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Embryo development and global change: how do reptile embryos respond to 

ecologically relevant thermal stress?

Abstract

Two components of global change, climate change and urbanization, both contribute to increased ambient temperatures that may induce heat stress 

or mortality in animals. Each phenomenon independently results in both increased mean temperatures and increased maximum day-time 

temperatures; however, there is also the potential for these components to act synergistically: extreme temperatures due to the urban heat island 

effect are likely to be exacerbated as the earth’s surface warms due to climate change. Many animals can respond to harmful temperatures 

behaviorally, by altering their periods of activity or shifting their habitat use. Such behavioral compensation, however, is unavailable to embryos of 

ectotherms which typically develop inside eggs in the ground and receive little or no parental care. Thus, this early life stage is expected to be more 

vulnerable to harmful temperatures caused by aspects of global change, and yet, the effects of ecologically relevant thermal stress on these embryos 

has received little attention. We sought to understand the consequences of such extreme temperatures on embryological development by utilizing 

two species of lizard (Anolis sagrei and Anolis cristatellus) that commonly inhabit urban areas. We measured ground temperatures in an urban 

landscape where lizards nest and modeled daily thermal fluctuations that included brief periods of extremely high temperatures. We then subjected 

eggs of both species to various magnitudes and frequencies of these thermal fluctuations at multiple stages of embryo development. We report 

results of embryo survival and highlight the potential for extreme incubation temperatures to differentially impact species.
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• Are particularly sensitive to 
environmental disturbance 
(no parental care)

• Are unable to behaviorally 
compensate for adverse 
conditions (can’t run away)

• Influence population 
dynamics and species 
distributions and persistence

Reptile Embryos…

Pike. 2014. Glob Chang Biol 20: 7−15
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• Not Ecologically relevant
• Heat shocks
• Constant temperature 

incubation

Reduce egg survival by ~ 20%

Hall & Warner. 2017. Biol J Linn Soc
Hall & Warner. 2018. J Exp Biol
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Ollonen et al. 2018. Front. Physiol.
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Freq: 0, 1, or 2
Mag: 39-46°C
Age: 1-25/30 days
N ≥ 30 
725 eggs

Experimental Design
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Effect of age?

Age: χ2
1=5.51; p=0.02

Age by Treatment: χ2
1=5.14; p=0.02

Age: χ2
1=3.63; p=0.06

Age by Treatment: χ2
1=4.87; p=0.03
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