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Bark beetles are known to have complex associations with a variety of micro-
organisms (Paine and others 1987; Ayres and others 2000; Six and Klepzig
2004). However, most of our knowledge involves fungi, particularly external
species. In contrast, we know very little about their associations with bacterial
gut symbionts (Bridges 1981). Similarly, work with wood colonizing insects
such as termites reveals a diverse and functionally important community of
gut bacteria (Hongoh and others 2005). Yet our knowledge of the gut micro-
biota of wood boring beetles is rudimentary. Our work is aimed at addressing
these gaps, as bark and wood boring beetles include important forest pests,
natural disturbance agents, and invasive species.

This report describes the composition, variation among life stages, and
ecological roles of beetle gut communities. The study systems include three
bark beetles—the southern pine beetle, pine engraver, and spruce beetle—and
three wood borers—the Asian longhorned beetle, linden borer, and emerald
ash borer. Insects were evaluated by a combination of culture-independent
and culture-dependent approaches. Culture-independent analyses involved
extraction of total DNA from entire guts, amplification of bacterial 16S rDNA,
and sequencing (Broderick and others 2004 ). Culture-dependent approaches
involved plating dilutions of gut extracts, periodic counts of colonies, and
molecular identification by the above processes. Sampling efficiency in culture
independent studies was estimated by rarefaction curves.

The predominant bacteria in these six beetle species were members of
the alpha-proteobacteria, beta-proteobactaeria, gamma-proteobactaeria,
Firmicutes, and Actinobacteria. The diversities of gut communities varied
dramatically. At one extreme, the gut bacteria of linden borer consisted entirely
of gamma-proteobactaeria (Schloss and others 2006). At the other extreme,
only half of Asian longhorned beetle’s most common bacteria were in one
group, Firmicutes. Overall, the gut communities of wood borers tended to be
more diverse than those of bark beetles at the level of bacterial genera. The
emerald ash borer contained 26 bacterial genera in larvae and 27 in adults
(Vasanthakumar, in prep). Of these, 15 morphotypes were present in both
stages. Bacterial densities were higher in adults than larvae. Asian longhorned
beetle larvae contained 24 bacterial genera (Schloss and others 2006). The
southern pine beetle contained 13 genera in larvae and nine genera in adults,
with only three species in common (Vasanthakumar and others 2006). The
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pine engraver had six genera in larvae, three genera in pupae, and three genera
in adults, with two genera common to all life stages (Delalibera and others,
subm.). Densities of bacteria were higher in pine engraver larvae than in adults,
and higher in adults than pupae. Although linden borer guts have a low diver-
sity of gut bacteria, the densities of these bacteria are much higher than in
pine engraver (Delalibera and others 2005). Variation in bacterial members
varied widely among these six insects. No genera were detected in all six, only
four were detected in three, and only seven genera were detected in even two
beetle species.

Bacteria have been shown to confer a broad array of benefits and detriments
to their host insects (Cazemier and others 1997). To date, we have evaluated
two roles in bark- and wood-boring beetles. We observed cellulolytic activity
in gut bacteria of both wood borers tested—linden borer and emerald ash
borer, but in neither of the two bark beetles tested—southern pine beetle
and pine engraver (Delalibera and others 2005; Vasanthakumar and others,
in prep.). Secondly, bacteria in oral egestions from spruce beetle can defend
against gallery invading fungi that otherwise reduce oviposition and increase
adult mortality (Cardoza and others 2005). These bacteria appear almost
entirely responsible for the highly fungistatic activities of the spruce beetle’s
oral egestions.

Ongoing work involves potential roles of gut bacteria in detoxification of
tree defense compounds and analyses of the stability and resilience of the
gut community. Understanding the functioning of gut microbiota can offer
promising insights into novel approaches to pest management (Broderick and
others 20006).
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