
	  
	  

	  

 
 
 
Introduction 

•  Annual abundance estimates of the endangered beluga 
whales (Delphinapterus leucas) in Cook Inlet, Alaska (CIBW), 
indicate a decline in the population over the past decades, 
but no convincing explanation has been offered so far for this 
trend. 

•  Recent evidence suggests a prominent role for 
environmental and climatic influences through the dynamic 
structuring of habitat, including very large tides (Ezer et al., 
2008), and variations in water temperature, ice coverage and 
river flow (Ezer et al., 2013).  

•  We compared spatial data from aerial surveys of the Upper 
Cook Inlet with prey availability indices and flow data from 
rivers discharging into the survey sectors corresponding to 
the Susitna Delta, Knik Arm, Turnagain Arm and Chickaloon 
Bay (Fig.1).  

 
Methods 
Data sources 
•  Beluga whales - National Marine Fisheries Service annual 

aerial surveys 1993-2011. Highest median counts/sector 
during annual survey period end May to early June (e.g. 
Rugh et al. 2000). 

•  River discharge – USGS monthly averaged river flow data for 
May 1993-2009 for six major rivers (Ezer et al. 2013). 

•  Prey availability - Alaska Department of Fish and Game 
1995-2011 escapement data for adult Chinook salmon (river 
mile-7 in Deshka River, tributary of Susitna River).  

Statistical analysis 
•  Principal Components Analysis (PCA) to explore beluga 

counts and river discharge data for spatial structuring. 
•  Principal Component regression to explore linear 

combinations of principal components as predictors of beluga 
abundances.  
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•  Relationship  explained  86% of the data (Fig. 3). In 
comparison, escapements upriver (Fig. 4) showed negative 
relationship with number of belugas, possibly due to predation 
or timing lag between belugas arriving at delta and salmon 
upriver.   

•  Correlations between beluga movements tracked by satellite 
and the timing of peak flows at different rivers (Ezer et al. 
2013) suggests relationship persists through season (Fig. 5).  

•  Inter-annual variation in seasonal movements also relate to 
year to year variations in water temperature and the time of 
ice melt/freezing, 

•  Population estimates showed a 3-4 year cycle of inter-annual 
variation resembling the Pacific Decadal Oscillation index 
(Fig. 6).  

Results 
•  Belugas moved away from the Susitna Delta in years when flow rate from the 

Susitna River was low relative to discharge into the Knik and Turnagain Arms 
(Fig. 2). In years of reduced abundance in the Susitna Delta, movement was 
towards the Knik Arm until 2003, transitioning to Turnagain Arm and Chickaloon 
Bay. 

•  Large flow from the Susitna River relative to all other rivers in May, with large 
inter-annual variability. First three PC’s explained 95.5% of the variance. 
Eigenvectors (Table) show contribution of original variables to each PC.  

•  Strong relationship between rates of river discharge and beluga 
abundance in the Susitna Delta. Best prediction of beluga number yi 
using PC2, PC3 and PC5 highlighted red in Table, and where ε is the 
error term, was:  
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	  Table	   PC1 PC2 PC3 PC4 PC5 PC6 

Susitna 0.352 0.221 0.880 0.180 -‐0.122 0.071 

Matanushka 0.400 0.458 -‐0.378 0.599 0.277 0.228 

Knik 0.447 -‐0.001 -‐0.227 -‐0.367 -‐0.588 0.518 

Twentymile 0.427 0.389 -‐0.066 -‐0.592 0.312 -‐0.462 

Sixmile 0.428 -‐0.406 -‐0.142 0.341 -‐0.372 -‐0.614 

Kenai 0.387 -‐0.652 0.082 -‐0.083 0.572 0.290 

Fig. 6. Abundance of CIBW and 95% confidence  
intervals 

Fig. 1. Cook Inlet, Alaska, and major river locations 

Fig. 2a. Survey count of beluga by sector Fig. 2b. Annual river discharge in May  

Fig. 3. River flow predicts no. belugas  

(2001-2009) 

Fig. 4.  Prey availability vs no. belugas 

Conclusions 
•  Highly dynamic physical habitat affects CIBW distribution and 

spatial abundances, potentially confounding abundance indices, 
and may influence population survival and long-term recovery. 

•  Local and regional physics may drive beluga spatial ecology via 
effects on differential river flow at seasonal and inter-annual scales. 

Fig. 5. Monthly beluga locations from satellite tracking data vs. river flow (1999-2003) 


