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What physical or 
biological features 
are essential to the 
conservation of the 
species? 

• Rookeries & 
Haulouts 

• Feeding areas 
 



Rookeries 
how big? 

>100 pups? 
>  25 pups? 



Haulouts 

• Year-round 
• Winter 
• Summer 

>200 SSL 
>100 SSL? 



Feeding Areas 
Summer & Other Seasons 



• Census Counts 
• Telemetry 
• Diets – prey 
• Physical Enviro. 
• Physiology 
• Predation  
• POP 

Available Data 

MODELS 



Regional Population Trends 

<1% chance of extinction 

Winship & Trites (2006) Mar. Mamm. Sci. 22: 124-155 



Telemetry 
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Hui, T.C.Y. 2011. Steller sea lions and 
fisheries: competition at sea? M.Sc. thesis, 
University of British Columbia, Vancouver, 
B.C. 114 pp. 



Diets 



Merrick et al. 1997; Trites et al 2007. 



Winship & Trites 2003.  Fish. Bull.. 101:147-167 
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7 cluster result 

Physical Environment 



Diving Physiology 

Short & Shallow 



• Census Counts 
• Telemetry 
• Diets – prey 
• Physical Enviro. 
• Physiology 
• Predation  
• POP 

Available Data 

4 Types of MODELS 



Predictive 
Environmental 
Envelope Models 

• Deductive – based on published 
information on animal behavior 

• Predictions – joint probability of 
accessibility and suitability 

• Incorporates – oceanographic 
covariates (e.g., distance         
from rookery – accessibility;  
ocean depth – suitability; etc.) 

• Validation – POP – presence only 
used to validate model 

Kaschner, K., R. Watson, A.W. Trites, and D. Pauly. 2006. Mapping 
world-wide distributions of marine mammal species using a 
relative environmental suitability (RES) model. Marine Ecology 
Progress Series 316:285-310. 
Gregr, E.J., and A.W. Trites. 2008. A novel presence-only 
validation technique for improved Steller sea lion Eumetopias 
jubatus critical habitat descriptions. Marine Ecology Progress 
Series 365:247-261 

#1 



Two-Part 
Hurdle Model 

• Deductive – based on animal 
presence & group size (aerial 
surveys) 

• Predictions – probability of 
encountering an animal; expected 
group sizes; expected numbers 

• Incorporates – covariates: 
number of times sampled; 
distance to different habitat types, 
etc.  

• Validation – ? 

Goetz, K.T., R.A. Montgomery, J.M. Hoef, R.C. Hobbs, and D.S. 
Johnson. 2012. Identifying essential summer habitat of the 
endangered beluga whale Delphinapterus leucas in Cook Inlet, 
Alaska. Endangered Species Research 16:135-147. 

#2 



Bayesian Spatial 
Occupancy 
Model 

• Deductive – based on telemetry 
• Predictions – complex Bayesian 

model that is conditionally 
autoregressive – accounts for 
spatial correlation between 
neighboring cells 

• Incorporates – oceanographic & 
fishery covariates (e.g., pollock 
CPUE, water temperature, primary 
production, etc.) 

• Validation – ? 

Johnson, D.S., M.B. Hooten, and C.E. Kuhn. 2013. Estimating 
animal resource selection from telemetry data using point 
process models. Journal of Animal Ecology. 82: 1155-1162. 

#3 



Cox 
Proportional 
Hazards Model 

• Deductive – based on telemetry 
• Predictions – habitat is defined by 

the risk of leaving a foraging area; 
considers time-to-event: first 
passage time 

• Incorporates – covariates: 
oceanographic data (water temp, 
sea surface height, mixed layer 
depth, etc.)  

• Validation – ? 

Nordstrom, C.A., B.C. Battaile, C. Cotté, and A.W. Trites. 2013. 
Foraging habitats of lactating northern fur seals are structured 
by thermocline depths and submesoscale fronts in the eastern 
Bering Sea. Deep Sea Research II 88-89:78-96. 

#4 



Predictive 
Environmental 
Envelope Models 

Gregr, E.J., and A.W. Trites. 2008.  
A novel presence-only validation technique 
for improved Steller sea lion Eumetopias 
jubatus critical habitat descriptions. 
Marine Ecology Progress Series 365:247-261 

#1 



Likelihood curves to 
translate physical 
variables into habitat 
suitability (Pr) for SSL 
SD = mean distance 
travelled during the 
breeding (17 km) and 
non-breeding (133 km) 
seasons (Merrick & 
Loughlin 1997) 



Habitat model 
Seasonal predictions vs. critical habitat 

Gregr & Trites. 2008. MEPS 

Breeding 



Non-breeding 

Habitat model 
Seasonal predictions vs. critical habitat 

Gregr & Trites. 2008. MEPS 



Non-breeding 

Habitat model 
Adult Females 

Breeding 



Model Complexity 
 



Model Validation 
 



POP Data • No effort 
• Boat bias? 
• Reliability? 
• Males > 

Females? 



• Census Counts 
• Telemetry 
• Diets – prey 
• Physical Enviro. 
• Physiology 
• Predation  
• POP 

Available Data 



Considerations 
• Seasonal habitat? 
• Size of rookeries & 

haulouts to 
include? 

• Weighted by 
prob of 
extinction? 

• 95%tile 
protected? 



Who is essential for 
the conservation of 
the species? 

• All animals? 
• Juveniles? 
• Adult females? 
• Bulls? 



Adult Females 



Going  
Forward 

• Use all available data 
• Build alternative models 
• Make transparent 

assumptions 
• Be inclusive 
 



www.marinemammal.org 
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