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Abstract 
 
In the summer of 2014 plasma samples were obtained from juvenile salmon captured 
during the annual DFO survey of the Strait of Georgia (SOG).  These samples were used 
to assess levels of the hormone insulin-like growth factor 1 (IGF1), an index of growth 
rate for juvenile fish, including salmon. A grand total of 1747 plasma samples were 
collected in 2014, from juvenile coho, Chinook, pink and chum salmon.  Very few 
samples were collected from sockeye salmon.  Distinct differences in IGF1 levels were 
found among fish sampled in the Northern and Southern Main Basin, with higher IGF1 
levels found to the north across all species.  IGF1 levels measured in the Northern SOG 
were the highest measured across all 3 years of the study (2012 – 2014).   IGF1 levels 
measured in 2013 were rather even across all areas of the Strait of Georgia and were 
relatively lower than measured in either 2012 or 2014.  IGF1 levels were consistently low 
in the Johnstone/Queen Charlotte Strait regions, across species and across years.  In 
addition, IGF1 levels of coho and Chinook salmon in Malaspina Strait and the Gulf 
Islands were noticeably lower than in other regions. 
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Introduction 
 
In the summer of 2014 plasma samples were obtained from juvenile salmon captured 
during the annual DFO survey of the Strait of Georgia (Beamish et al. 2008, 2010a).  In 
addition, samples were obtained from Johnstone Strait, Queen Charlotte Strait and Queen 
Charlotte Sound to the west and north of the Strait of Georgia.  These samples were used 
to assess levels of the hormone insulin-like growth factor 1, an index of growth rate for 
juvenile fish, including salmon (Beckman 2011).  
 
Early marine growth has been shown to relate to survival in a number of studies of 
juvenile salmon (sockeye salmon (Oncorhynchus nerka), Farley et al. 2011, chum salmon 
(O. keta), Healey 1982, Chinook salmon O. tshawytscha, Tomaro et al. 2012, and coho 
salmon (O. kisutch), Holtby et al. 1990).  Samples collected in 2014 provide species 
specific assessments of early ocean growth in the Strait of Georgia for juvenile Chinook, 
sockeye and coho salmon from the Fraser River and other rivers tributary to the Strait of 
Georgia or Puget Sound.  Comparison of these data to samples obtained from 2012 and 
2013 provide information on differences in ocean rearing habitats between the years.  
Together these data will result in development of improved information for resource 
management, including better stock assessment, data acquisition and improved scientific 
understanding of factors limiting salmon production in marine environments.   
 
This work represents a collaborative effort between DFO and NOAA Fisheries to better 
understand how the marine environment regulates salmon productivity and to develop an 
index of marine salmon survival for salmon stocks that rear in the Strait of Georgia and 
the greater Salish Sea.  This report contains both the results of the 2014 sampling and a 
review and discussion of the entire study period 2012 – 2014.  An examination of the 
entire data set allows us to determine both spatial and inter-annual variation over this 3 
year period.   
 
Methods 

  
 Survey: Figure 1 shows the regional areas and specific trawl sites in which juvenile 

salmon were collected and plasma samples were obtained:  Strait of Georgia (SOG) 
and Queen Charlotte Strait/JohnstoneStrait (QCS/JS). DFO survey techniques for 
the capture of salmon in the Strait of Georgia have been described in Beamish et al. 
(2008).  Briefly, juvenile salmon were obtained from surface trawls conducted 
throughout the Strait of Georgia.  Salmon were removed from the trawl, placed on 
crushed ice and bled within 45 minutes of the trawl coming on board using a 
heparinized syringe.  

 
Blood processing and hormone analysis:  Blood samples were kept on ice (up to 4 
hours) prior to centrifugation.  Plasma was removed from the centrifuged samples 
and frozen on board the ship, then transferred to Seattle (on dry ice) where they 
were placed in a –80oC freezer until the samples are assayed by TRF-immune assay 
according to a modification of the methods of Small and Peterson (2005).  
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Results 
 

2014 – samples obtained 
 
A grand total of 1747 plasma samples were obtained from juvenile salmon in the summer 
of 2014 for analysis of the hormone IGF1.  Samples were obtained from Queen 
Charlotte/Johnstone Strait (QCS/JS) and the Strait of Georgia (SOG); no samples were 
obtained in Puget Sound (PS) in 2014.  Samples were relatively evenly distributed 
between coho, Chinook, pink and chum salmon.  Relatively few sockeye salmon were 
sampled.  Most samples (1240, 71%) were obtained from the SOG, the focus of the PSC 
funded study (Figure 1, Tables 1 and 2).   
 

2014 – IGF1 levels 
 
The highest Chinook salmon IGF1 levels found in 2014 were from the Discovery Islands, 
Desolation Sound and the Northern Strait of Georgia (Figure 2).  Overall, significantly 
lower IGF1 levels were found in the Southern SOG and associated marginal regions.  The 
lowest Chinook salmon IGF1 levels were found in the Gulf Islands, Malaspina Strait and 
Johnstone Strait.  A similar regional pattern of IGF1 variation was found for coho salmon 
in 2014, with higher levels in the north and lower levels in the south (Figure 3).   
 
The regional pattern of chum salmon IGF1 levels in 2014 had both similarities and 
differences to the Chinook and coho salmon patterns (Figure 4).  In the main basin, 
Northern SOG chum salmon IGF1 levels were higher than those measured in either SOG 
or Southern SOG, similar to the pattern found in Chinook and coho salmon.  In addition, 
IGF1 levels for chum salmon in the Gulf Islands and Johnstone Strait were significantly 
lower than found elsewhere.  In contrast to the patterns found for Chinook and coho 
salmon, IGF1 levels of chum salmon collected in either Howe Sound or Malaspina Strait 
were relatively high. 
 
IGF1 levels in pink salmon were highest in the Northern SOG and lower in SOG and 
Southern SOG in 2014 (Figure 5).  The lowest pink salmon IGF1 levels were found in the 
Gulf Islands, Plume and Johnstone and Queen Charlotte Straits.  No sockeye salmon 
were collected in the SOG or Southern SOG or associated marginal areas in 2014.  IGF1 
levels of sockeye salmon in Desolation Sound were significantly higher than levels found 
in other areas further north along their migration route (Figure 6).   
 
 Inter-annual and regional variation in IGF1 – main basin 
 
A comparison of mean IGF1 levels found in Chinook, coho, chum, sockeye and pink 
salmon collected from the Northern, Central and Southern areas of the main basin Strait 
of Georgia 2012, 2013 and 2014 reveals some interesting patterns (Figure 7).  IGF1 
levels in the north were higher than samples collected to the south for Chinook and coho 
salmon in 2012 and for all species in 2014.  There were no regional differences in main 
basin IGF1 levels for chum, sockeye and pink salmon in 2012 and there were no regional 
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differences in IGF1 level for any species in 2013.   The highest IGF1 levels measured 
over the 3-year period occurred in the northern areas of the SOG in 2014.    
 

Inter-annual and regional variation in IGF1 – marginal regions 
 
There were some consistent patterns of variation in IGF1 across regions near the SOG.  
For all species, IGF1 levels tended to be significantly lower in the Johnstone and Queen 
Charlotte Straits in 2014 as compared to regions in the Northern SOG (Fig 2, 3, 4, 5, and 
6).  Within the SOG, coho and Chinook salmon IGF1 levels were low in Malaspina Strait 
and in the Gulf Islands in 2014 (Fig 8).  By contrast, chum salmon IGF1 levels tended to 
be high in Malaspina Strait.  IGF1 levels measured in Desolation Sound and among the 
Discovery Islands tended to be high across all species (Figures 8).   
 
The relative pattern of growth across regions in the Strait of Georgia averaged over all 3 
years depicts differences between regions and between species (Fig 9).  In particular, 
IGF1 levels of coho and Chinook salmon were low in the Gulf Islands and Malaspina 
Strait, chum salmon IGF1 levels were low in the Fraser River Plume region.  High IGF1 
levels tended to be found in the Discovery Islands, Desolation Sound and the Northern 
Strait of Georgia across all species. 
 
Correlations in IGF1 level between species sampled in the same tow were mostly non-
significant, the correlations coefficients of the few significant relations were low (Table 
5). 
 
Discussion 
 
This study has documented significant inter-annual and spatial variability in growth rates 
of juvenile salmon in the Strait of Georgia.  Different patterns of growth were found for 
different species in different regions in different years.  The most general finding of this 
study is simply that different species have different patterns across different years, 
suggesting that there is no simplistic way to describe early marine growing conditions 
across species in the region across years.   
 
Nonetheless, all species had high growth rates in the northern SOG in 2014, and all 
species had relatively lower growth rates in 2013.  If early marine growth relates to adult 
survival as found in other studies of juvenile salmon (sockeye salmon (Oncorhynchus 
nerka), Farley et al. 2011, chum salmon (O. keta), Healey 1982, Chinook salmon O. 
tshawytscha, Tomaro et al. 2012, and coho salmon (O. kisutch), Holtby et al. 1990) we 
would expect that adult returns will differ among the 2013 and 2014 ocean entry years.   
 
The precision of growth vs adult survival analyses will be dependent on the degree of 
spatial segregation of rearing by juvenile salmon in the Strait of Georgia.  If individuals 
from all stocks of a given species are all mixed together in the strait we will only be able 
to resolve inter-annual variation in adult abundance due to average juvenile growth rates 
across the entire Strait of Georgia.  However, if there is some spatial segregation in the 
rearing of juvenile fish, we may be able to resolve spatially discrete intra-annual 
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variations in adult survival within and across the three years of the study as there was 
spatial variation in growth rate within years (for instance, Chinook and coho salmon in 
2014).  If the spatial pattern of juvenile Chinook and coho rearing in the SOG is related to 
their river of origin, we would predict better returns for northern stocks than southern 
stocks in 2012 and 2014.   
 
Consistently low growth rates were found in some local areas for Chinook and coho 
salmon: Johnstone/Queen Charlotte Strait, Malaspina Strait and the Gulf Islands.  
Johnstone and Queen Charlotte Straits represent a major migratory pathway for juvenile 
salmon leaving the Strait of Georgia.  McKinnell et al. (2014) suggested that extreme 
tidal mixing in the region could limit primary production and thus food resources for 
salmon migrating through this region.  Our results (low growth in the region) would tend 
to support the hypothesis of McKinnell et al. (2014). 
 
The poor growth of coho and Chinook salmon found in the Gulf Islands region is 
interesting as it has been suggested that juvenile Chinook salmon from the Cowichan 
system display extended residence time in this area (Beamish et al. 2012).  Furthermore, 
it has been suggested that this region could provide an excellent opportunity to 
investigate mechanisms of marine mortality in juvenile salmon because of the extended 
residence time in this localized region.  Our findings suggest that indeed, fish in this 
region display localized responses (low coho and Chinook salmon growth, high chum 
salmon growth) that are distinct from the main basin of the Strait of Georgia and other 
local regions and that studies conducted in this area could perhaps produce unique 
insights.   
 
The significance of low growth rates found in the Malaspina Strait region depends on 
either the abundance of fish migrating through the region and/or the propensity for fish to 
exhibit extended localized rearing in the area.  The occurrence of either situation has not 
yet been established. 
 
Relatively high growth for juvenile coho and Chinook salmon was found in Desolation 
Sound, the Discovery Islands and the northern Strait of Georgia.  These results might 
originate from a combination of various oceanographic or ecological processes: 1) 
biological productivity is high in those areas, 2) oceanographic processes concentrate 
prey items in those areas or 3) local competition for food among salmon is low.  Insight 
into which of these mechanisms may be leading to relatively high juvenile salmon growth 
could be gained by measures of the prey field (abundance of animals that juvenile salmon 
eat), measures of local oceanographic productivity (NO3, PO4, SiO4 and Chl a) and an 
examination of water column characteristics (current velocities, water column stability or 
eddy structures).  Similarly to the low growth regions, the significance of the high growth 
regions depends on the extent of localized rearing in these areas and the overall 
abundance of fish present in the areas. 
 
Juvenile pink salmon were only present in the Strait of Georgia during the 2012 and 2014 
surveys.  It is interesting to note that coho and Chinook salmon growth tended to be 
higher in these years and that growth tended to be lower in 2013, the year the juvenile 
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pink salmon were absent. Yet, other studies have suggested that juvenile pink salmon 
compete with nearly all species of Pacific salmon in the SOG (Beamish et al. 2010b). 
Notably, stomach contents are often lower in even years in coho and Chinook salmon, 
suggesting poor feeding conditions and growth in even years in the SOG (Beamish et al. 
2010). Clearly, further research is required to understand the interactions between salmon 
species in the SOG and elsewhere. 
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Figure 1.  A map of the regions in which IGF1 values were measured from juvenile 
salmon in 2014, including the Strait of Georgia (SOG), Johnstone Strait (JS), Queen 
Charlotte Strait (QCST), and Queen Charlotte Sound (QCSnd).  Locations within the 
Strait of Georgia region were sub-divided into the following geographic regions:  
Discovery Islands (Disc), Desolation Sound (Des), Northern Strait of Georgia (NSOG), 
Strait of Georgia (SOG), Malaspina Strait (Mala), Southern Strait of Georgia (SSOG), 
Gulf Islands (Gulf), Howe Sound (Howe) and Fraser River Plume (Plume).  Individual 
tow locations where samples from juvenile salmon were obtained are marked with a blue 
circle  (2014).   



 

Beckman et al. 2014, PSC SoFund Annual Report, Assessing juvenile salmon growth 

10 

 
Figure 2. Mean IGF1 values (+ se) of juvenile Chinook salmon collected from the Strait 
of Georgia (SOG), Johnstone Strait (JS) and Queen Charlotte Strait (QCST) in 2014. 
Means for each region were generated by taking the mean of IGF1 levels measured from 
each trawl set within each region.  Significant differences between regions are indicated 
by differing letters above the column for each region (p < 0.05).  Locations within the 
Strait of Georgia region were sub-divided into the following geographic regions:  
Discovery Islands (Disc), Desolation Sound (Des), Northern Strait of Geogia (NSOG), 
Strait of Georgia (SOG), Malaspina Strait (Mala), Southern Strait of Georgia (SSOG), 
Howe Sound (Howe) and Fraser River Plume (Plume) and Gulf Islands (Gulf).  
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Figure 3.  Mean IGF1 values (+ se) of juvenile coho salmon collected from the Strait of 
Georgia (SOG), Johnstone Strait (JS) and Queen Charlotte Strait (QCST) in 2014. Means 
for each region were generated by taking the mean of IGF1 levels measured from each 
trawl set within each region.  Significant differences between regions are indicated by 
differing letters above the column for each region (p < 0.05).  Locations within the Strait 
of Georgia region were sub-divided into the following geographic regions:  Discovery 
Islands (Disc), Desolation Sound (Des), Northern Strait of Geogia (NSOG), Strait of 
Georgia (SOG), Malaspina Strait (Mala), Southern Strait of Georgia (SSOG), Howe 
Sound (Howe) and Fraser River Plume (Plume) and Gulf Islands (Gulf).  
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Figure 4.  Mean IGF1 values (+ se) of juvenile Chum salmon collected from the Strait of 
Georgia (SOG), Johnstone Strait (JS) and Queen Charlotte Strait (QCST) in 2014. Means 
for each region were generated by taking the mean of IGF1 levels measured from each 
trawl set within each region.  Significant differences between regions are indicated by 
differing letters above the column for each region (p < 0.05).  Locations within the Strait 
of Georgia region were sub-divided into the following geographic regions:  Discovery 
Islands (Disc), Desolation Sound (Des), Northern Strait of Geogia (NSOG), Strait of 
Georgia (SOG), Malaspina Strait (Mala), Southern Strait of Georgia (SSOG), Howe 
Sound (Howe) and Fraser River Plume (Plume) and Gulf Islands (Gulf).  
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Figure 5.  Mean IGF1 values (+ se) of juvenile pink salmon collected from the Strait of 
Georgia (SOG), Johnstone Strait (JS)  and Queen Charlotte Strait (QCST) in 2014. 
Means for each region were generated by taking the mean of IGF1 levels measured from 
each trawl set within each region.  Significant differences between regions are indicated 
by differing letters above the column for each region (p < 0.05).  Locations within the 
Strait of Georgia region were sub-divided into the following geographic regions:  
Discovery Islands (Disc), Desolation Sound (Des), Northern Strait of Geogia (NSOG), 
Strait of Georgia (SOG), Malaspina Strait (Mala), Southern Strait of Georgia (SSOG), 
Howe Sound (Howe) and Fraser River Plume (Plume) and Gulf Islands (Gulf).  
 
 



 

Beckman et al. 2014, PSC SoFund Annual Report, Assessing juvenile salmon growth 

14 

 
 
Figure 6.  Mean IGF1 values (+ se) of juvenile sockeye salmon collected from the Strait 
of Georgia (SOG), Johnstone Strait (JS) and Queen Charlotte Strait (QCST) in 2014. 
Means for each region were generated by taking the mean of IGF1 levels measured from 
each trawl set within each region.  Significant differences between regions are indicated 
by differing letters above the column for each region (p < 0.05).  Locations within the 
Strait of Georgia region were sub-divided into the following geographic regions:  
Discovery Islands (Disc), Desolation Sound (Des), Northern Strait of Geogia (NSOG), 
Strait of Georgia (SOG), Malaspina Strait (Mala), Southern Strait of Georgia (SSOG), 
Howe Sound (Howe) and Fraser River Plume (Plume) and Gulf Islands (Gulf).  
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Figure 7.  Mean IGF1 value (+ 
se) of juvenile Chinook, coho, 
chum, sockeye and pink salmon 
collected from the main basin of 
the Northern Strait of Georgia 
(NSOG), Strait of Georgia (SOG) 
or Southern Strait of Georgia 
(SSOG), in 2012, 2013 or 2014, 
see Figure 1 for sampling 
locations.  Means for each region 
were generated by taking the 
mean of IGF1 levels measured 
from each trawl set within each 
region.  Significant differences 
between regions are indicated by 
differing letters above the column 
for each region in a given year (p 
< 0.05). 
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Figure 8.  A stoplight chart depicting relative spatial differences in growth of juvenile 
salmon (as assessed by plasma IGF1 levels) among regions for 2012, 2013 and 2014.  
Region means greater than 0.5 sd higher than the grand mean (all stations for a year) are 
high-lighted in orange (high growth), station means greater than 0.5 sd lower than the 
grand mean are high-lighted in blue (low growth), region means within 0.5 sd of the 
grand mean are high-lighted in yellow.  Regions are arrayed from northwest to southeast 
across the Strait of Georgia.  Areas colored gray indicate insufficient data.   
 
  

2012 Disc DesS NSOG SOG Mala SSOG Howe GfIs
Coho

Chinook
Chum
Sockeye
Pink

2013 Disc DesS NSOG SOG Mala SSOG Howe Plume GfIs
Coho

Chinook
Chum
Sockeye
Pink

2014 Disc DesS NSOG SOG Mala SSOG Howe Plume GfIs
Coho

Chinook
Chum
Sockeye
Pink



 

Beckman et al. 2014, PSC SoFund Annual Report, Assessing juvenile salmon growth 

17 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 9.  A stoplight chart depicting relative spatial differences in growth of juvenile 
salmon (as assessed by plasma IGF1 levels) among regions averaged across 2012, 2013 
and 2014.  There was insufficient data to generate a 3-year average for either pink or 
sockeye salmon.  Regions colored orange had relatively high juvenile salmon growth in 
at least 2 of 3 years, regions colored blue had relatively low juvenile salmon growth in at 
least 2 of 3 years.  Regions colored yellow had either average juvenile salmon growth or 
a mix of high and low growth across the 3-year period.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 

All Years Disc DesS NSOG SOG Mala SSOG Plume GfIs
Coho

Chinook
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Table 1.  Date and location of trawls conducted to collect juvenile salmon in 2014.   
Number of plasma samples obtained from each species at each site is indicated. 
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Table 1. continued 
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Table 1. continued 
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Table 2.  Total number of IGF1 samples collected from juvenile salmon by region in the 
summer of 2012, 2013 and 2014. 
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Table 3.  Mean IGF1 level by station and species for 2014.  Station means more than 0.5 
sd higher than the grand mean (all stations) are high-lighted in orange, station means 
more than 0.5 sd lower than the grand mean (all stations) are high-lighted in green. 
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Table 3. continued 
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Table 3.  continued 
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Table 4.  Mean IGF1 level of juvenile salmon sampled in the main basin of the Strait of 
Georgia 2012, 2013 and 2014 (NSOG, SOG, SSOG).  Means were generated from the 
average IGF1 value from each site.   
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Table 5.  Correlations between mean IGF1 level of juvenile salmon species pairs 
collected from the same tow 2012, 2013 and 2014.  Significant correlations (p < 0.05) are 
in bold. 
 

 


