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Occurrence of flat bugs (Heteroptera: Aradidae)
in burned and unburned forests
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The goal of this study was to determine the effect of fire on flat bug diversity and
abundance in coniferous and mixed forests in interior Alaska. Eighty individuals,
of which 78 in the burned areas and two in the control areas, of six aradid species
were collected: Aradus abbas (Bergroth), A. funestus (Bergroth), A. lugubris
(Fallén), A. signaticornis (Sahlberg), A. tuberculifer (Kirby) and Aneurus sim-
plex (Uhler). Generally, all flat bug species were more abundant in the burned ar-
eas than in control areas with statistically significant differences for four of the six
species and for pooled nymphs. Habitat preferences and potential mechanisms
connecting mycophagy and pyrophagy are discussed.
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1. Introduction

Human influences, such as fire suppression pro-
grams and modern forestry practise have led to
changes in fire regimes in many boreal forests
(Granstrom 2001). There are reports of a fire fre-
quency of 60—100 years in the boreal forests of
east-central Canada before European settlement,
with a decrease to every 500—-1,000 year after fire
suppression began in the early 20" century
(McCullough et al. 1998). Similar pattern has
been reported from the boreal forests of Fenno-
scandia (Granstrom 2001).

Changes in fire regimes have implications for
ecosystem functioning, because fire disturbance
is among the most important factors for maintain-
ing diversity in the boreal forests (Zackrisson

1977, McLeod 1980, Esseen et al. 1997, Weber &
Stocks 1998). Fire disturbance “turns the clock
back” i.e. creates early successional stages that
are unfavorable to established and dominant spe-
cies, but beneficial for less competitive and op-
portunistic or stress resistant species (Zackrisson
1977, Lyon et al. 1978, Esseen et al. 1997,
Wikars 1997, 2001a, McCullough et al. 1998).
The reduced fire frequency with the resulting dra-
matic decrease of dead wood availability in parts
of North America, and more pronouncedly in
Fennoscandian boreal forests, has led to remark-
able decreases of many fire-associated organ-
isms, and several species are today threatened and
included in the national red lists (Gérdenfors
2000, Siitonen 2001, Wikars 2001b). However,
in some areas, such as in the interior part of
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Alaska, fires are still frequent and large areas burn
every year: on average 400,000 ha between 1940
and 1970, 240,000 ha during the 1970s and
370,000 ha during 1990-2001, which constitutes
ca 0.9%, 0.6% and 0.8%, respectively, of the total
forested area in interior Alaska (Alaska Division
of Forestry 2002). Haggstrom & Kelleyhouse
(1996) report that the logging in the boreal forest
of'interior Alaska has been relatively limited (400
ha annually) up to 1996 and the impacts of for-
estry have therefore been rather minor, but the lo-
cal anthropogenic influence was strong at the be-
ginning of the 20" century during the gold rush.

In Alaska, one might therefore expect to find
more intact and natural insect communities, still
harbouring large populations of fire-favoured and
pyrophilous species. Unfortunately, very few
studies of the effects of fire on insect communities
have been conducted in Alaska. Therefore, we
have limited data pertaining to the importance of
fire in maintaining insect diversity in these areas
(McCullough et al. 1998). This study examines
effects of fire on the abundance and diversity of
Aradidae species in burned and non-burned areas
in coniferous and mixed boreal forests in interior
Alaska.

Aradidae (Heteroptera) are generally pre-
sumed to be mycophagous and some species are
regarded as pyrophilous, but for many species de-
tailed knowledge on their habitat requirements is
lacking (Matsuda 1977, Heliovaara & Viisdnen
1983, Coulianos 1989, Wikars 1992). Pyro-
philous insects often have a circumpolar distribu-
tion (Wikars 1997) and the information gained
from this study has the potential to be applicable
in boreal forests in other parts of the world.

2. Methods
2.1. Study sites

The burned sites were part of a prescribed fire
covering 368 ha of the Caribou-Poker creek ex-
perimental research area (65°10° N, 147°03° W),
located 40 km northeast of Fairbanks, Alaska. In
the north-facing research area used in this study
there was an altitudinal gradient of tree species
with black spruce (Picea mariana Mill. B. S. P)
on ridge tops, trembling aspen (Populus tremu-
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loides Michx.) and paper birch (Betula papyri-
fera Marsh.) in valleys, and mixed forest in be-
tween (C. L. Fastie, A. Lloyd, H. Doak & P. Doak
unpubl.).

In the study area there had been five large fires
during the last 200 years. These took place be-
tween 1896 and 1925 but there is no part of the
area that has been burned by more than one severe
fire during the last 200 years (C. L. Fastie, A.
Lloyd, H. Doak & P. Doak unpubl.).

2.2. Study organisms

There are 49 Aradus species and three Aneurus
species known to occur in Canada and adjacent
states of the USA and ten Aradus species and two
Aneurus species occur in Alaska (Matsuda 1977,
Maw et al. 2000). In comparison, 17 Aradus and
one Aneurus species have been found in Finland
and 20 Aradus and one Aneurus in Sweden
(Heliovaara & Viisdnen 1983, Coulianos 1989).
The flat bugs are generally forest insects and, in
temperate and boreal forests, commonly occur
under the bark of dead or burnt trees or on
polypore fungi (Usinger 1936, Matsuda 1977,
Heliovaara & Viisdnen 1983, Froeschner 1988,
Taylor 1988, Wikars 1992, Deyrup & Mosley
2004). They occur on both coniferous and decid-
uous trees. All flat bugs, except for Aradus
cinnamomeus (Europe), A. kormilevi, and 4. an-
tennalis (North America), are regarded as myco-
phagous (Usinger 1936, Matsuda 1977, Froesch-
ner 1988, Taylor 1988). Some aradids prefer
burned wood, presumably feeding on fungal
hyphae and/or spores living in these special envi-
ronments (Helidvaara & Viisdanen 1983, Couli-
anos 1989, Wikars 1992).

2.3. Sampling

After the prescribed fire (8—15 July 1999), insects
were collected using window traps during three
periods: (1) placed 30-32 July, retrieved 27 Au-
gust 1999; (2) placed 10 June, retrieved 17 July
2000; and (3) placed 17 July, retrieved 21 August
2000. We used window traps, standing on the
ground between two trees. They consisted of ver-
tical Plexiglas plates (40 cm % 60 cm) with alu-
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Table 1. The species found, with number of individuals collected in parentheses (n). The table shows mean num-
ber of individuals / trap * 100 days found in burned areas (BRN) and in unburned control (CTR) areas during the

periods A (30-31 July to 27 August 1999), B (10 June to 17 July 2000) and C (17 July to 21 August 2000), mean
values for all periods, and p values for differences between burned and control areas (N/A = not analyzed).

Species (n) Period A Period B Period C Mean of all U-test
BRN CTR BRN CTR BRN CTR BRN CTR p

Aradus abbas (16)  3.26 0 0.63 0 0.19 0 1.12 0 0.0219
A. funestus (21) 3.26 0 0 0 0 0 0.92 0 0.0071
A. lugubris (29) 7.07 0 1.68 0.15 0.59 0 2.79 0.05 0.0132
A. signaticornis (6) 0 0 1.05 0.15 0 0 0.35 0.05 0.1530
A. tuberculifer (5) 0 0 0.63 0 0.39 0 0.34 0 0.0585
Aneurus simplex (3) 0 0 0.63 0 0 0 0.25 0 N/A
Nymphs (24) 0 0 316 0 177 0 158 0 0.0021
minium trays beneath on both sides, and con- 3. Results

tained propylene glycol and a small amount of de-
tergent.

We used six trapping areas (200—500 m apart)
along an altitudinal trap line following the fire
front in the upper part of the slope dominated by
spruce and mixed forest. Each trap area consisted
of two trap stations (20 m % 20 m, each with three
window traps), one situated 50-100 m into the
burned area and one 50—100 m into the surround-
ing unburned forest.

The flat bugs were identified using Matsuda
(1977) but the nomenclature follows Maw et al.
(2000). Our identifications were verified by C.-C.
Coulianos. The nymphs were not determined to
species. Five out of 36 of the traps in each sam-
pling period (but not the same traps), were not
fully functional due to turned over vessels or lay-
ing windows. We adjusted the data for missing
traps and differences in the length of the trapping
periods by presenting data as mean numbers of
individuals/trap/100 trap days.

2.4. Statistical analyses

Due to a limited sample size we pooled the data
from different years and only evaluated the over-
all effect of fire on the abundance of species for
which more than five individuals were trapped.
For this purpose, we used Mann-Whitney U-test.

Eighty individuals belonging to six aradid species
were collected: Aradus abbas Bergroth, 4. funes-
tus Bergroth, A. lugubris Fallén, A. signaticornis
Sahlberg, A. tuberculifer Kirby and Aneurus sim-
plex Uhler. Nymphs were also trapped (24 indi-
viduals), but these were pooled in the analyses
(Table 1). More aradid species and individuals
were found in burned areas. In fact, only two
adult individuals were found in the control areas:
one A. lugubris and one A. signaticornis, both
during 2000. The differences in abundances be-
tween areas were statistically significant for four
of'the five species tested: 4. abbas, A. funestus, A.
lugubris and A. tuberculifer (marginally signifi-
cant), as well as for nymphs (Table 1).

4. Discussion

Generally, all Aradus and Aneurus species found
occurred most frequently in burned areas, but due
to the low sample size, this could only be verified
statistically for four of the six species and for
nymphs. Several characteristics of burned areas
can favour insects, e.g. an increased amount of
dead wood and breeding material, reduced com-
petition, more easily attainable nutrients and
changed microclimate, e.g. decreased humidity
and increased sun radiation (Wikars 1992, 1997,
Esseen et al. 1997). Additionally, studies from
Fennoscandia have revealed that many species of
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fungi, including ascomycetes such as Daldinia
species, become more abundant in burned forest
(Wikars 1992, Johannesson 2000), and because
all Aradus species except A. cinnamomeus, A.
kormilevi and A. antennalis are regarded as my-
cophagous (Usinger 1936, Matsuda 1977, Taylor
1988), this is probably the main reason for their
preference for burned areas.

Few earlier studies have investigated the ef-
fect of fire on flat bugs. However, 4. lugubris has
previously been reported to prefer burned areas
both in Fennoscandia (Heliovaara & Vaiisdnen
1983, Coulianos 1989, Wikars 1992, 1997,
Lappalainen & Simola 1998) and in North Amer-
ica (Bess e al. 2002). Long distance dispersal, an
important characteristic for pyrophilous species,
is known for 4. lugubris, and individuals have
been found far from their present continuous dis-
tribution area (Coulianos 1989). Also supporting
fire dependence is the fact that 4. lugubris is
known to utilize Daldinia loculata, a fire depend-
ent, wood living ascomycete in Sweden (Wikars
2001a). It is likely that 4. lugubris has similar
substrate preferences in Alaska as in Scandinavia
because D. loculata has a circumpolar distribu-
tion (Wikars 2001b) and Daldinia species is com-
mon on burned birches in the burned area in this
study (J. Hjdltén pers. obs.). However, Matsuda
(1977) and Helidvaara & Viisdnen (1983) report
that 4. lugubris is associated with Pinus ponder-
osa, Pinus sylvestris, Picea engelmanni, Picea
excelsa and Juniperus communis, with a remark
that A. lugubris prefers burned pine forests.

Aradus funestus, the second most common
species, only occurred in burned areas. Associa-
tions with Pseudotsuga taxifolia and Abies
concolor (Matsuda 1977), and Abies lasiocarpa
and Picea glauca (Scudder 1997) have been re-
ported for this species. Two individuals of 4. fu-
nestus were caught on black spruce with emer-
gence eclector traps at the research site in 2002 (J.
Hjaltén unpubl.), suggesting that black spruce is
used as a host. Also Aradus tuberculifer exclu-
sively occurred in burned areas, and the sparse in-
formation available indicates that this species
also might prefer spruce forest, because it is
closely related to 4. funestus (Matsuda 1977).
Both A. abbas and Aneurus simplex only oc-
curred in burned areas, and the limited biological
information available suggests that the former

species is widely distributed in North America
and associated with Pinus ponderosa, Pinus
sylvestris and Taxodium species.

A. signaticornis had slightly albeit statisti-
cally non-significantly higher abundance in
burned areas, and it has earlier been reported to
prefer burned forests. Coulianos (1989), Helio-
vaara & Viisdnen (1983) and Gérdenfors (2000)
report that the rare A. signaticornis has been
found mainly on burned trees in Fennoscandia.
Long distance dispersal is known also from this
species (Coulianos 1989), and larvae feed on
wood living ascomycetes (Wikars 1997) that are
more common in burned forests (Wikars 2001a,
2001b). This indicates that A. signaticornis is
probably favoured by fire, but that our sample
size was too small to verify this.

Our results indicate that several flat bug spe-
cies might be favoured by fire and that fire is
probably important for maintaining viable popu-
lations of these insects. Many species seem to be
sensitive to intensive forestry and fire suppres-
sion. For example, two of the 17 Aradus species
found in Finland have disappeared since the 19"
century, and seven more, including the endan-
gered A. signaticornis is on the Finnish Red list
(Rassi et al. 2001). Siitonen and Martikainen
(1994) compared the occurrence of rare beetles
and flat bugs in Finnish Karelia with that of Rus-
sian Karelia, where the forest management has
been much less intensive. Twenty-one rare insect
species were found in Russian Karelia, compared
to only five in Finnish Karelia. Three Aradus spe-
cies was found in Karelia, of which 4. truncatus
is threatened (vulnerable), 4. crenaticollis was
considered threatened at the time of the study but
is no longer considered as a red-listed species in
Finland (Rassi et al. 2001), and A. ribauti that has
not been found in Finland (Rassi et al. 2001).
Moreover, eight of the 21 Swedish Aradus spe-
cies, including A4. signaticornis, and one Aneurus
species are red-listed in Sweden (Coulianos
1989, Gérdenfors 2000). The occurrence of flat
bugs such as 4. signaticornis in our Alaskan site
probably indicates a low level of anthropogenic
influence in this forest ecosystem and a high fre-
quency of fires. By contrast, the disappearance of
many flat bugs in Fennoscandia is probably a re-
sult of intensive forest management in combina-
tion with fire suppression programs that have
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practically eliminated forest fires in Fennoscan-
dia (Granstrom 2001). However, it should be
noted that there is increasing evidence that many
saproxylic species are favoured by the rich pulse
of dead wood following the fire rather than the
fire itself (Wikars 2001), which may indicate that
forest harvesting with substantial amounts of re-
tained wood could sustain at least a proportion of
the rare saproxylic species.

Increasing awareness of the role of fire as an
ecological factor in the forests has led to the intro-
duction of prescribed burning to imitate the ef-
fects of natural fires in the management of some
nature reserves in Fennoscandia, and in national
parks in Canada and Alaska (Wikars 1992,
Haggstrom & Kelleyhouse 1996, Lappalainen &
Simola 1998, Weber & Stocks 1998). Increasing
evidence suggests that this is probably a good
strategy and that prescribed burning should be
used as a management strategy in managed for-
ests also (Hyvirinen et al. 2005). However, we
still lack basic knowledge on habitat requirement
for many species, e.g. on the association with spe-
cific wood fungi, which makes it difficult to give
solid recommendations regarding management
strategies. Gaining basic knowledge on habitat
requirements and nutritional ecology for threat-
ened insect species should therefore be given
high priority.
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