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Linking museum specimens with physiological ecology to model 
susceptibility to climate change in desert bird communities



How do physiological traits influence habitat suitability?

“…restricted distributions are likely due to various physiological and 
psychological aspects….” 

Grinnell 1917 
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Climate change increases number of lethal dehydration days
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Small birds should be more vulnerable to warming than large birds
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The Grinnell Resurvey Project: Leveraging 100 years of change
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Deserts are physiologically stressful but have minimal human impacts



Most birds declined over the last 100 years
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Wide range of species that have declined over the last 100 years



The decline is related to mass, but in the opposite direction as expected

p = 0.008, r2= 0.18
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Sources of heat flux from the perspective of a bird
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Bird decline related to evaporative cooling demand

p < 0.001, r2= 0.23
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Bird decline related to evaporative cooling demand
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Bird decline related to evaporative cooling demand

p < 0.01 , r2 = 0.17
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Bird decline related to evaporative cooling demand

p < 0.001, r2= 0.97



Bergmann’s rule: Intra- and interspecific latitudinal variation in body size



N = 28,391

Intraspecific latitudinal variation in body size



Bergmann’s rule: Intra- and interspecific latitudinal variation in body size
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Variation in body size is ecologically-relevant for many species
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counter-Bergmann’s ruleBergmann’s rule



r2 = 0.58 r2 = 0.73
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Large individuals tend to exhibit stronger effects consistent with Bergmann’s rule
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r2 = 0.06
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Don’t break Bergmann’s rule if you’re big

counter-Bergmann’s rule

r2 = 0.44
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Species that follow Bergmann’s rule exhibit similar levels of decline

Bergmann’s rule

r2 = 0.44
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Summary

The collapse of desert bird communities appears to be related to the 
ineffectiveness of larger birds to efficiently cool

Bigger birds appear to be more influenced by warming than smaller birds

Intraspecific variation in body size appears to influence  interspecific 
vulnerability to climate change
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Bergmann’s rule: an absolute mechanism - not a relative mechanism
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Intra- and interspecific latitudinal variation in body size

• Mass declines with warmer 
climates 

• But sometimes mass increases 
with warmer climates 

• Bigger species tend to follow 
Bergmann’s rule 



Bergmann’s rule: Intra- and interspecific latitudinal variation in body size

60

20

pr
op

or
tio

na
l c

ha
ng

e 
in

 b
od

y 
m

as
s

−0.30

−0.25

−0.20

−0.15

−0.10

−0.05

Bergmann's rule

n = 22



Bergmann’s rule: Intra- and interspecific latitudinal variation in body size
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Birds that declined with warm temperatures also declined over last century
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Birds that declined with warm temperatures also declined over last century
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Shrinking body mass as a 3rd global response to climate change

counter-Bergmann’s rulefollow Bergmann’s rule



Bird decline related to evaporative cooling demand

predictions about change in mass to maintain same level
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Bird decline related to evaporative cooling demand



Bird decline related to evaporative cooling demand



Biophysical model helps us to evaluate responses to climate change
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