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The 2015 Juvenile Salmon Survey (JSS) was conducted by the Southwest Fishery 

Science Center (SWFSC) from June 18 to July 08, 2015 on the RV Ocean Starr. It covered 1,226 

nautical miles (nmi) of ocean habitat from San Francisco, California (36.46°N)  to Astoria, 

Oregon (46.22°N; Figure 1). The juvenile salmon survey samples hydrographic conditions (using 

CTD casts), mesozooplankton abundance (using vertical and bongo nets, and hydro-acoustics) 

and juvenile salmon abundance (using surface trawls). A set of algorithms were used in 

EchoView v.4 to process raw echosounder data to distinguish krill from other backscattering 

signals (Santora et al. 2011a,b). Echograms were excluded when vessel speeds were less than 

five nmi hr-1 and when surface bubble clouds from CTD casts and/or net tows introduced acoustic 

contamination. We also excluded echogram sections that were contaminated by interference 

from other echosounders that manifested as bad pings, anomalous echo strength, or missing 

bottom echoes.  Backscatter was integrated from 400m to 10m below the surface.    

We mapped krill distributions using GIS and included a bathymetric data layer to provide 

underlying habitat features. Survey effort was summarized using a grid-based approach with 25 

km2 grid cells chosen to minimize potential effects of spatial autocorrelation (Santora et al., 

2011a). Sampling effort was summarized by counting the total number of 1 nmi samples 

obtained within each grid cell.  Krill abundance was calculated per grid cell by dividing the total 

Nautical Area Scattering Coefficient (NASC) by the sum of the grid cell effort.  To examine 

'hotspots' of krill abundance we smoothed the grid-averaged NASC values using the kernel 

density smoothing technique. We examined krill ‘hotspot’ association with Chlorophyll a 

concentrations during the same time period using the Marine Geospatial Ecology Tool in ArcGIS 

(v. 10.3.1) (ArcMap™10 (ESRI Inc., Redlands, California, USA).  From the GSFC NOAA 

ocean color group Chl-a was downloaded in 81 km2 bins of monthly mean values from June to 

July 2015, corresponding with the acoustic survey were used for this comparison. 



Survey effort appears to increase during cross shelf transects along river mouths with a 

peak of 46 samples in one 25km² grid cell (Figure 2). Block-averaged krill abundance in a grid-

based analysis of 25km² nautical area scattering coefficient (NASC) revealed a krill hotspot 

adjacent to Navarro Canyon (Figure 3). Similarly, krill hotspots were observed inside the 

Farallon escarpment near Point Reyes peninsula and along Astoria Canyon. As previously 

described in Santora et al. (2011a,b), hotspots were associated with the continental shelf break 

and slope habitats (200-1000 m isobaths) and in some cases, near submarine canyons (e.g., 

Navarro canyon; Figures 3,4). Krill hotpots aligned with areas with high chlorophyll 

concentrations (Figure 4). Our dataset collected from the Salmon 2015 survey confirms that 

finding in a more extensive region further north (Santora et al. 2012). 
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Figure 1. Spatial coverage of acoustic data obtained during the NOAA-NMFS JSS in June 2015 

from San Francisco, CA to Astoria, OR.  Nautical Acoustic Scattering Coefficient (NASC) is the 

basic measurement of horizontal krill distribution and abundance. Warmer colors denote higher 

NASC values.  Regions were delineated by coastal promontories. A total of 1,226 nautical miles 

of ocean habitat was acoustically sampled.  



 

Figure 2. The acoustic survey was compiled into discrete 25km² grid cells. This grid size was 

chosen to minimize effects of spatial autocorrelation (Santora et al., 2011a). Sampling effort was 

estimated by summing the total number of 1 nmi segments sampled within each grid cell. Each 

grid cell is represented by a pixel with warmer colors for higher sampling effort, peaking at 46 

sampled.  



 

Figure 3. The distribution of krill throughout the survey domain. Grid averages of krill 

abundance were determined by calculating mean Nautical Acoustic Scattering Coefficient 

(NASC) values within each 25km² grid cell. Warmer colors represent higher NASC values. 

  

 



a) b)  

Figure 4. a) Spatially explicit utilization distributions were estimated using kernel density 

smoothing to estimate krill at un-sampled sites given measurements at neighboring sampled sites 

(Santora et al., 2011a,b). Krill ‘hotspots’ were identified with warmer colors. b) Mean monthly 

Chlorophyl values June-July 2015. Grid size 81km². 

 


