Appendix 4: Details on the complete separation issue

The complete separation issue described in the main text arises from having domains of environmental covariate values characterized by no observed sightings. The binomial GAM method used to fit both the generic and region-specific models predicts the probability of occurrence for a given combination of parameters by transforming the linear predictor (that can range from  to ) into a predicted probability of occurrence (that ranges from 0 to 1) using a monotonically increasing link function (in this case, the complementary log-log link). If there are covariate combinations where no observation occurred, a very wide range of possible linear predictors will be consistent with these observations, as any sufficiently negative value of the linear predictor would predict effectively zero sightings for those parameters (Gelman & Hill 2006). 
GAMs generate values of the linear predictor based on linear combinations of many simpler basis functions (Wood 2017). The complete separation issue is not an issue for estimating the mean relationship itself when fitting a GAM, as the model will be able to find a smooth curve that drops rapidly to zero. However, in cases of complete separation there are generally many different combinations of basis functions that result in very negative linear predictor values, and thus the model variance-covariance matrix will be almost undefined (Gelman & Hill 2006). When this occurs, the confidence intervals for the linear predictor in this  domain will tend towards having infinite width, as the confidence intervals are based on inverting the variance-covariance matrix of the model parameters (Marra & Wood 2012). This situation arose for two taxa, harbor porpoise and sei whale. Harbor porpoises were almost exclusively found at shallow depth and low sea surface temperature, while sei whales were not observed at high sea surface temperature, or at high or low values of primary productivity.
Our approach for correcting for this issue was to add a small value to all zeros (set at 0.001), corresponding to a small but non-zero probability that an individual of the given taxon was present but unobserved. The linear predictor that corresponds to any given small but non-zero value will be negative but finite, so there will be a well-defined linear predictor that optimizes the fit in these domains, which in turn result in the model variance-covariance matrix being well-defined in this domain of parameter space. This prevents the occurrence of very large confidence intervals around the estimated relationship while not substantially affecting the shape of the mean relationship, as the mean relationship predicted occurrences that were very close to zero for those environmental covariates. This approach is an approximation to the approach suggested in Gelman & Hill (2006), who recommended applying a penalty (or prior) on the intercept and model parameters that would pull them towards zero, preventing extremely large estimated model parameters. 
While the actual binomial distribution does not have any support off the positive integers (Bolker 2008), the fitting approach used for estimating both standard GLMs and GAMs relies on using weighted differences between the model predictions and observations to estimate parameters and calculate model fit statistics such as deviance and AIC, instead of the predicted probability. As such, using non-integer observations does not cause issues when estimating models. 
Figure A4-1 below shows the fitted region-specific relationships for each taxon, region, and covariate without applying the zero-correction approach. Figure 2 in the main text shows the region-specific relationships after applying the correction. The comparison of the two figures shows that our approach effectively stabilized confidence intervals without changing the average relationships between cetaceans’ presence probability and covariates.
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[bookmark: _GoBack]Figure A4-1: Region-specific relationships between cetaceans’ presence probability and environmental covariates estimated from RS models before correction for the complete separation issue. Shaded areas are 95% confidence intervals for each estimated relationship. Dots represent presence/absence data (1/0 probability of presence, respectively) for surveyed segments in the WNA and ENA (dots have been offset vertically for readability). 
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