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 Summary
Project Deliverables - were the stated Objectives met? 

The overall objectives of this study were met.  The following written report is structured 

into 4 sections based on the 4 objectives.  A more detailed assessment on how each 

objective was met is provided in the discussion portion of each section. 

 

Project Schedule - did the project run according to schedule?  

The majority of the project ran according to schedule.  However, some adjustments were 

made based on the fact that final budget approval was not given until mid-July.  This did 

delay some of the data logger deployment.  The main difference was that the 

development of the long range forecast methods (Objective #2) was postponed from pre-

season 2004 to pre-season 2005.  This did cause a delay in the final reporting of the 

project and necessitated a one-month extension to the project deadline.  

 

QA/QC - how was progress towards completion measured?  

Set timelines provided by fisheries managers for the development of the long range 

forecasts provided target dates to complete a given forecast method.  The biological 

sampling followed sequence of fish migration and spawning.  Set sample sizes and 

targets were made before sampling and these targets were achieved.  All lab analyses 

were completed using accepted methods and following clear QA/QC guidelines for each 

method. 

 

Monitoring and evaluation - is this being done?  

The long range forecasts developed and presented as well as improvements to the short 

range forecasts are continually being monitored to determine how accurate each forecast 

was.  Information within this report has already been presented and evaluated by the 

Williams Post Season review, PFRCC, Fraser Panel, and Fraser Panel technical 

committee. The results from temperature and biological assessments will be written and 

published in either technical reports or primary publications. The peer review process 

will evaluate the methods and interpretation of the results. 
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Benefits - what tangible benefits have resulted from the project?  

Objective 1: Improve forecasts: 

The improved temperature coverage and improved understanding of the thermal stability 

of different Fraser lakes has lead to an improvement in the confidence for 10-day 

environmental forecasts.  The additional coverage of temperature loggers has provided a 

better understanding of the overall thermal regime in the Fraser watershed. 

  

Objective 2: Long Range Forecasts: 

A series of six long range forecasts were developed in time for the 2005 pre-season 

Fraser Sockeye management process. These forecasts were presented to the Fraser Panel 

and were used by the Fraser Panel Technical Committee in pre-season planning for 

calculating the Management Adjustment for Early Stuart, Early Summer and Summer run 

stocks. 

 

Objective 3: Prediction model for Pre-spawn Mortality: 

A 3-step method was developed to evaluate not only the limited variables selected in this 

analysis but also for evaluating future variables. For Early Stuart and Summer run 

populations, PSM prediction models based on environmental variables were developed 

for fisheries managers to be used in season for forecast purposes.   

 

Objective 4: Biological Assessments of Successful and Unsuccessful Migrants: 

The development of baseline values for both successful and unsuccessful migrants will 

allow for rapid in-season assessments of migrating salmon to determine their 

physiological status and the likelihood of successful migration and reproduction. This 

expertise will be part of the in-season science advice given to fisheries managers.  
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Budget - was the project completed within budget? 

The program was completed within the ascribed budget.  The major predicted budget 

expenditures (from original submission budget) and actual expenditures are as follows: 

 [Predicted values in Brackets Actual Costs bolded]    

- Field Research Technician EG-03 (30K) – 33K  

 - Data and lab technician EG-01 (18K) – 16K  

 - Travel (12K) – 11K 

 - Equipment and Materials (18K) – 15K 

 - Biological Assay costs (11K) – 14K  

 - Trucks and Boats (6K) – 8K 

 - Overhead (10K) – 8K   
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Preface  

The report details the work performed from June 2004 through to July 2005 examining 

specific environmental forecasting techniques, lake thermal dynamics, predictive 

modeling and biological research with the aim to improve the prediction of migratory and 

reproductive success of sockeye salmon.  The report is broken into 4 parts based on the 4 

primary objectives of the study. Each section is written to stand alone, however there is 

considerable overlap in both the content and applicability among the 4 sections.  Figure 1 

provides geographic overview of the research locations used in the report.  

Figure 1. Approximate location of physical and biological sample locations for 2004. 
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Improve In-Season Environmental Forecasts 

 

Objective 1:  
Improve in-season Fraser temperature and discharge predictions for use in the in season 

environmental management adjustment. 

 

Introduction 

The current model for predicting Fraser River water temperatures makes several 

assumptions about the physical environment it is modeling (Morrison 2005; Morrison 

and Foreman 2005).  The basis for improvements to the temperature monitoring in 2004 

was two-fold.  First, to provide temperature data that would directly reduce the current 

uncertainties in the existing model, such as increasing the number the systems monitored. 

Second, to focus the thermal research on physical environments that are crucial to Fraser 

sockeye salmon; these include key migration corridors and staging areas for Late run 

sockeye.  The following sections are based on individual watersheds within the Fraser 

basin, but in all cases the information is being used to address both improvements to 

temperature forecasting and improved knowledge of thermal ecology of Fraser sockeye.   

Methods 

 Kamloops Lake 

Three temperature logger moorings were deployed in the summer of 2004 at the east end, 

west end and centre of the lake.  Each mooring was deployed at a depth of 80m.  Vemco 

temperature loggers were attached to a vertical line at depths of 70m, 40m, 20m, 10m and 

5m.  The loggers were programmed to record every 20 minutes in an attempt to record 

periodic internal waves. 
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Quesnel Lake  

 

Temperature logger moorings were established at six locations in Quesnel Lake in 2004.  

Previous research had found that from late spring to early autumn the Quesnel Lake 

thermocline (between 20 and 30 meters) is characterized by large episodic internal 

waves.  Several times a season these waves outcrop at the western end of the lake 

resulting in dramatic (as much as 10°C/day) temperature fluctuations in the Quesnel 

River outflow at Likely.  Additional vemco temperatures loggers were deployed in the 

Horsefly River system. One on the Horsefly River near Horsefly, a second on upper 

spawning ground locations on the mainstem Horsefly River near Black Creek and third 

on a major spawning tributary McKinley creek.  

 

 

Harrison Lake 

The Harrison River is used as a migration corridor and holding area for Birkenhead, 

Weaver and Harrison sockeye salmon.  The purpose in 2004 was to characterize the 

thermal environment for adult sockeye in both the Harrison River and in the south end of 

Harrison Lake.  This work was designed to compliment the positional telemetry work 

being conducted on Weaver sockeye.     

 

Temperature loggers were placed on two separate fixed moorings located either side of 

Echo Island.  The temperature loggers were placed at 5m 10m 20m and 50m on Echo 

Island East and 5m, 10m, 20m and 90m on Echo Island West.  Temperature loggers were 

also deployed at six locations in the Harrison River.  Each logger was approximately 1-

2m below the surface in well mixed zones.  An additional logger was placed in Morris 

Lake to determine the holding temperatures of Weaver sockeye delaying in Morris Lake.  

On August 17th, a survey was conducted using portable temperature loggers in the 

Harrison River.  The purpose was to determine if there were sites of thermal refuge in the 

Harrison River, from Harrison Lake through to Fraser confluence, and the degree of 

vertical mixing in the river.  Two surveys, August 18th and September 9th were 
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conducted on Harrison Lake to determine the approximate depth of the thermocline and 

the spatial variability in thermal environments at key locations in the Lake.  

 

Shuswap Lake Area: 

Several populations of sockeye salmon utilize Shuswap Lake for fry rearing, a migration 

corridor, and pre spawn holding.  The water leaving Shuswap Lake has a pervasive 

influence on water temperatures downstream, through Little River, Little Shuswap Lake 

and the South Thompson River.  In 2004, the goal was to examine the stability of the 

outflow from Shuswap Lake during the critical upstream migration period of the Late 

Shuswap populations.  In addition, we also wanted to understand what influence the 

Adams River has to outflow temperatures from Shuswap Lake, and to monitor a key 

migration corridor for Upper Adams sockeye.  A temperature logger was placed in 

Adams River near Roderick Haig Park.  A temperature logger was also deployed on the 

South Thompson near Chase. Two additional vemco loggers were placed at 2m and 15m 

depths near the outlet of Adams River in an area where holding Adams sockeye would 

reside. 

 

Forecasting Model Improvements: 

In addition to the aforementioned deployment, several other dataloggers were deployed in 

smaller systems as part of an effort to increase the coverage of temperature information in 

the Fraser Basin.  These sites include, Nahatlatch, Blackwater, Horsefly system, Cariboo 

River, Lower Fraser, and Nechako Basin.   

 

Results & Discussion 

Kamloops Lake 

A detailed look at the west mooring demonstrated that the thermocline occurs between 

20m and 40m (Figure 2).  Surface temperatures were in the low 20’s throughout August 

and declined to 13°C by the end of October.  At 40m the temperature started at 8°C in 

 14



August and increased to 10°C by the end of October.  The mooring data shows periodic 

internal waves that increase in amplitude as the magnitude of the thermocline decreases 

in the fall. Further analysis of the 40m record and the Thompson River at Ashcroft show 

a diurnal signal but the Ashcroft data does not reflect the internal wave periods at 59, 54, 

45, and 91 hrs that are indicated in the 40m record (Figure 3).  This suggests that the 

internal waves do not outcrop as they do at Quesnel.   

 

An interesting feature of the data is that the Thompson River downstream of Kamloops 

Lake (near Ashcroft) had lower temperatures than the lake surface at the west mooring 

(Figure 4); the mooring closest to the outlet of the lake.  It would seem unlikely that the 

Thompson River would cool as it passes through a very hot and dry climate zone.  

However, examination of thermal records from previous studies shows that a west to east 

temperature gradient is evident in the summer months (Carmacks et al. 1979).  It is 

possible that there is an eastward surface current (with a westward return current at 

depth) resulting in cool water upwelling at Savona.  Forcing for this current and gradient 

may be due to wind and/or Thompson River inflow.  Recovery of the eastern mooring 

will help resolve this feature as will a temperature logger placed in the vicinity of the 

Thompson River outflow.  If the gradient is confirmed to exist, the Kamloops Lake 

portion of the river temperature model will have to be re-evaluated. 
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Figure 2. Figure of temperature profile of the Mooring 1 (West end) in Kamloops Lake at 5 depths 

(5m, 10m, 20m, 40m, & 70m) . 
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Figure 3. Detailed look at internal waves at 40m depth on Mooring 1 (West) from July 21 to July 23rd 

in comparison to the temperature profile at 5m, 10m, 20m and 70m depths. 
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Figure 4. Summer temperature profiles of North Thompson, South Thompson, Kamloops Lake 5m 

and 10m, and the Thompson River near Ashcroft. 
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Quesnel Lake  

Similar to previous years, the Quesnel Lake thermocline (between 20 and 30 meters) was 

characterized by large episodic internal waves throughout the summer (Figure 5).  

Several times in 2004 these waves outcropped at the lake outlet, spilling cool water into 

the Quesnel River (Figure 6).  Preliminary analysis of the data indicates that the internal 

waves in the northwest basin have at least two modes and that there is no obvious 

correlation between the internal waves and wind recorded at either Likely or Elyssia 

(Central Part of Quesnel Lake).  The impact of these large thermal swings is evident the 
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entire length of the river, and only the influence of the Cariboo River moderates this 

impact (Figure 6).  

 

The unpredictable spilling of large volumes of cool water from Quesnel Lake make 

forecasting this particular system difficult.    

 

At present, these large swings in temperature over the entire length of the Quesnel River 

have unclear impacts for migrating sockeye.  It is likely that the release of cool water 

would have given respite to sockeye migrating up the warm Fraser River in 2004.  

Temperatures in the upper Quesnel River (above the Cariboo River confluence) dropped 

to 9 oC during the summer.  Swimming performance of salmon does reduce below an 

optimum of 13-18 oC (Lee et al. 2003).  Sockeye salmon holding in large lakes will seek 

temperatures levels between 8-12 oC (Hyatt et al. 2003), but they do not have swim 

against the same hydraulic challenges that face sockeye salmon in the Quesnel River.  A 

study on the impact of sudden thermal change to anadromous as well as resident fish in 

the Quesnel River is recommended.  

 

A better known impact of temperature is the effect of high temperatures (Macdonald et 

al. 2000).  The daily maximum temperatures in the Horsefly system in 2004 were very 

warm.  Daily maximums of 25 oC in McKinley Creek and 24 oC in the Horsefly River 

were recorded in 2004, highlighting how vulnerable tributaries of this size are to solar 

heating (Figure 7).  These temperatures will push the limits of the temperature model and 

improve the range of forecast values that can be made. Although these temperatures are 

detrimental to sockeye salmon, they did occur prior to the vast majority of the sockeye 

salmon entering the Horsefly system in 2004. 
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Figure 5 Thermograph of Quesnel Lake at different depths from a single location, near the mouth of 

the Horsefly River.  
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Figure 6. Thermal profile of Quesnel Lake 5m, Quesnel River at Likely (lake outlet), Quesnel River 

at Quesnel and the Cariboo River in summer of 2004.  Evidence of internal waves outcropping are 

indicated. 
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Figure 7.  Daily maximum water temperatures in the three locations in the Horsefly system, 

McKinley Creek, Horsefly R. near Black, and Horsefly R. at Horsefly town site in 2004.  
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Harrison Lake 

A comparison of the temperatures that Late run sockeye would experience in different 

locations around the Harrison system is shown in Figure 8.  There was very little 

fluctuation in lake surface temperatures and river temperatures from early September to 

mid-October in the Harrison River.  The Chehalis river entering along the right bank and 

upstream of Harrison Bay was more variable and did seem to influence the downstream 
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temperature on the right bank of the Harrison River (Harrison Bay logger located on right 

bank).  The influence of solar heating is more pronounced at the Harrison Bay location 

than at other locations within the system (Figure 9).  Unlike the horizontal gradient from 

right to left bank near Harrison Bay, there was no evidence of vertical stratification 

within the Harrison River. The most obvious thermal refuge for early entry late run fish 

that enter the Harrison system would be in Harrison Lake (Figure 10).  The deep internal 

waves at 50m do not appear to outcrop as they do in Quesnel Lake.  

 

The current model for forecasting the Fraser River does not include the Harrison River 

system.  Based on the results from the work in 2004, it would seem feasible to develop a 

reasonable forecast model for this system.     
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Figure 8. Longitudinal profile of water temperatures from Harrison Lake to the Fraser River 2004, 

starting with lake surface and ending at the Fraser River. 
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Figure 9. Detailed look at temperature profile of water leaving Harrison Lake moving through 

Harrison River and entering the Fraser River, highlighting the increase in temperature during solar 

heating in the day at all locations. Harrison lake surface is based on Echo Island East logger. 
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Figure 10. Harrison Lake temperature profile showing the surface waves (<20m depth) are not 

matched with deep internal waves (50m depth) and the large variability in thermal environment for 

fish. 

4

6

8

10

12

14

16

18

20

20-Aug 03-Sep 17-Sep 01-Oct 15-Oct 29-Oct

D
ai

ly
 M

ea
n 

Te
m

pe
ra

tu
re

 (C
o )

90 m
50 m
20 m
10 m
5 m
Surface

 

Shuswap Lake Area: 

 

The water temperatures in the Adams River in 2004 were highly variable (Figure 11).  

The rapid declines in daily minimums are likely the result of outcropping of cool water 

from Adams Lake, similar to Quesnel Lake.  During the upper Adams sockeye migration 

period in early August, stable warm weather patterns persisted that drove water 

temperatures in the Adams river to exceed 20 oC during this time period.  The water 
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temperatures in Shuswap Lake, near the mouth of the Adams, did not appear to be 

directly influenced by the Adams River temperatures (Figure 12).  The variable outlet 

temperatures from Shuswap, at 15m and 2m depths, did not persist through to the outlet 

of Little Shuswap Lake.   

Figure 11. Thermograph of Adams River summer of 2004 highlighting the large swings in water 

temperature which are likely associated with cresting of internal waves from Adams Lake.   
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Figure 12. Shuswap Lake moorings thermograph, Adams River, and S. Thompson for the time 

period that Late Shuswap or Adams river sockeye would be in the system, 2004. 
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Additional Loggers: 

The warm temperatures seen in the Blackwater and Nahatlatch rivers in 2004 were 

indicative of most Fraser River tributaries (Figure 13).  The three rivers showed very 

similar overall patterns in temperature despite the large geographic separation.   

 28



Figure 13. Thermograph of the Nahatlatch and Blackwater rivers 2004, two potential holding or 

staging areas for sockeye during migration contrasted against the mainstem Fraser.  
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Summary 

The objective of this section was to improve in season forecasts of temperature and 

discharge.  Improvements to forecasts have be made by integrating the overall increase in  

coverage of temperature recordings in the Fraser watershed, reducing our uncertainty 

regarding these inputs, and through a better understanding of the thermal lake processes 

that are occurring and are specific to different lakes in the Fraser River basin.  The 

technical aspects with respect to improvements to the in-season IOSRTM model 
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(Foreman, James et al. 1997) and discharge forecasts have been documented in technical 

report (Morrison 2005).   The results have also highlighted where further improvements 

can be made with regard to forecasting environmental conditions within specific 

watersheds, such as the circulation patterns in Kamloops Lake and primary drivers for 

internal waves in Quesnel Lake.   A benefit of these results is the characterization of the 

different thermal environments the adult sockeye salmon may encounter during their 

spawning migration.  This information can and will be applied to the biological research 

that is examining the impacts of temperature and the behavioral thermal ecology of 

sockeye salmon. 
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Develop Long Range Forecasts 

Objective 2: 

Develop a pre-season (May 15) forecast of temperature and discharge conditions for each 

run timing group. 

 

Introduction 

Nearly 100 years of discharge information and 60 years of water temperature data 

currently exist from locations in the lower Fraser basin (Water Survey of Canada and 

IPFSC records).  Models have been developed to use these data to make predictions of 

migration conditions in the lower Fraser River (Morrison and Foreman 2005).  Additional 

environmental factors such as snow-pack, long term weather patterns, and historic trends 

can be incorporated into this approach as a method to improve accuracy and extend 

forecast length.  This would provide summer migration condition estimates during the 

pre-season management period, thus acting as an early warning system of the likelihood 

of difficult migration conditions that can be used by managers. 

Methods 

A series of different methods were developed to provide longer range forecasts for 

fisheries management purposes.  Each technique was designed to take advantage of 

different information that becomes available as the sockeye migration season approaches.  

The six methods are organized in chronological order.  For example, the technique that 

will provide the longest lead time for management purposes is described first. 

Historic Temperature Trends 

Summer time water temperatures in the Fraser River have been measured on a near 

continuous basis since 1951. During that time water temperature has increased by 

approximately 1.0 oC for every 40 years (Morrison et al. 2002).  Summer time air 

temperatures have also increased by approximate 1.0 oC per 60 years in the Fraser Basin 

(Metereological Services of Canada –MSC-, Environment Canada –EC- http://www.msc-
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smc.ec.gc.ca/ccrm/bulletin/national_e.cfm ).  Assuming this trend in air and water 

temperature continues it is possible to determine a new mean temperature based on the 

current trend.   Previous analysis had determined that there was no significant temporal 

change in discharge over the same time period. 

 

For each run timing group, Early Stuart, Early Summer, Summer, and Lates the median 

passage date past Hells Gate was used as the mid-point of the temperature exposure.  The 

median passage date was based on run timing information collected from Mission from 

1979 to 2004 (Pacific Salmon Commission).  Five days were added to the Mission timing 

to adjust for migration to Hells Gate. For each year, the average temperature was 

calculated by using mean daily temperature at Hells Gate for 9 days either side of the 

median passage date.  This is referred too as the 19-day symmetrical mean and will be 

used for other subsequent method descriptions.  Linear regression was used to calculate 

the annual increase in water temperature during the 19-day periods for each run timing 

group. 

 

Winter Precipitation Index  

The winter snow pack is responsible for a large portion of the interannual variability in 

the summer hydrology for the Fraser River.  The earliest indication of winter snowpack 

conditions is the assimilated winter precipitation in the Fraser basin.  That is the amount 

of precipitation that has fallen during December, January and February.  This information 

is available in early March. The precipitation is converted to an annual anomaly index 

and presented as the percentage of the historical normal.  Normal period is considered 

1951 to 1980 (MSC). 

 

A simple linear regression was used to predict 19-day mean temperatures and 19-day 

mean discharge values for each run timing group based on the percent deviation of 

precipitation from normal.  The historical average passage date at Hells Gate was used as 

the centre date for the 19-day symmetrical period.  Sequential bonferroni correction was 
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applied to adjust for experiment-wise error rate for the 3 regression equations (Sokal and 

Rolf. 1995). 

 

Snowpack Water Volume Forecast  

On April 1st and May 1st of every year the provincial River Forecast Centre (RFC) 

provides an update of snow water equivalency in the watershed 

(http://wlapwww.gov.bc.ca/rfc/river_forecast/interpret.htm).  This provides an integrated 

measure of the expected volume of water to exit the Fraser River at key locations from 

April 1st to Sept 30th, or the updated version from May 1st to Sept 30th.  This particular 

volume forecast is specific to a given basin.  We assessed whether volume forecasts can 

be used to generate summer discharge and water temperature using simple linear 

regressions. 

 

Ensemble Flow Technique 

The RFC, upon our request, provided daily forecasts of river discharge from May to 

September 30th (Allan Chapman RFC BC Govt.).  The current snowpack distribution on 

May 1st is used in conjunction with the historic weather patterns to simulate 50 years of 

river discharges.  The simulated daily discharges are matched with approximate dates for 

migration timing for each run timing group.  This information can be requested starting 

May 1st and is updated until mid-June. 

 

Summer Air Anomaly  

Environment Canada’s MSC provides forecasts of the predicted summer air temperature 

anomalies for the Southern BC Mountain region. These forecasts are available on June 

1st.  The anomaly is defined as the difference in air temperature from normal, for June, 

July and August. The forecast will fall into one of three categories above, normal or 

below normal.  The period used to define normal is from 1951 to 1980.   The reliability of 

these forecasts is provided during the forecasts, in general there is 60% 

(http://weather.ec.gc.ca/saisons/index_e.html) chance that the actual anomaly (below, 
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average, or above) will fall accurately fall into the predicted category for the Southern 

BC Mountain region.  The actual air temperature anomalies from 1948 to 2004 were 

regressed against the mean 19-day water temperatures for each run timing group, to 

determine how good a relationship there is between summer air temperatures and water 

temperatures. 

 

Spring Air Anomaly  

Environment Canada’s MSC also provides spring (March, April, & May) air temperature 

anomalies for the Southern BC Mountain Region.  The anomaly value is available in 

early June and unlike the forecast summer anomaly it represents a measured value, 

removing the uncertainty associated with the forecast.  The spring air temperature 

anomaly was regressed against the 19-day water temperatures for each of the run timing 

groups.  

Results & Discussion 

For each method developed the actual forecast for 2005 is summarized in Table 1.  

Historic Temperature Trends 

For each of the three run timing groups, there was a significant increase in water 

temperature over the past 55 years.  The overall trend for each run timing group is 

provided in Figure 14.  There was no discernable change in the variability during the 

time.  On average, the amount of variance in water temperature explained by an historic 

increase in temperature varied from 8 to 18% with highest values for Summer run time 

period. The increasing trend in temperatures ranged from 1 oC for every 45 years (Late 

run) to 1 oC for every 32 years (Summer run).   

 

A novel aspect of the historical trend forecast is that it focussed on the increase in 

temperature that specific sockeye populations are normally exposed too during in river 
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migration.  Previous research has shown that overall the temperature of the Fraser River 

has been increasing, but no adjustment was made to look at specific migration timing 

periods.  This analysis is likely to a conservative estimate of climate change.  Most 

climate change models do not assume a linear relationship.  This type of research could 

be used to look at the vulnerability of specific populations based on the increases in water 

temperature. High water temperatures are detrimental to sockeye salmon migration and 

reproductive success (Macdonald 2000). Based on the current trends in water temperature 

the frequency of such events will increase.  Previous research has shown that the are 

currently no populations of sockeye (>90 studied) that have historic mean temperature 

experience over 19 oC during in-river migration (Hodgson and Quinn 2002).  Those 

populations that migrate in rivers that have summer time mean temperatures over 19 oC 

either migrate prior to or after the peak summer temperature period.  It is not known how 

fast or if Fraser sockeye salmon populations could adapt to long term increases in water 

temperature.  During any adaptation phase the productivity of the population could be 

negatively impacted.  This will have consequences for fisheries management, stock re-

building, and/or enhancement actions.  
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Figure 14.  The annual mean 19-day symmetrical water temperature at Hells Gate for years 1941 to 

2004. The regression equation and p-value are provide in the graph; Early Stuart (A); Early Summer 

(B) and Summer (C).  
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Winter Precipitation Index  

The winter precipitation index was significant predictor of summer time discharge values 

for all three run timing groups (Figure 15).  The higher the percent deviation in winter 

precipitation the greater the summer water volume.   Therefore, the earliest forecast of 
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summer discharge conditions is available in the first week of March. Interestingly, there 

is a significant decreasing trend in winter precipitation since 1948 (Figure 16), but there 

is no such trend in mean summer time discharges.  This would suggest that a decreased 

dependence of summer discharge on winter precipitation as predicted by Foreman et al. 

1997. 

Figure 15. The linear regressions of winter precipitation anomalies and summer time discharge for 

all three run timing groups.  
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Figure 16. The trend in winter precipitation from 1948 to 2005 for the BC Southern Mountains 

Region.   
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Snowpack Water Volume Forecast  

The water volume forecast, based on the current water equivalencies in the snow pack, is 

a significant predictor of summer time discharges and water temperatures.  The total 

water volume exported could explain approximately 60% of variance in the volume 

exported during a specific 19-day time period within that estimate (Figure 17).  The 

actual variance would be less given that 10% of the volume estimate is based on 

discharge values from a given 19-day period; total volume (x-axis), is calculated in part 

from discharge (y-axis).  

 

The volume of water exported from April 1st to Sept 30th is significantly correlated with 

19-day summertime temperatures during the migration timings for Early Stuart and Early 
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Summer (p<0.05) but not for Summer (p>0.05; Bonferroni correction) (Figure 18).  For 

volumes exported from May 1st to Sept. 30th there were similar results. 

 

The ability to forecast discharge or temperature from volume is based on the accuracy of 

the volume forecast.  The stated accuracies and error estimates of the volume forecast are 

provided by the BC Government River Forecast Center (Allan Chapman; personal 

communications).  Based on previous forecasts, the RFC gives 80% confidence intervals, 

from this it is possible to estimate the standard deviation for a forecast to be approximate 

<10% of the total volume forecast. 

Figure 17. Linear regression of summer water volume exported from April 1st to September 30th 

against the mean discharge 19-day experienced during each of the run timing groups.  
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Figure 18. Summer time volume (April to Sept) and mean water temperature during run timing 

groups.   
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Ensemble Flow Technique 

The results for 2005 simulation on May 1 are provided in Figure 19. Additional 

simulations were provided later in the season but are not shown.  These types of 

simulations are an improvement on the volume forecast in that they better represent 

frequency of stochastic events that can occur during the different run timing migration 

periods.   
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Figure 19. Ensemble forecast for 2005, compared to historic mean value for the Fraser River at 

Hope. Forecast generated by River Forecast Centre. 
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Summer Air Anomaly 

The summer air temperature anomaly explains almost 50% of variance in water 

temperatures for the during the passage times of the 3 run timing groups (Figure 20).  

This highlights important role that prevailing weather patterns during the summer months 

have on water temperatures in the Fraser River.  The drawback of summer air anomaly is 

that the large uncertainty in the MSC pre-season forecast of the air anomaly. 
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Figure 20. Summer time air temperature anomaly in relation to mean water temperature during the 

Early Stuart, Early Summer, and Summer run mean migration periods.  
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Spring Air Anomaly 

Spring air anomaly was a significant predictor of water temperatures during the migration 

periods for each run timing group (Figure 21; all regressions p<0.05).  Given that spring 

air anomaly is a measured value it is possible to generate forecasts with known prediction 

intervals.  The close relationship between spring air temperature and summer water 

temperatures is likely related to early snow melt that occurs during warm springs.   
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Figure 21. Spring air anomaly used as a prediction for water temperature during the Early Summer 

migration period, confidence and prediction limits are shown for the regression 
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Table 1. A summary of the forecasted mean 19-day discharge (cms) and 19-day temperature for each 

run timing group for 2005 using the above methods and highlighting when these forecasts would be 

available. Small font represents standard deviation 

Availability Method Early Stuart Early Summer Summer

March Winter Precipitation Index 5300 4100 3200
1300 1000 750

Historic Trend 16.6 18.1 18.0
1.4 1.2 1.1

April Volume to Discharge a 5081 3698 3136
800 400 400

Volume to Temperature a 16.2 17.8 n.s
1.1 1.0

May River Forecast Ensemble a 5042 4060 3567
749 675 755

Summer Air Anomaly a 16.1 17.8 17.7
1.0 0.8 0.9

June River Forecast Ensemble a 5075 4100 3498
754 688 751

Spring Air Anomaly 17.0 18.8 18.4
1.2 1.0 1.0

a) for all of these forecasts it is necessary to include the uncertainity in the input variables, given that they are forecasted values.  

Summary 

The objective of this section was to develop a pre-season forecast of discharge and 

temperature.  The above results clearly indicated that we met this objective by developing 

six different models that can generate environmental forecasts, with known uncertainties, 

that are available pre-season starting in March. In addition, the models have also 

improved our understanding of the physical processes involved in large watersheds. 

 

The utility of each of these forecasts is tempered by the high degree of variability 

inherent in this type of environmental data.  Although all 6 methods were significant 

predictors based on the historical data, the amount of variance that was explained 

diminished as forecast lead time increased.  Our recommendation is that these methods be 

employed pre-season as an early warning system for fisheries managers. However, given 

the large degree of uncertainty in these long range forecasts it is important that a measure 

of variability be included with each forecast. 
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Pre-spawn Mortality Models 

Objective 3: 

Develop a method to predict pre-spawn losses in season based on environmental 

variables. 

Introduction 

Pre-spawn mortality (PSM) of sockeye salmon has been observed in the Fraser system 

for many years (Gilhousen 1990).  Previous work looking at the correlations of pre-

spawn mortality (PSM) with the physical environment focussed on several key 

environmental variables (Gilhousen 1990; Macdonald et al. 2000).  One of the purposes 

of the past work was to look at patterns of variation among these variables in an attempt 

to elucidate some of the fundamental causes of pre-spawn mortality.  The work presented 

herein is not meant to re-invent or re-work the previous attempts but to look at the 

efficacy of using these environmental variables in an in-season management context.  In 

other words, given that we know these correlations exist between certain variables and 

PSM can we apply this knowledge to predict PSM in-season and what level of reliability 

would this provide.  This is similar to the previous work done on the Environmental 

Management Adjustment models used to estimate en route losses (Steve Macdonald 

DFO; unpublished data). 

Methods 

The environmental variables used to predict PSM come from previous work (Jeff Grout 

DFO unpublished data) and include the following: median date of Fraser River entry, 

median date of spawning, fork length, Fraser River temperatures, spawning ground 

temperature, coastal SST, North Pacific SST and Pacific Decadal Oscillation (PDO).  The 

variable choice was based on PSM numbers and environmental variables collected from 

1952 to 1998 for three run timing groups, Early Stuart, Summer, and Late run.  This 

aggregate approach is preferred because of the current fishery management actions for 

directed fisheries are based on a run timing group.  Early Summer run analysis was left 
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out due to incomplete historical data.  Where available the variable data was updated to 

include 2004 values. 

 

A 3-step process was initiated to determine if a variable was appropriate for in-season 

management purposes. First, for each variable a linear regression model was used to 

relate predictor variable to PSM for given run timing group.  This was done to see if the 

correlations that were previously identified were still significant when the data was 

updated to include the last 6 years.  The next step was to assess current ability to forecast 

a particular variable and the uncertainty associated with each forecast.  The last step was 

to integrate the uncertainty associated with a significant regression model in step 1 with 

the uncertainty in the ability to forecast the predictor variable in step 2.  Predictor 

variables were eliminated at different steps during the process if they did not contribute to 

the development of defensible in-season model.  For example, a variable may be a 

significantly correlated with PSM, but if there is high uncertainty in the ability to forecast 

the variable it would be dropped. This iterative process was repeated for each variable 

selected.  

 

Results 

The results from the re-analysis of the predictor variables is presented in Table 2. Cells in 

this table that were expected to yield significant correlations (based on previous research) 

are shaded.  As evident from the table the strength of the relationship between the 

predictor variables and PSM either remained the same or has weakened to the point of 

non-significance with addition of 6 years of new data. For example, prior research had 

indicated that coastal SSTs were significantly correlated with PSM in both Early Stuart 

and Late run fish.  Our analysis indicates that this relationship is not significant; this is 

unfortunate given the ability to measure coastal SST in time for in-season management 

purposes. In general, this overall trend reduces our ability to develop reliable forecast 

models for PSM.   

 46



Table 2. The correlation coefficients (r-value) of the predictors variables and PSM for Early Stuart, 

Summer, and Late run sockeye.    

Step 1 Step 2
Predictor Variables E. Stuart Summer Late Measured (a) Forecasts (b)

North Pacific SST - (c) n.s -0.36 n.s Yes
Coastal SST n.s n.s n.s Yes
POH Length (c) n.s 0.40 n.s Yes (d)
Fraser River Entry Date n.s -0.52 n.s No Weak
Fraser River Temperatures 0.27 0.27 n.s No Okay
Median Date of Spawning -0.31 -0.44 n.s No Unknown
Spawning Ground Temperatures 0.45 n.s n.s No Poor

(d) this assumes spawning samples would be similar to marine test fishings. 

a) Measured in season refers to variable being available in time for in-season management purposes
b)Forecasts is ability to predict those variables that cannot be measured in-season in time for management actions.
(c) data after 1998 not available.

Shade values indicate that relationship was significant based on data from 1952 to 1998; in many cases this relationship has since broken 
down with addition of new data  
 

Early Stuarts 

Fraser River water temperature was a significant predictor of PSM for Early Stuarts, 

although the relationship was not strong (Figure 22; p=0.04).  Although warm river 

temperatures were sometimes associated with high PSM, a more consistent pattern was 

that below average river temperatures seldom resulted in high PSM.  Fraser River 

temperatures would have to be forecasted in advance in order for this information to 

applicable for fisheries managers.  The current method for forecasting river temperatures 

uses the IOSRTM model (Morrison and Foreman 2005), and the average RMSE error for 

10-day forecast is approximate 1.0 C (Morrison 2005).    Based on a weak predictor 

relationship and a modest ability to forecast temperatures, it is unlikely that river 

temperatures would be useful in-season tool.   The earlier the Early Stuarts spawned the 

higher the incidence of PSM.  However, it is unknown how to predict median date of 

spawning prior to the actual spawning events.  The variable that was most correlated with 

PSM in Early Stuarts were spawning ground temperatures (Figure 23; R=0.45).  High 

spawning ground temperatures were associated with above average PSM.  The ability to 

predict spawning ground temperatures for inlet streams is poor, as the temperature of the 

stream is very susceptible to local climate conditions. Weather forecasts are available on 

a regional scale but they tend to break down after a 10-day period.  This timeline would 
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limit fisheries management actions, based on spawning ground temperatures, to terminal 

fisheries.  The best model advice for Early Stuarts based on this analysis is that in years 

with low river temperatures and spawning ground temperatures, it is unlikely that PSM 

will be above average.  

 

Figure 22. The weak relationship between Early Stuart pre-spawn mortality and Fraser River water 

temperature, 1952 to 2004.   
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Figure 23. The significant relationship between spawning ground temperatures and pre-spawn 

mortality (PSM – arcsine square root transformed) for Early Stuart sockeye salmon 1952 to 2004.  
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Summers 

The warmer the North Pacific SST the higher the PSM in summer run sockeye (Table 2). 

Years with larger female spawners had higher levels of PSM (Figure 24).  Both of these 

relationships were based on data up until 1998. Therefore, some caution should be 

applied given that some of the previous significant correlations have since broken down. 

Notwithstanding these concerns, it is possible to use North Pacific SST and/or fish length 

to make a long range prediction of PSM.  This assumes that the length of Age 4 females 

at the spawning grounds is highly correlated with the length of females captured from 
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marine test fisheries.  The prediction limits of these forecasts would still be large, but 

manageable given that both variables do not have to be predicted and there is likely small 

measurement errors associated with both.  Median river entry date (Figure 25) and to a 

lesser extent river temperatures, were significantly correlated with PSM in Summer runs.  

The earlier the fish arrived and the warmer the temperatures experienced the higher the 

PSM.  The earlier Summer run fish enter the river the warmer the temperatures they 

experience.  As mentioned previously, there is some ability to forecast temperatures with 

calculated uncertainties. The ability to forecast a reliable median entry date for Summers 

in time to manage marine or lower river fisheries still needs to be refined. One possibility 

to forecast of median entry date might lay in the inverse relationship of fish length and 

median entry time.  However, this model does provide opportunity to manage in-river 

and terminal fisheries based on a more reliable in-season timing data.  The early river 

entry date is also correlated with earlier spawning times (R=0.5).  Not surprisingly, early 

spawning times were correlated with higher PSM in Summers.  
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Figure 24. Positive relationship between female spawner length (POH-Age 1.2) and Pre-spawn 

mortality for Chilko sockeye salmon. The same significant relationship holds for other summer run 

populations (Horsefly, Stellako, and Late Stuart). Data 1952 to 1997. 
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Figure 25. Chilko Fraser river entry time and pre-spawn mortality (PSM). Early entry is associated 

with higher PSM (data 1952 to 2004). 
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Lates 

None of the 7 variables analyzed was significantly correlated with PSM in Lates, despite 

three variables being classified as significant predictors based on previous research.  

River entry date is used to forecast en route discrepancies but it does not appear to be 

related to PSM (Figure 26). At present the lack of clear association makes a forecast 

model impossible for Lates.  
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Figure 26.  The lack of relationship between median date of Fraser River entry for Adams river 

sockeye and Pre-spawn mortality.   
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Discussion 

The objective of this section was to develop a method to predict PSM losses in season 

using environmental variables.  The 3-step method developed can be used to evaluate not 

only the limited variables selected in this analysis but also for evaluating future variables. 

For Early Stuart and Summer run populations, PSM prediction models based on 

environmental variables were developed that could be used in season for fisheries 

managers for forecast purposes.   
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A large degree of the correlation with a particular variable and PSM may be due to is 

correlation with another of the predictor variables.  For example, river temperatures and 

spawning ground temperatures are correlated in Early Stuart run timing period.  

Therefore, the variance that is being explained by the river temperatures (~10%) may 

simply be due to the shared co-variance with spawning ground temperatures.  In fact, the 

breakdown of the relationship between river temperatures and PSM in Early Stuart with 

the addition of the last 6 years of data is likely due to the lack of correlation in spawning 

ground and river temperatures during the same period.  This further highlights the 

importance of getting to the root cause(es) of PSM if we attempt to predict PSM from 

correlated variables.   

 

There are numerous models that rely on the historic relationships among variables.  This 

research has shown that it is imperative to continually update these models to verify that 

they still apply.  It is a major assumption of these models that the historical relationships 

will continue to persist. 

 

The other consistent feature of the data is the high degree of co-variation in PSM among 

stocks that enter the river similar times (Jeff Grout DFO unpublished data).  The patterns 

of correlation among different environmental variables continues to be weak, the only 

reasonable predictor of PSM in one stock may be the PSM in another. For lower river or 

marine fisheries the timeline for assessing the PSM and applying any management action 

to a second stock would appear to be very limited. 
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Integrated Biological Assessment of Successful versus 

Unsuccessful Spawners 

 

Objective 4: 

Provide an integrated biological assessment of the physiological, disease, and energetic 

status of successful and unsuccessful spawners. 

 

Introduction 

Enroute and PSM losses have been attributed to many interrelated factors including run-

timing delays, impediments in the lower river due to high water or temperature, energy 

exhaustion, cumulative stress and disease (reviewed in Macdonald et al. 2000).  Our 

ability to estimate loss will improve if we understand the causes.  Clues may be provided 

if we examine the influence of migration conditions on fish behaviour, physiological 

stress, reproductive development, osmoregulation, and overall energetics in situ. The 

premise is that biological samples taken from key sockeye run-timing groups as they 

migrate from marine to natal streams will reflect the migration conditions experience and 

thus indicate the environmental factors that lead to enroute or pre-spawn losses.  This 

information can be used scrutinize and improve the existing mortality models that 

currently provide the basis for our management models. 

 

Methods 

Summary of 2004 sample plans 

The sampling strategy for 2004 was to assess fish during their marine approach, entry 

into freshwater, in-river migration, and on the spawning grounds.  Marine approach and 

freshwater entry sampling took place at Port Renfew, Cottonwood and Whonnock.  In 

river migration samples were taken in Fraser Canyon for Early Summer and Summer run 

fish and at the Harrison River for lower river Late runs.  Sockeye salmon were also 
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sampled at arrival and during spawning at Early Stuart, Late Stuart, Stellako, and Weaver 

Creek spawning areas.  The methods and sample collections for all three areas are 

described below.   

 

Marine Approach and Freshwater Entry:  

Sockeye salmon were collected during as they approached and entered freshwater to 

determine if there were interannual differences in energy content or maturation status.  

Previous research has suggested that there are differences in energetic status among years 

(Crossin et al. 2004).  Therefore, a decline in fish condition for fish arriving 2004 may be 

a pre-condition for increased vulnerability to migration conditions.  Fish length, body 

mass, liver mass, gonad mass, and fat content (Crossin and Hinch 2005) were measured 

on each fish.  Gill samples were taken for measurement of gill ATPase (McCormick 

1993). Blood plasma samples were taken and analyzed for glucose, lactate, osmolality, 

and plasma ion concentration (Farrell et al. 2001).  Kidney samples were taken and used 

to assess the severity of parvicapsula infection (Simon Jones DFO PBS). The same 

measurements and tissue samples were taken from in river and spawning fish.  

  

In River Migration:  

In 2004 migrating sockeye salmon were sampled from the fish wheel at Siska, near 

Lytton, approximately 220 km upstream from the mouth of the river.  Sample trips were 

made at 4 separate dates.  The observance of large numbers of sockeye carcasses in the 

Fraser Canyon precipitated a separate collection on August 24 near Lillooet.  Forty 

sockeye were sampled to assess the disease, energetic and reproductive status of dead or 

near dead (moribund) fish.  These fish were contrasted against actively migrating sockeye 

sampled just downstream at Siska.  Late run sockeye were also sampled at the upstream 

end of the Harrison River rapids from late August to late September. This sampling was 

done in conjunction with a positional telemetry tagging program focussing on sockeye 

migration behaviour.  

 

Spawning Grounds: 
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Sockeye salmon were sampled on the spawning grounds in 2004 at various maturation 

states.  The first group to be sampled are those fish that had just arrived at the spawning 

grounds. For Early Stuart, Stellako and Weaver, arrival fish were those fish that were 

captured below counting fences and were actively seeking to migrate to spawning 

grounds upstream.  Late Stuart arrival fish were captured via beach seine at the stock 

assessment tag site. The stage of maturation, non-paired, were those fish that were on the 

spawning grounds but had not yet spawned nor had they paired up.  The last two stages 

were those fish that were actively spawning and those fish that had fishing spawning and 

were spent (based on little to no residual eggs).    Gamete viability was assessed by taking 

gametes from spawning individuals and performing cross fertilizations under controlled 

conditions (Patterson 2004).  Fertilization success was assessed at the 4-cell stage for 

Early Stuarts and the eyed stage for Weaver. 

 

Results & Discussion 

Marine Approach and Freshwater Entry: 

The sockeye salmon sampled in the 2004 by the environmental watch program were on 

average shorter and lighter than 2003. However, there was no significant difference in the 

condition factor between the two years (Figure 27). The lipid content of Early Stuarts 

arriving at the mouth of the river was approximate 12% lipid, this is consistent with the 

previous 5 years of data.  Although the fish in 2004 were smaller than average, there was 

no evidence to suggest that their energetic status prior to upstream migration was 

abnormal.  This provides a baseline value from which to assess the upstream migrants 

and spawning fish. 
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Figure 27. Condition Factor calculated for 2004 versus 2003 for fish sampled in Marine Approach 

areas and Fraser river entry.  
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In River Migration: 

Fraser Canyon 

There was evidence of migratory problems for individual sockeye salmon sampled in the 

Fraser Canyon during 2004.   The ionoregulatory variables collected from fish actively 

migration through Siska Fish Wheel were consistently below average for similar samples 

taken in more moderate thermal years (Figure 28).  In fact, certain individuals were 

showing signs of severe inability to maintain ionic homeostasis.  The chloride, sodium, 

and osmolality levels of these individuals are more consistent with fish being sampled at 
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the spawning ground; closer to death.  In Figure 28, individuals that had osmolality 

readings lower than 300 are showing signs of an inability to maintain ionic homeostasis.  

Individuals with values less than 280 are clearly in osmoregulatory distress and are 

unlikely to successfully reach the spawning ground.  The acute measures of stress in fish 

sampled at Siska had a similar pattern to osmoregulatory variables with individuals with 

lactate and glucose levels well above normal (Figure 29).  The time period with the 

highest proportion of distressed individuals, August 23rd, was also the sample date with 

the warmest river temperatures.  

  

Biological comparisons between the dead and dying sampled at Lilloet and those actively 

migrating in the Fraser Canyon clearly show some differences in disease and 

reproductive state but no differences in energy content (Figure 30).  Both groups had 

lipid stores in access of 8%, well above critical levels of energy exhaustion (1 to 2%). 

These fish did not die from exhaustion of lipid stores.  There was also no difference in the 

severity of parvicapsula infection between successful and unsuccessful migrants. The 

histology results indicate that none of the fish had advanced levels of parvicapsula. In 

fact, all forty samples Lilloet and all Siska samples were negative for parvicapsula 

spores.  Parvicapsula development normally appears in glomerili after a minimum of 450 

ATU’s (Scott Hinch unpublished data).  This would imply that those fish that died in the 

river had been in the river less than 3 weeks (assume mean temperature of 20 °C.  

However, all of the Lillooet fish examined had visible external body lesions and 80% had 

gill necrosis.  In contrast, active spawners sampled at the Siska fish wheel had 47% skin 

lesions prevalence and 20% gill necrosis.  Samples taken from dead fish were consistent 

with a fungal infection saprolengia, and bacterial infection of Columnaris.  Both 

infections are opportunistic infections that a more virulent at higher temperatures.  In 

addition, acute bacterial infections of the kidney and skin are more consistent with 

spawning ground samples than active migrators (Simon Jones PBS DFO).  However, 

none of carcasses examined from collections near Lilloet were even close to be sexually 

mature.  In fact, the ovarian mass was significantly smaller than similar samples taken 

just downstream at Siska (Figure 31). This is consistent with high temperatures retarding 

reproductive maturation.   
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The en route mortality estimates for 2004 were greater than 50% for those populations 

that were sub-sampled in the Fraser Canyon in 2004 (based on DNA results).   Therefore, 

it is likely that a large portion of those fish that were sampled at Siska would have been 

unable to have successfully completed migration.  Based on the physiological profile of 

some of the fish sampled it is possible to infer which fish were already showing signs of 

stress.   Fish that were known to be unsuccessful migrants had disease and reproductive 

values that were consistent with the known effects of high temperatures.   
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Figure 28. Ionoregulatory status of fish capture at Siska Fish Wheel throughout 2004, showing 

individual osmolality and chloride values. Mean values for samples taken at Hells Gate from 

previous years are indicated. 
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Figure 29. Stress parameters of fish captured at Siska Fish Wheel in 2004. Normal levels for lactate 

are <6 and for glucose between 4 and 6 mmol/L.  Mean +/- 1 SD are given for time period. 
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Figure 30.  Body lipid content from dead and moribund carcasses collected in the Fraser Canyon 

near Lillooet, and from migrating sockeye collected at Siska fish wheel during summer.  
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Figure 31. Reproductive Status of dead female carcasses collecte from the Fraser Canyon on August 

24th, contrasted against the expected ovary mass of samples taken from Siska during the summer. 
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Harrison River 

The in-river migration sampling of Late run fish is difficult to interpret given the more 

variable behaviour of Late run.  For each of the analyses it is not possible to determine 

whether an individual caught at the tag site was actual new to the system or had recently 

arrived.  Notwithstanding some of these concerns there were a few consistent patterns in 

the data.  There was small decline in all three of the ionoregulatory parameters in the 

Weaver sockeye based on temporal sampling at a single location.  A slow decline in 

osmotic variables is consistent with approaching senescence.  More noticeable was the 

large individual variability in ion values (Figure 32).  As with the Fraser Canyon samples 
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it is clear that some of the fish sampled were having difficult maintaining ion balance, 

with below average osmolality and ion concentrations (Figure 32).  Many fish were also 

showing signs of acute stress with high lactate and glucose levels (Figure 33).  There is a 

certain amount of stress associated with the capture technique.  The intriguing aspect of 

the large variability in the individual physiological profile is that the en route loss 

estimates for Weaver fish in 2004 were high (>70%).  In fact, based on the tagging data 

those individuals that were sampled in late August and early September had a very poor 

chance of survival  (>80%) relative to those that entered late (>50%) (Hinch unpublished 

data).  Right now we speculate that those fish with low osmolality and high stress 

parameters within a sampling period are those fish that are more likely to suffer en route 

loss.  This needs to be confirmed based on the individual physiological profiles of the 

tagged fish. 

 

In contrast to the blood parameters there was a much stronger temporal component to 

ovarian maturation and proportionally less individual variability (Figure 34).  There 

appears to be a constant ovarian maturation rate, this is similar to 2001. For fish that 

entered the system earlier over 60% of egg mass development is occurring during the 

holding phase in Weaver/Harrison system.  The large capacity for ovarian growth durig 

this phase gives rise to speculation that behavioral decisions with respect to thermal 

environments could have profound effects on gamete quality and maturation rates 

(Donaldson 1990).   
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Figure 32. Ionoregulatory status of fish capture at Harrison Tag site 2004. 
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Figure 33. Stress parameters of fish captured at Harrison Tag site 2004 
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Figure 34. Reproductive Status and Liver size of females captured at Harrison Tag site in 2004, and 

ovary mass of females collected in 2001 from same location. 
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Spawning Ground 

The information in Table 3 can be used in future assessments of fish that are captured 

during the migration. For each parameter there is both a spatial component, exactly where 

the fish were captured relative to freshwater and spawning ground, and a temporal 

component, the proximity of the fish to spawning.  Both of these factors need to be 

considered in any attempt to characterize future fish as being a potentially successful or 

unsuccessful spawner.  At any one time on the spawning ground there may be all four 

categories present; those fish that have just  arrived, fish that are holding on the spawning 

grounds but not yet paired, fish that are actively spawning, and those that are finished 
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spawning.  An additional category are the future pre-spawn mortalities or unsuccessful 

spawners, those fish that are near death (moribund) but still have a full compliment of 

eggs.  In 2004, the success of spawning was well above average (>96% for all 

populations; DFO Stock Assessment) making it very difficult to sample moribund fish.  

From this it can be inferred that the values represented in Table 3 reflect physiological 

values for successful individuals at different stages of maturation.  Figure 35 shows that 

although all fish were likely successful there can be subtle populations differences with 

respect to certain physiological variables.   

 

Direct comparisons of moribund and healthy spawners in 2004 was not possible given 

that pre-spawn mortalities were very scarce.  A comparison of values taken from previous 

work shows that for several key parameters are markedly different for PSM and 

successful spawners (Patterson 2004).    Unsuccessful spawners showed had mean 

sodium, chloride, and osmolality values of 102, 80, and 228 respectively.  These values 

are clearly well below spawning fish levels in any population and are more consistent 

with spent fish.  The inability to maintain osmotic homeostasis appears to be a key 

feature in an assessment of an unsuccessful spawner.  
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Figure 35. Ionoregulatory status of fish capture at the spawning ground. The grouping are based on 

arrival, active spawning and post spawning and collections are from Early Stuart, Stellako, Late 

Stuart, and Weaver Creek. 
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Table 3. Comparison of physiological variables taken from female and male sockeye captured at the 

spawning ground in 2004.  These values represent reference values for ‘successful’ spawners at each 

stage successful stage of final maturation.  

FEMALES Early Stuarts Stellako Late Stuarts Weaver
Maturation Arrival Spawning Spent Arrival Arrival Arrival non-paired Spawning Spent

POF Length (cm) 53.9 53.2 52.9 51.1 50.9 56.6 55.5 57.1 55.8
2.16 2.03 0.82 1.34 1.59 2.30 3.38 3.13 3.42

Total Wt (g) 1959 1818 1740 1724 1686 2759 2704 2787 2145
376 336 176 270 162 428 424 617 479

Ovary Mass (g) 295 198 23 238 252 511 528 415 32
59 61 27 57 36 91 118 167 38

Liver Wt (g) 31 27 24 35 27 24 22 23 25
10 3 2 8 9 7 5 7 10

GSI (%) 15% 11% 1% 14% 15% 19% 19% 15% 1%
1% 3% 1% 2% 1% 2% 2% 6% 2%

Sodium 150.2 129.6 120.7 148.9 165.5 158.8 145.3 146.3 119.0
mmol/L 6.1 7.4 17.3 2.2 9.4 9.5 4.6 5.1 11.4

Potassium 0.8 2.1 1.9 3.5 2.7 3.6 3.8 3.7 3.3
mmol/L 0.6 1.0 1.3 0.7 0.8 0.9 1.0 0.8 1.0

Chloride 123 105 86 129 140 128 125 126 93
mmol/L 3.3 13.2 19.1 4.1 5.2 3.1 2.3 8.0 10.5

Osmolality 282 262 238 295 314 302 294 296 244
osmol/L 10.8 9.3 28.4 5.9 15.1 7.9 7.6 12.6 19.6

Glucose mmol/L 3.4 5.5 3.9 3.9 7.1 2.6 1.6 3.1 4.9
mmol/L 1.5 2.4 2.3 1.6 3.1 1.0 1.4 1.4 2.4

Lactate mmol/L 7.9 11.7 10.7 7.5 5.8 5.7 5.7 5.8 6.6
mmol/L 1.2 6.5 4.3 1.3 0.6 1.1 1.1 1.8 3.4

Gill ATPase 0.9 0.8 0.7 1.1 1.0 1.7 1.7 1.9 1.9
0.26 0.13 0.32 0.44 0.45 0.68 0.67 0.45 0.68

Parvicapsula 4.5 13.0 19.0 0.1 0.1 13.3 18.8 23.4 21.0
# Spores per 25 2.6 6.7 5.3 0.3 0.3 9.1 10.3 2.9 6.2

Males
POF Length (cm) 53.7 51.9 51.6 59.6 58.2

2.8 1.9 2.6 3.2 3.7
Total Wt (g) 2309 2050 2121 3644 3167

443 415 415 691 807
Testis Mass (g) 38 70 61 92 75

18 31 17 16 18
Liver Wt (g) 40 36 27 57 47

9 33 7 14 12
GSI (%) 2% 3% 3% 3% 2%

1% 1% 1% 1% 1%
Sodium 122.7 151.3 168.0 158.2 147.1
mmol/L 13.5 4.6 11.1 5.8 3.5
Potassium 1.3 3.8 2.6 2.9 3.3
mmol/L 0.8 1.1 0.7 1.1 1.3
Chloride 85.9 126.8 136.7 121.5 119.5
mmol/L 20.1 2.2 7.4 2.5 4.6
Osmolality 246.9 294.1 319.2 297.0 281.3
osmol/L 21.6 5.3 16.5 7.6 9.9
Glucose mmol/L 5.6 2.6 7.1 1.6 1.6
mmol/L 2.2 1.4 3.2 0.5 0.9
Lactate mmol/L 15.2 7.0 6.3 5.0 6.0
mmol/L 7.7 1.3 1.2 0.7 1.3
Gill ATPase 1.0 1.1 0.8 1.2 2.0

0.3 0.5 0.3 0.7 0.4
Parvicapsula 16.5 0.2 0.0 15.4 18.7
# Spores per 25 4.3 0.6 0.0 9.5 8.5
* Arrival = arrival at the spawning ground, non-paired - on spawning ground but not paired, Spawning - active spawning (paired), Spent - defending nest.  
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Summary 

The objective of this section was to provide an integrated assessment of the 

physiological, disease and energetic status of successful and unsuccessful spawners.   In 

river samples taken both Siska and Harrison indicate that it is possible to identify certain 

aspects of an individuals physiology that suggest that they will not be a successful 

spawner. The parameters include ions, disease incidence, and reproductive development.  

The extremely low incidence of PSM in 2004 made a direct assessment of unsuccessful 

spawners with successful spawners impossible.  However, we have succeeded in creating 

an extensive and integrated assessment of successful individuals at different stages of 

maturation on the spawning grounds from four populations. This will provide a solid 

foundation from which future assessments of fish condition can be made.  
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