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Shrinking distribution of the American pikaShrinking distribution of the American pika
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25 historical populations
recorded 1898-1990
(average date = 1933)

6 extinct by 1999 (►)
9 by 2007 (◄)

Extinction rate is rising

Opportunity for modeling 
and model updating
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1999:  2,500 m

2008:  2,535 m

1933:  2,275 m

3.5 m/yr

4.0 m/yr

Rising mean minimum elevation
of 25 historical pika populations
in the Great Basin 
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Similar patterns in the Sierra Nevada
(Moritz 2007)
Similar patterns in the Sierra Nevada
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What predicts extinction?What predicts extinction?



“Habitat” – amount within mountain range“Habitat” – amount within mountain range
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Likely predictorsLikely predictors

“Refuge” – highest habitat within 3 km“Refuge” – highest habitat within 3 km

3 km
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Relationship between extinction and the 
proximity of a high-elevation habitat refuge
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Likely predictors, continuedLikely predictors, continued

“Access” – distance to nearest non-4WD track“Access” – distance to nearest non-4WD track

“Grazing” – long-term use of the site by livestock“Grazing” – long-term use of the site by livestock

“Heat” – mean daily max T in August (PRISM 1971-2000)“Heat” – mean daily max T in August (PRISM 1971-2000)
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1999:
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Access
Grazing 
Heat

1999:
Habitat 
Refuge
Access
Grazing 
Heat



What predicts extinction?
(Model updating, part 1)

► ►+◄
Rank 1999 2007a   
1* Habitat, - Habitat, -
2 Refuge, - Refuge, -
3 Access, + Grazing, + 
4 Grazing, + Access, + 
5 Heat, + Heat + 
*Ranked using AIC

Evidence Ratio ( w0 / wi ) 
Rank 1999 2007a
1 1.0 1.0
2 1.1 1.5
3 1.8 2.1
4 2.4 4.4
5 3.0 4.7
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4 Grazing, + Access, + 
5 Heat, + Heat + 
*Ranked using AIC

Evidence Ratio ( w0 / wi ) 
Rank 1999 2007a
1 1.0 1.0
2 1.1 1.5
3 1.8 2.1
4 2.4 4.4
5 3.0 4.7
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What predicts extinction?What predicts extinction?
2007b:

Acute heat-stress 
Chronic heat-stress
Acute cold-stress
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3 stress metrics Data used Hindcasts
Acute heat-stress # days > 28 °C LT>28 , Δ>28 , R>28
Chronic heat-stress Summer mean T LTμS , ΔμS , RμS
Acute cold-stress # days < -10* °C LT<-10 , Δ<-10 , R<-10

*post-hoc predictor

Hindcasting metrics of stressHindcasting metrics of stress

3 data sets:  LT = long-term, Δ = climate change, R = recent
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What predicts extinction?
(Model updating, part 2)

►+◄ ►+◄
Rank 2007b    2007c
1 LT<-10 , + Habitat , -
2 RμS , + LT<-10 , +
3 Refuge, -
4 RμS , +
5 Precip, -
6 Grazing, +

Evidence Ratio ( w0 / wi ) 
Rank 2007b 2007c
1 1.0* 1.0
2 1.0 1.1
3 1.4
4 1.8
5 3.0
6 3.4

What predicts extinction?
(Model updating, part 2)

►+◄ ►+◄
Rank 2007b    2007c
1 LT<-10 , + Habitat , -
2 RμS , + LT<-10 , +
3 Refuge, -
4 RμS , +
5 Precip, -
6 Grazing, +

Evidence Ratio ( w0 / wi ) 
Rank 2007b 2007c
1 1.0* 1.0
2 1.0 1.1
3 1.4
4 1.8
5 3.0
6 3.4
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25 historical populations
6 extinct by 1999 (►)
9 by 2007 (◄)

What predicts persistence?
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What predicts persistence?
Amount of 

habitat
Amount of 

habitat

Acute 
cold stress

(past 60 yrs)

Acute 
cold stress

(past 60 yrs)

chris.ray@colorado.educhris.ray@colorado.edu

Chronic
heat stress

(recent)

Chronic
heat stress

(recent)

Elevational
refuge

Elevational
refuge



How might climate cause extinction?How might climate cause extinction?
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The endThe end
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