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Background 

• Epizootic pneumonia of bighorn sheep results in die-
offs in free ranging populations1 

 
• Transmission of the bacteria from domestic sheep 

and goats to free ranging bighorn sheep does occur2 

 
• Bacteria transmitted when they come into direct 

contact3 

 
 

1 Besser et al 2012 
2 Lawrence et al. 2010 
3 Besser et al 2012a, Lawrence et al. 2012, Schommer and Woolever 2008 



Background 

• One interspecies contact can result in 
transmission and negative impacts to bighorn 
sheep herds.  

 

• Domestic sheep and bighorn sheep are 
attracted to one another.  

 

• Bighorn sheep carry out occasional long-
distance exploratory movements (aka ‘forays’).  

 

 

 



Purpose 

• Methodology for calculating probability and 
rates of contact between bighorn sheep and 
domestic sheep allotments 

 

• Predicting areas of potential disease 
transmission 

 

• Appropriate for land use and project level 
planning 



Development 

• Tool was created jointly 
between Forest Service and 
BLM 

 

• Reference values were 
derived from a robust dataset 
of bighorn sheep locations 
near Hells Canyon, Idaho. 



Conceptual Model 

• Foray probability model has four components:  
 

– Estimate of herd home range  

 

– Frequency of forays  

 

– Distance distribution of forays 

 

– Estimate of habitat selection  

 



Home Range: Inputs 

• Only if using point 
data (e.g. telemetry, 
GPS) 

 

• Creates home range 
polygon based on 
locations 

– Approximates 95% 
of space use 



 



Home Range: Outputs 

 



Foray Analysis: Inputs 

• Home range polygon 
(calculated or known) 

 

– Polygon used is 
bighorn sheep overall 
range provided by 
Colorado Parks and 
Wildlife 

 

 

 



 



Foray Analysis: Inputs 

• Home range polygon 
(calculated or known) 

 

• Habitat preference 
– Layer provided by CPW 

• 1 = suitable,  

• 2 = connective habitat 
(within 350 meter of 
suitable),  

• 10 = non-habitat 

– Preference calculated from 
Hells Canyon, ID herd 

 

 

 



 



Foray Analysis: Inputs 

• Home range polygon 
(calculated or known) 

 

• Habitat preference 

 

• Foray distance 
distribution 
– Probability of forays at 

one kilometer 
intervals 

 

 



Foray Analysis: Inputs 

• Home range polygon 
(calculated or known) 

 

• Habitat preference 

 

• Foray distance 
distribution 
– Data from Hells 

Canyon, ID herd 

 

 



Foray Analysis: Outputs 

 



Contact Analysis: Inputs 

• Foray analysis output 



 



Contact Analysis: Inputs 

• Foray analysis output 

 

• Range allotments 
– Allotments consisting of 

multiple polygons were 
exploded (single polygon 
to multiple polygons) 



 



Contact Analysis: Inputs 

• Foray analysis output 

 

• Range allotments 
 

• Bighorn sheep 
population statistics 
– Herd Size 

– Sex ratio/percentage 

– Sex foray probability 



 



Contact Analysis: Outputs 

• Single_Ram: Probability a ram will foray outside its home range and 
contact the allotment 
 

• Single_Ewe: Probability a ewe will foray outside its home range and contact 
the allotment 
 

• All_Rams: Average number expected to foray outside its home range and 
contact the allotment per year 
 

• All_Ewes: Average number expected to foray outside its home range and 
contact the allotment per year 
 

• All_Herd: Average number of adult sheep expected to foray outside its 
home range and contact the allotment per year 

 
 



Contact Analysis: Outputs 

• Single_Ram: 0 – 0.00070 

 

• Single_Ewe: 0 – 0.000043 

 

• All_Rams: 0.000001 – 0.74 

 

• All_Ewes: 0 – 0.082 

 

• All_Herd: 0.000001 – 0.84 

 



 

Oil Well Flats Allotment 
• Single_Ram: 0.007 
• Single_Ewe: 0.00003 
• All_Rams: 0.74 
• All_Ewes: 0.08 
• All_Herd: 0.83 



Results 

• Assumptions . . . 
 
– The Payette National Forest analysis states contact rates >0.04 

annually were unacceptable (USFS 2010) 
• Based on disease return intervals and impacts to long term herd 

viability; however, the number is arbitrary 

 
– Disease event occurring within a herd every 25 years or less 

creates: 
• High risk to long term viability (USFS 2013) 
• Low probability of population persistence (USFS 2013) 

 
– All allotments are grazed by sheep 

• Not realistic, but for purposes of land use plan analysis 



Results 

• 179 allotment polygons intersected the core 
herd home range 

– Assumed contact between domestic and bighorn 
sheep 

 



 



Results 

• 179 allotment polygons intersected the core 
herd home range 

– Assumed contact between domestic and bighorn 
sheep 

 

• 143 of the remaining 712 allotment polygons 
had contact rates > 0.04 



Results 

• Royal Gorge Field Office has 1,404,255 total acres 
within allotment boundaries (private and public acres) 

 

• 593,000 acres in allotments that touch a bighorn sheep 
home range polygon 

 

• 391,650 acres in allotments with a contact rate >0.04 

 

• 984,650 acres (or 70% of total acres) in allotments at 
risk for contact between domestic and bighorn sheep 



 



Discussion 

• Not a final output for the Royal Gorge Field Office 

 
– Refine core herd home range polygons with assistance 

from CPW terrestrial biologist 

 

– Calculate habitat preference and foray distance values 
from available point data 

 

– Run model for each bighorn sheep herd (management 
unit) to better reflect local populations 



Discussion 

• The tool calculates probability of contact and 
rate of contact, not disease transmission  

 

• May conduct seasonal analysis if data is 
available 

 

• The model does not account for stray or 
privately raised domestic sheep or goats 

 

 



Questions? 


