
North Pacifi c Anadromous Fish Commission
Bulletin No. 6: 45–60, 2016

45
© 2016 North Pacifi c Anadromous Fish CommissionAll correspondence should be addressed to C. Neville.

e-mail: Chrys.Neville@dfo.mpo.gc.ca

Initial Estimates from an Integrated Study Examining the 
Residence Period and Migration Timing of Juvenile Sockeye 

Salmon from the Fraser River through Coastal Waters
of British Columbia

Chrys-Ellen M. Neville1, Stewart C. Johnson1, Terry D. Beacham1, 
Timber Whitehouse2, Joe Tadey3 and Marc Trudel1

1Fisheries and Oceans Canada, Pacifi c Biological Station, 
3190 Hammond Bay Road, Nanaimo, BC V9T 6N7, Canada

2Fisheries and Oceans Canada, 985 McGill Place, Kamloops, BC V2C 6X6, Canada
3Fisheries and Oceans Canada, 100 Annacis Pkw., Delta, BC V3M 6A2, Canada

Neville, C.M., S.C. Johnson, T.D. Beacham, T. Whitehouse, J. Tadey, and M. Trudel.  2016.  Initial estimates 
from an integrated study examining the residence period and migration timing of juvenile sockeye salmon 
from the Fraser River through coastal waters of British Columbia. N. Pac. Anadr. Fish Comm. Bull. 6:  45–60.  
doi:10.23849/npafcb6/45.60.

Abstract:  Many stocks of Pacifi c salmon enter into and transit through the Strait of Georgia during their migration 
to off shore waters.   Knowledge of the duration of juvenile sockeye salmon residency in the Strait of Georgia and 
when they migrate out of the strait is essential to understand both natural and anthropogenic factors that may 
be regulating their early marine survival.  We present results from the fi rst year of a multi-year integrated study 
that demonstrates stock-specifi c diff erences in the migration timing of juvenile Fraser River sockeye salmon over 
the fi rst eight to 12 weeks of their marine life.  The geography of the study region provides a unique opportunity 
to sample virtually the entire population as they migrate down the Fraser River and as they leave the Strait of 
Georgia through the Discovery Islands and lower Johnstone Strait.  This analysis indicated that juvenile 1-year-old 
sockeye salmon were resident in the Strait of Georgia for seven to eight weeks in 2014.  The catch rates in the 
Discovery Islands indicated that, in 2014, the peak migration period for Fraser River sockeye salmon occurred 
over approximately two weeks, with about 80% of all sockeye salmon caught between June 12 and June 19.  The 
results suggest that the Strait of Georgia and the Discovery Islands/Johnstone Strait regions function in a similar 
manner as the nursery lakes and main river ways in the Fraser River watershed.  The Strait of Georgia provides 
abundant food in a relatively protected habitat similar to their rearing lakes in the watershed.  The Discovery Islands 
and Johnstone Strait, an area of lower food availability, is similar to the river, where fi sh move in concentrated 
numbers through high current fl ow areas over a relatively short period of time.
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INTRODUCTION 

The Fraser River is a major producer of sockeye salm-
on (Oncorhynchus nerka) in British Columbia with over 90 
distinct spawning populations throughout the watershed (Fig. 
1).  These fi sh support commercial, recreational and First Na-
tions fi sheries and are an important cultural icon to Canadians.  
Management of these fi sh is complex due the high number of 
distinct spawning populations, life-history types, and variable 
production over four separate cycle lines, which naturally pro-
duce variability in returns between the cycle years.  Between 
the 1960s and early 1990s, there was a general increasing 

trend in returns to all cycle lines (DFO 2015).  However, in 
the early 1990s returns began to decline and culminated in 
the lowest return on record at 1.5 million fi sh in 2009.  This 
resulted in a Federal Commission of Inquiry into the decline 
of sockeye salmon in the Fraser River (hereafter referred to 
as the Cohen Commission) to examine the causes of the de-
cline.  Although returns subsequent to 2009 have included two 
of the largest returns recorded (DFO 2015), the uncertainty 
and variability in their abundance and productivity remains 
high.  Recommendations arising from the Cohen Commission 
included support of research examining the abundance and 
conditions of the juvenile sockeye salmon during their ear-
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Fig. 1.  The Fraser River watershed, showing the spawning location 
of the key sockeye salmon stocks caught in this study.  The location 
of the Mission rotary screw trap (RST) and Discovery Islands purse 
seine survey area are also indicated (checkered ovals).  The box 
outlined in grey is the area depicted in Fig. 2.
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ly marine residence (Cohen 2012a, b).  The Cohen Commis-
sion recognized that identifying when and where signifi cant 
mortality occurs is essential for future management of these 
fi sh and determining how various stressors may contribute to 
the total mortality experienced by the Fraser River sockeye 
salmon.  The fi rst few weeks of marine life may be particu-
larly critical in regulating the recruitment dynamics of salmon 
(Beamish and Mahnken 2001; MacFarlane, 2010; Duff y and 
Beauchamp 2011; Beamish et al. 2012), although the factors 
aff ecting that mortality remain poorly understood.  Hence, 
an assessment of where Fraser River sockeye salmon occur 
during this period may help to target research to determine the 
causes of this mortality.

Sockeye salmon from the Fraser River enter the Strait of 
Georgia (SOG), a 6,800 km2 inland sea, between the British 
Columbia mainland and Vancouver Island (Figs. 1, 2; Thom-
son 1981).  The majority of juvenile Fraser River sockeye 
salmon are either lake- or stream-type fi sh and spend at least 
one winter rearing in fresh water prior to entering the SOG 
(Foerster 1954; Burgner 1991; Wood et al. 2008).  These fi sh 
enter the SOG in the spring and migrate north from this in-
land sea, through the Discovery Islands, an area that harbours 

one of the largest concentrations of salmon farms in British 
Columbia, and reach the continental shelf and eventually the 
Gulf of Alaska (Tucker et al. 2009; Preikshot et al. 2012; Bea-
cham et al. 2014a, b; Furey et al. 2015).  A small component 
of Fraser River sockeye salmon are ocean-type fi sh and enter 
the SOG in the year they emerge (Schaefer 1951).  In the Fra-
ser River these ocean type fi sh are typically from the Harrison 
River with the majority entering the SOG in July and rearing 
in this inland sea through to the fall (Tucker et al. 2009; Beam-
ish et al. 2016) and due to diff erences in timing are not con-
sidered in this study.  To determine the relative importance of 
the conditions in the SOG and Discovery Islands to the overall 
marine survival of lake- and stream-type sockeye salmon, we 
need to identify the residence time of juvenile salmon in the 
SOG and the timing and duration of their migration through 
the Discovery Islands and Johnstone Strait.  A previous study 
using trawl and purse seine surveys indicated that the majority 
of juvenile Fraser River sockeye salmon, which are 1-year-
olds, remain in the SOG for 6–8 weeks (Preikshot et al. 2012).  
In contrast, acoustic tagging of larger 2-year-old Fraser River 
sockeye salmon smolts, which represent less than 5% of the 
juvenile sockeye salmon from Chilko Lake (Irvine and Ak-
enhead 2013), suggest that they spend little time (2–3 weeks) 
in the Strait of Georgia (Welch et al. 2009; Rechisky et al. 
2015).  However, the residence period and migration timing 
of these older and larger juveniles may not be representative 
of the population (Freshwater et al. 2016).

This paper examines results from the fi rst year of a 
multi-year program assessing the migration period and 
stock-specifi c migration timing of juvenile sockeye salmon 
as they pass through the lower Fraser River into the SOG 
and migrate through the Discovery Islands, approximately 
200 km to the north (Fig. 1).  In addition, the study estimates 
the residence period for juvenile sockeye salmon in the SOG 
and the Discovery Islands region at both the population and 
stock levels.  Changes in the size and diet of the juveniles be-
tween the three regions are examined to provide information 
on the conditions juveniles encounter and changes that occur 
during this early marine period.

METHODS

Field Sampling 

In 2014 juvenile sockeye salmon from the Fraser Riv-
er were sampled during their downstream migration in the 
river, their early marine residence in the SOG, and their mi-
gration through the Discovery Islands area (Figs. 1, 2).  The 
methods used to sample the juveniles varied by location and 
are described in more detail below. 

Migration out of the Fraser River
Juvenile sockeye salmon were sampled during their 

downstream migration using a rotary screw trap fi shed at 
Mission, British Columbia, approximately 80 km from the 
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Fig. 2.   Study area showing the location of the rotary screw trap at Mission (black dot), the standard track lines for the trawl survey in the 
Strait of Georgia (black solid line) and the purse seine sampling area in the Discovery Islands and lower Johnstone Strait (oval).  The extent of 
the Fraser River drainage in relation to the study area is shown in Fig. 1.  The location of trawl sets conducted off  the standard track line in the 
Gulf Islands, Desolation Sound, and Discovery Islands are shown in Fig. 3.
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Fraser River mouth (Figs. 1, 2).   This site was selected as 
all river fl ow is confi ned to one channel with dykes on both 
sides, which allows for eff ective sampling across the channel 
width.  In addition, all Fraser River sockeye salmon smolts, 
with the exception of the Pitt River stock that enters the Fra-
ser River downstream of this site, have to pass this location.  

Fish were collected at fi xed locations across the riv-
er channel using a 2.4-m rotary screw trap mounted on a 
barge following the procedures described in Mahoney et al. 
(2013).  Briefl y, the barge was held in position alongside an 
8.5-m (28 ft) motorized fi shing vessel with the speed of ves-
sel adjusted as necessary to maintain a standard fl ow rate of 
ca. 1 m/s through the trap.  The trap was fi shed and samples 
were collected over a 24-hr period every four days between 
6 April and 17 June 2014.  These dates were selected in order 
to sample prior to the beginning of the downstream migra-
tion period of 1-year-old sockeye salmon smolts and contin-
ue until the migration was complete.  Juvenile salmon were 
removed from the trap and identifi ed to species.  All sock-
eye salmon were euthanized in tricaine methane sulfonate 
(MS-222) and measured for fork length (FL) to the nearest 
mm; the caudal fi n was clipped and stored in 95% ethanol 
for DNA analysis.  

Migration through the Strait of Georgia
A trawl survey was conducted to collect juvenile sock-

eye salmon in the SOG using a modifi ed trawl net with a 
small mesh bunt fi shed from the commercial trawler F/V 
Viking Storm between 1 June and 11 June 2014.  The sur-
vey was timed to sample the juvenile sockeye salmon during 
their peak abundance in the SOG (Preikshot et al. 2012) to 
examine stock composition and distribution throughout the 

SOG at this time.  The net was towed at a speed of approxi-
mately 5 knots (~9.6 km/hr) and the average mouth opening 
was 30 m wide by 15 m deep.  Fishing was conducted during 
daylight hours with sets of 15 to 30 minutes duration.  The 
net was towed with the head rope either at the surface, or at 
15 m, 30 m, 45 m or 60 m, with the majority of eff ort in the 
top 30 m.  A more detailed description of the protocols and 
gear are described in Beamish et al. (2000) and Sweeting 
et al. (2003).  This survey fi shed standard track lines that 
have been used for juvenile salmon surveys in the SOG 
since 1998 (Fig. 2). Additional sets were also conducted in 
the Discovery Islands, Desolation Sound and Gulf Island 
regions.  Catches were emptied into 40-L totes and sorted 
to species.  All sockeye salmon were measured for length 
(FL) and wet weight (g) and a section of their caudal fi n was 
clipped and stored in 95% ethanol for DNA analysis.  The 
stomach contents of a sub-sample of the fi sh were removed.  
The contents of the stomachs were identifi ed to the lowest 
possible taxonomic level.  

Migration through the Discovery Islands and Lower John-
stone Strait

Juvenile Pacifi c salmon were sampled in the Discovery 
Islands and lower Johnstone Strait using a modifi ed purse 
seine with a small mesh bunt (300 m by 20 m with 0.6-cm 
mesh bunt) fi shed from the commercial seiner F/V Nordic 
Queen.  Fishing was conducted in the lower Johnstone Strait 
in an area where the channels converge and all juvenile sock-
eye salmon migrating north must pass (Figs. 1, 2).  Addition-
al fi shing was also conducted within inlets and channels of 
the Discovery Islands.  Sampling was conducted from 15 
May to 22 July 2014 to cover the expected migration period 
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Fig. 3.  The start location of the trawl sets from 1–11 June 2014, and the CPUE (catch/hr, log 10) of sockeye salmon by set.  The Xs represent 
set locations when no juvenile sockeye salmon were captured.  The total CPUE for each of the six regions is indicated.  CSOG = central, 
NSOG = northern, and SSOG = southern Strait of Georgia.

of 1-year-old sockeye salmon leaving the SOG, as reported 
in Preikshot et al. (2012) and Neville et al. (2013).  Fishing 
was conducted weekly to provide information on the change 
in catch rates over the migration period and to compare with 
information on migration timing of sockeye salmon collect-
ed at Mission.  Fishing was conducted two days a week over 
this time period.  After each set, the bunt of the purse seine 
was kept alongside the fi shing vessel in a 1–2 m pool of 
water.  The depth of water was dependent on the size of the 
catch and was reduced as the fi sh were sampled until the 
bunt was empty.  The salmon were transferred by dip net to 
buckets and moved to live tanks equipped with fl ow-through 
water on the deck of the vessel.  The catch was sorted to 
species and enumerated and all sockeye salmon were euth-
anized in MS-222.  The length (FL) of the sockeye salmon 
was recorded and a section of their caudal fi n was clipped 
and stored in 95% ethanol for DNA analysis.  Other species 
of fi sh not required for the study were transferred to a recov-
ery tank and released live. 

Analysis

CPUE Estimation and Stock Composition
Catches were summarized for each fi shing region and 

type of gear used.  The fi sh caught in the river in the rotary 
screw trap were summarized to catch per day.  Catches in 
the ocean were summarized as average catch-per-unit-eff ort 
(CPUE) for the trawl (catch per hr) and seine (catch per set).  
The average CPUE for the trawl survey was calculated for 
sets fi shed in the top 30 m and for the total study area of 
the Strait of Georgia.  In addition, the CPUE was calculat-

ed for six sub-regions within the study area: (1) southern 
(SSOG), (2) central (CSOG) and (3) northern Strait of Geor-
gia (NSOG), (4) Desolation Sound, (5) Discovery Islands, 
and (6) Gulf Islands (Fig. 3).  The average CPUE for the 
purse seine was summarized by fi shing week. 

Stock composition of sockeye salmon from all surveys 
was determined in the Molecular Genetics Laboratory at the 
Pacifi c Biological Station in Nanaimo, British Columbia, us-
ing procedures outlined in Beacham et al (2014a, b).  Only 
assignments with a probability of stock origin or run-tim-
ing group of 50% or greater were included in the analysis.  
Comparisons were only conducted for stocks with a min-
imum sample size of 15 fi sh from the purse seine or trawl 
survey.  To facilitate analysis by increasing sample sizes 
available for analysis and to examine variations in juvenile 
sockeye salmon migration timing, we grouped DNA results 
by run timing.  Run-timing groups (early Stuart, early sum-
mer, summer, and late) are defi ned by the Pacifi c Salmon 
Commission and are based on the return timing of adults to 
fresh water.  Sockeye salmon identifi ed as originating from 
systems outside of the Fraser River were classifi ed together 
as non-Fraser River fi sh.  Statistical analysis included Pear-
son’s Chi-square to compare the proportion of diff erent run 
and stock groups among regions.  

Migration Timing
The migration peak at Mission and in the Discovery Is-

lands was estimated by plotting the CPUE over time.  The 
peak migration period was considered the time when the 
largest catches or greatest CPUE was observed at the rotary 
screw trap on the lower Fraser River or in the purse seine sur-
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Fig. 4.  Total daily catch of juvenile sockeye salmon in the rotary screw trap (RST) at Mission between 6 April and 17 June 2014, and the 
weekly CPUE (catch/set) of juvenile sockeye salmon in the Discovery Islands purse seine survey between 15 May and 11 July 2014.

Run timing
Mission rotary 

screw trap 
n = 1,084

Strait of Georgia trawl 
n = 567

(% without Pitt River fi sh)

Discovery Islands purse seine 
n = 266

(% without Pitt River fi sh)

Early Stuart 1.5 9.2 (9.9) 6.7 (7.1)

Early Summer 58.3 41.4 (37.3) 42.7 (38.7)

Summer 31.9 42.7 (45.6) 35.7 (38.2)

Late 8.3 6.7 (7.2) 14.9 (16.0)

Table 1.  The percentage of juvenile sockeye salmon collected in the three surveys and identifi ed as originating from the four run-timing groups.   
Proportions when Pitt River fi sh are excluded from the data set are provided in parentheses.

vey in the Discovery Islands.  The average migration period 
was classifi ed as the time period between the peak migration 
at Mission and the peak migration in the Discovery Islands.  
In addition, to examine the timing diff erences between indi-
vidual stocks or run-timing groups, we plotted the cumulative 
catch curve to assess visually when the fi ftieth percentile for 
each stock or run-timing group passed either Mission on the 
lower Fraser River or through the Discovery Island region.  

Size and Growth
We performed a one-way analysis of variance (ANOVA) 

to compare the mean FL of sockeye salmon smolts among 
sampling dates at Mission.  A one-way ANOVA was per-
formed to compare the mean fork length (FL) among run and 
stock groups caught in the rotary screw trap, trawl, and purse 
seine survey.  A separate analysis was performed for each of 
the sampling methods and stock groupings.  The p-values of 
these tests were not adjusted for multiple comparisons, as they 
were considered independent tests.  Similar results were ob-
tained by log-transforming the fork length data and by using a 
non-parametric ANOVA (Kruskal Wallis; results not shown).  
A Tukey HSD post-hoc test was performed when the one-way 
ANOVA revealed signifi cant diff erences among factors.  A 
two-way ANOVA was performed to compare the mean fork 
length from ocean entry to the Discovery Islands/Johnstone 
Strait region among run-timing groups and individual stocks.    

Stomach Analysis
Frozen samples from all surveys were processed at the 

Pacifi c Biological Station.  During processing in the lab, 
stomachs were removed and stored in 70% ethanol for iden-
tifi cation of prey items and otoliths were removed and stored 
dry.  Stomach analysis of both the preserved samples and 
the stomachs examined fresh at sea were conducted by the 
same expert with over 20 years of experience conducting 
diet analysis on juvenile salmon trawl surveys in the Strait 
of Georgia.  The volume of food and the proportion of each 
prey category were estimated.  Items in the stomach were 
identifi ed to the lowest taxonomic level and developmental 
stage possible using a hand magnifying lens.  Stomachs with 
volumes less than 0.1 cc were classifi ed as empty.  The stom-
ach content data were summarized into major categories or 
groups for analysis.

RESULTS

Catches and Stock of Origin of Juvenile Sockeye Salmon

Mission Rotary Screw Trap
A total of 1,103 sockeye salmon was captured in the ro-

tary screw trap in the lower Fraser River at Mission between 
10 April and 24 May (Fig. 4).  This time period indicated a 
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Stock group Run timing
Mission rotary screw 

trap
n = 1,055

Strait of Georgia trawl 
n = 523 (487)

Discovery Islands 
purse seine 

n = 282
Early Stuart mix (Rossette, 
Blackwater, Dust, Paula, Cayenne)

Early Stuart 1.3 7.8 (8.5) 5.1 (5.5)

Bowron Early Summer - 1.0 (1.0) 1.7 (1.8)

Chilliwack Early Summer 0.7 - -

Dolly Varden  Early Summer 49.3 14.0 (15.0) 14.9 (16.1)

Fennel Early Summer 0.5 - 2.1 (2.3)

Gates Early Summer 6.6 5.7 (6.2) 3.4 (3.7)

Nadina Early Summer 1.0 14.1 (15.2) 13.2 (14.2)

Nahatlatch Early Summer 1.6 0.2 (0.2) -

Pitt Early Summer - 6.9 7.2

Seymour, Scotch, Upper  Adams Early Summer - 1.7 (1.8) 3.0 (3.2)

Chilko Summer 18.9 33.8 (36.3) 27.2 (29.4)

Kuskwa Summer - 3.4 (3.7) -

Middle Summer - - 0.4 (0.5)

North Thompson Summer 2.5 0.6 (0.6) 1.7 (1.8)

Raft Summer 1.7 1.7 (1.8) -

Stellako Summer 5.9 2.1 (2.3) 3.8 (4.1)

Tachie Summer 1.5 - -

Cultus Late 6.5 1.0 (1.0) -

Big Silver Late - 1.0 (1.0) 0.4 (0.5)

Birkenhead Late 1.1 5.0 (5.3) 14.5 (15.6)

Lower Shuswap, 
Little Shuswap

Late 0.5 - 1.3 (1.4)

Weaver Late 0.4 - -

Non-Fraser n = 14 n = 11

Table 2.  The percentage of sockeye salmon collected in the three surveys and identifi ed as originating from the 24 stocks or groups of 
stocks from the Fraser River and from rivers outside the Fraser River.  Proportions when Pitt River fi sh are excluded from the data set 
are provided in parentheses.  The number of sockeye salmon identifi ed as non-Fraser River is indicated but is not included in the 
percentages.

migration period of about 44 days or just over 6 weeks for 
juvenile sockeye salmon in the lower Fraser River in 2014.  
The peak migration during this period was 26 April to 4 May 
when about 66% of the juvenile sockeye salmon were cap-
tured (Fig. 4).

DNA analysis was conducted on all the sockeye salm-
on collected; 1,055 (96%) of the fi sh could be assigned a 
stock of origin and 1,084 (98%) assigned to a run-timing 
group.   Fifty-eight percent of the sockeye salmon smolts 
were from the early summer run timing and 32% were from 
the summer run timing group (Table 1).  The late run and 
early Stuart fi sh made up 8.3 and 1.5% of the fi sh collect-

ed, respectively (Table 1).  DNA results indicated that the 
dominant stocks observed at Mission in 2014 were Dolly 
Varden (49%), Chilko (19%), Gates (7%), Cultus (7%), 
and Stellako (6%) (Table 2).  Smaller numbers of fi sh from 
the North Thompson (2.5%), Raft (1.7%), and Nahatlatch 
(1.6%) were also identifi ed (Table 2).  The remaining eight 
stocks or stock groups identifi ed represented 1.5% or less of 
the catch each (Table 2).   

The late-run group of sockeye salmon were the earliest 
migrants past Mission with over fi fty percent of the individ-
uals observed by 14 April (Fig. 5A).  This run-timing group 
was dominated by the Cultus Lake fi sh which represented 
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Fig 5.  The cumulative catch (% of total catch) of juvenile sockeye 
salmon at the Mission rotary screw trap based on (A) the run-timing 
groups and (B) the stock groups observed (see Table 1).  

about 70% of the late run-timing group (Table 2).  About 
80% of the Cultus fi sh were captured at Mission by 14 April  
(Fig. 5B).  Conversely, the fi sh that were the latest to be ob-
served were from the early Stuart run-timing group.  Fifty 
percent of these fi sh were not observed at Mission until 20 
May (Fig. 5B).  The stocks from this run-timing could not be 
examined individually due to low catch numbers and were 
grouped for all analyses.  Fifty percent of the total catch of 
the early-summer and summer-run fi sh were observed at 
Mission between 26 April and 4 May with the early summer 
slightly ahead of the summer run fi sh (Fig. 5A).  The timing 
of the individual stocks within the early-summer and sum-
mer run-timing groups were similar.  Sockeye salmon from 
Gates (early summer) were slightly earlier with 50% of the 
migration observed by 26 April (Fig. 5B).  The remainder of 
the dominant stocks captured in the survey all had 50% of 
their migration observed at Mission between 30 April and 4 
May (Fig. 5B).  

Trawl Survey in the Strait of Georgia and Associated Re-
gions 

The trawl survey captured 1,798 juvenile sockeye 
salmon in 74 sets between 1–11 June 2014.  The average 
CPUE of juvenile sockeye salmon over the 10-day sur-
vey was 59.6 fi sh/hr.  The largest catches (CPUE 216.8 
fi sh/hr) were in the NSOG with moderate catches (47.6 

fi sh/hr) in the CSOG (Fig. 3).  In the CSOG, the catches 
were larger on the west side of Texada Island compared 
to Malaspina Strait.  Average catches in the Discovery 
Islands and Desolation Sound regions were 54.2 fi sh/hr 
and 34.4 fi sh/hr, respectively.  Only 30 juvenile sockeye 
salmon were captured in the SOG south of Texada Island 
(1.3 fi sh/hr) and at the two sites fi shed in the Gulf Islands 
(17.5 fi sh/hr). 

DNA analysis was conducted on 578 sockeye salmon 
collected during the survey and 567 (98%) and 537 (93%) 
results met the requirements for assignment to run-timing 
and stock groups, respectively.  Approximately 3% of the 
fi sh that could be assigned to stock of origin were from sys-
tems outside of the Fraser River (Table 2).  The majority 
of the juvenile sockeye salmon of Fraser River origin were 
from the early-summer (41.1%) and summer runs (42.7%) 
(Table 1).  The early Stuart and late run sockeye salmon rep-
resented 9.2% and 6.7% of the sample, respectively.  When 
the 36 Pitt River fi sh were excluded from the analysis, the 
summer run and early-summer run timing groups remained 
dominant (Table 1). 

The dominant stock groups observed in the trawl sur-
vey were from the Chilko (34%), Dolly Varden (14%), and 
Nadina (14%) systems on the Fraser River.  Fish from the 
Birkenhead, early Stuart mix, Gates, and Pitt stock groups 
represented 5–8% of the catch.  The remaining nine stocks 
each represented < 2% of the catch (Table 2).  

There were insuffi  cient numbers of samples for the 
Gulf Islands and the southern SOG to include them in an 
analysis of run-timing groups by region.  In addition, due to 
the low sample sizes at general locations north of the SOG, 
we pooled the data from the Discovery Islands and Deso-
lation Sound regions for this analysis.  There was a signif-
icant diff erence in the proportion of each run-timing group 
between the central and northern SOG and the Desolation 
Sound/Discovery Islands study regions (χ2  = 14.7, df = 6, p 
= 0.02).  The summer run-timing group dominated in both 
the central and northern SOG (45% and 43%, respectively) 
whereas the early summer run-timing dominated in the Des-
olation Sound/Discovery Islands region (54%).  The early 
Stuart run timing represented 11% of the sockeye salmon in 
the central SOG with reduced numbers in the northern SOG 
(7%) and Desolation/Discovery regions (6%).  The late run 
-timing group represented 11% of the sockeye salmon iden-
tifi ed from the northern SOG with 4% in each of the other 
two regions.

As in the analysis performed above, we excluded data 
from the Gulf Islands and the southern SOG, and pooled 
data from the Discovery Islands and Desolation Sound re-
gions to compare the proportion of the seven main stocks 
(i.e., Birkenhead, Early Stuart mixed, Chilko, Dolly Var-
den, Gates, Nadina and Pitt) among regions.  The propor-
tion of the seven main stock groups did not vary signifi -
cantly among these three regions (χ2 = 20.1, df = 12, p > 
0.05). 
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Fig. 6.  The cumulative catch (% of total catch) of juvenile sockeye 
salmon in the Discovery Islands purse seine based on (A) the run-
timing groups and (B) the major stock groups (see Table 1).

Purse Seine Survey in the Discovery Islands and Lower 
Johnstone Strait

The purse seine survey captured 298 sockeye salmon 
over the nine weeks between 15 May and 11 July 2014 (Fig. 
4).  Pink (O. gorbuscha) and chum salmon (O. keta) were 
the dominant species and represented about 88% of all fi sh 
captured and 99% of the juvenile salmon captured.  Pacifi c 
herring (Clupea pallasii) represented about 10% of the total 
catch and were comprised of both young-of-year fi sh and 
older year classes in similar proportions.  Sockeye, coho (O. 
kisutch), and Chinook salmon (O. tshawytscha) all represent-
ed less than 1% of the total catch.  Other species observed 
in the survey included threespine stickleback (Gasterosteus 
aculeatus), soft sculpin (Gilbertidia sigalutes), juvenile kelp 
greenling (Hexagrammos decagrammus), steelhead trout 
(O. mykiss), starry fl ounder (Platichthys stellatus), juvenile 
walleye pollock (Theragra chalcogramma), juvenile wolf 
eel (Anarrhichthys ocellatus), staghorn sculpin (Leptocottus 
armatus) and squid (Loligo opalescence).  The fi rst juvenile 
sockeye salmon was captured during the second week of the 
survey on 22 May.  Small numbers of juvenile sockeye salm-
on (n = 2) were captured on 11 July during the last week of 
fi shing.  The highest average CPUE (catch/set) of juvenile 
sockeye salmon in the Discovery Islands/Johnstone Strait 
area occurred during the weeks of 12 and 19 June (Fig. 4).  
Eighty-one percent of the juvenile sockeye salmon caught 
in the purse seine surveys were captured during these two 
weeks (Fig. 4).  

DNA analysis was completed on all of the juvenile 
sockeye salmon collected in this survey with 266 fi sh (89%) 
and 246 fi sh (83%) meeting the requirements for assignment 
to run-timing groups and individual stocks, respectively.  
Eleven or 4.5% of the samples were not identifi ed as Fraser 
River stocks but originated  from the Phillips and Sakinaw 
systems on the British Columbia mainland and Baker Lake 
in the United States (Table 2).  Of the fi sh originating from 
the Fraser River, the DNA results indicated that the early 
summer (42.7%) and summer (35.7%) run timings were 
the most prevalent (Table 1).  Early Stuart and late fi sh rep-
resented 6.7% and 14.9% of the catch, respectively.  The 
proportion of early-summer and summer-run fi sh was more 
similar (39% and 38%, respectively) when the 17 Pitt River 
fi sh were removed from the sample (Table 1).  Over 50% of 
the catch of the early-Stuart, early-summer and summer- run 
fi sh were caught by 15 June (Fig. 6).  The late run-timing 
group did not reach 50% of the total catch until the following 
week.

When individual stocks were examined, the majority of 
the juvenile sockeye salmon were allocated to the Chilko 
stock (27%).  Three early summer stocks, Dolly Varden 
(14.9%), Nadina (13.2%), and Pitt (7.2%), and one late stock 
(Birkenhead, 14.5%) were also relatively common (Table 2).  
The mixed early Stuart group represented just over 5% of 
the fi sh.  The remaining nine stocks each accounted for less 
than 4% of the catch (Table 2).  No Cultus Lake fi sh were 
captured in the Discovery Islands.  

Fifty percent of each of the six dominant stocks (Dolly 
Varden, Gates, Nadina, Pitt, Birkenhead, and the mixed ear-
ly Stuart group) was captured over a two-week period (Fig. 
6B).  The timing of the Nadina, Pitt, Chilko and the mixed 
early Stuart group was almost identical and was followed a 
week later by Birkenhead and Dolly Varden stocks (Fig. 6B).  

Comparison among Study Areas
Catches were largest in the Fraser River with consider-

ably fewer sockeye salmon caught in the Discovery Island 
region (Table 1, 2).  The peak catch of juvenile sockeye 
salmon in the Discovery Islands occurred 7–8 weeks after 
the peak timing of the fi sh at Mission (Fig. 4).  The pro-
portion of run-timing groups in the Discovery Islands was 
signifi cantly diff erent from that observed at Mission whether 
the Pitt River summer-run fi sh were included (χ2 = 41.9, df 
= 3, p < 0.001) or excluded (χ2  = 53.1, df = 3, p < 0.001) in 
the analysis.   

To compare the proportion of individual stocks between 
the Fraser River and Discovery regions, we included only 
those stocks present in both surveys or stocks representing 
more than 5% of the catch in a single survey in the analysis.  
This included 11 stocks or stock groups (Table 2).  Pitt River 
was excluded from the analysis as it is located downstream 
of Mission and could not be captured in the rotary screw 
trap.  The proportion of these 11 stocks at Mission and the 
Discovery Islands was signifi cantly diff erent (χ2 = 299, df = 
10, p < 0.0001).  
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Fig. 7.   The average fork length (mm) of juvenile sockeye salmon captured at the Mission rotary screw trap and in the Discovery Islands purse 
seine by survey period.   The horizontal dashed line represents the average length of sockeye salmon in each survey.

Run 
timing

Mission rotary 
screw trap 

Strait of 
Georgia

trawl 

Discovery 
Islands purse 

seine 
Early 
Stuart

101 ± 9.0 (16) 120 ± 8.9 (51) 124 ± 10.0 (17)

Early 
Summer

88 ± 8.9 (629) 119 ± 11.3 (229) 124 ± 11.9 (109)

Summer 96 ± 8.4 (346) 124 ± 15.2 (236) 129 ± 13.9 (91)

Late 105 ± 12.2 (90) 136 ± 21.2 (37) 128 ± 19.4 (38)

Non-Fraser 125 ± 17.8 (14) 127 ± 18.6 (11)

Table 3.  The average fork length (mm) and standard deviation 
of fork length of juvenile sockeye salmon collected in the three 
surveys and identifi ed as originating from the four run-timing groups 
or from rivers outside the Fraser River (non-Fraser).  Sample size is 
provided in parentheses.

Juvenile Sockeye Salmon Size

Mission Rotary Screw Trap
The average FL of the juvenile sockeye salmon smolts 

captured at Mission was 92 ± 11 mm (Fig. 7).  A single large 
fi sh (171 mm) from Gates (early summer run) was captured 
on 10 April.  This fi sh had been called a two-year-old smolt 
in fi eld notes but it has not been confi rmed with scale or 
otolith examination.   Although the average FL of the sock-
eye salmon appeared relatively stable from 14 April to 20 
May 2014, there were signifi cant diff erences in the average 
lengths (F10, 1,076 = 17.3, p < 0.001) specifi cally at the begin-
ning and end of the survey.  Results from the Tukey HSD 
post-hoc test indicated that sockeye salmon smolts captured 
at the beginning of the survey (14 April, 101 ± 8 mm) and 
near the end of the survey (16–24 May, 99 ± 9 mm) were 
signifi cantly larger than those captured between 18 April and 
12 May (90 ± 10 mm).  

The average FL of sockeye salmon smolts caught at 
Mission varied signifi cantly among run-timing groups (Ta-
ble 3, F3, 1,076 = 149.7, p < 0.001).  Post-hoc tests indicated 
that the fi sh from the early summer run-timing group (88 
± 9 mm) were signifi cantly smaller than fi sh from oth-
er run-timing groups (p < 0.01, Table 3).  In addition, fi sh 
from the late run-timing group (105 ± 12 mm) were signifi -
cantly larger than fi sh from the summer runs (p < 0.01), but 
not from the early Stuart run-timing group (Table 3).  Nine 
stocks or stock groups identifi ed from DNA analysis had 15 
fi sh or more (Table 4).  This included Dolly Varden, Gates, 
and Nahatlatch from the early summer stock groups, Chilko, 
North Thompson, Raft, Stellako, and Tachie from the sum-
mer run-timing groups and Cultus from the late run-timing 
group.  There was variation in the size of the fi sh between 
these stock groups (Table 4, F8, 985=89.14, p < 0.001).  Post-
hoc tests indicated that the Cultus fi sh (102 ± 6 mm) were 
signifi cantly larger than all other groups (p < 0.01) with the 
exception of juveniles identifi ed as originating from Gates 
(101 ± 10 mm) and Tachie (102 ± 12 mm, Table 4).  There 

was no signifi cant diff erence in size between juveniles from 
Tachie and Stellako (97 ± 8 mm) or North Thompson (95 ± 
9), although both Cultus and Gates were signifi cantly larg-
er than both Stellako and North Thompson (p < 0.05), and 
all three groups were signifi cantly larger than the other four 
stock groups (p < 0.05).  Fish from the Nahatlatch (84 ± 
8 mm) and Dolly Varden (86 ± 7 mm) systems were sig-
nifi cantly smaller than the other stocks examined (p < 0.01, 
Table 4).   The remaining stocks, Raft, North Thompson, 
Chilko, and Stellako were all similar in size.

Trawl Survey in the Strait of Georgia and Associated Re-
gions

The average FL of the 578 sockeye salmon analyzed 
for DNA analysis was 123 ± 14 mm.  There were signifi cant 
diff erences in the size of the fi sh among run-timing groups 
(Table 3, F3, 549 = 17.3, p < 0.0001).  Post hoc tests indicated 
that the late run-timing fi sh (136 ± 21 mm) were signifi cant-
ly larger than other run-timing groups (p < 0.01).  The sum-
mer run-timing group (124 ± 15 mm) was signifi cantly larg-
er (p < 0.01) than the early summer run-timing group (119 
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Stock group Run timing
Mission rotary 

screw trap 
n = 1,084

Strait of Georgia 
trawl 

n = 565

Discovery Islands 
purse seine 

n = 282
Early Stuart mix (Rossette, 
Blackwater, Dust, Paula, Cayenne)

Early Stuart 102 ± 7.2 (14) 121 ± 9.4 (121) 123 ± 11.7 (12)

Dolly Varden Early Summer 86 ± 6.6 (86) 116 ± 11.6 (116) 119 ± 12.2 (35)

Gates Early Summer 101 ± 10.4 (70) 124 ± 11.9 (30) 125 ± 8.9 (8)

Nadina Early Summer 102 ± 7.1 (11) 119 ± 7.4 (74) 128 ± 7.2 (31)

Nahatlatch Early Summer 84 ± 8.2 (17) 123 (1)

Pitt Early Summer 127 ± 13.5 (36) 131 ± 14.0 (17)

Chilko Summer 95 ± 8.3 (199) 124 ± 16.1 (124) 130 ± 14.5 (64)

Kuskwa Summer 122 ± 8.6 (18)

North Thompson Summer 95 ± 9.2 (26) 142 ± 1.7 (3) 123 ± 8.7 (4)

Raft Summer 94 ± 5.6 (18) 134 ± 1.4 (9)

Stellako Summer 97 ± 7.9 (62) 125 ± 11.6 (11) 129 ± 17.1 (9)

Tachie Summer 102 ± 11.6 (16)

Cultus Late 102 ± 6.4 (69) 142 ± 15.4 (5)

Birkenhead Late 117 ± 24.1 (12) 132 ± 22.5 (26) 129 ± 18 (34)

Table 4.  The average fork length (mm) of sockeye salmon collected in the three surveys and identifi ed as originating from stocks or groups of 
stocks from the Fraser River.  All non-Fraser River fi sh are grouped as a single category.  Sample size is provided in parentheses.

± 11 mm), but not the early Stuart run-timing group (120 ± 
9 mm).  This relationship did not change when the Pitt Riv-
er fi sh were removed from the analysis.  The lengths of the 
eight stocks with sample sizes > 15 were compared (Table 
4).  Eight stocks captured in the trawl survey had samples of 
15 fi sh or more.  An ANOVA performed on the fork length 
of the fi sh from these stocks indicated that there were diff er-
ences in the average fork lengths of some groups (Table 3, 
F7, 478 = 6.3, p < 0.0001).  The Tukey HSD test indicated that 
the sockeye salmon from the Dolly Varden system (116 ± 12 
mm) were signifi cantly smaller (p < 0.01) than those from 
the Birkenhead (132 ± 23 mm), Chilko (124 ± 16 mm), and 
Pitt systems (127 ± 14 mm).  In addition, the sockeye salmon 
from Birkenhead were also larger than those from the Nadi-
na and Early Stuart groups (p < 0.01, Table 4).

Purse Seine Survey in the Discovery Islands and Lower 
Johnstone Strait

The average fork length of sockeye salmon sampled by 
the purse seine survey was 126 ± 14 mm (Fig. 7).  On 22 May, 
a single sockeye salmon with a length of 185 mm was cap-
tured (Fig. 7).  This fi sh was possibly a two-year-old smolt. 
As with the fi rst sampling period, very few fi sh were caught 
during the last sampling period on 11 July (n = 2).  The av-
erage length (FL) of the fi sh varied signifi cantly between 29 
May and 5 July (F3, 251 = 14.2, p < 0.0001).  Post-hoc tests 
indicated that the 17 fi sh captured on 29 May were signifi -
cantly smaller (109 ± 12 mm) than fi sh captured during the 

remaining survey weeks (127 ± 13 mm), whereas those that 
were captured the week following  5 June were signifi cantly 
larger (140 ± 14 mm) than the subsequent weeks (Fig. 7, p < 
0.05).  The average size varied little beyond 5 June (p > 0.05).

The average fork length of the fi sh varied signifi cantly 
among run groups (Table 3, F3, 251 = 3.0, p = 0.01).  The sum-
mer-run fi sh (129 ± 14 mm) were signifi cantly larger (p < 
0.05) than the early summer-run fi sh (124 ±12 mm) and this 
remained consistent when the Pitt River fi sh were removed 
from the sample.  There were no other signifi cant diff erences 
between the sizes in the run-timing groups.  Five stocks had 
sample sizes > 15 fi sh each: Birkenhead, Chilko, Dolly Var-
den, Nadina, and Pitt.  The average length (FL) varied signifi -
cantly among these stocks (Table 4, F4, 176 = 4.5, p = 0.002).  
Sockeye salmon belonging to the Dolly Varden stock (119 ± 
12 mm) were signifi cantly smaller than fi sh from Chilko (p < 
0.01), Birkenhead, and Pitt (p < 0.05, Table 4) stocks. 

Comparisons among Study Areas
The sizes of the fi sh at Mission, CSOG, NSOG, the Dis-

covery/Desolation trawl catches, and the Discovery purse 
seine catches were compared.  The southern SOG and Gulf 
Island regions were excluded from analysis due to small sam-
ple sizes.  Overall, the size of sockeye salmon from the Fra-
ser River varied by region with a general increase in length 
with distance from the Fraser River (Fig. 8, F4, 1,846 = 1,046, p 
< 0.0001).  Fish at Mission and the CSOG were signifi cant-
ly smaller than fi sh in the northern regions (p < 0.01).  The 
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Fig. 8.  The average fork length based on (A) run-timing groups 
and (B) individual stocks of sockeye salmon that were collected 
in the rotary screw trap at Mission, the trawl survey in the central 
(CSOG) and northern (NSOG) Strait of Georgia, Discovery Islands 
(DISC/DES), and the purse seine survey in the Discovery Islands 
(PS-DISC). 
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fi sh captured in the NSOG, Discovery Islands and Desolation 
Sound were the largest and were not signifi cantly diff erent 
among these regions.  Signifi cant diff erences were observed 
among run groups (Fig. 6A, F3, 1,846 = 105, p < 0.0001).  The in-
teraction between catch region and run group was also signifi -
cant (F12, 1,846 = 6.5, p < 0.0001), indicating that the diff erences 
observed among run groups varied by region.  In particular, 
the early Stuart run group was larger than the early summer 
group at Mission and in the Desolation Sound/Discovery Is-
lands area sampled during the early June trawl survey, but 
similar in size to the fi sh sampled in the purse seine survey in 
the Discovery Islands/Johnstone Strait region (Fig. 8A).  Six 
stocks or stock groups that had been captured in at least two 
of the study areas were compared across regions: Early Stuart 
mix, Dolly Varden, Gates, Nadina, Chilko, and Birkenhead.  
There were signifi cant diff erences among regions (F4, 1,384 = 
945, p < 0.0001), stocks (F5, 1,384 = 75, p < 0.0001), and a sig-
nifi cant interaction between region and stock (F19, 1,384 = 6.1, p 
< 0.0001). The signifi cant interaction indicated that diff erenc-
es among other stocks were inconsistent across all regions. 
However, fi sh from the Dolly Varden system were consistent-
ly smaller than those from Chilko (Fig. 8B). 

Stomach Contents of Juvenile Sockeye Salmon

Trawl Survey in the Strait of Georgia and Associated Re-
gions

Stomachs were examined from 244 of the sockeye salm-
on collected in the trawl survey in the SOG.  Twenty-nine 
percent of the stomachs examined from the Strait of Georgia 
were empty (Fig. 9).  The dominant prey items in the diet 
were crab larvae and hyperiid amphipods, making up 52% 
and 27% of the stomach volume, respectively.  Euphausiids 
and teleosts represented 6% and 4% of the stomach volume, 
respectively.  The “other” category represented about 9% of 
the contents and was comprised of polychaetes, shrimp, cha-
etognaths, gammarids and insects. 

Purse Seine Survey in the Discovery Islands and Lower 
Johnstone Strait

The stomach contents of 279 juvenile sockeye salmon 
caught in the Discovery Islands and Johnstone Strait purse 
seine and trawl survey were examined.  The majority of the 
stomachs (58.0%) were empty (Fig. 9).  The major diet item 
in stomachs with some content was crab larvae (28% of 
stomach volume).  Copepods (19%), euphausiids (15%) and 
Oikopleura, a tunicate (14%), were also common.  Smaller 
volumes of hyperiids (7%) and gammarids (6%) were also 
identifi ed.  The “other” category included shrimp, barnacles, 
caprellids, pteropods, chaetognaths and unidentifi ed eggs, 
representing about 2% of the volume in stomachs.  About 
7% of the stomach content volume was classifi ed as digested 
matter. 

Comparisons among Study Areas
The proportion of sockeye salmon with empty stomachs 

captured by trawl in the SOG was signifi cantly lower when 
compared with those captured in the purse seine and trawl 
surveys in the Discovery Islands and Desolation Sound ar-
eas (χ2 = 40.5, df = 1, p < 0.0001).  A principal component 
analysis of those stomachs with contents indicated that in 
the SOG the diet was predominantly explained by the crab 
and hyperiid amphipods, whereas in the Discovery Islands 
and Desolation Sound region the diet was predominantly ex-
plained by crab and other diet elements including Oikopleu-
ra, copepods, and digested matter.

DISCUSSION

Residence Time in the Strait of Georgia  

In this study, we estimated the residence time of juve-
nile Fraser River sockeye salmon in the SOG by sampling 
smolts during their downstream migration at Mission and at 
their exit point in the Discovery Islands and Johnstone Strait.  
This study was designed to sample all downstream migrat-
ing sockeye salmon in the Fraser River with the exception of 
the Pitt River stock.  In addition, the purse seine located on 



56

NPAFC Bulletin No. 6 Neville et al.

B 
N = 129 
58% empty (n = 156) 

A
N = 173 
29% empty (n = 71) 

Fig. 9.  The percentage of juvenile salmon stomach contents for 
each prey group of fi sh collected in (A) the Strait of Georgia trawl 
survey, 1–11 June 2014; and (B) the Discovery Islands purse seine 
survey, 15 May–11 July 2014.  The percent of fi sh analyzed that had 
empty stomachs in each of the surveys is indicated.

the northern route of migration through Johnstone Strait was 
viewed by many authors to be the route by which the major-
ity of juvenile (age-1.0 and -2.0) Fraser River sockeye salm-
on leave the SOG (Tucker et al. 2009; Beamish et al. 2012; 
Preikshot et al. 2012; Beacham et al. 2014a, b; Furey et al. 
2015).  This view was further supported by over a decade 
of trawl survey studies that routinely recovered relatively 
few juvenile Fraser River sockeye salmon during the spring 
and summer in Juan de Fuca Strait and off  the west coast 
of Vancouver Island, compared with numbers found in the 
Johnstone Strait-Queen Charlotte Sound corridor (Tucker et 
al. 2009; Beacham et al. 2014a, b).  Although small numbers 
of juveniles may migrate south through Juan de Fuca Strait 
or may migrate outside of the time periods sampled in this 
study, it is believed that this sampling program adequate-
ly targeted the vast majority of juvenile sockeye salmon of 
Fraser River origin, and that the residence time determined 
in this study refl ects the behaviour of juvenile Fraser River 
sockeye salmon as a whole.

The analysis indicated that in 2014 the residence time 
of juvenile 1-year-old sockeye salmon in the SOG was 7–8 
weeks.  Previous studies that estimated the residence time of 
juvenile sockeye salmon in the SOG focused on either trawl 
or purse seine surveys conducted in the SOG (e.g., Groot 
et al. 1985; Groot and Cooke 1987; Hartt and Dell 1986; 
Preikshot et al. 2012) or on acoustic telemetry conducted on 
2-year-old sockeye salmon (e.g., Welch et al. 2009, 2011).  

The earliest studies by Healey (1980) and Groot and Cooke 
(1987) reported shorter residence times (20–30 days).  It is 
important to note that these estimates were made without 
data on the timing of the smolt migration out of the Fraser 
River and that they were based on limited sampling eff orts, 
especially in the NSOG.  

Our estimated residence time is comparable to the re-
sults obtained by Preikshot et al. (2012) who modeled the 
residence time of juvenile Fraser River sockeye salmon us-
ing in-river data and SOG trawl data (1997–2010).  Their 
analyses focused on even years during this period, as in-
formation was obtained from a pink salmon enumeration 
program that was conducted only in those years.  Using the 
available information they estimated that 1-year-old juvenile 
Fraser River sockeye salmon remained in the SOG for ap-
proximately 6–8 weeks (43–54 days).  

Acoustic tagging studies conducted by Welch et al. 
(2009, 2011) estimated the migration timing of individu-
al juvenile Fraser River sockeye salmon in the SOG to be 
24–29 days.  The diff erence between the migration timing 
reported in these acoustic tag studies and in ours and an-
other study (Preikshot et al. 2012) was likely due to the size 
of the fi sh tagged and the location of the receiver arrays to 
detect the fi sh in the SOG. Due to the size of the acoustic 
tag, the tagging was limited to fi sh > 120–130 mm in length. 
Fraser River sockeye salmon in this size range were typi-
cally 2-year-old smolts which represent < 5% of the total 
population (Irvine and Akenhead 2013).  In addition, old-
er and larger sockeye salmon smolts tend to migrate north 
earlier than younger and smaller smolts (Freshwater et al. 
2015, 2016).  Therefore, the shorter residence time, while 
representative for these larger fi sh, may not refl ect the mi-
gration of the smaller and more abundant 1-year-old Fraser 
River sockeye salmon.  In addition, the receiver array used 
to measure passage of the fi sh in the NSOG was placed at the 
northern tip of Texada Island which is over 50 km south of 
the Discovery Islands/Johnstone Strait region.  As a result, 
the residence period in the SOG estimated using the acous-
tic tags may have also underestimated the residence period 
within the entire SOG for these older, larger smolts.  The 
trawl and purse seine surveys conducted in this study and by 
Neville et al. (2013) indicated that the largest concentration 
of juvenile sockeye salmon in the SOG in early June was in 
the northern portion of the strait, past the receiver line for 
the acoustic tags.  Therefore, studies relying on information 
from this receiver line may underestimate the residence pe-
riod within the SOG.

Residence Time in the Discovery Islands

The timing of migration and residence time of Fraser 
River sockeye salmon in the Discovery Islands and John-
stone Strait has not been previously documented.  Neville et 
al. (2013) showed that there were few juvenile Fraser River 
sockeye salmon beyond the SOG at the end of May, sug-
gesting that there was limited movement of juvenile sockeye 
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salmon out of the SOG before that time.  However, their 
study could not determine the residence period or duration 
of the migration through this region.  In this study, the catch 
rates in the Discovery Islands indicated that, in 2014, the 
peak migration period for Fraser River sockeye salmon oc-
curred over approximately two weeks, with about 80% of all 
juvenile sockeye salmon caught between 12–19 June.  Catch 
rates declined sharply after this period, suggesting that the 
juveniles had moved through to the northern portions of 
Johnstone Strait and Queen Charlotte Strait.  It is important 
to note that this represents the estimated migration period for 
the entire population.  Although it is unlikely that many ju-
venile sockeye salmon remained for extended periods within 
this region, we currently cannot determine individual resi-
dence as no individual fi sh were tracked.    

The short residence of sockeye salmon within the Dis-
covery Islands may be due to the physical oceanographic 
conditions in this region which include a well-mixed water 
column and some of the highest tidal currents in the world 
(Thomson 1981).  Such conditions may limit or change the 
nature of food resources that are present and may also fa-
cilitate rapid migration during periods of high current fl ows 
to the north.  In our study, the percent of empty stomachs in 
juvenile sockeye salmon in 2014 doubled in the Discovery 
Islands (58%) compared with the SOG (29%).  The high rate 
of empty stomachs in the Discovery Islands exceeded the 
approximately 40% observed in sockeye salmon in the SOG 
in June/July 2007 when feeding conditions were considered 
poor for all species (Beamish et al. 2012).  Studies examin-
ing the evacuation rate for juvenile salmon (Brett and Higgs 
1970; Ruggerone 1989; Sturdevant et al. 2004; Benkwitt et 
al. 2009) indicated that in general evacuation rates of prey 
from the stomachs of juvenile salmon at temperatures from 
10 to 14 oC was relatively rapid, requiring 2–14 hours to 
clear 50% of their food.  Therefore, the proportion of emp-
ty stomachs would increase rapidly when fi sh are in areas 
of low food abundance.  The proportion of empty stomachs 
(29%) observed in the SOG in this study was similar to lev-
els reported for the early summer between 2004 and 2009 
by Beamish et al. (2012) and suggests that conditions in the 
SOG in 2014 were not anomalous to other years. 

The high proportion of empty stomachs in the Discovery 
Islands and Johnstone Strait was consistent with the trophic 
gauntlet hypothesis proposed by McKinnell et al. (2014) 
who argued that the strong tidal mixing observed in this area 
would prevent the establishment of a stable mixed-layer, 
resulting in low primary and secondary productivity, and 
thereby low prey availability.  Therefore, the number of 
empty stomachs would be related to low food abundance in 
the area.  

In this study, crab larvae made up the highest proportion 
of the stomach contents in both regions for fi sh that were 
feeding.  Hyperiid amphipods decreased substantially from 
27% to 7% of stomach volume between the SOG and the 
Discovery Islands while the proportion of euphausiids, Oi-
kopleura and copepods increased (Fig. 9).  This change in 

diet suggests that the prey fi eld available to juvenile salm-
on diff ers among the regions.  Therefore, the extended res-
idence within the SOG where food is more plentiful, fol-
lowed by rapid migration through areas of low feeding, may 
be a strategy to maximize their growth prior to migration 
through a region of low food availability.  

The observed narrow two-week period of migration 
for all stocks through the Discovery Islands in 2014 is im-
portant as it provides the fi rst estimate of the duration of 
time during which interactions between farmed salmon and 
sockeye salmon may occur in this region.  It is important to 
note that 2014 was one of the lowest cycle years for Fraser 
River sockeye salmon and it was possible that the migration 
period may be longer in years of higher abundance.  Feed-
ing conditions within the SOG may also infl uence both the 
timing and duration of migration through this area.  How-
ever, the dramatic change in catch rates over the study pe-
riod in the Discovery Islands in 2014 suggests that there 
are defi ned periods of time that must be considered when 
examining potential interactions between farmed and wild 
salmon and establishing management policies to reduce the 
potential risks associated with these interactions.  The sub-
sequent years of this study will help determine the variabil-
ity in this timing.

Stock-specifi c Migration Timing

This study provided new information on run-specifi c 
and stock-specifi c timing of juvenile Fraser River sockeye 
salmon in the lower Fraser River.  We found that the majority 
of the smolts migrated through the lower river over a two-
week period and that there were stock diff erences throughout 
the run, especially at the beginning and end of the migration.  
The late-run fi sh (primarily represented by the Cultus stock 
in 2014) entered the SOG approximately two weeks before 
the early summer and summer-run fi sh and four weeks before 
the early-Stuart run fi sh.  These diff erences observed in the 
lower Fraser River were not apparent in the Discovery Is-
lands where peak catches occurring within one to two weeks 
for all groups.  This suggests that there may be diff erences 
in residence time within the SOG for the diff erent run-tim-
ing groups and stocks.  However, it is possible that due to 
the small sample size of sockeye salmon from the Discovery 
Islands in 2014 and the diff erent periodicity of the sampling 
compared to the rotary screw trap, the sampling was not suf-
fi cient to identify any small-scale diff erences in the migration 
of run-timing or individual stock groups through the Discov-
ery Islands.  Further years of study and possibly modifi cation 
of the timing of the sampling are required to determine if 
these diff erences are consistent among years.

Over 80% of the Cultus Lake fi sh were observed at 
Mission two weeks earlier than the peak migration of oth-
er sockeye salmon.  Although these fi sh were not observed 
in the Discovery Islands, fi ve individuals were captured 
in the NSOG between 5–7 June.  If we assume these fi sh 
captured in the trawl are representative of the Cultus Lake 
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stock, the residence period in the SOG would have been 7–8 
weeks, or similar to most of the other 1-year-old sockeye 
salmon.  Beacham et al. (2014a) suggested that this stock 
had a shorter residence period in the SOG than other Fras-
er River stocks based on the lack of recoveries of juvenile 
Cultus Lake sockeye salmon in the SOG in the late June/
July trawl surveys conducted in 2006–2011, and the pres-
ence of these fi sh in surveys of Queen Charlotte Strait and 
off  the west coast of Haida Gwaii in June 1998–2011.  They 
associated this increased migration rate with the larger size 
of fi sh emigrating from Cultus Lake.  Beacham et al. (2014a) 
assumed a consistent ocean entry date for all Fraser River 
stocks, including the Cultus Lake fi sh of about 4 May, as 
there was limited knowledge on the timing of individual 
stocks through the lower Fraser River.  With the new infor-
mation from this study indicating that the migration of the 
Cultus Lake fi sh was earlier and not consistent with the other 
stocks, the diff erent ocean distribution may be related to the 
diff erences in ocean entry timing as well as size.  

In contrast to the Cultus Lake sockeye salmon, 50% the 
early Stuart run-timing group was captured at Mission after 
20 May, almost three weeks after the peak migration of all 
downstream migrating sockeye salmon.  Although these fi sh 
only represented 1.3% of the total run, the diff erence in run 
timing is likely accurate, as all fi sh captured in the survey 
were sampled and none was identifi ed from this run timing 
until the end of April.  This early Stuart run-timing group 
represented 7% of the fi sh captured in the Discovery Islands 
and the timing through this region was consistent with the 
other run-timing groups.  This suggests that the residence 
period in the SOG for stocks belonging to the early Stuart 
run-timing group may be shorter than the average of all 
stocks.  On average, this group of fi sh was resident in the 
SOG for four weeks in 2014.  This is the fi rst evidence of 
a variable and possibly shorter residence time for a specifi c 
run-timing group.  The early Stuart fi sh were some of the 
largest fi sh observed at Mission, however, they were some 
of the smallest observed in the Discovery Islands.  Although 
sample size was small, this reduced change in size between 
regions may be further indication of a shorter residence pe-
riod within the SOG.  It is interesting that in 2014 these fi sh 
left the river later than the other run-timing groups, appar-
ently spent slightly less time in the SOG and will be ex-
pected to be the fi rst to return to the river in 2016.  These 
stock-specifi c variations in timing may help increase our 
understanding of variations in survival between stocks.  It 
is recognized that these interpretations for the Cultus Lake 
and mixed stock early Stuart sockeye salmon are based on 
a small sample size and from a low cycle year.  Further val-
idation through subsequent years of the study is required to 
determine the consistency of these observations.

Size and Growth

There was a signifi cant increase in the size of juvenile 
Fraser sockeye salmon between Mission and the Discovery 

Islands.  This indicates that not only are the sockeye salm-
on resident in the SOG for up to two months, but that this 
region is where signifi cant early marine feeding and growth 
occur.  At present we cannot separate the increase in size 
that is related to growth and the portion that is related to 
size-selective mortality.  However, when the average size of 
fi sh was examined by distance from the river, it was apparent 
that all the primary stocks captured showed a similar trend 
and that the fi sh increased in size with distance from river.  
Additional work being undertaken as part of this multi-year 
study will examine otolith microstructure to separate out 
size-related mortality from growth both at a population and 
at a stock level.  

CONCLUSIONS  

In 2014, juvenile Fraser River sockeye salmon were res-
ident in the SOG for an average of 7–8 weeks.  In addition, 
the residence time of juvenile sockeye salmon in the Discov-
ery Islands was short, with over 80% of the fi sh migrating 
through this region over a two-week period.  Similarly, the 
majority of the sockeye salmon smolts left the Fraser River 
over a two-week period.  In this context, the SOG may act 
much as the juvenile sockeye salmon’s rearing lakes, provid-
ing abundant food availability in relatively protected habi-
tat where their size increases signifi cantly (Foerster 1968; 
Groot et al. 1995).  The Discovery Islands and Johnstone 
Strait would be analogous to the downriver migration of the 
juvenile sockeye salmon where there is a rapid movement in 
concentrated numbers over a relatively short period of time 
in high fl owing waters and reduced feeding.  

However, within this very distinct pattern of migration, 
stock-specifi c diff erences in ocean entry timing and resi-
dence periods with the Strait of Georgia were apparent.  The 
preliminary results from this single year of study also sug-
gest that diff erences in residence period in the SOG and mi-
gration timing through the Discovery Islands may exist be-
tween individual stocks, although a conclusive assessment 
of these diff erences is not possible at this time due to the 
small sample size in the Discovery Islands in 2014.  Further 
exploration of these diff erences in subsequent years may im-
prove our understanding of the linkages between migration 
behaviour in terms of residence time and migration timing 
to the overall marine survival of the various stocks of Fraser 
River sockeye salmon.
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