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Abstract Boreal flat bugs include a high proportion of
species that are considered negatively affected by forestry.
Knowledge on the biology and habitat demands of indi-
vidual species is generally limited. We examined the
influence on flat bugs of stand-age and clear-cutting,
comparing five classes of spruce stands. The five classes
were: clear-cut, unthinned, and thinned (all three products
of current clear-cutting forestry), mature managed and old-
growth stands (these two had never been clear-cut). We
also compared unburned and recently burned mature pine
forest. Fire, but not stand age, had a pronounced effect on
species richness and total abundance. Aradus depressus
showed a significant association with older forest stands.
Aradus betulae occurred only in clear-cuts and burned
forest indicating that this species is favored by disturbance
in general. Aradus lugubris, Aradus crenaticollis and
Aradus brevicollis were found only in the burned forest.
Aradus brevicollis has not previously been shown to be
associated with fire.
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Introduction

A reduction in the quality and quantity of suitable habitat
as a consequence of human resource use has had negative
influences on the populations of many species worldwide
(Harrison and Bruna 1999; Gu et al. 2002; Aune et al.
2005). In Fennoscandian (the Scandinavian and Kola
peninsulas plus Finland and Karelia) boreal forests, man-
agement focusing on timber production covers almost all
forest land. Natural old-growth forests have been replaced
with selectively cut stands and during the last ~60 years
by even-aged stands developed after clear-cutting (Linder
and Ostlund 1998). Today, about 95% of these boreal
forests are commercially used and, of the 5% set aside for
conservation less than half is virgin forest, i.e., forest
hardly affected by human activity (Berg et al. 1994; Frid-
man 1999). Many managed stands lack structural and
functional heterogeneity because of the loss of structures
(e.g., dead wood) and processes (e.g., natural disturbances)
that characterise naturally developed forests (Kuuluvainen
et al. 2002; Bengtsson et al. 2003). In the natural boreal
forests, fire was the most important stand-replacing dis-
turbance (Zackrisson 1977; Esseen et al. 1992; Weber and
Stocks 1998) and approximately one percent of the forest
burned each year (Zackrisson and Ostlund 1991). Many
species have adapted to fire or the habitats created by fire,
which include large areas with large amounts of dead wood
and successional forests dominated by deciduous trees
(Zackrisson 1977; Engelmark 1999). Nowadays, forest
fires are heavily suppressed, and in Sweden less than 0.02%
of the forest burns each year (Zackrisson and Ostlund
1991). Instead, clear-cutting has become the dominating
stand-replacing disturbance. Forestry has also severely
reduced the amount of dead wood in the forest and, since
dead wood has been identified as one of the most important
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structures for biodiversity, this can explain many of the
negative effects of forestry on biodiversity (Esseen et al.
1992; Siitonen 2001; Grove 2002).

In recent years, conservation oriented measures have
been implemented in many parts of the boreal biome. In
Sweden, the forestry act of 1994 (giving environmental
goals the same importance as production goals), environ-
mental certification of forestry and environmental goals on
national and EU-level have together driven this develop-
ment (Anonymous 1994, 2000, 2006). The measures
include the creation of snags on most clear-cuts and pre-
scribed burnings on 5% of the certified clear-cuts each
year. However, stands established before the implementa-
tion of conservation-oriented measures are extremely poor
in dead wood, have low proportions of deciduous trees and
lack structures that are important for many species (Ostl-
und et al. 1997; Linder and Ostlund 1998). Few studies
have assessed these young even-aged stands for their
importance for species negatively affected by forestry (but
see Caruso et al. 2008; Dynesius et al. 2009). Organisms
that are difficult to survey, such as the flat bugs (Het-
eroptera: Aradidae) studied here, are even less known in
this respect. Very few studies have made quantitative
comparisons of the habitat use of flat bugs (but see Gossner
et al. 2007 who provide some quantitative data for three
species). We examined the flat bug fauna in stands of
different ages and disturbance histories in Swedish boreal
forests to provide data on effects of clear-cutting forestry
and forest fire on this little known group. More specifically,
we asked the following questions:

1. What is the distribution of flat bugs in spruce forest
stands of different ages and management histories?

2. How common are flat bugs in a recently burned mature
pine forest compared to a similar, but unburned forest?

Materials and methods
Study areas and experimental design

The study was performed in the middle and northern
boreal zones of northern Sweden (Ahti et al. 1968). The
influence of stand-age and history was evaluated in spruce
(Picea abies) dominated stands in nine study areas in the
provinces of Angermanland and Asele lappmark. Pine
(Pinus sylvestris) and deciduous trees, such as birch
(Betula pubescens and B. pendula), also occurred in the
stands. The effect of fire was assessed in pine (P. sylves-
tris) dominated forest in one study area in the province of
Norrbotten. Each of the nine stand-age study areas inclu-
ded three stands that had been clear-cut, a recent clear-cut
(5-6 years after logging), a pre-thinning stand (mean age
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30 years, hereafter referred to as unthinned although most
of them have been pre-commercially thinned), and a
thinning stand (mean age 53 years, commercially thinned
relatively recently). Each study area also included two
stands that had never been clear-cut: one mature stand
(mean age 108 years) and one old-growth stand (mean age
151 years). Latitude ranged between 63°37 and 64°14'N,
longitude between 16°54’ and 19°32E, and elevation
ranged between 100 and 550 m a.s.l. among the nine areas.

The burned area is the result of a large scale natural
forest fire in the province of Norrbotten in August 2006.
The fire was intense and killed many trees and consumed
most of the bottom and field layers, even in the higher
elevated parts, which were dominated by boulders and flat
rocks. Approximately 250 ha on Stora Klusaberget
(66°10'N, 20°50’E) of the 1,700 ha burned area was not
salvage logged and will be set aside for conservation. The
area is dominated by pine stands of various ages on dry to
mesic ground. Within the conservation area, we located six
sampling sites, approximately 350 m apart, and with a
2 km distance between the sites that were furthest apart.
All sites were in 140-170 year old pine-dominated, rela-
tively open stands ranging in elevation from 200 to 280 m
a.s.l. In an unburned area approximately 3 km to the west,
six control sampling sites were selected to be as similar as
possible to the burned sites regarding stand-age, stand
density and tree species composition, soil factors and
topographical location. These control sites were between
300 m and 1 km apart and with 3 km between the sites
furthest apart.

We sampled insects using triangular flight intercept/
window traps (Polish IBL2-traps) attached between trees
or wooden poles (clear-cuts) approximately 1.5 m above
the ground (for illustration of the trap see Pettersson et al.
2007). In each site we set up three traps with different
flight direction intercepts at least 50 m apart from each
other. The total number of traps in the stand-age study
was thus 9 study areas x 5 stand-ages x 3 traps = 135
traps and in the fire study 2 study areas (burned area and
control area) x 6 sampling sites x 3 traps = 36 traps.
The IBL2-traps consisted of a thin, semi-transparent
plastic sheet tightened between three thicker plastic parts,
making a triangular, window-like flight intercept with a
surface of approximately 0.35 m”. The sides prevented
the insects from falling to the ground and instead fun-
nelled them to the bottom tip of the triangle and further
down a plastic funnel into a 725 ml collecting bottle. The
collecting bottle was filled up to 1/3 with 70% propylene
glycol and a small amount of detergent to kill and pre-
serve the trapped insects. The funnel was equipped with
an extra funnel draining rain water through a pipe on the
side, preventing water from filling the bottle and diluting
the glycol.
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We caught insects in the stand-age study areas between
late May and late September 2006. These traps were
emptied twice, in late July and late September. In the fire
study area insects were caught between late May and late
September 2007, i.e., the first summer after the fire, and
emptied once. After collection the insects were separated
from the samples and sorted into orders in the lab for
subsequent determination to species by experts.

Study organisms

Flat bugs (also called fungus bugs) occur worldwide and
include about 1,900 species usually found in litter, in cre-
vices in dead or dying trees, or under loose bark
(Anonymous 2008; Heiss and Pericart 2007). In temperate
and boreal forests most species are found under the bark of
dead or burned trees or on polypore fungi (Heliovaara and
Viisdnen 1983). They occur on both conifers and/or
broadleaves and most species are considered mycophagous
(Usinger 1936; Matsuda 1977; Helidvaara and Viisidnen
1983; Froeschner 1988; Taylor 1988; Deyrup and Mosley
2004). Some species occur almost exclusively in burned
forest (Helibvaara and Viisdnen 1983; Coulianos 1989;
Wikars 1992; Hjiltén et al. 2006). Generally Aradus spe-
cies are good or very good at flying and many disperse over
long distances. Fire associated species are particularly good
flyers (CC Coulianos personal communication). For many
species, however, knowledge about their habitat require-
ments is anecdotal or lacking (Helidvaara and Viisidnen
1983; Coulianos 1989; Wikars 1992). Most flat bugs in
Fennoscandia are considered negatively affected by for-
estry and 8 of the 21 Aradidae species including the only
Aneurus species found in Sweden are nationally red listed
(Gérdenfors 2005). Four of these red-listed species have
been found in the three northern Swedish counties where
our study areas are situated.

Statistical analyses

The flat bugs caught in the three traps at each sampling site
were pooled and used as one observation. Hence, the
number of replicates was nine for each stand-age and six
for the burned and the unburned forest, respectively. We
performed separate analyses of the stand-age and the fire
data because they were collected during different years
using different designs. Neither original nor transformed
data fulfilled the requirements of normality and homosce-
dasticity for parametric tests and therefore we used the
non-parametric Quade test for the stand-age data, with
study area as the block factor and the Mann—Whitney U
test to compare the burned and unburned forest. We used
the tests to compare total flat bug abundance, species
richness and the abundances of individual species. Because

of the low statistical power no analyses were performed for
species that occurred in less than five individuals or caught
in less than four sampling sites. We used SYSTAT 12
(Systat Software Inc. 2007) for all analyses.

Results

In total we caught 119 flat bug individuals belonging to
eight species of the genus Aradus. About 89 individuals of
five species were caught in the 135 traps of the stand-age
study and 30 individuals of five species in the 36 traps of
the fire study (Tables 1, 2). Of the eight species, only
Aradus betulae (L.) and Aradus cinnamomeus Panzer were
present in both studies in low abundance. The two most
abundant species in the stand-age study (Aradus depressus
(Fabricius) and Aradus betulinus Fallén), together repre-
senting 87% of the individuals, were not caught in the fire
study. The most common species in the fire study (Aradus
brevicollis Fallén, 47% of the individuals) was not detected
in the stand-age study.

Stand-age

The highest number of flat bugs was caught in old-growth
stands (30 individuals) while the lowest number (9 indi-
viduals) was found in young unthinned spruce stands
developed after clear-cutting (Table 1). Neither the differ-
ences in abundance nor the differences in species richness
were, however, statistically significant in the Quade test
(Table 1). A. depressus was significantly more abundant in
the old-growth, mature, and thinned stand categories than
on the clear-cuts, whereas, A. betulinus appeared to be
indifferent to stand-age (Table 1). A. betulae was only
caught in clear-cuts (4 individuals), A. corticalis (L.)
appeared in clear-cuts (3) and thinned forests (1), and the 4
individuals of A. cinnamomeus were distributed among
clear-cut, thinned and mature stands.

Forest fire

Both species richness and total abundance was significantly
higher in the burned pine forest than in the unburned
control (Table 2), where no flat bug was caught. For A.
brevicollis and Aradus lugubris Fallén the difference was
statistically significant (Table 2).

Discussion
Our results show that both forest fire and clear-cutting

forestry/stand-age have pronounced effects on the abun-
dance of individual flat bug species in Swedish boreal
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Table 1 Accumulated number of species and individuals of flat bugs caught in the stand-age study

Variable Clear-cut  Unthinned Thinned Mature OIld Total Quade test statistic P Paired post hoc tests
Species richness 4 2 4 2 2 5 0.637 0.640
Abundance

Aradus betulae 4 0 0 0 0 4

Aradus betulinus 8 2 3 0 3 16 2.081 0.106

Aradus cinnamomeus 1 0 2 1 0 4

Aradus corticalis 3 0 1 0 0 4

Aradus depressus 0 7 10 17 27 61 3.148 0027 CC<T,M,O
Total 16 9 16 18 30 89 0.756 0.561

Clear-cuts, un-thinned stands and thinned stands are the result of modern clear-cutting forestry, whereas the mature and old stands are two age
classes of naturally regenerated forests that have been subjected to different degrees of historic selective cutting. The results of Quade tests on
species richness, total abundance and abundance of the two most abundant species are presented in the three last columns. N = 9, i.e., the 9

stands sampled in each category were used as replicates
CC clear-cut, T thinned, M Mature, O old

Table 2 Accumulated number of species and individuals of flat bugs caught in the fire study and results from Mann—Whitney U tests on species
richness, total abundance and abundance of the two most abundant and frequent species

Variable Burned Unburned Mann-Whitney U test statistic Kruskal-Wallis P
Species richness 5 0 36.00 0.002
Abundance
Aradus betulae® 6 0
Aradus brevicollis 14 0 36.00 0.002
Aradus cinnamomeus 0
Aradus crenaticollis 3 0
Aradus lugubris 0 30.00 0.021
Total 30 0 36.00 0.002

N = 6, i.e., the 6 sampling sites in each category were used as replicates

% This species was only found in two sampling sites and therefore no test was performed

forest. The effect of fire has previously been demonstrated
(e.g., Hjdltén et al. 2006), but the influence of clear-cutting
and stand-age is less well known.

The fact that only two of the eight species were found in
both studies could potentially be attributed to geographical
distance, difference in dominating tree species (spruce vs.
pine), differences between the 2 years, or to the effect of
fire disturbance. All Aradus species occurring in the region
of the study are good flyers (CC Coulianos, personal
communication) suggesting that the catches can be attrib-
uted to the habitat association of the species. None of the
two species appearing in both studies are specifically
associated with fire or undisturbed spruce forests, which
may explain their broad occurrence. A. cinnamomeus is a
potential pest species living under the bark of living young
pine trees (<30 years old) sucking the cambium and deeper
tissues. The species thrives in exposed warm conditions
and prefers sparse stands on dry, nutrient poor sites (He-
liovaara and Viisdnen 1988; Eidmann and Klingstrom
1990). We caught the species in low numbers in both
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young and older spruce-dominated forests and one indi-
vidual was caught in the burned area. The other species
present in both studies (A. betulae) was found only in the
burned area and in the clear-cuts. In earlier studies it was
also recorded from burned areas (Lappalainen and Simola
1998), which together with our results suggests that A.
betulae is favored by disturbance both by fire and clear-
cutting. A. betulae has been found on polypores on birch,
particularly Piptoporus betulinus, but also on Fomitopsis
pinicola and Fomes fomentarius on Scots pine, Norway
spruce and deciduous trees (Helidvaara and Viisdnen 1983;
Coulianos 1989). In Germany the species has been found in
relatively sunny habitats and strongly associated with the
polypore F. fomentarius commonly found on dead or dying
birches and other broadleaves (Gossner et al. 2007).

Stand-age

The assemblage composition of saproxylic beetles and
parasitoid wasps has been shown to differ between old
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forests and clear-cuts (Hilszczanski et al. 2005; Gibb et al.
2006; Johansson et al. 2007) and mature managed stands
often support beetle (Martikainen et al. 2000) and wood
fungi assemblages (Penttild et al. 2004) different from
those of natural old-growth forests. With respect to flat
bugs, little evidence of such relationships exists. Our
results show, however, that clear-cuts differ from spruce
stands in that the most frequently caught species, A. de-
pressus, could not be detected. In addition, this species
seems to increase in abundance with stand-age, implying
that it is a late-successional species. The lack of observa-
tions from the burned forest also suggests that in contrast to
several other boreal species, it is not a disturbance-adapted
species attracted by forest fires. In earlier studies A. de-
pressus was recorded from polypores on deciduous trees
particularly aspen and birch but also on pine (Heliovaara
and Viisidnen 1983; Coulianos 1989). It is likely that the
older stands support larger populations as a result of the
greater quantities of suitable habitats and substrates, such as
dead stems and polypores. The old-growth stands in this
study contain approximately three times more deciduous
dead wood than the thinned and unthinned stands and almost
twice as much as the clear-cuts (Gibb et al. 2005; Stenbacka
unpublished data). The possibility that A. depressus could be
intolerant to fully sun- and wind-exposed conditions must
also be considered, athough the species can tolerate relatively
open forests in Germany (Gossner et al. 2007).

Aradus betulinus seems to be a stand-age generalist that
not only tolerates clear-cuts, but also tends to be more
abundant on them (although differences were not statisti-
cally significant). The species lives on polypores, e.g., the
common F. pinicola, on dead standing or lying Norway
spruce and Scots pine and sometimes also on polypores on
birch. It thrives in old shady forests and the species is
reported as declining in Finland (Heliovaara and Véisidnen
1983; Coulianos 1989). However, the broad habitat pres-
ence in this study suggests that A. betulinus may survive in
the managed landscape. The lack of observations in the
burned forest also suggests that the species is not pyroph-
ilous (attracted to forest fires), making it even less
vulnerable to current forest management.

Three of the four individuals of A. corticalis were
caught on clear-cuts and the fourth in a thinned stand. Both
these stand types have abundant supplies of recently killed
tree parts such as stumps and tops. In contrast to A. betulae
it was not caught in the fire study. Despite its low abun-
dance in our data, A. corticalis is one of the most common
flat bugs in Sweden and occurs on spruce stumps and
polypores on spruce and pine especially on the common F.
pinicola (Helivaara and Viisdnen 1983; Coulianos 1989).
It has also earlier been recorded from clear-cuts (Pettersson
and Nilsson 1986; Jonsell et al. 2005). This together with
our record from a recently thinned stand and the lack of

records from the burned area suggest that A. corticalis is
attracted to relatively fresh dead wood not killed by fire.
This may also explain the commonness of the species in the
managed forest landscape.

Forest fire

The much higher total abundance and species richness in the
burned area the first summer after the fire indicates that forest
fire attracts flat bugs from relatively great distances. In
addition, the lack of observations of three of the five species
caught in the burned forest (representing almost 80% of the
individuals) in the much larger stand-age study further
strengthens this conclusion. For A. lugubris and Aradus
crenaticollis Sahlberg, our results (Table 2) confirm earlier
studies reporting that these species are more abundant in
burned areas (Heliovaara and Viisdnen 1983; Coulianos
1989; Wikars 1997; Lappalainen and Simola 1998; Bess
et al. 2002; Wyniger et al. 2002; Hjiltén et al. 2006).
A. lugubris occurs mostly in burned pine forests while
A. crenaticollis is also found in deciduous forest (Matsuda
1977; Heliovaara and Viisdnen 1983). A. crenaticollis has
been shown to quickly establish populations on new burned
areas (Coulianos 1989). A. lugubris is known to disperse over
great distances, which is characteristic of many pyrophilous
species, as it has been found far from their present distribu-
tion area (Coulianos 1989). It has been repeatedly found in
burned areas in northern Sweden (Pettersson 1994) sug-
gesting that it can locate patches of suitable habitat over a
large area. Furthermore, A. lugubris is known to utilize the
fire dependent, wood living ascomycete Daldinia loculata
(Wikars 2001), further supporting fire dependence.

Interestingly, A. brevicollis was by far the most abun-
dantly caught species in the burned area while it was not
found in the relatively large stand-age study, which con-
tradicts earlier knowledge on the biology of this species. In
previous studies A. brevicollis has been found on stumps
and logs of Scots pine and Norway spruce in unburned
forest (Helivaara and Viisdnen 1983; Coulianos 1989). It
was not recorded from any of the investigated burned areas
in northern Sweden in a study by Pettersson (1994) but
recorded on burned clear-cuts by Bohman (2004). Further
studies are thus required to establish the relationship of
A. brevicollis abundance and fire.

We did not catch any of the four nationally red-listed flat
bug species occurring in the region although three of them
are considered pyrophilous (SLU 2005). This result sug-
gests that they are rare and strengthens their red-list status.
The strong attraction of fire for A. lugribis and A. crenati-
collis (and perhaps also A. brevicollis) suggests that they,
although still being relatively frequent, should be consid-
ered for the red-list as species that have declined
considerably.
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Conclusions

To conserve the flat bug fauna in Fennoscandian boreal
forest, suitable habitats for all species must be maintained
not only in reserves but also in the managed forest. Our
results, in combination with previous studies, show that
there is a group of pyrophilic flat bugs that most likely are
totally dependent on the regular presence of forest fires in
an area. In addition to this there seems to be at least one
species (A. depressus) associated with relatively old stands.
Still other species are present on clear-cuts and in young
stands developed after clear-cutting suggesting that they
are tolerant to modern forestry. In some cases clear-cutting
may partly substitute forest fire, provided that tree stumps
and tops are not harvested, because the post-clear-cutting
landscape resembles the open and sun exposed habitats
created by fire. The pyrophilic species could be favored by
prescribed burnings where substantial volumes of trees are
burned. A. depressus could likely be favored by the crea-
tion of dead aspen and birch wood in forest stands. Similar
recommendations are given to promote many other
organisms negatively affected by forestry and it should
therefore be possible to conserve flat bugs within more
general conservation and mitigation programs.
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