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Abstract/Executive Summary 
 
Since 1995, Late-run Fraser River Sockeye have begun their annual upriver 
migration much earlier than in previous years. Concomitant with this change in 
migration timing has been a dramatic increase in pre-spawn mortality. In order to 
better understand and aid management of the associated fisheries, we sought to 
establish possible linkages between this early river entry phenomenon, 
anomalous water property conditions in the Strait of Georgia system, and 
changes in the physiology of the migrating salmon. We were able to establish 
and refine empirical links between anomalous migration timing, variability in the 
Georgia Basin brackish layer as characterized by proxy measures, and fish 
energy levels and osmoregulatory status. Continued research is needed to 
confirm and refine these biophysical relationships and to provide reliable in-
season fisheries management options. 



1. Introduction 
 
A significant fraction of returning Late-run Fraser River Sockeye salmon stocks 
(including Adams River stocks) have been migrating up the Fraser River between 
four and six weeks ahead of their historical schedules. Prior to 1995, the salmon 
would migrate down the coast of British Columbia and hold in the southern Strait 
of Georgia for several weeks before heading up the river in late September 
(Figure 1.1). The change to earlier up-river migration that began in 1995 has 
coincided with enhanced enroute mortality and premature mortality on the 
spawning grounds (Figure 1.2). Up to 95 percent of the total late-run can die 
before spawning during abnormal years compared with 10% for those fish 
migrating at during normal years. High mortality has a major impact on the 
management and conservation of the fishery. Some small stocks, such as the 
endangered Cultus Lake sockeye, have been pushed to the point of collapse. 
 
A number of possible causes for early migration/high mortality have been 
considered, among them are changes in marine environmental conditions, in 
ecosystem balances, physiology (including energetics and osmogregulatory 
dysfunction), diseases and parasites, water contaminants, and predators. Initial 
biological and physiological results have been reported by Beamish et al. (2003) 
and Cooke et al. (2004). 
 
The purpose of this project was to examine possible linkages between observed 
changes in the marine waters of the Strait of Georgia system with changes in the 
physiology of the migrating salmon. Establishment of a cause-and-effect 
relationship will aid in-season management and conservation measures for both 
the late-run and summer-run stocks. Statistical relationships between 
oceanographic conditions and the physiological state of the fish for the 2004 
season are primarily for Summer-runs since there were very few Late-runs 
returning to spawn in 2004. However, since the Summer- and Late-runs migrate 
at nearly the same time of year and the physiological triggers for initiating 
freshwater entry are likely the same for both, results should be directly 
transferable to the Late-runs. This work could also lead to some refined 
hypotheses that hopefully can be tested in 2006 when there will be considerably 
more late-run fish. Possible river entry predictive capability will help mitigate 
conflicts and the economic consequences of over- or under-fishing. 
 
This project is part of a multi-year research program – now destined to end in 
June 2005 – that was initiated by the Pacific Salmon Commission in an effort to 
understand the factor (or factors) affecting the early up-river migration of 
returning Late-run Fraser River sockeye salmon. Contributors to this project 
include staff and researchers at the Commission (specifically, Mike Lapointe and 
Jim Cave) and Drs. Cass, Beamish, Sweeting, Jones and Neville of the Pacific 
Biological Station, Drs. Hinch, Cooke, and Farrell of the University of B.C., and 
Mr. Patterson of Simon Fraser University. 
 



Figure 1.1. Map of the area depicting pre-1995 Late-run sockeye migration 
timing. 
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Figure 1.2. Adams River and Weaver Creek late-run sockeye marine (Juan de 
Fuca Strait) and upriver (Mission) migration timing and pre-spawn mortality, 
1976-2004. 
 

 
 
 
 
2. Methods 
 
Research conducted at the Institute of Ocean Sciences through special funding 
from the Pacific Salmon Commission reveals a significant correlation between 
lower than normal salinity observed in the upper layer of the southern Strait of 
Georgia during summer and the post-1995 early-entry of late-run sockeye 
salmon into the lower Fraser River. We call this relationship the Brackish Layer 
Model, and combined with the recent finding by researchers at the University of 
British Columbia of a premature activation of the kidneys and osmoregulatory 



systems of the early migrants, suggest that the early migrating fish may be more 
subject to infection through the parasite Parvicapsula that they pick up in the 
lower river.  
 
Using a combination of fish physiological assessments, troll test fishery data, and 
environmental time series records for coastal British Columbia, scientists at the 
Institute of Ocean Sciences, University of British Columbia, Simon Fraser 
University and the Pacific Salmon Commission focused on the suggested 
relationship between anomalous oceanic conditions and changes in the kidney-
osmoregulatory behaviour of the returning fish. Funds were used to: (1) Link 
sockeye distribution and timing behaviour with summer oceanic conditions in the 
Strait of Georgia, Juan de Fuca Strait and Johnstone Strait; (2) examine the 
hypothesis that unusual and accelerated physiological changes (i.e. their 
preparedness for surviving in freshwater) are linked with the encounter of low 
salinity coastal water, providing the mechanistic link between oceanic conditions 
and the rapid early-entry response of returning late-run sockeye; and (3) 
correlate fish distribution data and water property structure observed during the 
2003 and 2004 PSC Troll Test Fisheries with long-term oceanographic time 
series data collected by the Canadian and United States military at the Nanoose 
torpedo test range. While the focus of the fish assessments in 2004 has been on 
summer-run stocks because of low relative abundance of late-runs, these 
assessments are of direct relevance to the late-run early-entry issue. 
Furthermore, data was collected on Late-run sockeye during a similar program 
conducted in 2003. This research attempts to define the fundamental 
relationships between oceanographic and fish physiological conditions necessary 
to demonstrate that sockeye kidney-osmoregulatory status is affected by salinity 
and temperature patterns well away from the Fraser River mouth.  In-kind 
support provided by the various investigators included NSERC-funded personnel 
at the University of B.C. and Simon Fraser University, the loan of a $15,000 self-
contained CTD-Oxygen probe by the Institute of Ocean Sciences (IOS), plus 
research and technical support from Thomson’s research group at IOS.  
 
3. Results 
 
This section outlines how the key elements of the original proposal were 
addressed – namely project objectives, deliverables, schedule, QA/QC, 
monitoring and evaluation, benefits, and budget. Detailed study results are 
described in following sections. 
 
Project Objectives 
 
The project objectives stated in the proposal were achieved, and are as follows: 
 

1. Establish empirical links between anomalous water property conditions in 
the Strait of Georgia and the early entry of late-run Fraser River sockeye 
that began in 1995. 



 
We were able to establish and refine empirical links between anomalous 
water property conditions in the Strait of Georgia and the early entry of 
late-run Fraser River sockeye that began in 1995. These are described in 
detail in following sections. To date, the Brackish Layer Model provides a 
viable hypothesis for the observed fish behaviour. 

 
2. Determine whether changes in osmoregulatory fish behaviour provide the 

mechanistic link between anomalous oceanic conditions and early-river 
entry. 

 
Results presented at the Fraser River Panel Meeting in January 2005 
indicate that late-run sockeye that enter the river early have less energy 
than those that hold in the strait and are more reproductively advanced. 
Moreover, early entrants and in-river mortalities have more variable 
osmoregulatory status (Na/K Gill ATPase). Although not definitive, these 
results are consistent with the Brackish Layer Model which predicts that 
lower than normal enroute salinities are responsible for accelerating the 
onset of fish physiological adaptation from salt to fresh water. Our 
empirical model continues to provide a viable scientific explanation for the 
changed behaviour of Late-run stocks. 
 

3. Extend biophysical time series by correlating fish-water property 
relationships determined for the 2003 and 2004 PSC test fisheries in the 
southern Strait of Georgia with the 30-year record of oceanic time series 
data routinely collected at the Nanoose Test Range facility in the central 
Strait of Georgia. 

 
We were able to show that a significant amount of variance in migration 
timing can be explained by interannual variability in the Strait of Georgia 
mixed layer depth computed from temperature and salinity profiles at 
Nanoose. 
 

4. Provide written report and/or formal talk on results. 
 

We made presentations to the Pacific Salmon Commission in June, 2004, 
and January, 2005, and are submitting this report to the Commission. 

 
Project Schedule 
 
The project did run according to the proposed schedule (below). Migration timing 
predictions were made, but due to exceedingly low returns for both Weaver 
Creek and Cultus Lake late-run sockeye, migration timing and therefore 
prediction errors are not yet known. 
 



1. June 1: Begin assembling and updating lightstation and Nanoose Bay 
Test-range time series in preparation for comparison of the “Brackish 
Layer Model” with the arrival of Late-run salmon; begin preparation of talk 
for commission meeting in June; 

2. June 15: Attend and present talk at the June Fraser River Late-run 
meeting at the Pacific Salmon Commission in Vancouver; 

3. June 21: Prepare the Brancker CTD-Oxygen probe for deployment during 
the PSC Test Fishery in Juan de Fuca Strait and Johnstone Strait;  

4. July and August: Refine and compare in-season model results with arrival 
of Late-run fish at Mission; make predictions of the peak and 50% arrival 
times for Mission based on the July and August observations;  

5. July - October: Collect and process CTD-oxygen profiles collected during 
the test fishery; 

6. October – January: Write report/paper/presentation summarizing results. 
 
QA/QC 
 
Progress towards completion was assessed by adherence to the project 
schedule and achievement of project objectives. 
 
Monitoring and Evaluation 
 
We were hoping to test our findings by our ability to accurately predict the arrival 
times at Mission of the Late-run Fraser River sockeye stocks based on our 
marine data model and our ability to link these results with the fish physiology 
data collected during the in-migration and up-river migration. This effort was 
compromised by the very low return migration counts in 2004. However, based 
on the results from previous and future seasons we still plan to publish the 
findings in a primary fishery research journal. A manuscript is currently being 
drafted. We plan to use the same criteria to monitor the project’s long-term 
success and will be applying for funding for ongoing monitoring, model 
refinement, and prediction. Ongoing monitoring and research will depend on the 
availability of research funding after June 2005. Support for continued effort 
toward refinement of our research will allow testing our hypotheses during the 
2006 season when the number of returning Late-run sockeye will be large. 
 
Benefits 
 
Conservation benefits: 
 
Improved understanding of the mechanistic link between ocean conditions and 
the physiological triggers that cause salmon to leave the ocean for freshwater will 
better enable us to predict how and when late-run sockeye will undertake early 
upriver migration. Extremely low returns of late-run sockeye in 2004 made it 
impossible to predict migration timing. However during larger run years, as is 
expected for 2006, we intend to provide managers with in-season management 



direction from our results. This could help managers minimize allocation conflicts 
and to ensure more sustainable and economically viable harvest of Late-run 
sockeye salmon and co-migrating stocks.  Better-informed management will also 
result in more effective conservation strategies, including benefiting smaller and 
imperilled stocks such as the Cultus Lake stock. 
 
Community Benefits: 
 
This project will help to better manage the Late-run Fraser River sockeye runs, 
as well as the summer sockeye runs whose migration timing overlaps with the 
Late-runs. Continued sustainability of these runs, while maximizing catch, will 
benefit the fishing fleet home port communities as well as those communities that 
benefit from sockeye-related tourism. Examples of the latter include communities 
that are home to sport fishing operators and communities near Roderick Haig-
Brown Park which support the fall “Salute to the Sockeye Festival”. 
 
Public Awareness: 
 
We delivered presentations and this report to the PSC Fraser Panel and DFO 
Late-run sockeye working groups.  Also, each year, S.G. Hinch's NSERC team 
holds a meeting for stakeholders and partners where we share our research 
findings with First Nations groups, the Pacific Resource Conservation Council, 
commercial fishing organizations, and other interested parties.  Accompanying 
the reporting is a series of press releases from the University of British Columbia 
Public Affairs Bureau intended to generate media interest. 
 
Budget 
 
The project was completed on budget. See Appendix for budget details. 
 
 
3.1 Test fishery results 
 
During the 2003 and 2004 Gulf Troll test fisheries off the mouth of the Fraser 
River, high-resolution depth profile measurements of temperature, salinity, and 
dissolved oxygen were obtained using a Brancker RBR XR- 420 CTD-DO probe 
deployed for 11 during Aug. 17 – Sep. 9, 2003, and 7 days during Aug. 12 – Sep. 
2, 2004. Figure 3.1 shows maps of the cruise tracks. These data were combined 
with information from the ship-board GPS positioning system, on-board fish 
capture data (time, depth, and salmon species), and migration timing up-river at 
Mission to provide an invaluable data set to define fish-water property-migration 
timing relationships. 
 
The CTD-DO probe was fastened to the bow line of the trollers Sans Peur in 
2003 and Killin Time 1 in 2004, both captained by Brian van Dorp. Most of the 
time, the CTD-DO probe was at a depth of about 45 m and was towed as the 



troller fished. The means and standard deviations of temperature, salinity, and 
dissolved oxygen at this depth were relatively invariant between years (Table 
3.1) and reflect the deeper water in the Strait of Georgia that is relatively 
unchanged throughout the year. In 2003, 191 vertical profiles of temperature, 
salinity, and dissolved oxygen were obtained from the surface to about 45 m as 
the bow line and CTD-DO probe was lowered and raised. This largely reflects the 
number of fish caught: 140 sockeye and 772 pink. In 2004, only three fish were 
caught (all sockeye), the bow line was not raised and lowered as often, and only 
66 vertical profiles were obtained. Figure 3.2 shows examples of one day of test 
fishing data in 2003 and 2004. Vertical lines in the CTD-DO data indicate times 
when the line with the probe attached was raised and lowered and observed 
values were off the scales of the plot. 
 
The distribution of fish species by depth that were caught during the 2003 and 
2004 test fisheries are shown in Table 3.2. In 2003, salmon were caught from the 
surface to 60 m, and sockeye were caught most often between 35-40 m while for 
pink the preferred range was 10-15 m. 
 
 
 
Table 3.1a. Mean and standard deviation of CTD-DO parameters below 40 m 
during the 2003 11-day Gulf Troll test fishery, August 17 – September 9. Number 
of observations is 233,535. 
 
 Longitude 

(° West) 
Latitude 
(° North) 

Depth 
(m) 

Temperature 
(° C) 

Salinity 
(psu) 

Dissolved 
Oxygen 
(mg L-1) 

Mean 123.32 49.12 46.49 10.31 30.72 4.20 
Standard 
Deviation 

0.03 0.10 1.30 0.52 0.22 1.17 

 
 
 
Table 3.1b. Mean and standard deviation of CTD-DO parameters below 40 m 
during the 2004 seven-day Gulf Troll test fishery, August 12 – September 2. 
Number of observations is 157,359. 
 
 Longitude 

(° West) 
Latitude 
(° North) 

Depth 
(m) 

Temperature 
(° C) 

Salinity 
(psu) 

Dissolved 
Oxygen 
(mg L-1) 

Mean 123.31 49.10 44.04 10.47 30.96 3.49 
Standard 
Deviation 

0.04 0.11 0.95 0.39 0.20 1.44 

 
 
 



Table 3.2a. Fish caught by depth during the 2003 test fishery. 
 
2003 Sockeye Pink Spring Coho Dogfish
>0 to 5 2 70 0 0 1 
>5 to 10 2 112 0 0 0 
>10 to 15 7 138 0 0 0 
>15 to 20 10 108 0 0 0 
>20 to 25 5 70 1 0 0 
>25 to 30 20 70 0 1 0 
>30 to 35 14 64 1 1 0 
>35 to 40 21 49 0 0 0 
>40 to 45 19 45 0 0 0 
>45 to 50 20 33 1 0 1 
>50 to 55 9 11 0 0 0 
>55 to 60 11 2 5 0 1 
Total 140 772 8 2 3 
 
 
 
Table 3.2b. Fish caught by depth during the 2004 test fishery. 
 
2004 Sockeye Pink Spring Coho Dogfish
>0 to 5 1 0 0 0 0 
>5 to 10 0 0 0 0 0 
>10 to 15 0 0 0 0 0 
>15 to 20 1 0 0 0 0 
>20 to 25 0 0 0 0 0 
>25 to 30 0 0 0 0 0 
>30 to 35 0 0 0 0 0 
>35 to 40 1 0 0 0 0 
>40 to 45 0 0 0 0 0 
>45 to 50 0 0 0 0 0 
>50 to 55 0 0 0 0 0 
>55 to 60 0 0 0 0 0 
Total 3 0 0 0 0 
 
 
 
Individual vertical profiles of temperature, salinity, and dissolved oxygen during 
the 2003 and 2004 Gulf Troll test fisheries show high variability in stratification 
within both years, e.g., see Figure 3.3. However, their mean profiles are typical 
for the southern Strait of Georgia in summer (Figure 3.4). Mean temperatures 
are high at the surface due to summertime surface insolation and exhibit values 
in the 15-20 °C range. The effects of surface heating penetrate to a depth of 30-
40 m, below which temperatures are 9-11 °C and do not change much year-



round. There was little difference in the mean and variability of temperature with 
depth between 2003 and 2004. 
 
Mean salinity at the surface was observed to be in the 15-25 psu range with 
some surface values less than five psu. Salinity increases sharply with depth in 
the upper 5 m, and then more gradually through to 25-30 m depth where deep 
water values of 30-31 psu are reached. Variability in near-surface salinity is 
driven by freshwater runoff, and by August-September, the Fraser River flow has 
dropped to 3000 m3 s-1 from a typical summertime peak of 7000 m3 s-1 in June, 
but is still higher than the wintertime minimum of 1000 m3 s-1. Since freshwater 
runoff is not immediately well-mixed into surrounding salt water, variability in 
observed surface salinity is also influenced by immediate proximity to the Fraser 
River plume. As for temperature, there was little difference in the mean and 
variability of salinity with depth between 2003 and 2004. 
 
The mean dissolved oxygen profiles show a peak of 8-9 mg L-1 at about 2 m, 
decreasing to 4 mg L-1 at 40 m. There is little difference between the mean 
dissolved oxygen profile in 2003 and 2004, but 2004 was much more variable 
than 2003. 
 
By comparing the CTD-DO and fish catch data, we were able to determine the 
preferred ranges of depth, temperature, salinity, and dissolved oxygen of 
sockeye and pink salmon caught during the test fisheries. This was achieved by 
arbitrarily setting the maximum allowable depth and time differences between the 
CTD-DO and fish catch data, and then cross-matching the data sets and 
selecting observations that fell within these error limits. The maximum depth and 
time difference limits between the CTD-DO and fish catch data were set at 1 m 
and 10 minutes, respectively, and this allowed specification of water properties 
for 101 of 140 sockeye (73%) and 387 of 772 pink (50%), both in 2003, and 2 of 
3 sockeye in 2004 (67%). In 2003, most of the sockeye were found within the 
depth, temperature, salinity, and dissolved oxygen ranges of 20-50 m, 10-11 °C, 
30-31 psu, and 4-5 mg L-1 (Figure 3.5a). Pinks were found through a wider 
distribution of water properties than sockeye, but perhaps just because more of 
them were caught. Pinks were centered on the depth, temperature, salinity, and 
dissolved oxygen ranges of 10-50 m, 10-12 °C, 30-31 psu, and 4-5 mg L-1 
(Figure 3.5b). In 2004, the two sockeye were found within the 2003 preferred 
depth, temperature, and salinity ranges, but not that of dissolved oxygen. 
Dissolved oxygen showed much greater variability in 2004 compared to 2003. 
 
Lastly we compared Gulf Troll test fishery water property data with upriver 
migration timing to determine if Strait of Georgia water properties were related to 
the daily sockeye counts at Mission. We examined the 2003 Adams River and 
2004 Weaver Creek sockeye counts at Mission over the time period when 
vertical profiles of temperature, salinity, and dissolved oxygen were available. 
Profiles were divided into two groups based on when the sockeye count at 



Mission was relatively high and when it was low, and compared the two groups 
for differences. 
 
For temperature, higher fish counts in 2003 were associated with higher 
temperatures in the upper 5 m, while lower fish counts were coincident with lower 
temperatures (Figure 3.6a). In 2004 this relation was not apparent (Figure 3.6b). 
In both 2003 and 2004 higher near-surface salinities were associated with low 
fish counts, while lower salinities occurred when fish counts were higher (Figure 
3.6c, d). There appeared to be no relation between fish counts and dissolved 
oxygen in 2003, but in 2004 it appeared that low fish counts were associated with 
high oxygen, and high fish counts with low oxygen (Figure 3.6e, f).  
 
In summary, the salinity relationship appears the most robust, and is consistent 
with our biophysical model. However, two years of results are insufficient to 
arrive at any firm conclusions, highlighting the need to continue the time series 
by deploying the CTD-DO probe on future Gulf Troll test fishery vessels. 
 
 
 
Figure 3.1a. 2003 Strait of Georgia Gulf Troll test fishing cruise tracks. 
 

 
 
 
 
 



Figure 3.1b. 2004 Strait of Georgia Gulf Troll test fishing cruise tracks. 
 

 
 
 
 



Figure 3.2a. Daily test fishing summary for September 3, 2003. 
 

 
 
 



Figure 3.2b. Daily test fishing summary for August 12, 2004. 
 

 
 
 
 



Figure 3.3a. Sample profile on September 3, 2003. 
 

 
 
 
 



Figure 3.ba. Sample profile on September 3, 2003. 
 

 
 
 
 



Figure 3.4. Variability of vertical profiles of temperature, salinity, and dissolved 
oxygen during the 2003 and 2004 Gulf Troll test fisheries. 
 

 

 

 
 



Figure 3.5a. Water properties associated with 101 of 140 sockeye salmon 
caught during the Strait of Georgia Gulf Troll test fishery in 2003. Most sockeye 
were found within the depth, temperature, salinity, and dissolved oxygen ranges 
of 20-50 m, 10-11 °C, 30-31 psu, and 4-5 mg L-1, shown by the blue boxes. 
 

 
 
 
 



Figure 3.5b. Water properties associated with 387 of 772 pink salmon caught 
during the Strait of Georgia Gulf Troll test fishery in 2003. Half of the pinks were 
found within the depth, temperature, salinity, and dissolved oxygen ranges of 10-
50 m, 10-12 °C, 30-31 psu, and 4-5 mg L-1, shown by the blue boxes. 
 

 
 
 
 



Figure 3.5c. Water properties associated with 2 of 2 sockeye salmon caught 
during the Strait of Georgia Gulf Troll test fishery in 2004. These sockeye fall 
within the 2003 preferred depth, temperature, and salinity ranges, but not that of 
dissolved oxygen, all shown by the blue boxes. 
 

 
 
 
 



Figure 3.6a. 2003 sockeye count at Mission (left) and vertical profiles of 
temperature (right). Periods of low and high sockeye counts are delineated by 
thick black vertical lines, and the corresponding qualitative temperature over the 
periods are noted. Profiles are colour coded to match the low and high sockeye 
count periods. 
 

 
 
 
 
Figure 3.6b. As for Figure 3.6a but for 2004 temperature. Light blue shading on 
Mission sockeye count at left indicate test fishing days over which profiles to right 
were obtained. 
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Figure 3.6c. As for Figure 3.6a but for 2003 salinity. 
 

 
 
 
 
Figure 3.6d. As for Figure 3.6b but for 2004 salinity. 
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Figure 3.6e. As for Figure 3.6a but for 2003 dissolved oxygen. 
 

 
 
 
 
Figure 3.6f. As for Figure 3.6b but for 2004 dissolved oxygen. 
 

 
 
 
 
3.2 Biophysical model results 
 
The biophysical Brackish Layer Model considers the near-surface brackish layer 
in the Georgia Basin – the region covering the inside passage from the entrance 
to Johnstone Strait to the entrance of Juan de Fuca Strait – to be an extension of 
the Fraser River estuarine outflow. Returning stocks begin their Marine-
Freshwater (MF) adaptation upon entering the Georgia Basin, with physical 
factors triggering changes in fish maturation, osmoregulatory response, 
physiology, and/or parasite development. Late-run Fraser River sockeye are 
more likely to proceed up-river (accelerate their MF adaptation) during late 
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summers which have high freshwater retention and weak vertical mixing in the 
upper layer; summers with more pronounced vertical mixing and brackish water 
export within the Georgia Basin are more conducive to “holding” in the Strait of 
Georgia. 
 
Since there are no long-term direct measurements of surface mixing and the 
strength and extent of the near-surface brackish layer in the Georgia Basin, we 
have characterized it using proxy variables for which lengthy time series are 
available. These include sea-surface temperature (SST) and salinity (SSS) 
variance, mean salinity (S), mixed layer depth (MLD), mean wind velocity, and 
time rate of change of water level. Interpretation of these observations is as 
follows: 
 

Timing
Migration Early

  
layer a as retained  waterFresh 

Mixing Reduced 

MLDShallow 
Velocity Wind Increased

SSS MeanLow 
Variance SSS & SST High

→→

⎪
⎪
⎭

⎪⎪
⎬

⎫

 

 

Timing
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retention  waterfreshLow  
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MLD Deep
Velocity Wind Reduced

SSS Mean High
Variance SSS & SSTLow 

→→

⎪
⎪
⎭

⎪⎪
⎬

⎫

 

 
Figure 3.7 shows the locations where these variables are measured. Sea-
surface temperature observations are available from coastal lighthouse stations, 
meteorological buoys, and the Department of National Defence Nanoose Station. 
Temperatures at depth are also available at Nanoose. Sea-surface salinities are 
available from lighthouse stations and at the surface and at depth from Nanoose. 
From the vertical profiles of temperature and salinity, mixed layer depths have 
been computed for Nanoose (Figure 3.8). Wind velocities are available from 
meteorological buoys and land-based stations. Water levels are measured at 
several locations throughout Georgia Basin. 
 
A few examples of how these proxy variables are specifically related to the 
migration timing of Adams River sockeye are shown in Figures 3.9 - 3.12. 
(Results are similar but less robust for Weaver Creek and Cultus Lake sockeye.) 
The first of these shows that Race Rocks SST variance over August-September, 
1990-2003, and the 50% date of migration timing are inversely correlated with an 
r 2 = 0.72, p = 0.01, or significant at the 99% level (Figure 3.9). In other words, 
the higher the SST variance, by inference the weaker the mixing of different 
waters of different temperature (river, oceanic, deep, shallow), and the earlier the 
migration date. Figure 3.10 shows migration timing was later with increasing 
mean August salinity. Some variables may be linearly combined to derive 
significant relations. Figure 3.11 shows how migration timing was later with 
decreased SST variance at Race Rocks and increased longshore wind stress at 



Sandheads off the mouth of the Fraser River. And migration timing was later 
before 1995 when the Strait of Georgia MLD as measured at Nanoose was 
deeper. After 1995, the MLD was shallower, presumably due to weaker mixing, 
and migration timing was earlier (Figure 3.12). 
 
 
Figure 3.7. Station locations. 

 
 
Figure 3.8. Temperature and salinity profiles observed at Nanoose station, 
August-September, 1969-2003. 



Figure 3.9. Relation between migration timing (peak date) of Adams River 
sockeye and Race Rocks August SST variance, 1990-2003. 
 

 
 
 
 



Figure 3.10. Relation between migration timing (peak date) of Adams River 
sockeye and Race Rocks mean August SSS, 1978-2003. 
 

 
 
 



Figure 3.11. Relation between migration timing (peak date) of Adams River 
sockeye and linear combination of Race Rocks August SST variance and 
Sandheads mean August-September longshore wind velocity, 1990-2003. 
 

 
 
 
 
Figure 3.12. Relation between migration timing (50% date) of Adams River 
sockeye and Nanoose mean July-August MLD, 1986-2003. 
 

 



3.2.1 Biophysical model lagged results 
 
Contrary to the postulated relation between the variability in the Georgia Basin 
brackish layer as encountered by in-migrating adult sockeye and the timing of 
their subsequent upriver migration, it also has been suggested that oceanic 
conditions encountered by out-migrating juvenile sockeye are crucial for 
determining the survival, size, behaviour, and abundance of the returning adults 
two years later (Beamish et al, 2003). Among these characteristics migration 
timing may also be affected. 
 
We examined this possibility by considering relations between Georgia Basin 
water properties in the spring encountered by out-migrating juveniles, and 
subsequent upriver migration timing of adults two years later. Some of these 
results are shown in Figures 3.13 – 3.16. Mean salinity at Pine Island in the 
spring is inversely related to the date of peak upriver migration timing of Adams 
River sockeye two years previously (Figure 3.13). There is not necessarily a 
direct effect of mean springtime salinity around Northern Vancouver Island on 
outbound migrating juvenile salmon, but at that time and place mean SSS 
probably serves more as an index of the ocean climate the juvenile salmon are 
entering, and thus may reflect their growth and behaviour later in life. 
 
Figures 3.14 – 3.16 show similar results between Adams River and Weaver 
Creek sockeye migration timing and water level cube-root-mean-cubed (CRMC) 
at Victoria and Neah Bay. CRMC reflects the magnitude of the time rate-of-
change of water level at frequencies lower than that of the tides. These figures 
show a consistent bifurcation between years before 1995 which experienced 
normal migration timing (and higher CRMC values) and those years after 1995 
with early migration timing (and lower CRMC values). Again, the outmigrating 
juveniles may not react directly to variability in water level CMRC, but rather to 
some aspect of the ocean climate reflected by the CMRC and circulation in Juan 
de Fuca Strait. 
 
 
 



Figure 3.13. Relation between migration timing (peak date) of Adams River 
sockeye, 1990-2003, and Pine Island mean March-April SSS two years 
previously. 
 

 
 
 
 



Figure 3.14. Relation between migration timing (peak date) of Adams River 
sockeye, 1990-2003, and Victoria mean March-April cube-root mean cubed 

(CRMC) of daily mean filtered water level ( 3
3η ) two years previously. Water 

level was filtered with Kaiser Bessel window with 30 hour cut-off, and then 
decimated by 24. 
 

 
 
 
 



Figure 3.15. As for Figure 3.14 but for Neah Bay CRMC. 
 

 
 
 
 
Figure 3.16. As for Figure 3.14 but for Weaver Creek 50% migration timing and 
Neah Bay CRMC. 
 

 



 
 
3.3 Migration timing predictions 
 
In the case of the biophysical model, significant relations were found for the 
ocean properties leading the migration timing by a month or more in the fall 
during upriver migration. The timely availability of some of these data that offer 
the possibility of predicting up-river migration timing, and results of these 
analyses are presented below. The 2-year lagged relations derived for the spring 
and out-migrating juveniles in the previous section also offer the possibility of 
migration timing prediction, but these relations were not explored at this time. 
 
For Adams River sockeye, the most robust of these relations is between peak 
migration timing and August SST variance at Race Rocks (Figure 3.9). 
Predictions were two days early and four days late in 2002 and 2003, 
respectively (Table 3.3). 
 
Predictions for Weaver Creek and Cultus Lake sockeye were only initiated during 
the 2004 season, but due to exceedingly low run sizes that year, migration timing 
and therefore prediction errors are not yet known. A prediction of Oct. 21 for 
Cultus Lake sockeye peak migration timing based on Pine Island temperature 
variance is shown in Figure 3.17. 
 
 
Table 3.3. Predicted and observed dates of peak migration timing of Adams 
River sockeye at Mission, 2002-2003. 
 
 Predicted Observed 
2003 Sept. 11 Sept. 13 
2002 Sept. 21 Sept. 17 
 
 
 



Figure 3.17. Relation between migration timing (peak date) of Cultus Lake 
sockeye and Pine Island August SST variance, 1990-2003. 
 

 
 
4. Discussion 
(see text and results presented above) 
 
5. Conclusion/Recommendations 
 
This research establishes significant correlations between lower than normal 
salinity and mixed layer depth in the upper layer of the southern Strait of Georgia 
during summer and the post-1995 early-entry of late-run sockeye salmon into the 
lower Fraser River. The results of this Brackish Layer Model, combined with the 
recent finding by fisheries biologists at the University of British Columbia, suggest 
that the lower than normal summer salinities in the Strait of Georgia system since 
1995  have lead to enhanced premature activation of the kidneys, 
osmoregulatory, and reproductive systems of the early migrants. This, in turn, 
indicates that the early migrating fish may be more subject to infection and early 
mortality through the parasite Parvicapsula that they pick up in the lower river.  
 
Recommendations: 
 
As members of the Pacific Salmon Commission appreciate, there is no funding 
within the Pacific Region of the Department of Fisheries and Oceans for 
observational-based research on Late-run Fraser River sockeye. Moreover, there 



are no funds for preparation and publication of manuscripts detailing the findings 
of previously funded development of the empirical Brackish Layer Model. Our 
only source of funding is the PSC Southern Fund. Our proposal for 2005/06 was 
not supported during the latest round of submissions. Therefore, if the Pacific 
Salmon Commission wishes to see this collaborative fishery-oceanography 
research program continue in preparation for the major return year of 2006, then 
support must be found somewhere in the system.   
  
1. Funding is needed to continue adding to the fish-oceanographic time series 
through deployment of the CTD-DO probe during the 2005 and 2006 test 
fisheries. This will strengthen the relationships derived during 2003 and 2004 
between water properties and salmon location in the water column in the Strait of 
Georgia and subsequent migration timing. 
 
2. Provide funding to continue refinement of the water property-migration timing 
relations for Adams River and Weaver Creek sockeye, particularly to test 
migration timing predictions for large Adams run year in 2006. 
 
3. Provide funding for predictions of early entry arrivals at Mission in 2006 based 
on test fishery data and water properties being measured at Lightstations in the 
Strait of Georgia. 
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