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The impact of anthropogenic climate change on terrestrial organ-
isms is often predicted to increase with latitude, in parallel with the
rate of warming. Yet the biological impact of rising temperatures
also depends on the physiological sensitivity of organisms to
temperature change. We integrate empirical fitness curves describ-
ing the thermal tolerance of terrestrial insects from around the
world with the projected geographic distribution of climate change
for the next century to estimate the direct impact of warming on
insect fitness across latitude. The results show that warming in the
tropics, although relatively small in magnitude, is likely to have the
most deleterious consequences because tropical insects are rela-
tively sensitive to temperature change and are currently living very
close to their optimal temperature. In contrast, species at higher
latitudes have broader thermal tolerance and are living in climates
that are currently cooler than their physiological optima, so that
warming may even enhance their fitness. Available thermal toler-
ance data for several vertebrate taxa exhibit similar patterns,
suggesting that these results are general for terrestrial ectotherms.
Our analyses imply that, in the absence of ameliorating factors
such as migration and adaptation, the greatest extinction risks
from global warming may be in the tropics, where biological
diversity is also greatest.
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G lobal warming in this century may be the largest anthropo-
genic disturbance ever placed on natural systems (1, 2). Its

impact on species is likely to vary geographically (2–4), but a
mechanistic framework to predict its magnitude and global
distribution has not yet been developed (5). One important
determinant of biological responses to climate change will be the
degree of warming itself, which will continue to be greater at
high latitudes (6). Also relevant, however, is the physiological
sensitivity of organisms to changes in the temperature of their
environment (7, 8). The thermal tolerance of many organisms
has been shown to be proportional to the magnitude of temper-
ature variation they experience (9–11), a characteristic of cli-
mate that also increases with latitude. Evaluating the impacts of
rapidly changing climates on population fitness and survival thus
requires linking geographic patterns of the magnitude of tem-
perature change with the physiological sensitivity of organisms
to that change (12).

Ectotherms constitute the vast majority of terrestrial biodi-
versity (13) and are especially likely to be vulnerable to climate
warming because their basic physiological functions such as
locomotion, growth, and reproduction are strongly influenced by
environmental temperature. The ability of ectotherms to per-
form such functions at different temperatures is described by a
thermal performance curve (14), which rises gradually with
temperature from a minimum critical temperature, CTmin, to an
optimum temperature, Topt, and then drops rapidly to a critical
thermal maximum, CTmax (Fig. 1). Critical temperatures CTmin
and CTmax, operationally defined by the limits of organism
performance, have been measured for diverse ectotherms (15–
18) and usually covary with latitude, reflecting at least partial

adaptation of ectotherms to their climate (9–11). Thermal
performance curves index the direct effect of temperature on
organism fitness (14–15), and thus provide a physiological
framework for elucidating a fundamental component of the
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Fig. 1. Fitness curves for representative insect taxa from temperate (A) and
tropical (B) locations, and (C) the change in fitness because of climate warming
for all insect species studied, as a function of latitude. (A and B) Fitness curves
are derived from measured intrinsic population growth rates versus temper-
ature for 38 species, including Acyrthosiphon pisum (Hemiptera), from 52°N
(England) (A), and the same for Clavigralla shadabi (Hemiptera) from 6°N
(Benin) (B). CTmin, Thab, Topt, and CTmax are indicated on each curve. Climato-
logical mean annual temperature from 1950–1990 (Thab, drop lines from each
curve), its seasonal and diurnal variation (gray histogram), and its projected
increase because of warming in the next century (�T, arrows) are shown for
the collection location of each species. For each of 38 species, fitness is
integrated over both seasonal and diurnal temperature cycles for both the
observed climate of the late 20th century (1950–1990) and for a model-
simulated climate of the late 21st century (2070–2100) (23). (C) Predicted
change in fitness of insects versus latitude is a measure of the impact of 21st
century climate warming on population growth rates. Negative values indi-
cate decreased rates of population growth in 2100 AD and are found mainly
in the tropics. Positive values are found in mid- and high-latitudes. Line is a
spline-fit with a span of 0.9.
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