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Abstract. 1. Studies addressing the immediate impacts of fire on forest arthropod
communities and their implications for conservation are few, particularly for species
within dead wood. To investigate the effects of fire on saproxylic beetles (Coleop-
tera), we randomly assigned large-diameter loblolly pine (Pinus taeda L.) logs to a
forest scheduled for a prescribed burn (i.e. a low-intensity surface fire) or to an adja-
cent unburned forest in Georgia, USA.

2. Beginning 5 days after the fire, the logs were placed in rearing bags to capture
emerging beetles. In total, 3457 individuals from 80 taxa were collected.

3. While more than twice as many individuals were collected from unburned logs
than from burned logs, none of the 21 most abundant (i.e. 210 individuals) taxa,
with the exception of Dioedus punctatus LeConte (Tenebrionidae), was absent from
burned logs. Furthermore, similar total numbers of species were collected from
unburned (62) and burned (60) logs.

4. Diplocoelus rudis (LeConte), Cathartosilvanus imbellis (LeConte) and Endeitoma
dentata (Horn) were considerably more common in burned logs, suggesting rapid
colonisation following the fire.

5. There were no differences in community composition between treatments based
on analyses of similarities (ANosiM) using presence—absence data. Community compo-
sition, however, did differ between treatments based on aNosmM using log-transformed
abundance data, but only for logs taken from a tree largely covered by bark, suggest-
ing that the subcortical fauna is more strongly impacted.

6. These results indicate that saproxylic beetles within large-diameter loblolly pine
logs can, for the most part, tolerate low-intensity fires and need not recolonise
burned sites.

Key words. Coarse woody debris, dispersal, disturbance, fire adapted, forest
management, heat tolerance, pyrophilous, xylobiont.

Introduction

Fire has various immediate, short-term and long-term impacts
on forest arthropod communities. The most obvious immediate
impact is direct mortality, but the extent to which arthropods
are eliminated from burned substrates is not clear. While several
studies have shown that most ground-dwelling invertebrates
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subjected to fires are eliminated unless adequately insulated by
the soil (Paquin & Coderre, 1997; Wikars & Schimmel, 2001),
similar efforts are lacking for arthropods in dead wood. In con-
trast, many studies have followed changes in arthropod commu-
nities following fires. Although most of these focused on the
flying or ground-dwelling fauna (Heyward & Tissot, 1936; Buff-
ington, 1967; Abbott, 1984; Holliday, 1991; Muona & Rutanen,
1994; Buddle er al., 2000; Niwa & Peck, 2002; Hanula & Wade,
2003; Saint-Germain et al., 2004a; Toivanen & Kotiaho,
2007a,b; Hyvirinen et al., 2009; Hanula et al., 2009), several tar-
geted arthropods in dead wood (Wikars, 2002; Gibb et al., 2006;
Johansson et al., 2006, 2007a,b) or in fire-killed (Gardiner, 1957;
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Ross, 1960; Saint-Germain et al., 2004b) or fire-damaged
(Furniss, 1965; Dixon et al., 1982) trees.

The severity, frequency and seasonality of fires vary widely
among forests (Bond & Keeley, 2005) and arthropod communi-
ties adapt accordingly. In frequently burned forests, many spe-
cies are pyrophilous, meaning they depend on burned substrates
or are strongly favored by conditions created by fire, such as
increased sun exposure (Evans, 1966; Jonsell er al., 1998; Wik-
ars, 2002). Moreover, many species inhabiting such forests are
highly mobile and capable of avoiding flames while others are
relatively heat-tolerant (Paquin & Coderre, 1997, Wikars &
Schimmel, 2001). Although strong dispersal abilities may also be
important to recolonise burned sites following a fire, the degree
to which recolonisation is necessary depends on the extent to
which arthropods are eliminated by fire. This question may have
important conservation implications, especially for the saproxy-
lic (i.e. dependent on dead or dying wood) fauna which has
become highly threatened in many developed countries (Siito-
nen, 2001; Grove, 2002). Saproxylic species with poor dispersal
abilities are among the most threatened (Nilsson & Baranowski,
1997; Ranius, 2006). If fires largely eliminate arthropods from
dead wood, thereby selecting for strong dispersal abilities, sapr-
oxylic communities in regularly burned forests may be more
resilient to changes in the abundance, variety and connectivity of
resources than those in more stable habitats. This possibility was
raised by Ulyshen and Hanula (2009b) who found large-scale
manipulations of dead wood to have little effect on saproxylic
beetles or ground-dwelling arthropods in managed loblolly pine
(Pinus taeda L.) forests of the southeastern United States.

The objective of this project was to investigate the immediate
impacts of a prescribed fire on saproxylic beetles in a loblolly
pine forest in the southeastern United States. Prescribed fires are
regularly implemented in managed pine forests throughout this
region to mimic the frequent (i.e. every 2-8 years) low-intensity
surface burns to which these ecosystems are adapted (Outcalt,
2008). We hypothesised that fire would eliminate many species
and drastically reduce the abundance of others, thereby necessi-
tating recolonisation of burned sites.

Methods

This project took place in a 40- to 50-year-old managed loblolly
pine-dominated forest within B.F. Grant Forest, Putnam
County, Georgia, USA (33°21.1, —83°29.3). In April 2009, 10
short logs, 0.5 m in length, were removed from each of the three
downed loblolly pine trees. The trees differed in diameter and
bark area as follows, as calculated from the 10 logs removed
from each: tree 1 (0.20 & 0.01 m and 0.07 & 0.04 m?), tree 2
(0.33 + 0.00 m and 0.31 + 0.04 m?) and tree 3 (0.33 = 0.00 m
and 0.02 + 0.01 m?). Bark area was calculated for each log by
multiplying its surface area by the percentage of its surface cov-
ered by bark (a visual estimate). Exactly, how long each tree had
been dead at the time of sampling is not known, but trees 1 and
2 were relatively young (~1 to 2 years) with large amounts of
bark remaining, whereas tree 3 was older (~3 to 4 years) with
very little bark remaining. Trees 1 and 2 belonged to FIA decay
class 1, whereas tree 3 to decay class 2 (Woodall & Williams,

2005). Half of the logs from each tree were randomly chosen to
be placed in a forest scheduled for a prescribed fire. The remain-
ing logs were placed in an adjacent unburned forest. One week
before the prescribed fire, three transects, spaced 15 m apart,
were established in the forest to be burned, each receiving five
randomly selected logs spaced 15 m apart. The fire burned rela-
tively evenly across the forest floor and none of the logs escaped
the fire (Fig. 1). Five days after the fire, the logs from both the
burned and unburned forest, 30 in total, were transferred from
the field to the laboratory where each log was placed in an indi-
vidual rearing bag (for methodology, see Ulyshen & Hanula,
2009a). After allowing 5 months for emergence, beetles were
identified to species when possible, otherwise to morphospecies.
Voucher specimens of the most common (=10 individuals) taxa
have been deposited in the Georgia Museum of Natural History,
Athens, Georgia, USA.

As only three trees were used in this project, each differing in
diameter and age, statistical tests could not be used to compare
the abundance and species richness of beetles between treat-
ments. Analyses of similarities (aNosmm), however, were per-
formed separately for each tree using PAST (Hammer et al.,
2001) to determine the extent to which the burn treatment
affected community composition. These analyses were
performed on both presence-absence data (Jaccard distance
measure) and log(x + 1)-transformed abundance data
(Bray—Curtis distance measure) with 10 000 permutations.

Results and discussion

In total, 3457 adult individuals from 80 taxa were collected. Logs
taken from tree 2 yielded more individuals and taxa (2676 and
59) than those taken from tree 1 (434 and 25) or tree 3 (347 and
44). Although over twice as many individuals overall were col-
lected from unburned logs (2349) than from burned logs (1108),
none of the 21 most abundant (i.e. 210 individuals) taxa, with
the exception of Dioedus punctatus LeConte (Tenebrionidae),
was absent from burned logs (Table 1). Furthermore, about the

Fig. 1. A log following the prescribed burn.
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Table 1. Most common (210 individuals)
beetle taxa collected, in decreasing order of ~ Family Species Burned Unburned Total
abundance, from lol?lolly pine logs .that Curculionidae Cossonus spp. 547 1130 1677
were or were not subjected to a prescribed Curculionidae Stenoscelis andersoni Buchanan 118 609 727
burn. Curculionidae Rhyncolus spp. 71 82 153
Zopheridae Pycnomerus haematodes (Fabricius) 47 106 153
Ciidae spp. 21 100 121
Oedemeridae Oxycopis thoracica (Fabricius) 23 60 83
Cerylonidae Philothermus glabriculus LeConte 32 32 64
Carabidae Mioptachys flavicauda Say 22 30 52
Biphyllidae Diplocoelus rudis (LeConte) 44 7 51
Elateridae Drapetes quadripustulatus Bonvouloir 17 21 38
Carabidae Tachyta nana inornata (Say) 13 12 25
Silvanidae Cathartosilvanus imbellis (LeConte) 22 1 23
Staphylindae Tachyporinae spp. 6 15 21
Cerambycidae Xylotrechus sagittatus (Germar) 7 8 15
Colydiidae Endeitoma dentata (Horn) 14 1 15
Tenebrionidae Hymenorus spp. 11 2 13
Cerambycidae Trigonarthris minnesotana (Casey) 5 6 11
Tenebrionidae Dioedus punctatus LeConte 0 11 11
Elateridae Lacon impressicollis (Say) 4 7 11
Aderidae Pseudariotus notatus (LeConte) 4 6 10
Tenebrionidae Platydema flavipes (Fabricius) 9 1 10

same number of taxa overall were collected from unburned (62)
and burned (60) logs. Based on anosmv, using presence—absence
data, the burn treatment had no significant effect on community
composition for tree 1 (R = 0.22, P = 0.10), tree 2 (R = 0.09,
P = 0.21) or tree 3 (R = —0.15, P = 0.83). While there were
also no significant differences in community composition using
log(x + 1)-transformed abundance data for trees 1 (R = 0.11,
P = 024)and 3(R = —0.11, P = 0.77), there was a difference
for tree 2 (R = 0.28, P = 0.02). This difference may be attrib-
uted to the fact that the log sections removed from tree 2 had
much more bark than those removed from trees 1 and 3 consid-
ering that beetles living within the subcortical space would likely
be more exposed and vulnerable to fires than those living within
the wood. A more intensive sampling effort will be needed to
properly test this idea.

The results from this study suggest that the frequent low-
intensity surface burns typical of southeastern pine forests have
little immediate impact on the community composition of sapr-
oxylic beetles in large-diameter loblolly pine logs. We must
therefore reject our hypothesis that saproxylic beetles need to
recolonise sites following fires. In fact, because short sections of
wood removed from downed trees were used in this study, sapr-
oxylic beetles within intact logs are likely even less affected (i.e.
more sheltered) by fire. It should be mentioned, however, that
because the logs were removed 5 days after the burn, some colo-
nisation may have already occurred, particularly given that Wik-
ars and Schimmel (2001) documented colonisation of burned
soil by fire-favored species in <24 h. Several species [e.g. Diplo-
coelus rudis (LeConte), Cathartosilvanus imbellis (LeConte) and
Endeitoma dentata (Horn)] were considerably more common in
burned logs than unburned logs (Table 1). While these results
may represent rapid colonisation by fire-favored species, further
research is needed in southeastern pine forests to determine
which species are indeed pyrophilous.

That saproxylic beetles were not eliminated from burned
wood in this study is perhaps not surprising considering the fire
was relatively low-intensity. These organisms would no doubt
be more strongly impacted by the high-intensity fires characteris-
tic of other forest types. The extent to which saproxylic beetles in
frequently burned forests are more heat-tolerant than those in
more stable habitats is not known. This seems likely, however,
particularly for species in southeastern pine forests, and other
forests with relatively open canopies, as these organisms must
also cope with the temperature extremes associated with sun
exposure (Craighead, 1920; Graham, 1924). It would be interest-
ing to test whether saproxylic beetles in logs taken from closed-
canopy and rarely burned forests are more susceptible to fire.

Although fire did not immediately eliminate species from
wood, it may affect habitats and resources such that some spe-
cies are repelled by and others attracted to burned wood. For
example, in Sweden, Wikars (2002) compared the succession
of beetles and other insects in burned and unburned birch and
spruce logs for 2 years following a fire (sampling began 1 year
after the fire). Most of the taxa negatively affected by the fire
were bark beetles (perhaps due to the drying effects of fire or
to the possibility that fungal species promoted by fire may
hamper growth of bark beetle fungal symbionts), being nearly
10 times less frequent in burned logs than in unburned logs
(Wikars, 2002). In contrast, all taxa positively affected by fire
were mycophagous, possibly benefiting from the fact that
ascomycete fungi were more common in burned logs than in
unburned logs. Therefore, while fire may not select for strong
dispersal abilities by immediately eliminating arthropods from
dead wood, it may nonetheless do so by affecting habitat
quality.

The results from this preliminary project are limited, speak-
ing only to the beetle communities inhabiting relatively large-
diameter loblolly pine logs taken from three individual trees in
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a single-managed forest. Future work should consider a wider
range of forest types, management histories, tree species, wood
diameters, decay classes, fire intensities, wood postures, sea-
sons, etc. Two questions are of particular interest. First,
although many saproxylic beetles, including many red-listed
species, have been shown to be strongly associated with fires in
boreal forests (e.g. Jonsell er al., 1998; Saint-Germain et al.,
2004b; Hyvirinen et al., 2006), the extent to which saproxylic
beetles in other regions require fire is not known. Second, it is
not known whether saproxylic beetles in regularly burned for-
ests are generally stronger dispersers and are therefore more
resilient to manipulations of dead wood than those in more
stable habitats.
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