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Population Trends 1976-2012 
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Photo Courtesy of Dayan Anderson 
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Trends  in mountain lions, bighorn sheep 

 and mule deer:  1978-2003 

Sierra bighorn sheep 

Mule deer 

Mountain lions 



Wehausen hypothesis 

“Range abandonment” 
  Bighorn sheep avoided low-elevation winter range, 

subsisted on poor-quality forage, suffered energetically from 

high-elevation winter conditions, and died in avalanches.  Poor 

survival and recruitment of lambs were the result.  

 

  Bighorn sheep chose to remain at high elevation rather 

than risk predation by mountain lions on low elevation range. 

Wehausen, J. W.  1996.  Effects of mountain lion predation on 

bighorn sheep in the Sierra Nevada and Granite Mountains of 

California.  Wildlife Society Bulletin 34:471-479. 
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Trends  in mountain lions, bighorn sheep, 

and mule deer:  1978 - 2003 
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RESPONSES OF DESERT BIGHORN SHEEP TO EXPERIMENTAL 

SIMULATION OF RISK OF PREDATIOM BY MOUNTAIN LION 
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Predator evasion strategies 

• Indirect:  Reduce chance of encounter 
  Habitat selection, sociality, vigilance 

 

• Direct:  Response to presence of 

 predator  
  Flight (“escape terrain”), inspection, aggression 



Reduce chance of encounter 

• Habitat selection 
  Visibility, proximity to escape terrain 

 

• Sociality 
  Dilution of risk, more ears, eyes, noses 

 

• Vigilance 

  Foraging efficiency, trade-offs  
   



 

Responses when predator is  

perceived 
   

• Sociality 
  Signaling, defensive posture 

• Flight 
  Speed, agility, escape terrain  

• Inspection 
  Safe distance, assess potential predator, maintain 

 surveillance 

• Aggression 
  Asymmetry of risk 

  
   



Response to Predation Risk 
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Postulates 
If bighorn sheep respond to mountain lions 

at a landscape scale, the presence of a 

mountain lion will cause bighorn to: 

 

•Move to high elevation  

•Move long distances 





Postulates 
If bighorn sheep respond to mountain lions 

through at a local scale, the presence of a 

mountain lion will cause bighorn to: 

 

•Move away from the lion 

•Move to rugged terrain 

•Increase vigilance 

 



Test: feeding trials  

• “Giving-up density” 





 





 



Behavior categories 

Table 2.  Definitions of behaviors evaluated during focal animal observations.      

Behavior Category  Definition       

 & Activity           

Foraging  

 Standing Feeding  Standing, biting vegetation or masticating with head oriented  

   toward ground or tall vegetation   

 Walking Feeding  Walking with head oriented toward ground or tall vegetation  

Vigilance  

 Standing, looking  Standing with head held above plane of back, head oriented  

   away from vegetation, other members of group   Ruminating  

   may occur  

 Walking, looking  Walking with head above plane of back, head oriented away  

   from direction of travel or pausing to look back followed by  

   continued walking 

Movement 

 Running  Running, jumping across rocks 

 Walking  Walking (including jumping across rocks) with head oriented in  

   the direction of travel 

Social 

 Looking at conspecifics  Head oriented towards other group members (typical of lambs) 

 Play  Jumping, sprinting, butting conspecifics 

 Nursing  Lamb in contact with underside of ewe 

Bedding 
 Lying ruminating  Lying down masticating head up 

 Lying resting  Lying down, head up or down, not masticating 

Other  Behavior not specified above 

 

 

 













Original distribution of Sierra Nevada bighorn sheep 
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Study Approach 

1)  Contemporary data:  RSF  

 

What influence does risk of predation by mountain 

lions have on resource selection by Sierra Nevada 

bighorn sheep? 

 

2) Historical review:  Remotely sensed data 

 

Do data from the period of decline in Sierra Nevada 

bighorn sheep support the “range abandonment” 

hypothesis (Wehausen 1996), or is there greater 

support  for alternatives? 

 

 



RSF - Predictions 

Resource selection by Sierra Nevada bighorn sheep is 

strongly influenced by 

direct risk of predation  

 

AVOID  

 -Areas where mountain lions are active 

 -Areas where mountain lions kill bighorn sheep 

 



RSF - Predictions 

Resource selection by bighorn is strongly influenced by 

indirect risk of predation  

SELECT FOR: 

 -Higher elevations 

 -Steeper slopes 

 -Rugged terrain (all radii) 

 -Convexity at animal location (15-30 m radius) 

  -Rock cover type 

and AVOID  

 -Convexity within flight distance (100-150 m radius) 

  -Tree and shrub cover 

 

 

 

 

 



RSF - Predictions 

Resource selection by bighorn is strongly influenced by 

forage availability 

SELECT FOR: 

-Higher NDVI values 

 -Greater solar radiation 

and AVOID  

-Snow cover 

 

  

 

 

 



Forage tradeoff hypothesis  

Benefit of migration to low elevation  

in drought years is less than in normal years  

NDVI Tradeoff in wet years > NDVI Tradeoff in dry years  

 

 

 

  

 

 

 



Animal Capture 
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Scale for topographic analysis 

150 m 

15 m 

3 x 3 neighborhood 

 of 10 m  cells  

 







Spatial analysis 

• Animal home range and movement data 

• Topographic measures 

• Remote sensing of land cover 

• Remote sensing of temporally varying factors: 

snow and vegetation condition 

 

 
 

 

 

 

 

 



Temporally varying Indices 

• 57 Cloud-free TM images 1989–1994 and 2002–2009  

• Normalized difference snow index 

– NDSI = (Green – SWIR)/(Green + SWIR) 

 or (TM2 – TM5)/(TM2 + TM5)  

• Normalized difference vegetation index 

– NDVI = (NIR – R)/(NIR + R) 

 or (TM4 – TM3)/(TM4 + TM3)  

 

 

 

 



Statistical analysis: RSF 

• Candidate variables Pearson correlation <|0.60| 

• All possible combinations where univariate P < 0.25  

• Logistic models for population, conditioned upon the 

temporal window of each TM image 

• Separate models for  males and females 



Statistical analyses: Model Selection 

• Candidate models ΔAICc <4,  

• AICc used to choose better fit between models differing 

only in correlated predictors 

• Calculated Akaike weights wi for models 

• Importance weight parameter Σ wi 

• Model-averaged βs and SEs 

 

 

 

 

 

 



Forage (NDVI) tradeoff  

• GPS locations (3-D, DOP < 10) used by bighorn sheep in 

winters 2002–2007 at >3,000 m and <2,000 m 

• No Tree-shrub or Rock cover 

• ≥10 snow-free pixels (NDSI > 0.2) 

• Calculate Mean NDVI <2,000 m  and >3,000 m 

• NDVI Tradeoff  = NDVI @ <2,000 m – NDVI @ >3,000 m 

 

 

 

 



Results… 



 



 



 



 



Lion risk vs. Elevation 

Model AICc ∆AICc 

Female 

 CVX15 CVX150 LNRISK NDSI PRR ROCK RUG30 RUG150 SLOPE  7147.0 0 

 CVX15 CVX150 ELEV      NDSI PRR ROCK RUG30 RUG150 SLOPE 7220.7 73.7 

Male 

 CVX100 LNRISK PRR ROCK RUG20 RUG100 SLOPE TRESH  3296.9 0 

 CVX100 ELEV      PRR ROCK RUG20 RUG100 SLOPE TRESH 3421.0 124.1 



k-fold cross-validation 

Model Slope  r2   rs 

Female 0.19 0.95 0.96 

Male 0.05 0.81 0.92 

Photo © Art Lawrence  



P < 0.001   



Summary 
Ho  Resource selection by Sierra Nevada bighorn sheep is  

strongly influenced by 

 Direct risk of predation REJECT 

Indirect risk of predation SUPPORT 

Ho  Resource selection by Sierra Nevada bighorn sheep is 

strongly influenced by forage availability 

 INCONCLUSIVE 

Ho  Benefit of migration to low elevations in drought years  

 is lower than in normal years 

 SUPPORT 
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Thank you! 
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