5 km 5 km 10 km 20 km, chosen based of the probable 
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dispersal distance of pyrophilic beetles. dij is the distance to the forest fire 

j and (Aj) is the size of the forest fire. b is a scaling parameter of 

emigration from Aj (Moilainen & Nieminen 2002).  

3.4.2 Statistical analyses 

Beetles were classified as pyrophilic according to Wikars (2006) and 

Lundberg (1984). Obligate saproxylic beetles were classified according to 

(Dahlberg & Stokland 2004). Beetles with no fire-dependency was 

classified by Nicklas Jansson (Linköping University, County 

Administrative Board of Östergötland) and the remaining beetles were 

classified as having unknown fire-dependency. 

Multivariate statistical analysis was performed using the software 

CANOCO 5.0 (ter Braak & Šmilauer 2012). To ensure equivalent data, 

only the beetles caught in the 6 catch periods between 14:00 h to 21:00 h 

were used in the study. The abundance of 11 pyrophilic beetles and 10 

obligate saproxylic beetles with an abundance of two or more was used as 

response variables in Principal Component Analyses (PCA) in which data 

was centred by species. The fire history dataset divided into the three 

different time periods, 1998-2002, 2003-2006 and 2007-2010, were used 

as supplementary variables to show the different association with the fire 

history at different temporal scales. The PCAs of the pyrophilic beetles 

were used as basis for the analysis of 14 beetles with no fire-dependency 

and 76 with unknown fire-dependency with an abundance of two or 

more. The abundance of the beetles in those two groups were with added 

as supplementary variables to evaluate if any of the beetles with unknown 

fire-dependency were associated with forest fires.  

The odds of a random Diptera specimen belonging to the genus 

Microsania and the odds of a random beetle being pyrophilic was used as 

response variables in generalized linear models (normal distribution, log-

link function) to analyse the occurrence of Microsania spp. and 

pyrophilic beetles in relation to the forest fire history of the different 

spatial and temporal scales and the latitude and longitude in R Studio (R 

core group 2013). Odds was calculated by dividing the number of the 

insects of interest by the total number if individuals of the insect order, 

with the number of the insects of interest subtracted. 

Moran’s I test (Moran 1950) was used to test the probability that the 

observed distribution of forest fires between 1998-2011, pyrophilic 

beetles, obligate saproxylic beetles and Microsania spp. would occur by 

chance, and the test was run in Esri. 
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4 Results 

4.1 Abundance of taxa  

A total of 40185 individuals were counted and identified in the smoke 

study. The pyrophilic genus Microsania of the Diptera order constituted 

the majority with 25420 individuals (Table 1). Furthermore, Coleoptera 

specimens were collected and identified to a total of 2995 individuals in 

238 different taxa. Of these species 27 were classified as being pyrophilic 

(Wikars 2006, Lundberg 1984), 28 were identified as non fire-dependent 

and the remaining 125 species have an unknown relationship to fire and 

smoke. Of the total individuals of Colepotera, 907 were classified as 

saproxylic in 98 different species identified using (Dahlberg & Stokland 

2004). 

Table 1. Taxonomic groups identified in 21 smoke attraction traps in 
Östergötland in 2011, and their abundance defined in total number of 
individuals and individuals caught between 14:00 and 21:00 h. 

Species group Number of individuals 

Individuals caught in the 6 catch periods 
between 14:00 h - 21:00 h and used in 

statistical analysis 

Diptera   

Microsania spp. 25420 20865 

Other Diptera 9586 6913 

Diptera, total 35006 27778 

   

Coleoptera   

Fire dependent 104 96 

Non-fire 
dependent 

341 227 

Unknown fire 
dependence 

2550 1897 

Coleoptera, total 2995 2220 

   

Saproxylic 
Coleptera 

  

Saproxylic 
obligate 

83 67 

Saproxylic 
facultative 

824 675 

Saproxylic, total 907 742 
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4.2 Fire history & abundance of Coleoptera species 

The spatial autocorrelation of the fire history, between year 1999 – 2010, 

was significantly clustered (P <0.038, Z = 2.07). The kernel density 

(where size of the fire was used as the population variable) of the fire 

history in the year 2007-2010, year 2003-2006 and year 1999-2002 

showed that the forest fires were clustered to the east of Östergötland 

county, but with different intensity in the three periods (Figure 5). The 

two periods of year 2007-2010 (Figure 5A) and year 2003-2006 (Figure 

5B) were dominated by a few large fires while the period of 1999-2002 

(Figure 5C) had fewer, smaller and more scattered forest fires.  

The spatial autocorrelation of all the pyrophilic beetles and saproxylic 

obligate beetles was not significantly clustered (P <0.82, Z = 0.23, P 

<0.46, Z = 0.72). The two were both more abundant in the north and 

eastern parts of the county (Figure 5D). 
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Figure 5. The forest fire history in Östergötland county divided into three time 
periods: years 2007-2010 (A), years 2003-2006 (B) and years 1999-2002 (C), 
where darker red shows higher fire frequency. Red dots represent forest fires. 
Map D displays the proportion of species groups caught in each smoke 
attraction trap: pyrophilic beetles (red bars), saproxylic obligate beetles (blue 
bars) and the pyrophilic flies Microsania spp. (grey bars). 

The PCAs on pyrophilic beetles in relation to forest fire history showed 

that species composition was correlated with the area of burned forest 1-4 

years, 5-8 years and 9-12 years before sampling, where PC1 explained 

49.9 % of the variance and PC2 explained 19.6% (Figure 6). There was a 

positive association between the abundance of seven out of eleven 

pyrophilic beetles and the area of burned forest between 2007–2010 and 

2003–2006   and most in the smaller spatial scale, ranging from 100 m – 

11000 m (Figure 6A and 6B). Five pyrophilic beetles were more strongly 

associated with forest fires: Corticaria ferruginea, Corticarina fuscula, 

Enicmus rugosus, Pteryx suturalis and Melanophila acuminata. Two 

were slightly weaker associated with forest fires: Anthaxia 
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quadripunctata and Rhizophagus nitidulus. Four out of eleven pyrophilic 

beetles had no or a negative association with 1-12 years old forest fires: 

Cartodere constricta, Phloenomus pusillus, Atomaria pusilla and 

Cortinicaria gibbosa. There was no association between abundance of 

pyrophilic beetles and 9-12 years old forest fires (Figure 6C) except for a 

weak association between Anthaxia quadripunctata and area of forest 

fires of that period. The results for the connectivity of forest fires and the 

number of forest fires were similar to the results for the area of burned 

forest for each time period (See appendix 8.1 for years 2007-2010). 

    

 

 

 

  

 

 

 

Figure 6. PCA biplots (eigen value PC1=49.9 % and PC=19.6 %) on the 
abundance of eleven pyrophilic beetles in 21 different smoke attraction trap 
locations in relation to the forest fire history divided into three time periods: 
years 2007-2010 (A), years 2003-2006 (B) and years 1999-2002 (C). Black 
lines represent species abundance descriptors for the pyrophilic beetles, 
orange lines represent the supplementary variables, the area of burned forest 
within each of 41 radii, ranging from 100 m to 20000 m, for each smoke 
attraction trap.  

The odds of finding a pyrophilic beetle that was associated with forest 

fires among other non-pyrophilic beetles in the smoke attraction traps 

were more associated with the area of burned forest in the smaller spatial 
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scale with a radii ranging from 100 m – 5000 m (Figure 7) than in larger 

scales. The pattern was similar for the different time periods. The odds of 

finding a pyrophilic beetle that was associated with forest fires among 

other non-pyrophilic beetles in the smoke attraction traps were not 

associated with any direction regarding latitude but showed a tendency to 

be more associated with the northern parts of Östergötland county. 

 
Figure 7. t-value, from generalized linear models of odds of finding the 
pyrophilic beetles among other beetles against the variable area of burned 
forest for each radii from the smoke attraction trap, divided in three time 
periods. The X-symbols represent latitude and ▲-symbols represent 
longitude. 

The PCA of obligate saproxylic beetles abundance in relation to forest 

fire history shows the relationship between species composition and area 

of burned forest 1-4 years, 5-8 years and 9-12 years before sampling. PC1 

explained 24.3 % of the variance and PC2 explained 20.3 % (Figure 8). 

There was no association between the abundance of eight out of ten 

saproxylic beetles and the area of burned forest 1- 4 years before 

sampling (Figure 8A). However, two obligate saproxylic beetles, 

Crypturgus subcribrosus and Pityogenes chalcographus, were associated 

with the area of burned forest 1-4 years before sampling, but not with the 

area of forest fires in the other time periods (Figure 8). There was a 

stronger association between three saproxylic beetles, Dasytes plombeus, 

Anaspis thoracia and Orthopeus nigrescens and the area of forest fires 5-

8 years before sampling (Figure 8B). The association was weaker 

between saproxylic beetles and forest fires 9-12 years before sampling 

except for Anaspis rufilabris that only was associated with 9-12 years old 

forest fires (Figure 8C). 
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Figure 8. PCA biplots (eigen value PC1=23.5 % and PC=19.1 %) on the of 
abundance of thirteen obligate saproxylic beetles in 21 different smoke 
attraction traps in relation to the forest fire history divided into three time 
periods: years 2007-2010 (A), years 2003-2006 (B) and years 1999-2002 (C). 
Black lines are species abundance descriptors for the saproxylic Coleoptera. 
Grey lines represent supplementary variables, i.e. area of burned forest within 
each 41 radii, ranging from 100 m to 20000 m, for each smoke trap.  

The PCA of pyrophilic beetles abundance in relation to forest fire history 

with beetles with no or unknown fire-dependency added as 

supplementary variables showed a correlation between species 

composition and area of 1-4 year old forest fires (Figure 9). PC1 

explained 49.9 % of the variance and PC2 explained 19.6%. Only thirteen 

beetle species, out of 14 species with no fire-dependency and 76 with 

unknown fire-dependency, were associated with 1-4 year old forest fires. 

These had longer species descriptors pointing in the same direction as the 

arrows representing area of burned forest in the smaller spatial scale 

(Figure 9) (See appendix 8.3). A total of 17 species were associated with 

5-8 year old forest fires, an additional 4 beetles (See appendix 8.2 & 8.3). 

A total of 6 species were only associated with 9-12 year old forest fires 
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(See appendix 8.2 & 8.3). Six of the beetle species that were classified as 

non fire-dependent were associated forest fires of different time periods 

(See appendix 8.3) 

 

Figure 9. PCA biplot (eigen value PC1=49.9 % and PC=19.6 %) on the 
abundance of eleven pyrophilic beetles in 21 smoke attraction traps in relation 
to forest fire history between years 2007-2010, and with beetle species with 
no or unknown fire-dependency added as supplementary variables. Black 
lines represent species abundance descriptors for the pyrophilic beetles and 
beetles with no or unknown fire-dependency. Orange lines represent the area 
of burned forest within each 41 radii, ranging from 100 m to 20000 m, for each 
smoke attraction trap. 

4.3 Occurrence of Microsania spp. in relation to the temporal and 

spatial scales of the fire history 

The odds of finding a specimen of the pyrophilic genus Microsania 

among other Diptera in the smoke attraction traps decreased with the area 

of burned forest in radii ranging from 2000 m to 10000 m in years 2007 - 

2010 (Figure 10). In contrast, the odds increased with the area of burned 

forest, in radii ranging from 2000 m to 4000 m, in years 2003-2006 and 

1999-2002. 
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Figure 10. 10. t-value, from generalized linear models of odds of finding 
Microsania spp. among other Diptera against the variable area of burned 
forest for each radii from the smoke attraction trap, divided into three time 
periods. The X-symbols represent latitude and ▲-symbols represent 
longitude. 

The spatial autocorrelation of Microsania spp. was not significantly 

clustered (P <0.33, Z = 0.96). When analysing the coordinates with the 

odds of finding Microsania spp. among other Diptera individuals in 

generalized linear models the results showed that the x-axis, latitude, 

explained most of the spatial distribution (Figure 10). This trend is also 

visible when looking at the distribution of the proportion of Microsania 

spp. in Östergötland county (Figure 5D). When controlling for the trend 

in the spatial scale, the effect of the amount and frequency of forest fires 

between years 2007-2010, was negative for Microsania spp. 

5 Discussion 

Seven out of eleven pyrophilic beetle species were positively associated 

with recent forest fires. This was expected because creating and 

preserving recently burned forests have been shown to have profound 

positive effects on species assemblages (Gardiner 1957, Muona & 

Rutanen 1994, Wikars & Schimmel 2001, Saint-Germain et al. 2004). 

Several pyrophilous species are found at very high densities in recent 

burns, but are uncommon or rare in unburned forests. However, the 

association between abundance of the seven pyrophilic beetles and older 

forest fires, 9-12 year old, was weaker or non-existent. This is 

understandable because pyrophilic insect are particularly interested in, or 

dependent on, newly dead or dying trees. Some beetles have longer life 

cycles, there is a possibility for using the burned dead wood in two 

lifecycles and fungi, that some pyrophilic beetles are dependent on to 

reproduce, might not be present until a few years after the forest fire. 
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Together, this might answer why the pyrophilic beetles were associated 

with 5-8 year old forest fires.  

Pyrophilic beetles were more associated with forest fires in the smaller 

spatial scale, 100 m – 5000 m. Those species have limited dispersal 

ability and 5000 m might be the maximum distance to travel in a few 

days for some beetles. This indicates that recent forest fires at a smaller 

spatial scale have the largest effect on the occurrence of the pyrophilic 

beetles in the landscape. Many pyrophilic species need a connectivity of 

recent burns to be able to propagate. However, the presence of these 

pyrophilic beetles also depends on the long term forest fire history and 

the availability of habitat patches that these species can survive in. Both 

the forest fires and the pyrophilic beetles were more abundant in the 

eastern parts of Östergötland county which supports this theory. 

Both the spatial and the temporal connectivity of fires are important for 

pyrophilic species. Earlier studies show that fire events and area burned 

were highly aggregated in some years and nearly absent in others over the 

northern hemisphere (Bergeron et al. 2001, Kauhanen 2002). This 

suggests that populations of pyrophilic insects were likely to fall back to 

lower levels in years with limited recently burned areas. In years with 

limited recent forest fires, the quality of the unburned matrix would be 

the main determinant of the population trends of these species (Saint-

Germain et al. 2008).  

Another way to look at the connectivity issue is to ask what the average 

distance is between the closest fire events happening in successive years. 

Saint-Germain et al. (2008) tried to answer this question by using the fire 

history in Quebec compiled by Bergeron et al. (2001). They showed that 

insects had to travel 30–60 km for successive generations to breed in 

recent burns. Few estimates are available regarding dispersal capabilities 

of pyrophilic insects in the literature. However, Raske (1972) estimated 

that the pyrophilic beetle Monochamus scutellatus could travel over 10 

km in its adult life, which is still much less than 30–60 km. In addition to 

the large distance, the insects had to fly upwind towards the smoke to 

converge towards the fire using the smoke plume as attractant. Combined 

these observations suggest that the quality of the unburned matrix may be 

a primary factor in the population dynamics of these species. The 

detection of several beetle species exhibiting pyrophilic behaviour in 

recently dead trees in unburned forests supports this statement (Saint-

Germain 2007). However, in the current study the average nearest 

neighbor distance in the three different time periods of the forest fire 

history, was 4096 for the years 1999-2002, 5015 m for years 2003-2006 

and 2600 m for years 2007-2010.  These numbers indicate that the 
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pyrophilic species should be able to travel between the forest fires within 

a temporal scale of four years. This supports the idea that fires are an 

important factor in the population dynamics of these species, which is 

opposed to what Saint-Germain is suggesting.  

Four out of eleven pyrophilic beetles showed no or a negative association 

with area of forest fires in Östergötland county. These species might not 

be attracted by smoke or it could have been that the traps only caught 

those species in sites with poor forest fire history and not in sites with a 

rich forest fire history. These four beetle species were all found with high 

abundances in the trap placed in an archipelago forest reserve with very 

high dead wood availability but a poor forest fire history. The detection 

of several beetle species exhibiting pyrophilic behaviour in recently dead 

trees in unburned forests supports this explanation (Saint-Germain 2007).  

It is understandable that most of the obligate saproxylic beetle species 

were not associated with forest fires. Saproxylic species are not 

particularly dependent on burned, dying or newly dead threes, as 

pyrophilic species are. They are dependent on a high availability of dead 

wood in different stages, and they have life cycles varying from several 

months to several years. Therefore, it is understandable that fire 

associated obligate saproxylic beetles were more associated with area of 

forest fires that were 5-12 years old.  

Six of the beetle species that were classified as non fire-dependent were 

associated with forest fires, which indicates that the sampling method 

might be insensitive and that some of these beetles were only caught in 

sites with rich forest fire history by coincidence. However, there were 17 

beetle species with unknown fire-dependency (Figure 9 and Appendix 8.2 

and 8.3) that were associated with forest fires in this study and some of 

these might have a preference or need for forest fires. The general 

ecology for many of these species is not well known. Some of these 

beetles might be favoured by different substrates that are created by fires. 

Some beetles that showed an association with forest fires in different 

temporal scales were classified as obligate or facultative saproxylic which 

indicates a real association with forest fires. It is, however, unknown if 

these species were randomly caught in the smoke attraction trap or were 

attracted by the smoke or heat.  

Microsania spp. has short lifecycles and should be associated with recent 

forest fires rather than fires that are five to twelve years old. The odds of 

finding a Microsania spp. among other Diptera in a smoke trap decreased 

with area of 1-4 years old forest fires but increased with the area of 5-12 

years old forest fires. The distribution of Microsania spp. was not 
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clustered, however, the spatial autocorrelation showed that the amount of 

Microsania spp. increased eastwards. One could think that this was 

connected with forest fires being more frequent in the eastern part of the 

Östergötland county, but Microsania spp. showed no association with 

burns. Even when controlling for the trend in the spatial scale, the effect 

of the amount and frequency of forest fires was negative for Microsania 

spp. That means that they were not primarily dependent on forest fires; 

the distribution is determined by something else. Microsania spp. use 

smoke detecting glands to detect smoke (Sinclair & Cumming 2006) and 

have a preference to swarm within the smoke (Snoddy & Tippins 1968; 

Klocke et al. 2011), presumably for mating as smoke seem to affect their 

mating behaviour (Snoddy & Tippins 1968). Mating in smoke has been 

observed (Chandler 1978; personal observation by Henrik Norman). The 

general ecology of Microsania spp. such as the food resources needed or 

the oviposition requirements are unknown. These results suggest that 

Microsania spp. only exploit smoke as a cue for swarming and do not 

rely on other resources created by forest fires. The genus has been caught 

in the absence of fire and smoke (Wikars 1997). 

5.1 Conclusions 

Seven out of eleven pyrophilic beetles were positively associated with 

recent forest fires. The association weakened with time since the forest 

fires, which is understandable because pyrophilic insect are particularly 

interested in, and dependent on, newly dead or dying trees. Most of the 

pyrophilic beetles were associated with forest fires in the smaller spatial 

scales, 100 m – 5000 m. Hence, the study indicate that both spatial and 

temporal connectivity of fires is important for pyrophilic insects.  

A total of 17 beetles with unknown fire-dependency were associated with 

recent forest fires and some of these might have a preference or need for 

forest fires. The general ecology for many of these species is not well 

known, they might be favoured by different substrates that are created by 

fires. Some were classified as obligate or facultative saproxylic which 

indicates a real association with forest fires. Saproxylic species are not 

particularly dependent on burned, dying or newly dead threes, as 

pyrophilic species are. They are dependent on high dead wood 

availability of different stages and they have life cycles varying from 

several months to several years. Therefore it is understandable that the 

obligate saproxylic beetles were more associated with 5-12 year old 

forest fires than more recent forest fires. 

The pyrophilic genus Microsania showed no association with the forest 

fire history, which suggest that Microsania spp. only exploit smoke as a 
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cue for swarming and do not rely on other resources created by forest 

fires.  

Forest fires are an important factor for many insects and conservation 

burning is an important conservation tool for these species. Strategically 

placed conservation burns can also increase the spatial and temporal 

connectivity of forest fires to conserve these insects in the future. 

5.2 Societal & ethical considerations 

This study was based on a number of surveys that include catching and 

preserving insects, some of which are rare and threatened. The aim was to 

increase the knowledge of their distribution and their relation with the 

short-term fire history. This knowledge is central in order to change the 

forest management and to be able to enhance conservation efforts for 

these species.  All in all, the benefits from the knowledge gained from 

this study are considered greater than the damage caused by killing the 

insects. 

The result of this study can be used to optimize the conservation efforts 

for pyrophilic and saproxylic species. Conservation burns are 

increasingly used in conservation efforts by both private forest owners 

and the public sector. The FSC and PEFC certified forest owners with 

properties larger than 5000 ha are required to burn 5 % of the 

regeneration area of dry and mesic ground. It is crucial to able to 

maximize the benefits from these efforts by optimizing the spatial and 

temporal distribution of the forest fires.  

This study is in line with two of the Swedish environmental goals. First, 

the biological diversity of the forests should be conserved along with 

cultural and social values. The other goal is a rich diversity of plant and 

animal life; biodiversity is to be preserved and used sustainably, for 

present and future generations. Species habitats and ecosystems and their 

functions and processes must be protected for species to survive in long-

term viable populations with sufficient genetic variation. People should 

have access to a good natural and cultural environment rich in 

biodiversity, as a basis for improved health, quality of life and welfare.  
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8 Appendix 

8.1 PCA on pyrophilic beetles and connectivity or number of forest 

fires of 2007-2010  

 
PCA biplots (eigen value PC1=49.9 % and PC=19.6 %) on the abundance of 
eleven pyrophilic beetles in 21 different smoke attraction trap locations in 
relation to the connectivity of the forest fire. The black lines represent species 
abundance descriptors for the pyrophilic beetles. The orange lines represent 
the connectivity of forest fires between years 2007-2010 with dispersal 
distance of 2 km, 3.5 km, 5 km, 10 km and 20 km. 
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PCA biplot (eigen value PC1=49.9 % and PC=19.6 %) on the abundance of 
the eleven pyrophilic beetles in 21 different smoke attraction trap location on 
the number of forest fires. The black lines represent species abundance 
descriptors for the pyrophilic beetles. The orange lines represent the 
supplementary variables, the number of forest fires between years 2007-2010 
within each 41 radii, ranging from 100 m to 20000 m, for each smoke 
attraction trap. 
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8.2 PCA on beetles with no or unknown fire-dependency 

 

PCA biplot (eigen value PC1=49.9 % and PC=19.6 %) on the abundance of 
the eleven pyrophilic beetles with forest fire history in the years 2003 – 2006 
and with beetles with no or unknown fire-dependency added as 
supplementary variables. The black lines represent species abundance 
descriptors for the pyrophilic beetles and beetles with no or unknown fire-
dependency. The orange lines represent the area of burned forest within each 
41 radii, ranging from 100 m to 20000 m, for each smoke attraction trap. 
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PCA biplot (eigen value PC1=49.9 % and PC=19.6 %) on the abundance of 
the eleven pyrophilic beetles with forest fire history in the years 1999-2002, 
and with beetles with no or unknown fire-dependency added as 
supplementary variables. The black lines represent species abundance 
descriptors for the pyrophilic beetles and beetles with no or unknown fire-
dependency. The orange lines represent the area of burned forest within each 
41 radii, ranging from 100 m to 20000 m, for each smoke attraction trap. 
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8.3 Results from and list of all beetle species used in Figure 9 and 

Appendix 8.2 

List of all beetle species used and the results from Figure 9 and Appendix 8.2 
with classification of pyrophilic beetles, saproxylic beetles, obligate or 
facultative, and beetles with no or unknown fire-dependency 
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Hydrophilidae Helophorus spp     x             

Spercheidae Cercyon sternalis   x               

  Megasternum obscurum   x               

  Cryptopleurum subtile   x               

Histeridae Carcinops pumilio   x               

Ptiliidae Ptenidium laevigatum     x F           

  Ptenidium nitidum     x             

  Ptilium excaratum     x             

  Ptilium modestum     x     x x x   

  Ptiliola kunzei     x             

  Ptiliolum marginatum     x     x   x   

  Pteryx suturalis x     O   x x x   

  Nephanes titan     x             

  Baeocrara variolosa     x             

  Baeocrara japonica     x             

  Acrotrichis montandoni     x             

  Acrotrichis dispar     x             

  Acrotrichis insularis     x             

  Acrotrichis intermedia     x             

  Acrotrichis spp     x             

Leiodidae Leiodes silesiaca     x             

Staphylinidae Gabrius nigritulus     x             

  Gabrontus thermarum     x     x x x   

  Philonthus nitidulus     x             

  Philonthus lepidus     x             

  Philonthus debilis     x     x x x   
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  Quedius mesomelinus     x F           

  Pseudomedon obscurellus   x     x   x   

  Trimium brevicorne     x F   x x x   

  Megarthrus depressus     x F           

  Phloeonomus pusillus x     O           

  Carpelimus corticinus     x             

  Carpelimus pusillus     x     x x x   

  Carpelimus gracilis     x             

  Carpelimus subtilis     x     x x x   

  Oxytelus laqueatus     x F           

  Anotylus rugosus     x             

  Tachinus pallipes     x             

  Tachinus laticollis     x             

  Tachinus marginellus     x     x x x   

  Aleochara moerens     x F           

  Tinotus morion     x             

  Oxypoda nigricornis     x   x     x   

  Philhygra palustris     x             

  Microdota amicula     x             

  Microdota indubia     x             

  Datomicra dadopora     x     x x x   

  Mocyta fungi     x             

  Atheta harwoodi     x F   x x x   

  Anopleta corvina     x F           

  Amischa analis     x             

  Pycnota paradoxa     x             

  Pachyatheta mortuorum     x             

  Pachyatheta cribrata     x             

  Oligota pusillima     x             

Clambidae Clambus punctulum     x             

Scirtidae Microcara testacea   x               

  Cyphon coarctatus   x       x x x   

  Cyphon palustris   x       x   x   

  Cyphon punctipennis   x     x     x   

Lycidae Pyropterus nigroruber     x O   x   x   

Cantharidae Cantharidae   x               

Elateridae Athous niger/hirtus   x     x     x   

Throscidae Trixagus dermestoides     x             

  Trixagus carinifrons     x             

Buprestidae Melanophila acuminata x     O   x x x   

  Anthaxia quadripunctata x     O x x x   x 

Melyridae Dasytes plumbeus     x O           

Brachypteridae Brachypterus urticae   x     x     x   

Nitidulidae Carpophilus marginellus     x F           

  Epuraea melanocephala     x F           

  Meligethes spp   x       x x x   
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Aspidophoridae Arpidiphorus orbicularis     x             

Monotomidae Rhizophagus nitidulus x     O   x x x   

  Monotoma longicollis     x             

Cryptophagidae Atomaria pusilla x     F           

  Atomaria fuscata     x F           

  Atomaria lewesi     x             

  Atomaria turgida     x             

  Atomaria apicalis     x             

  Atomaria testacea     x             

  Ephistemus globulus     x F           

Corylophidae Orthoperus nigrescens     x O           

Latrididae Enicmus rugosus x     F   x x x   

  Stephostethus rugicollis     x F           

  Latridius nodifer     x             

  Cartodere constricta x     F           

  Corticaria elongata     x F           

  Corticaria ferruginea x     F   x x x   

  Cortinicaria gibbosa x     F           

  Corticarina similata     x F           

  Corticarina fuscula x     F   x x x   

  Melanphthalma suturalis     x             

Anthicidae Anthicus antherinus     x             

Scraptidae Anaspis thoracica     x O   x x x   

  Anaspis rufilabris     x O x     x   

Cerambycidae Alosterna tabacicolor     x O x     x   

  Anoplodera sanguinolenta   x O   x x x   

Chrysomelidae Chrysomelidae   x               

Curculionidae Pityogenes chalcographus   x O           

  Dryocoetus autographus     x O           

  Crypturgus subcribrosus     x O   x x x   

 


