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Insect-Symihont Interactions

Temperature Alters the Relative Abundance and Population Growth
Rates of Species Within the Dendroctonus frontalis (Coleoptera:

Curculionidae) Community
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Environ. Entomol. 40(4): 821-834 (2011); DOI: 10.1603/EN 10208
ABSTRACT Temperature has strong effects on metabolic processes ofindividuals and demographics
of populations, but effects on ecological communities are not well known. Many economically and
ecologically important pest species have obligate associations with other organisms; therefore, effects
of temperature on these species might be mediated by strong interactions. The southern pine beetle
(Dt'tulroctonus frontalis Zimmermann) harbors arich community ofphoretic mites and fungi that are
linked by many strong direct and indirect interactions, providing multiple pathways for temperature
to affect the system. We tested the effects of temperature on this community by manipulating
communities within naturally infested sections of pine trees. Direct effects of temperature on
component species were conspicuous and sometimes predictable based on single-species physiology,
but there were also strong indirect effects oftemperature via alteration ofspecies interactions that
could not have been predicted based on autecological temperature responses. Climatic variation,
including directional warming, will likely influence ecological systems through direct physiological
effects as well as indirect effects through species interactions.

KEY WORDS species interactions, indirect interactions, climate change, community structure,
physiological ecology

Climate isa majordeterminant of arthropod distribu
tions and demography (Ayres 1993, Bale et al. 2002,
Parmesan 2000). Understanding how climate change
will affect arthropod populations remains a priority
(Dale et al. 2001, Easterling et al. 2007). Both inter
actions among species and autecological factors, such
as climatic variables, strongly affect populations (Ay-
res 1993,Wootton 1994,Bale et al. 2002, Nahrung et al.
2004). Although evidence exists that species will re
spond individualisticallyto climate change (Baleet al.
2002, Parmesan 2006) such individual responses can
disrupt interactions, leading to changes in communi
ties (Petchey et al. 1999,Walther et al. 2002,Voight et
al. 2003). Because of such disruptions, species' re
sponses within communities might be qualitatively
different from individual responses (Davis et al. 1998,
Petchey et al. 1999, Walther et al. 2002, Voight et al.
2003, Barton et al. 2009, Hoekman 2010); therefore, a
major goal of global change research is to understand
effects within a community context.
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Understanding how pest species will respond to
climate change isa critical challenge (Dale et al. 2001,
Crozier et al. 2006, Easterling et al. 2007, Seppiiliiet al.
2009).The frequency and severity of insect pest out
breaks are expected to be influenced by climate
change, resulting from the strong effects of abiotic
factors (e.g., temperature and plant water stress) on
insect development (Easterling et al. 2007, Seppiilii et
al.2009).However, many pest species have direct and
indirect interactions with numerous other species,
providing multiple pathways for climate change to
affect the system (Ayres and Lonibardero 2000). For
example,bark beetles in the genus Dendroctonus har
bor phoretic mites and fungi that affect beetle popu
lation dynamics (Coldhammer et al. 1990, Paine et al.
1997,Sixand Paine 1998,Hofstetter et al. 2006a,Adams
and Six 2007, Cardoza et al. 2008). Because demo
graphiceffectsof temperature differ amongthese spe
cies (Lonibardero et al. 2003, Hofstetter et al. 2006a,
Six and Bent/. 2007), how climate change will affect
beetle dynamics might not be easily predicted. Other
examples of pest species with intimate associates in
clude Annjlostcieitm fungi and woodwasps (Slippers et
al. 2003), pinewood nematodes and cerambycid bee
tles (Linit 1988),and bacterial endosymbionts of nu
merous insects including termites, aphids, and white-
flies (Moran and Telang 1998). Responses to
temperature may differ among these interacting spe
cies, making it necessary to consider effects on inter-
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actions when studying the effects of climate change.
Here, we studied the effects of temperature on an
economically important insect pest, Dendroctonus
frontalis Zimmermann, and its associated mites and
fungi within communities.

The southern pine beetle, Dendroctonus frontalis
Zimmerman, is native to North America and attacks
and kills nativepines from NewJerseyto Honduras. It
occasionally reaches epidemic abundances,making it
amongthe mostimportantforest pestsin NorthAmer
ica (Thatcher et al. 1980). Population fluctuations in
D. frontalis are partly the result of delayed negative
feedback from coupled interactions with a specialist
predator (Turchin et al. 1991), but the tendency for
endogenous cycles isweaker than previously thought
(Friedenberg et al. 2007). and there is accumulating
evidence for strong demographic effects from inter
actions involving symbionts of D.frontalis (Klepzig et
al. 2001. Hofstetter et al. 2006a).

Dendroctonusfrontalis has a strong mutualism with
two species of mycangial fungi, Entomocorticiuni sp. A
and Ceratoctjstiopsis ranactdosus Hausner. The fungi
receive selective transport (within mycangia) to new
host trees and the beetle larvae feed on fungal-en
riched phloem within trees (Barras and Perry 1972).
The fungi only occur in association with the beetles
and almost all female adult beetles (>90%) carry one
or the other of these fungi (Hofstetter et al. 2006a).
Entomocorticium tends to be a better nutritional
source than C.ranactdosus (Coppedge et al. 1995),and
beetle populations grow faster when a higher propor
tion of females cam' Entomocorticium (Bridges 1983).
Dendroctonus frontalis also transport many species of
phoretic mites among host trees (Moser 1975). Tar-
sonemus mites, which are particularly common, are
mutualists with abluestain fungus (Ophiostoma minus
Hedgecock), which they selectively transport to new
host trees, propagate within trees and then consume
(Bridges and Moser 1983, Lonibardero et al. 2000).
Ophiostoma minus might initially aid beetles in over
coming tree resistance (Klepzig et al. 2005), but over
all is a strong antagonist of D. frontalis larvae, appar
ently because it outcompetes the mycangial fungi and
is itself of poor nutritional value for beetles (Barras
1970, Klepzig and Wilkins 1997). Natural populations
of D.frontalis tend to grow when O. minus is rare and
decline when O. minus is abundant (Hofstetter et al.
2006a). Because Tarsonemus mites promote O. minus,
they are strong indirect antagonists of D. frontalis
(Lonibardero et al. 2003. Hofstetter et al. 2006a).

Because of the number and complexity of strong
interactions, there are multiple pathways through
which temperature could affect the southern pine
beetle system. For example, autecological studies
show that the growth rate of Tarsonemus populations
is more sensitive to temperature than the develop
ment time of D. frontalis, implying that the antago
nistic effects of mites on beetles would be greatest at
=«27CC and drop off rather sharply as temperatures
increase or decrease from there (Lonibardero et al.
2003). Furthermore, the two mycangial fungi differ in
their temperature responses (Klepzig et al. 2001).

Based on their autoecological responses, cooler tem
peratures should favor Entomocorticium relative to C.
ranactdosus (Hofstetter et al. 2007), which should be
beneficial to D. frontalis. Alternatively, the most im
portant effects of temperature might arise from more
complex mechanisms: e.g., interactions between Tar
sonemus and other species of mites that alter interac
tions among fungi that influence beetles. To evaluate
these possibilities we manipulated the temperature
experienced by communities within trees naturally
colonized by D.frontalis and their associates.

Materials and Methods

Experimental Design. We conducted two similar
experiments. In both cases, we identified a set of sim
ilar adjacent trees (6-7, =25 cm diameter at breast
height (dbh) and 18 in tall) that were beingsimulta
neously attacked by the same population of D. fron
talis, sampled the parental attacking beetles to char
acterize the incoming community of phoretic mites
and fungi, waited until all attacks had ceased (indi
catingthe period of oviposition and egg hatch within
the phloem), then felled the trees, cut 6-8 replicate
40-cm bolts from the mid-bole ofsix or seven trees, and
transported those to environmental chambers where
they were distributed across temperature treatments.
We collected, counted, and measured the emerging
adult progeny, and examined them for phoretic sym
bionts. Our first study (experiment 1) began in July
2004with seven slash pine (Pinus elliottii Engleman)
in the ChickasawhayRanger District, DeSoto National
Forest, MS. The second study (experiment 2) began in
October 2004with six loblolly pine (PinustaedaL.) in
the Oakmulgee Ranger District, Talladega National
Forest, AL.Both Pinus species are suitable hosts for D.
frontalis, though P. taeda isgenerally regarded as more
susceptibleand perhaps more suitable (Thatcher et al.
1980).In both studies, we placed four Lindgren funnel
traps (unbaited) among the study trees to collect
150-200 live free-flying attacking beetles (collected
over 2-4 d during the peak of attacks on study trees)
that we stored individually at 1°Cand later examined
for phoretic mites and fungi Hofstetter et al. 2006a).
We identified mites to genus (chiefly Tarsonemus,
Dendrolaelaps. Trichouropoda, and Ilistiogaster; iden
tity confirmed by Dr. John Moser, USDA Forest Ser
vice Southern Research Station, Pineville, LA), and
also scored each beetle for presence of O. minus (ex
periment 1 only) and each female beetle for presence
of the two mycangial fungi, C. ranactdosus and Ento
mocorticium sp. A (both experiments), following the
methods of Hofstetter et al. (2006). We dissected and
mounted the mycangium of each female in lactophe-
nol blue dye to identify C. ranactdosus and Entomo
corticium sp. A under a compound microscope (Barras
and Perry 1972, Bridges 1983. Hofstetter et al. 2006a).
To determine presence of O. minus on the beetles, we
plated each individual on 10% malt agar to grow cul
tures of the fungus.

We randomly assigned two bolts per tree (one each
from the lower and upper region of the mid-bole) into




















