
 1 

Amanda J. Warlick, Devin S. Johnson, Tom S. Gelatt, Sarah J. Converse 

Environmental drivers of demography and potential factors limiting the recovery of an 
endangered marine top predator 

Ecosphere 

 

Appendix S1: model selection and seasonal covariates 

We examined the effects of environmental variability on age- and sex-specific demographic rates 

for Steller sea lions in the western distinct population segment (wDPS) in Alaska. Our aim was to 

identify correlations between changes in vital rates and oceanographic conditions for individuals 

branded in both the eastern and western portions of the wDPS range where divergent abundance 

trends have been observed. 

To examine these relationships for a top predator in a highly variable and complex ecosystem, we 

used both localized and basin-scale ocean conditions as covariates for pup and dependent young 

(age 1-2) survival and first-time and repeat female breeding probabilities. Estimating the effects 

of numerous environmental conditions simultaneously was facilitated by using penalized 

complexity priors as a variable selection tool. However, due to the temporal correlations within 

and between season-specific environmental values, not all possible variables could be 

simultaneously included and only one set of seasonal values could be used at a time. This 

limitation precluded identifying which environmental variable(s) were the strongest predictors 

based on changes in WAIC values. To address this issue, we ran models where each 

environmental variable was the sole predictor within the ‘full’ model framework, which included 

random effects of year for survival, breeding, and detection probabilities for individuals branded 

in the eastern portion of the range. The WAIC values for each of these single-covariate models 

were compared to that of the random effects-only model for the eastern portion of the range and 

the null model for the western portion of the range. This additional analysis both facilitated the 

initial elimination of numerous environmental variables and then ultimately provided insight into 
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potential optimal season-specific combinations of different variables (e.g., AOI in summer and 

PDO in winter) that could be explored in future work. 

For models estimating vital rates for individuals branded in the eastern portion of the range, 

results when all variables were used indicated that best-fit models based on WAIC values 

included environmental variables from the winter season followed by the summer. However, only 

by examining the single-variable model runs was it possible to ascertain that winter Aleutian 

Low, upwelling, and eastward wind, year-round SST and chlorophyll-a concentration, and spring 

North Pacific Gyre Oscillation (NPGO) conditions were the strongest drivers of improved model 

fit when used alone (Figure S1). As can be seen, model runs with these predictors as the sole 

covariate had the lowest WAIC values. Additionally, these results provided support for the 

elimination of PDO, productivity, wind stress, and wind velocity based on the general lack of 

improvement in WAIC values across seasons compared to the random effects-only model. 

For models estimating vital rates for individuals branded in the western portion of the range, 

results when all variables were included indicated that best-fit models based on WAIC values 

included environmental variables from the fall and winter. Examining the single-variable model 

runs revealed that these gains in model fit were likely most attributable to the conditions of the 

NPGO during fall and spring that made the biggest contributions to improved model fit when 

used alone (Figure S1). These results provide justification for the elimination of wind variables, 

productivity, and PDO. 
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Figure S1: WAIC values for models when each season-specific environmental variable was used 
as the only covariate. Dashed line represents a baseline WAIC value for the random effects-only 
model for the eastern portion of the range and a null model for the western portion of the range. 
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