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ABSTRACT An important challenge facing ecologists is to understand how climate change may
affect species performance and species interactions. However, predicting how changes in abiotic
variables associated with climate change may affect species performance also depends on the biotic
context, which can mediate species responses to climatic change. We conducted a 3-yr Þeld exper-
iment to determine how the herbivorous grasshopper Camnula pellucida (Scudder) responds to
manipulations of temperature and population density. Grasshopper survival and fecundity decreased
with density, indicating the importance of intraspeciÞc competition. Female fecundity tended to
increase with temperature, whereas grasshopper survival exhibited a unimodal response to temper-
ature, with highest survival at intermediate temperatures. Grasshopper performance responses to
temperature also depended on density. Peak survival in the low-density treatment occurred in warmer
conditions than for the high-density treatment, indicating that the intensity of intraspeciÞc compe-
tition varies with temperature. Our data show that changes to the temperature regimen can alter
grasshopper performance and determine the intensity of intraspeciÞc competition. However, the
effects of temperature on grasshopper performance varied with density. Our data indicate the
importance of the biotic context in mediating species responses to climatic factors associated with
global change.
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Many studies have shown potential effects of global
climate change on individual species. For example,
studies have found that increased temperature and/or
elevated CO2 concentrations can affect traits such as
growth, survival, feeding rates, and phenology in in-
sect herbivores (Hughes and Bazzaz 2001, Stiling et al.
2002, Veteli et al. 2002, Walther et al. 2002, Stiling et
al. 2003, Williams et al. 2003, Abraham 2004). These
changes may be indirect, caused by effects of envi-
ronmental changes on plant foliar quality. For exam-
ple, increased C:N ratios with elevated CO2 concen-
trations lowers food quality and can lead to behavioral
changes and/or decreased growth in insect herbivores
(Roth and Lindroth 1995, Buse et al. 1998, Veteli et al.
2002). Alternatively, changes to species traits may
result from direct effects of environmental changes on
insect physiology, which may lead to altered resource
intake. These direct and indirect effects of climate
change on species traits may alter species interactions
within a community. However, to predict how species
interactions will be affected by climate change, it is
important to Þrst understand how individual species
will respond to basic climate variables, such as tem-

perature. Next, it is important to understand how spe-
ciesÕ responses to climate variables might vary with
population structure such as density, which varies
considerably within and among years. This will pro-
vide a better understanding of how populations will
respond to global climate change and a mechanistic
basis on which to make predictions about species in-
teractions in future climate scenarios.

Temperature is especially important for insects, in-
ßuencing many physiological processes such as me-
tabolism, digestion, phenology, behavior, and devel-
opment (Heinrich 1993). Changes in temperature
associated with global climate change may have im-
pacts on insects at both the individual and population
level. For example, temperature inßuences activity
time and digestion rates, both of which determine
resource intake for individuals (Heinrich 1993, Yang
and Joern 1994b, Harrison and Fewell 1995). By in-
ßuencing resource intake, temperaturecanaffectboth
survivorship and fecundity.

Survivorship and fecundity may be affected by
other factors such as population density (Varley et al.
1973, Belovsky and Slade 1995, Hopper et al. 1996,
Agnew et al. 2002, Agrawal 2004, Hildrew et al. 2004),
which arises from resource limitation as competitive
pressure for food resources increases. Because tem-
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