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Modeling the incubation microclimate to predict implications of responses to climate change for a
thermally-mediated trait
Results

Methods

• Responses to climate change depend on complex interactions between an
organism’s physiology and its microenvironment.

We used an empirical model of embryonic development1,2,3, driven by
a mechanistic soil temperature model4,5, to predict the microclimatemediated consequences of climate warming for offspring sex ratios in
painted turtles (Chrysemys picta), a widespread species with TSD.
Ultimately, we will examine the potential for an adaptive response in
the sex-determining system.

• Increasing temperatures may dramatically skew sex ratios in species with
temperature-dependent sex determination (TSD).
• Predictive models that rely on broad-scale climate data do not capture the
microclimate-scale processes that drive thermally-mediated embryonic
development and sex determination.
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Background

Fig 1. Locations of seven populations of C. picta that informed this research, shown with mean air
temperatures for July, when sexual differentiation is hypothesized to occur. Latitudinal variation in
macroclimate conditions drives the configuration of the sub-surface thermal landscape at a
microclimate scale.
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Fig 3. Preliminary results, showing mean predicted incubation temperatures and sex ratios across
four nest depths and for three climate scenarios, given an increase in mean temperatures but not
in variance. This model assumes a 1:1 sex ratio at 28.5°C constant incubation.
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Ongoing and future research
• Model the potential for physiological and behavioral adaptation of TSD to
environmental change.
• Expand models across North America to examine the potential for range
shifts in species with TSD.
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• Examine the effects of model spatial resolution on detection of thermal
microrefugia for thermally-mediated traits.
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Fig 2. Complete modeling approach for the project, built around NicheMapR4,5. Semienclosed rectangles designate model inputs, enclosed rectangles are computations,
parallelograms are outputs, and the diamonds are optional model parameters. Geospatial
parameters and climate data were derived from a 1’ global dataset (www.cru.uea.ac.uk),
and values for soil parameters were selected from a set of generalized soil types4. Models
were run for the current climate and ‘minimum’ (2°C) and ‘maximum’ (4°C) scenarios of
climate warming. Figure adapted from [4].
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