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EXECUTIVE SUMMARY 

Sustainable management of Pacific salmon requires accurate estimates of adult returns to 

determine productivity and harvest rate. Post-season estimates of in-river loss, termed Run Size 

Adjustments (RSAs), are routinely added to estimates of catch and spawning escapement to 

determine total run size for Fraser River sockeye. Herein, we describe the operational process to 

generate a scientifically defensible RSA estimate that is transparent and reproducible. This 

involved the creation of a series of simplified guidelines for all of the programs contributing 

information to the post-season RSA process. The framework provided here will not only 

facilitate the decision making, but stimulate a broader discussion on the potential for values to 

perpetuate through the management process. The achievement of the five main deliverables 

(italics below) for this project are outlined below: 

A)  Increase efficiency of RSA process through improved documentation of framework:  

Large cost-savings in labour will be gained by streamlining the existing decision framework 

process. Operational guidelines have been developed to articulate the documentation 

requirements and responsibilities of all contributors. These guidelines are part of the overall 

framework. The key features for increasing efficiency are the new four step process for 

completing an RSA-mortality for each stock. Clear tables that outline the availability, source, 

and use of information associated with an RSA for each stock. These guidelines were presented 

to the RSA working group.  

 

B) Adopt migration mortality models for each of the 19 major stocks  

For each of the now 23 RSA stocks, we have at least one method for estimating migration 

mortality (see Table 2). Step 3 of the RSA-mortality process outlines the different methods in 

more detail. The methods fall into two categories: DBE-based methods and non-DBE methods. 

The former includes the different aggregations of the post-season DBE as well as historic DBE 

and MA model approaches. The latter includes expert opinion based on a risk assessment, timing 

models, and thermal models. 
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C) Clarify the role of each input parameters and RSA diagnostics (e.g. HR, R/S) 

The role of input parameters for the RSA-mortality has been articulated in Steps 1 and 2. A 

diagnostic section has been added to accompany the RSA process – see the framework for more 

details.  

 

D) Document the limitations of output parameters (e.g. partitioning of mortality and assessment 

errors) 

We have documented how changes to each of the three different contributing RSA components 

(RSA-spawning escapement, RSA-catch and RSA-mortality) will impact current estimates of 

returns and spawner abundance, and how in turn such changes will impact current and future 

productivity estimates (see Diagnostics). Some of the discussion surrounding the partitioning of 

assessment errors has been incorporated into the proposed SEF proposal on Management 

Adjustments (MAs).  

 

E) Link the post-season RSA work to MA adjustments for in-season benefits 

Steps 1 and 2 assess the environmental and biological information required for determining a 

post-season estimate of mortality. This information informs the same variables that we propose 

should be explored to improve MAs in-season. More specific comments on how to use these 

variables in different modelling approaches are described in Step 3. Additional thinking with 

respect to connecting RSAs and MAs has been incorporated in the proposed SEF project on 

“improvements to predicting en-route loss estimates for Fraser sockeye salmon.” 
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PREFACE 

In 2012, we received two years of funding from the Southern Boundary Restoration and 

Enhancement Fund to support our investigations into improving the current process used to 

determine post-season run size estimates for Fraser River sockeye salmon. This report details our 

extension of that work, progressing from documentation of past methodology to a succinct step-

by-step guide to the future estimation process. As a result, we suggest that readers will gain the 

clearest understanding of the run size determination process through the examination of both 

final report submissions. 

The work that is presented in this final report will continue to advance as the contributing 

members will gather after each Fraser River sockeye salmon fisheries season to determine run 

size adjustments for all eligible stocks. 
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INTRODUCTION 

Sustainable management of Pacific salmon requires reasonable estimates of adult returns 

throughout the entire fisheries planning cycle. Pre-season estimates of adult returns (e.g. Grant et 

al. 2010) are used for fisheries planning purposes, while available in-season estimates are used 

for making real-time adjustments to harvest (Macdonald et al. 2010). Arguably the most 

important application of adult return estimates is post-season, where they are used to evaluate the 

achievement of management objectives (i.e. harvest rate vs. spawning escapement) and to 

calculate productivity and stock status for use in future harvest planning (Grant et al. 2011).   

Traditionally, the annual run size (or total adult returns) for a given salmon population was 

calculated by adding the estimated catch and spawning escapement values together at the end of 

each season. Since 1992, post-season estimates of in-river loss have regularly been added to 

catch and spawning escapement estimates in order to determine the total run size for Fraser River 

sockeye salmon. For the last 5 years, the additional fish that are included post-season are referred 

to as the run size adjustment (RSA), and provide an estimate of the in-river or en-route loss of 

sockeye salmon as they migrate to their natal spawning area. The original rationale for including 

post-season RSAs in run size estimates was based on the observed discrepancy between lower 

river escapements (estimated at Mission, 69km upstream of the Fraser delta) and spawning 

grounds escapements, after adjusting for catch above Mission. It is commonly understood that 

some portion of these observed discrepancies is due to uncertainties and bias inherent in the 

catch and escapement estimates themselves, as well as various unaccounted sources of natural  

and fisheries-related mortality (Hague and Patterson 2007; Macdonald et al. 2010).  

Currently, the post-season run size estimates by stock are calculated as the sum of the spawning 

ground escapement, the total catch and, in most cases, a run size adjustment (RSA). The RSA 

accounts for en-route mortality and/or uncertainty in data sources (i.e. spawning escapement 

and/or catch).  

RSA = RSA-spawning escapement + RSA-catch + RSA-mortality 



2 

 

Most often, the RSA used is a derivative of the difference between estimates (DBE) because the 

estimates of lower river sockeye salmon escapement helped to provide an indication of en-route 

loss (Macdonald et al. 2010).  

Recent evaluations of the impact of RSAs on productivity and harvest rate calculations have 

demonstrated that the decision to include or omit a post-season RSA can substantially alter our 

impression of abundance, productivity and exploitation for some sockeye salmon stocks. For 

example, including a high RSA into the calculation can lead to overestimates of the productivity 

and underestimates of the harvest rate when the true RSA value is low. Conversely, including a 

low RSA when the true value is high can provide an underestimate of productivity and an 

overestimate of harvest rate. With increased scrutiny of the use of in-season estimates of en-route 

loss (i.e. management adjustments (MAs); Macdonald et al. 2010; Cummings et al. 2011) and the 

implications of post-season RSAs on stock productivity and harvest rate, it has become 

imperative to clearly articulate the post-season process and improve tools for developing a 

defensible post-season RSA. This work was undertaken to continue to improve upon the 

methodology and documentation of scientifically-defensible post-season RSA values. 
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RSA PROCESS FRAMEWORK  

As the information that is available for the assessment process can vary on a yearly basis, it is 

important to make a framework that is flexible to these changes and describes who is responsible 

to remain up to date on such alterations. To streamline the process and minimize the time 

required to gather information for the determination process, a list of the specific responsibilities 

of the working group members is provided in the appendices. The level of detail for each 

requirement should be a function of the initial concern. In cases where flags are raised, it is 

necessary to look into further information. This can occur throughout the whole process, 

including diagnostics.  

Note: It is always important to gauge the value of a particular piece of information and the time 

requirements involved to evaluate it to the level of RSA inclusion. For example, would the 

decision made have a significant influence on the outcomes of the RSA process. This can be 

expressed using the effect on diagnostic and output parameters. 
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RSA-spawning escapement 

Spawning escapement (SE) is a stock-specific estimate of the number of adult sockeye salmon 

that escape all fisheries and reach natal spawning grounds during a defined spawning 

enumeration period. This estimate is the anchor of sockeye salmon management because the 

spawning escapement targets are the primary objective of in-season management (Pacific 

Salmon Treaty – Chapter 4).  

The near final spawning escapement values are presented to the Fraser River Panel (FRP) and 

used in generating pre-season run size estimates for the forecasted stocks. For the purpose of 

RSA determination, the near final spawning escapement estimates are further evaluated for 

known or expected bias. If there is bias and the difference is greater than 10% of the near final 

spawning escapement, the difference will be reflected in the RSA-spawning escapement 

component of the determination process. The Stock Assessment Division of Fisheries and 

Oceans Canada (DFO-StAD) is responsible for obtaining these estimates. In some cases, the near 

final spawning escapement value may be adjusted for bias and presented to the FRP prior to the 

RSA process. This revised value is termed the best estimate spawning escapement and reflects 

the bias without the use of an RSA-spawning escapement component. 

If there is known or expected bias for stocks that are not typically included in the RSA process, 

they will also be evaluated for a difference of greater than 10%. In cases where the difference 

surpasses this threshold, the stock will be discussed and a potential RSA-spawning escapement 

will be applied. DFO-StAD is responsible for bringing the decisions regarding a bias greater than 

10% to the RSA group meetings with an explanation of the sources of uncertainty (see Robinson 

and Patterson 2014 for details) responsible for this decision.  
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RSA-catch 

Total catch is a stock-specific estimate of the number of Fraser River sockeye salmon captured 

and landed in the marine approach areas and Fraser River watershed by Canada and the United 

States. Catch monitoring efforts provide abundance estimates and the Pacific Salmon 

Commission (PSC) applies stock identification information from test fisheries to evaluate 

estimates at the stock level.  

For the purpose of RSA determination, a total catch estimate for a particular stock can be further 

evaluated for known or expected bias. If there is bias and the difference is greater than 10% of 

the Fraser River Panel total catch estimate for that stock, the difference will be reflected in the 

RSA-catch component of the determination process. To date, an RSA-catch value has not been 

used in the RSA process. Resource Management is responsible for bringing the decisions 

regarding a bias greater than 10% to the RSA group meetings with an explanation of the sources 

of uncertainty (see Robinson and Patterson 2014 for details) responsible for this decision. 
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RSA-mortality 

The RSA-mortality value is used to estimate the number of fish that succumb to a means of en-

route mortality – these are fish that are not accounted for in the traditional components of the 

total run size estimate. The following four steps outline the process for agreeing upon a percent 

value that represents en-route mortality as a proportion of the spawning escapement estimate of 

each RSA stock for a given year. 

We suggest that these steps for assessing an RSA-mortality value are initially approached at the 

run-timing level as we think that this would partition the data in the most useable manner, 

particularly considering that the inputs for this process will be available at varying organization 

levels. Of course, as progressing through the steps for each run-timing group, it will be essential 

to delve into the process at the stock level for particular pieces of information. 

Where relevant, we have added in considerations for future additions or adjustments to the 

determination process.  In some cases, this includes expectations of additional data sources or 

modeling advancements.  
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Step One 

Evaluate the potential for a run size adjustment based on environmental conditions experienced 

by each stock as represented by the specific return migration information available. 

(A) Gather key environmental condition information for marine and freshwater environments 

Water temperature – There are approximately 21 real-time water temperature monitoring stations 

currently located within the main freshwater migration corridors for Fraser River sockeye 

salmon (Figure 1). Each of these stations can be matched to the migration path of one or 

more of the RSA stocks (Figure 2, Figure 3). This data can be supplemented with spawning 

ground water temperature information provided by Fisheries and Oceans Canada’s Stock 

Assessment Division (DFO-StAD) and/or Environmental Watch Program (DFO-EWatch). 

For some stocks, water temperature loggers deployed by DFO-EWatch can provide 

additional information; however, the variability in site locations and download frequency 

make this an inconsistent source for the RSA process. 

Discharge and water level – The water temperature monitoring stations discussed above are 

matched with hydrometric data collection that is operated by Environment Canada’s Water 

Survey of Canada (WSC). These locations, as well as many others throughout the watershed, 

can provide real-time discharge and water level information for RSA stocks of particular 

concern (e.g. Early Stuart sockeye salmon at Hell’s Gate). 

Other relevant events – In some years, anomalous events occur that can influence our 

determination of stock-specific en-route mortality estimates. Some examples include: 

 The breach of a tailings pond dyke at the Mount Polley Mine that resulted in a large 

volume of tailings pond wastewater to flow into the Quesnel Lake system in early 

August of 2014. 

 The Chilcotin River landslide that blocked Farwell Canyon in late August of 2004. 

Considerations: integrate ocean condition information, particularly anomalous events 
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(B) Match stock-specific daily migration timing information to environmental factors 

Data from the monitoring stations can be matched to the migration timing of each RSA stock to 

generate freshwater environmental exposure profiles (Figure 4). Using standardized templates 

will allows us to quickly generate these profiles for each stock at multiple locations along their 

migratory pathways. By simulating upriver migration, we are able to estimate the daily 

abundance passing by monitoring stations further up their migration corridors relative to the 

initial abundance estimate location. This will be supported by scientifically-defensible migration 

distance and rate information for each run-timing group. 

 (C) Assess the severity of the environmental exposure for each stock 

Using threshold values and comparisons to historical information will allow us to assess the 

severity of the exposure for a given match between environmental condition and RSA stock 

(Figure 5, Figure 6). The information used to determine threshold values will be documented and 

updated as new data becomes available. 
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Step Two 

Continue to evaluate the potential for a run size adjustment by incorporating the biological 

information available for each run-size-adjusted stock. 

The biological justifications for the importance of the following factors in the migration success 

of Fraser River sockeye salmon can be found in the 2012-14 SEF Final Report (Robinson and 

Patterson 2014).  

In order to maintain a streamline process, some information will be labelled as optional. In 

instances where flags are raised, the biological information available can be assessed at a more 

detailed level. 

Migration behaviour – Migration timing information is available from multiple locations along 

the mainstem of the migratory pathway: test fishery catch data can inform us of marine 

timing, Mission hydroacoustic estimates can inform us of lower river passage, and stock 

assessment information can inform us of spawning ground arrival. Timing anomalies can be 

investigated relative to historical trends. 

Fishing pressure – Total catch estimates account for landed catch and include efforts to 

enumerate unreported harvest. However, further assessment information is available for 

interpretation. Fishing effort and gear relative to environmental exposure can provide 

information on the potential for fishing-induced mortality associated with gear encounters. 

Furthermore, new research suggests that when and where gear encounters occur (e.g. in-

river versus marine) may play a role in migration success. 

Fish condition – The following fish condition metrics can be obtained each season: length/weight 

by age, pre-spawn mortality (PSM) and lipid estimates. This information can be compared 

between years and among stocks to provide an indication of condition upon arrival to 

spawning grounds. 

Age structure and sex ratio – The relative proportions of these groups can provide supplemental 

information that may elucidate the effects of the migratory conditions experienced by a 
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particular RSA stock. Based on historical information and biological expectations, 

anomalies may indicate difficult migration conditions. For example, a higher proportion of 

males on the spawning grounds may indicate that females encountered a migratory barrier 

that pushed these naturally more susceptible sex to high mortality rates. 

Carcass observations (optional) – The observation of carcasses within the Fraser River system 

may be reported throughout the mainstem and tributaries. Typically, information will come 

from PSC or DFO employees stationed at Hell’s Gate or Mission hydroacoustic site as well 

as those performing catch monitoring roles on behalf of Fisheries and Oceans Canada’s 

Resource Management. Anecdotal information from other groups (e.g. First Nations, fishing 

charter operators) commonly involved in the fisheries season is available. Though this 

information is difficult to parameterize, it can still provide supplemental support for the 

overall assessment. Depending on the location of reporting, we may be able to narrow down 

the likely stock at risk. 

Research programs (optional) – Each year, novel research occur on various stocks throughout 

the watershed. This research often includes biotelemetry components which can provide 

another means of assessing both the biological and migratory conditions of a particular RSA 

stock. 

Considerations: use jack returns (not included in the spawning escapement estimate), age 

structure and/or sex ratio as an indicator of migration conditions as some groups may be 

particularly susceptible to such migration barriers (e.g. jacks and high flow conditions). 

 

Risk assessment: 

An overall opinion on the likelihood of en-route mortality is formed prior to evaluating 

quantitative estimates based on in-season values for spawning escapement, Mission escapement 

and catch. The information that is brought to the table in Step One and Two provide an 

evaluation of both the migratory and biological conditions for a particular stock on a given year. 

We have created a framework (see Table 1) that amalgamates this information to inform a 
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decision on the measure of en-route mortality. Not only does this framework provide 

documentation of the information that was available, it facilitates an assessment of the perceived 

severity of the environmental conditions and biological information relevant to the exposure risk 

of each RSA stock. Thus far, the severity is classified using the following scoring categories: 

1) equivalent to 0% to < 10% mortality: good – no evidence or very limited evidence of en-

route mortality based on environmental conditions and biological information  

2) equivalent to 10% to < 25% mortality: fair – some signs of migratory problems such as 

exposure of a portion of the run-timing group to extreme conditions 

3) equivalent to 25% to 50% mortality: poor – several indicators imply a severe problem; 

this can include historic problems 

4) equivalent to > 50% mortality: severe – significant portion of the run was either acutely 

exposed to a severe migratory stressor or the cumulative impact of multiple stressors; all 

or most of the categories/evidence indicate a severe problem likely occurred 

Each data contribution as well as the overall assessment of risk can be classified using this scale; 

however, the risk assessment is not necessarily an additive measure. Thus it will reflect the 

cumulative severity for a particular stock independent of the exact values for each piece of data 

contributed. 

Considerations: focus on generating a straightforward quantitative scale that applies different 

weighting to the assessment information – it can include interactions and help define the type 
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Step Three 

Use the quantitative information available to further inform the RSA-mortality estimate decision. 

Following the risk assessments conducted in Step Two, quantitative estimates are brought 

forward to further inform the likelihood and magnitude of en-route mortality for each RSA stock. 

Table 2 provides a clear indication of the current methods available and future directions for 

informing en-route mortality estimates at various organizational levels (i.e. run-timing group and 

stock). As indicated by the black boxes, not all methods of estimation can be applied at the stock 

level. The following describes the post-season methods and their respective considerations of use 

for the RSA-mortality determination process.  

Current methods: 

Measured DBE – The measured difference between estimates (DBE) method for determining a 

post-season RSA-mortality value for a given RSA stock is based on the following 

calculations: 

DBESG = PSESG – SESG   

 Where PSESG = MESG – CAMSG 

PSESG = Potential Spawning Escapement at Mission by RSA stock 

MESG = Mission escapement by RSA stock 

SESG = Spawning Escapement by RSA stock  

CAMSG = Catch above Mission by RSA stock 

Considerations: A main issue with the DBESG is how to apportion the post-season DBEs that 

are based on run-timing or stock grouping to each of the contributing RSA stocks. The 

current method involves dividing the DBE amongst each of the RSA stocks based on their 

relative spawning ground escapement estimates. Proposed work to improve the stock ID 

database will help this process; however, in the interim, there are questions surrounding 
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using this method to inform en-route mortality estimates. This is especially true for RSA 

stocks that are grouped together yet have very different migratory paths. For example, the 

Nahatlatch, Nadina, Gates and Bowron (NNGB) stock aggregate for the Early Summer run-

timing group is comprised of four RSA stocks with very different migratory distances: 

Nadina (>1000 km), Nahatlatch (~200 km), Gates (~350 km), and Bowron (~1100 km). It 

seems inappropriate for Bowron to have the same en-route mortality estimate as Nahatlatch 

given the wide disparity in migratory distance severity. The recommended solution is to 

ascribe more of the stock aggregate DBE to Nadina and Bowron and less to Nahatlatch. 

Interestingly, although Gates has only a moderate migratory distance, it has to navigate 

through the Seton Dam. There have been numerous research reports that have documented 

the additional mortality associated with Dam passage (e.g. Fretwell 1989; Pon et al. 2009), 

suggesting that migration mortality would be higher than Nahatlatch and potentially on par 

with Nadina and Bowron.  

A second main consideration that would apply to all of the mortality estimates based directly 

or indirectly (e.g. modelled, historic) on DBE estimates is that the DBE includes both en-

route mortality and all other assessment errors. Assessment errors can be both directional 

biases and random error. These assessment errors have the potential to both accentuate a 

major mortality event as well as potentially obscure any major mortality. Given the 

difficulties in estimating these errors for all sources of assessment (i.e. Mission escapement, 

catch, and spawning grounds), it would be prudent to evaluate the relative contribution an 

error in one or all of these assessments would have on an RSA-mortality value based on a 

DBE. 

Adjusted DBE – This is the same method as the DBE but the SE and CAM have been adjusted 

based on new RSA-spawning escapement and RSA-catch values.  

Considerations: A consistent approach is needed in determining exactly how the addition of 

an RSA-catch to one RSA stock will impact the DBE of that aggregate. For example, an 

increase in the RSA-spawning escapement for the North Thompson stock will reduce the 

DBE for the stock aggregate, potentially lowering the RSA-mortality value and resulting run 

size estimate for paired stocks if based on the DBE. This will increase the ER for those other 
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RSA stocks within that aggregate. More thought needs to be applied to determine whether 

this is the most appropriate response. The transition to stock-specific catch and Mission 

estimates would isolate this problem in the future. 

Pooled DBE – This approach uses the DBE for more than one RSA stock. The total DBE for all 

of the RSA stocks in question are combined and then allocated equally amongst the groups 

in proportion to their relative spawning escapement value. This method is preferred under 

certain situations: where multiple RSA stocks are co-migrating at the same time and 

experiencing similar migration conditions; small populations are co-migrating with large 

populations increasing the uncertainty of catch and/or Mission escapement estimates based 

on these small values.  

Considerations: A major concern for the pooled DBE method is the treatment of catch. 

Spreading the DBE without a re-adjustment to catch can cause unrealistic exploitation 

rates. 

Historic DBE – Mission escapement estimates have been available for run-timing groups since 

1977. This long-term historic database can be broken down by stock aggregates.  

Considerations: The main debate surrounding the use of historic DBEs questions whether 

each year should be weighted equally. For instance, methods used to estimate Mission 

escapement have changed considerably since 1977. Thus, emphasis could be place on more 

recent years. Similarly, cycle-line dominance has played a major role in Fraser sockeye 

management and has led to the suggestion of biological differences among cycle lines.  

MA model – Management Adjustment (MA) models are used in-season to inform fisheries 

management. These are environmentally-based predictive tools designed to increase the 

probability of achieving spawning escapement targets by forecasting the DBE (Cummings et 

al. 2011). Although the models were not designed to describe the post-season DBE, the 

rationale behind their development did include an analysis of their ability to describe the 

historic DBE (Macdonald et al. 2010).  
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The most general model structure used for Early Stuart, Early Summer and Summer-run 

timing groups is Equation 1A, and the model in Equation 2A for the Late run-timing group:  

 

22~log QeQdTcTba
PSE

SE
e 








      (1A) 

 

bRa
PSE

SE
e 








~log          (2A) 

 

SE = spawning ground escapement 

PSE = lower river escapement adjusted for catch 

T = mean river temperature (o C) near Qualark Creek, BC 

Q  = mean river discharge (cm/1000) near Hope, BC  

R = date at which 50% of the fish from a run group have passed Hells Gate, BC  

 

Environmental means are quantified using the average of daily mean river temperatures and 

discharges over a symmetric 31-day period surrounding the forecasted Hells Gate 50% date 

for each run-timing group (15-days before and 15-days after). In season, the model uses an 

asymmetric 19-day period (15 days before and 3-days after) at Hells Gate. 

The response variable from the MA model is then transformed into absolute numbers using 

Equation 3A to calculate the number of fish required to pass Mission to achieve the 

spawning escapement. 
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Considerations: A complete overhaul of the MA models is being planned for the next two 

years. As a parallel process, it would be efficient to evaluate new variables that could be 

used to improve the post-season DBE. The current variable selection was chosen based on 

their availability during in-season management. They may not be most appropriate for a 

post-season analysis. In response we intend to use a systematic procedure to evaluate the 

utility of each variable in both describing and predicting MAs for specific management 

groups and key stocks, similar to methods used by Macdonald et al. (2010) and Cummings 

et al. (2011). The variables chosen for describing the MA would be more appropriate for the 

RSA process.  

Run-timing models – Models that use run timing to predict en-route loss (DBEs) for in-season 

management have been in use since 2002 (Macdonald et al. 2010). These models were based 

on median 50% migration date past Hells Gate for the entire stock aggregate and applied to 

Late run stocks. More recently, a run timing model was developed for Weaver creek that 

looked at daily migration timing past Mission.  The model is described in more detail in 

Robinson et al. 2014. In short, a survival curve was generated based on the relationship 

between capture date and survival to reach Weaver Creek for individually tagged fish from 

August through September over multiple years. The survival curve was adjusted for tag-

related mortality and migration rate from Mission to the tag site in the Harrison River. Using 

the adjusted timing and survival values the probability of survival for a given date was then 

multiplied by the proportion of fish migrating past Mission for that day. The cumulative 

estimate of probability of survival was then calculated and an RSA-mortality value was 

obtained. 

Considerations: Current work is being done to generate a similar timing-based model for 

Harrison River and Late Shuswap sockeye salmon due to the data availability of the multi-

year tagging efforts in both systems. In addition, this work is being explored for the possible 

linkages to in-season MA adjustments (see Macdonald et al. 2010 evaluation). Future efforts 

will also look at combining migration survival with exposure risk to other variables (e.g. 

fishing effort and temperature). 
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Thermal models – There are six RSA stocks that have well defined aerobic scope curves: 

Weaver, Gates, Early Stuart, Chilko, Quesnel, and Stuart/Stellako. Aerobic scope curves 

were matched to exposure risk to high temperatures to generate an estimate of migration 

mortality based on a reduction in aerobic scope. This work has been summarised in Carter 

(2014). A draft publication has been developed to further explore these relationships. At a 

minimum, this work has shown the relative differences in survival of stocks based on 

exposure to similar temperatures. For example, this has been used to determine that Chilko 

is likely to have higher survival than other co-migrating stocks exposed to the same high 

temperatures.  

Considerations: This work will require further analysis to make it more transferable to the 

RSA management process – several efforts are under way to do so. Examples of such efforts 

include updating the current Carter model and incorporating the aerobic scope 

relationships into the cumulative effects modelling work (see below).  

Future directions: 

Any DBE-based en-route loss estimate can include assessment errors from Mission estimates, 

catch estimates and/or spawning escapement estimates. Currently, the weighting given to any 

specific annual loss estimate is equal regardless of the confidence in the assessment methods for 

that year. We will explore new variables and associations that have the potential to provide better 

information specific to en-route loss. The majority of these variables have already been described 

as part of the Biological Information section and are currently being used to inform the Risk 

Assessment and ultimately the Expert Opinion. The new approach is to attempt to better quantify 

the relationship of those variables already described, as well as examine new variables, to en-

route mortality. The ability of a variable to improve model fit does not presume that this variable 

is causally linked to en-route loss (either through contributing to bias in assessment error and/or 

mortality). Therefore, prior to each variable being included, we will systematically research the 

potential connection to ensure there is a reasonable and defensible link to en-route loss. It is 

important to separate, where possible, those variables that are explaining biases in assessment 

values from those describing en-route mortality. This should reduce the likelihood of spurious 

relationships. The following is a sub-sample of the new information to be considered:  
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 Fishing interactions – Quantification of fishing-induced mortality, mortality that is directly 

or indirectly associated with interactions of salmon with fishing activity. The most 

common form is capture-and-release mortality, but incidental capture and escape (e.g. net 

drop-outs) as well as gear avoidance are also possible. It will be critical to evaluate the role 

of fishing-induced mortality in conjunction with other factors, such as water temperature 

and capture location (Gale et al. 2014).  

 Behaviour – Stock-specific variability in migration behaviour is currently not explicitly 

included in the estimates of en-route loss for most RSA stocks. There is a need to examine 

how stock-specific differences in behaviour could influence survival. All of the major 

tagging projects conducted since 2002 have used DNA stock assignments and will 

therefore provide stock-specific mortality information (e.g. Martins et al. 2011).  

 Carcasses – While carcasses provide direct evidence of fish mortality, there are several 

key caveats surrounding their visibility that need to be considered before using carcass 

information to infer population-level impacts (Patterson et al. 2007).  We will evaluate the 

current carcass monitoring that occurs at the Mission hydroacoustic site and by various 

DFO groups (e.g. catch monitoring, conservation and protection). From this information 

we will provide advice on how best to interpret this information during in-season 

management. 

 Fish condition – The following is a list of potential indices of fish condition that have been 

associated with migration mortality in Fraser sockeye (Cooke et al. 2006; 2012). We 

propose to comment/examine the utility of each with respect to predictive ability.  

o Energy status – Interannual variation in ocean growth conditions are associated 

with interannual variation in energy status (Crossin et al. 2004). Energy depletion is 

associated with migratory success (Rand et al. 2006). Energy condition information 

has been collected on key stocks since the mid-1990s. We will plot this information 

against either en-route loss or surrogates of loss, such as migration timing. In 

addition, marine exit timing has been correlated to individual energy status in 

sockeye salmon outside the Fraser.  

o Pathogens – There is growing interest in pathogen research and a potential for 

increased virulence with rising water temperatures and interactions with fishing. 
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Host response to disease and pathogen presence has been linked to migration 

mortality in Fraser sockeye: smolt migration, sub-adult predation risk (Miller et al. 

2014), adult spawning host-disease response (Miller et al. 2011). We propose to 

extend this work to examine the utility of pathogen information on the population 

level.  

o Overall stress – Indicators of stress (e.g. cortisol, ion levels) have been used as 

predictors of migration behaviour (indirectly influencing survival) and mortality 

(Cooke et al. 2006; Jeffries et al. 2012).  

 Multiple factors – There is a growing recognition that multiple factors can interact to play 

an important role in describing en-route loss and mortality (Johnson et al. 2012). 

Therefore, a detailed analysis of the combined effects of multiple factors on upstream 

migration will be conducted. This work will feed into the cumulative effects analysis 

proposed below. 

 

Cumulative effects models – In addition to exploring additional variables for the standard MA 

modelling, we have started to assemble data to examine the cumulative effect of multiple 

stressors on en-route migration mortality using stage-structure population models. The 

cumulative effects of potential stressors on the migration survival of adults will be estimated 

using generalized linear models, including interactions (i.e. a factorial design) to assess the 

possibility that cumulative effects act not only additively but also synergistically or 

antagonistically. These models can then be fit within a Bayesian hierarchical framework so 

that estimates of effects for data poor populations can be improved by “borrowing” 

information from more data rich populations (Schaub & Kéry 2012). Many of the stressors 

that will be included in these analyses have already been identified in RSA work to date 

(Robinson and Patterson 2014) as being likely to impact Fraser River sockeye salmon. In the 

absence of data to estimate the effects of stressors on migration survival, published work in 

scientific journals and technical reports and/or consultations with experts of the field will be 

used. The detailed analysis of the cumulative effects of stressors on adult migration survival 

will be included in the stage-structured population models to assess the viability of 

populations experiencing multiple stressors.  
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Extreme event models – Changes in the frequency and magnitude of extreme environmental 

conditions and other sources of en-route mortality (i.e. fishing pressure and location) make it 

difficult to explain or predict en-route loss, especially when conditions are outside the 

historical data. The current approach to estimating MA is based on simple linear regression 

methods. We propose to consider a series of novel modeling approaches to the problem of 

estimating accurate management adjustments. This will include the extensions of the current 

linear modeling methods by including variance structures that relax the assumptions 

homogeneous variance in linear models. For example, in years with higher river 

temperatures mortality might be more variable (high mortality in some years but not in 

others). Another modeling approach that we propose is based on the modeling of extreme 

values rather than the means (e.g. quantile regression). This approach could provide 

important information about the probability of extreme mortality events. Finally, non-

parametric methods that can deal with threshold relationships and non-linearity such as 

regression trees may prove useful in explaining and predicting complex ecological 

relationships. For all modeling approaches, including the current MA model we will 

compare their explanatory power and predictive error to determine the strengths and 

weaknesses (e.g. Macdonald et al. 2010; Cummings et al. 2011). 
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Step Four 

Make a final decision incorporating all available information for each RSA stock. 

One of the main intentions of this RSA framework has been to direct the focus away from the 

DBE, which can be highly influenced by assessment errors and uncertainty that is difficult to 

account for and may perpetuate through the management process. Thus, we have intentionally 

designed the framework to center on the environmental and biological information that informs 

the overall risk assessment values. In this final step of the RSA-mortality process, we have 

separated the assessment of the estimates based on their proximity to the DBE. This facilitates 

the evaluation of the input uncertainty inherent in the DBE calculation process and provides a 

record of the data available and rationale for decisions made. The following steps outline a 

rudimentary template for reaching a final RSA-mortality value informed by the different 

methods of obtaining estimates; this step-by-step guide is open to advancement as the RSA 

process continues to improve through use.  

(A) Evaluate the methods that are not based on the DBE 

 the data supporting this step in the process is the responsibility of DFO-EWatch 

 currently, there are three methods of reaching an en-route mortality estimate without 

using the DBE as the basis of information 

o risk assessment 

 this estimate is the result of steps one and two in the RSA-mortality 

framework 

 as Table 1 depicts, the working group members will assign a level of 

confidence to each value beforehand; these concerns can be addressed 

here 

o run-timing model 

 include the model uncertainty 

o thermal model 

 include the model uncertainty 
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(B) Evaluate the methods that are based on the DBE 

 the data supporting this step in the process is the responsibility of the PSC 

 Table 3 will be used to collect the available data and facilitate comparisons 

 the raw DBE-based estimates include: 

o measured and/or adjusted DBE 

 can assess at multiple stock aggregation levels: river, run-timing and stock 

ID aggregations 

 uncertainty: 

 input data: Mission hydroacoustics, apportioned stock ID, catch 

estimate, spawning escapement 

 stock size, stock ID sample size 

o historic DBE 

 can assess at multiple stock aggregation levels: river, run-timing and stock 

ID aggregations 

 uncertainty: 

 variability in the assessment methods: advancements in 

hydroacoustic and stock ID technology 

 input data: Mission hydroacoustics, apportioned stock ID, catch 

estimate, spawning escapement 

 stock size, stock ID sample size, cycle year 

 when to use it: expected problems with the measured and/or adjusted DBE 

value (e.g. stock ID or abundance bias) with normal migration conditions 

o MA modeled DBE 

 technically can assess at the river, run-timing and stock ID aggregate level 

but easiest set up at the run-timing level 

 uncertainty: 

 modeled uncertainty outputs 

 when to use it: expected problems with the measured and/or adjusted DBE 

value (e.g. stock ID or abundance bias) and difficult migration conditions 

 choose the preferred DBE-based estimate 
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o options can also include a pooled (and potentially re-apportioned) DBE estimate 

 pool stocks with similar timing and close proximity  

 may apportion the estimate based on relative spawning ground escapement 

composition – this assumes the magnitude of en-route mortality is equal 

among the pooled stock groups in proportion to spawning escapement 

 when to use it: expected problems with apportioning the stock ID but not 

abundance estimates; in instances where the available estimates do not 

seem to be a reasonable estimate of en-route mortality at the individual 

stock level 

(C) Compare and decide on the best estimates (expert opinion) 

 compare the estimates from the previous steps 

o if the difference between values is within 10%  use the value most independent 

of the DBE 

o if the difference between values is greater than 10%  look for further 

information: the sensitivity of the input variability; the main drivers of each value; 

overall confidence 

 

The level of confidence in a particular value can provide insight for the decision-making process. 

For example, some of the RSA stocks are supported by more information on migration 

conditions than others. Thus, the use of environmental and biological information to inform this 

risk assessment estimate of RSA-mortality is accompanied by a higher measure of confidence 

relative to other RSA stocks and/or methods of estimation. Even more, documenting the 

uncertainty can provide a gauge of the confidence in the stock-specific final value to be visited 

and potentially used as reference in years to come.  
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Diagnostics/Output Parameters 

There are two major diagnostics: exploitation rate (ER) and return per effective female (42/EFS). 

The use of these diagnostic is not without some serious reservations. There is no agreement as to 

what should be done if the ER or R/EFS is considered unusual. At a minimum, the RSA 

calculation should be re-done and a sensitivity evaluation conducted to determine what inputs are 

causing the biggest effect on the diagnostic value in question. It is possible to increase the level 

of scrutiny and/or explore alternative methods for generating an RSA value, but this has not been 

agreed upon. Both ER and R/EFS are now incorporated into the RSA calculation spreadsheets 

provided by the PSC. 

Diagnostic spreadsheet 

We are in the process of creating a diagnostic spreadsheet that is designed to simulate how 

adjustments recommended through the RSA process can influence inputs and ultimately fisheries 

parameters (e.g. ER, 42/EFS, productivity measures/long-term trends, etc.). Upon completion 

each season, this spreadsheet will provide a tool for documenting influential RSA decisions and 

reference for future decisions. 

Exploitation Rate (ER) 

The three contributing sources to an RSA value would each have a different impact on the ER. A 

positive RSA-spawning escapement and RSA-mortality value both decrease the ER, whereas a 

positive RSA-catch would decrease the ER. 

The consequences of having divergent ER rates based on post-season run sizes compared to in-

season estimates of ER (at the stock aggregate level) have not been fully articulated. However, 

one can assume that continual under or overestimation of the ER for particular RSA stock would 

have serious consequences for achieving long-term harvest and escapement goals. Random 

variation in ERs is expected, but large anomalies and/or consistent biases of in-season versus 

post-season ERs can help to direct the re-evaluation of key assessment inputs (e.g. Mission 

escapement, catch, spawning escapement).  
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42 returns per Effective Female Spawner (42/EFS) 

The three contributing sources to an RSA value would have a similar impact on 42/EFS: a 

positive RSA-catch, RSA-spawning escapement and/or RSA-mortality value will increase the 

42/EFS. However, only a positive RSA-spawning escapement value will impact return forecasts 

by adjusting the number of EFS.  

Caution should be taken in making comparisons of current 42/EFS with historic 42/EFS if those 

historic productivity estimates are based on estimates of either catch, mortality, and/or spawning 

escapements that were consistently biased over the historic period. A possible example of the 

latter bias that would require further evaluation is the assessment of the North Thompson RSA 

stock. 

There is large inter-annual variation in productivity estimates both within and among RSA 

stocks. Therefore, it is less clear how very low or very high 42/EFS would actually trigger a more 

intensive re-evaluation of the RSA value. It is more likely that reducing some of the uncertainty 

with respect to RSA-mortality would provide more confidence in any trends in productivity that 

was observed for a given RSA stock. 

Additional diagnostics 

The indirect consequences of adopting RSA values based on different migration mortality 

estimates needs to be explored further.  
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Documentation 

One of the more powerful components of the framework presented in this report is the continual 

documentation throughout the process. The level of confidence in determining an RSA value for 

a given stock is not equal across years and/or stocks. Therefore, clear documentation of the 

information input, decisions made and overall confidence of each value is essential. The figures 

and tables that follow provide real examples of how the information and decisions made can be 

stored in a tangible manner for future reference. A detailed list of the information and all relevant 

supporting documentation is provided in the appendices. 
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Figure 1. A map of the Fraser River watershed illustrating the locations of real-time water temperature monitoring 

stations. The stations are maintained by Environment Canada’s Water Survey of Canada (WSC) or Fisheries and 

Oceans Canada’s Environmental Watch Program (EWatch). The blue circles and stars indicate stations that are 

active; the red circles mark locations where water probes will likely be installed in 2015. This figure will be 

annually updated to account for changes in the availability of water temperature data. 
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Early Stuart 

Stuart River at Fort St. James (EWatch) 

Nechako River at Isle Pierre (WSC) 

Fraser River near Marguerite (WSC) 

Fraser River above Texas Creek (WSC) 

Fraser River at Qualark (EWatch) 

Fraser River at Hope (WSC) 

 

Bowron 

Fraser River at Shelley (WSC) 

Fraser River near Marguerite (WSC) 

Fraser River above Texas Creek (WSC) 

Fraser River at Qualark (EWatch)  

Fraser River at Hope (WSC) 

Chilliwack 
Chilliwack River at Vedder Crossing (WSC) 

Fraser River at Hope (WSC) 

Fennell/Taseko 

North Thompson River at  McLure (WSC) 

Thompson River at Ashcroft (EWatch) 

Thompson River near Spences Bridge (WSC) 

Fraser River at Qualark (EWatch)  

Fraser River at Hope (WSC) 

Fennell/Taseko 

Chilko River near Redstone (WSC) 

Chilcotin River below Big Creek (WSC) 

Fraser River above Texas Creek (WSC) 

Fraser River at Qualark (EWatch)  

Fraser River at Hope (WSC) 

Gates 

Seton River near Lillooet (WSC) 

Fraser River above Texas Creek (WSC) 

Fraser River at Qualark (EWatch)  

Fraser River at Hope (WSC) 

Nadina 

Nechako River at Vanderhoof (WSC) 

Nechako River at Isle Pierre (WSC) 

Fraser River near Marguerite (WSC) 

Fraser River above Texas Creek (WSC) 

Fraser River at Qualark (EWatch)  

Fraser River at Hope (WSC) 

Nahatlatch 
Fraser River at Qualark (EWatch)  

Fraser River at Hope (WSC) 

Pitt Fraser River at Hope (WSC) 

Scotch 

South Thompson River at Chase (WSC) 

Thompson River at Ashcroft (EWatch) 

Thompson River near Spences Bridge (WSC) 

Fraser River at Qualark (EWatch)  

Fraser River at Hope (WSC) 

Seymour 

Seymour River near Seymour Arm (WSC) 

South Thompson River at Chase (WSC) 

Thompson River at Ashcroft (EWatch) 

Thompson River near Spences Bridge (WSC) 

Fraser River at Qualark (EWatch)  

Fraser River at Hope (WSC) 
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Chilko 

Chilko River near Redstone (WSC) 

Chilcotin River below Big Creek (WSC) 

Fraser River above Texas Creek (WSC) 

Fraser River at Qualark (EWatch) 

Fraser River at Hope (WSC) 

Harrison 
Harrison River below Morris Creek (WSC) 

Fraser River at Hope (WSC) 

Late Stuart 

Stuart River at Fort St. James (EWatch) 

Nechako River at Isle Pierre (WSC) 

Fraser River near Marguerite (WSC) 

Fraser River above Texas Creek (WSC) 

Fraser River at Qualark (EWatch) 

Fraser River at Hope (WSC) 

North Thompson 

North Thompson River at  McLure (WSC) 

Thompson River at Ashcroft (EWatch) 

Thompson River near Spences Bridge (WSC) 

Fraser River at Qualark (EWatch) 

Fraser River at Hope (WSC) 

Quesnel 

Quesnel River near Quesnel (WSC) 

Fraser River near Marguerite (WSC) 

Fraser River above Texas Creek (WSC) 

Fraser River at Qualark (EWatch) 

Fraser River at Hope (WSC) 

Raft 

North Thompson River at  McLure (WSC) 

Thompson River at Ashcroft (EWatch) 

Thompson River near Spences Bridge (WSC) 

Fraser River at Qualark (EWatch) 

Fraser River at Hope (WSC) 

Stellako 

Stellako River at Glenannan (WSC) 

Nautley River near Fort Fraser (WSC) 

Nechako River at Vanderhoof (WSC) 

Nechako River at Isle Pierre (WSC) 

Fraser River near Marguerite (WSC) 

Fraser River above Texas Creek (WSC) 

Fraser River at Qualark (EWatch) 

Fraser River at Hope (WSC) 
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Birkenhead 
Harrison River below Morris Creek (WSC) 

Fraser River at Hope (WSC) 

Cultus 
Chilliwack River at Vedder Crossing (WSC) 

Fraser River at Hope (WSC) 

Late Shuswap 

South Thompson River at Chase (WSC) 

Thompson River at Ashcroft (EWatch) 

Thompson River near Spences Bridge (WSC) 

Fraser River at Qualark (EWatch) 

Fraser River at Hope (WSC) 

Portage 

Seton River near Lillooet (WSC) 

Fraser River above Texas Creek (WSC) 

Fraser River at Qualark (EWatch) 

Fraser River at Hope (WSC) 

Weaver 
Harrison River below Morris Creek (WSC) 

Fraser River at Hope (WSC) 

 

Figure 2. Table of the real-time temperature monitoring stations located along the migratory pathways of the RSA 

stocks by the end of 2014. The italics indicate sites that are likely to be installed in 2015. The information has been 

separated by run-timing groups with the first box being the earlier entry group (i.e. Early Stuart) and so on. For some 

stocks, this information can be supplemented with strategically placed data loggers (DFO-EWatch) and spawning 

ground water temperature data (DFO-StAD). 
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Figure 3. Grid indicating the temperature monitoring stations located along the migratory pathways of the RSA 

stocks by the end of 2014. The italicized station names indicate sites that are likely to be installed in 2015. The green 

depicts sites located directly on the stock’s migration route and the yellow depicts sites that are indirectly associated 

(e.g. upstream of a branch point). 
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Figure 4. Matched daily average water temperature and discharge information to stock-specific daily passage 

abundance by Mission. This example depicts the lower Fraser River water temperature and discharge conditions 

experienced by upriver migrating Early Stuart sockeye salmon in 2011. The grey line indicates the daily mean water 

temperature at Qualark and the green line indicates the daily mean discharge at Hope. The blue bars represent the 

relative daily Mission passage abundance of this stock adjusted to Qualark passage. 
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Figure 5. Lower Fraser River water temperature and discharge matched to Early Stuart sockeye salmon passage at 

Qualark (see Figure 4). This graph depicts threshold discharge values as indicated by using blue (< 6000 m3/s), pink 

(6000-8000 m3/s) and red (> 8000 m3/s) bars.  
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Figure 6. The solid grey line indicates the 2013 daily mean water temperature at Qualark, the dotted grey line 

indicates the historical average daily water temperature at Qualark (2000-2013) and the green line indicates the daily 

mean discharge at Hope. The bars depict the relative daily Mission passage abundance adjusted to Qualark passage. 

Water temperature thresholds are represented using blue (<19°C), pink (19-20°C) and red (>20°C). 
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Table 1. This table fills multiple roles in the RSA decision making process. It indicates the availability of environmental and biological information at the run-

timing and stock level for each RSA stock. In cases where information is not available, this is indicated with the NA symbol. Where information is available, the 

assessment of the severity of the exposure and biological anomaly on en-route mortality is depicted through a ranking system. (1 = 0-10%, 2 = 10-25%, 3 = 25-

50% and 4 > 50%, where the percent applied indicates the best estimate of the metric’s independent contribution to en-route mortality). This ranking system is 

also used in the overall risk assessment column; however, the ranking for each data type is not used additively for this column’s output. This is a powerful table 

that allows for clear documentation and reference to decisions made through the RSA process. For explanations of each data type, see details in the step-by-step 

guide. As mention in these details, each data type does not contribute equally to the estimate of en-route mortality (e.g. water temperature is weighted more so 

than discharge in the overall risk assessment). The asterisk next to a stock indicates a stock that does not have historic recruitment information used to forecast 

returns on an annual basis. 

 



36 

 

 

Table 2. Assessment table that will display the quantitative RSA-mortality estimates that are available for each RSA 

stock in the post-season RSA determination process. The green highlight indicates quantitative methods that are 

currently available, whereas the yellow highlight indicates methods to be assessed for future use. The dark box 

outline depicts the grouping of stocks required, depending on the methods used. For example, as depicted, the 

current measured DBEs are only available at the run-timing level. The risk assessment cells will be filled in using 

the information from Table 1 and the remaining cells will be the result of various calculations and models. As 

mentioned in Table 1, this table fills many functions notwithstanding the clear documentation of the information 

available to inform annual RSA-mortality decisions. The Pitt stock does not pass the Mission hydroacoustic site and 

therefore, does not have the information required to calculate a DBE value. The asterisk next to a stock indicates a 

stock that does not have historic recruitment information used to forecast returns on an annual basis. 
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Table 3. Documentation and assessment tool for evaluating the DBE-based estimates available for informing an estimate of RSA-mortality (see Step 4B). All 

available estimates will fill this table and allow for side-by-side comparison. The sample size column under ‘current measured DBE’ provides information on the 

number of stock identified fish that were used to extrapolate stock-specific abundance estimates for catch and Mission passage. This helps to assess the 

uncertainty in the input values. The striped cells in the Pitt row indicate that DBE-based information is not available since this stock does not pass by Mission 

(the hydroacoustic site that provides estimates in the calculation of a DBE). The stippling on the MA modeled DBE columns indicate that this information is not 

yet available for use in the RSA determination process The asterisk next to a stock indicates a stock that does not have historic recruitment information used to 

forecast returns on an annual basis. 
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GLOSSARY 

Difference between Estimates (DBE) – The difference between the estimated escapement past 

Mission minus the estimated spawning ground escapement adjusted for the catch upstream 

of Mission. 

Effective Female Spawner (EFS) – An estimate of the number of adult female sockeye salmon 

to reach the spawning grounds and successfully spawn within a set time period. The value 

is calculated by multiplying the number of female spawners by percent success of spawn (1 

– egg retention estimate). 

En-route Loss – The loss of a salmon from the ultimate post-season run size estimate. It could 

be the result of unaccounted for harvest and/or natural mortality. 

En-route Mortality (ERM) – The mortality of adult salmon from the marine approach areas 

(Area 20/12) through to their assessment in spawning areas; however, this is typically 

represented as In-River Mortality given that most of the modelled mortality is upstream of 

Mission. 

Exploitation Rate (ER) – The harvested proportion of the total adult return for a set time period. 

Fishing-Induced Mortality (FIMS) – Mortality that is directly or indirectly associated with fish 

interacting with fishing activity. Most common form is capture-and-release mortality, but 

incidental capture and escape (e.g. net drop-outs) as well as gear avoidance are also 

possible. 

Gross Escapement – The total number of fish escaping past a defined fishing boundary. 

Harvest Rate (HR) – Typically the percent of the abundance of fish (for a fixed time period) in 

a fishing area (defined by gear, location and timing) that are killed in that fishery.  

In-River Loss – See En-Route Loss; however, loss (i.e. unaccounted for catch and/or natural 

mortality) is estimated in river only. 
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In-River Mortality – The mortality of adult salmon that occurs within the Fraser River, 

typically synonymous with mortality from Mission through to their assessment in 

spawning areas 

Lower River Escapement – The number of salmon that escape a fishery and survive to pass 

Steveston on their spawning migration to natal streams. 

Management Adjustment (MA) – An in-season harvest adjustment target (i.e. estimate of the 

number of additional fish required) applied to increase the probability of achieving 

escapement targets on the spawning grounds (Macdonald et al. 2010). 

Mission Escapement – The number of salmon that escape a fishery and survive to pass Mission 

on their spawning migration to natal streams. 

Potential Spawning Escapement (PSE) – The number of salmon that could potentially reach 

their natal spawning grounds based on the estimate of stock-specific escapement past 

Mission after accounting for catch upstream of Mission. 

Pre-Spawn Mortality (PSM) – Salmon that die on the spawning grounds prior to successfully 

spawning.  A more precise definition is egg retention estimates, given that PSM is 

estimated using female carcass observations (Gilhousen 1990). 

Productivity – Typically estimated as recruits per spawner for Fraser River sockeye salmon. It is 

used as an estimate of intrinsic population growth. 

Recruit – The number of sockeye salmon by age class from a given brood year that return to the 

fishery (over several years). 

Return – The total number of sockeye salmon of all age classes that return to the fishery for a 

given year. 

Run Size – The estimated number of adult salmon that returned to the fishery. Pre-season, in-

season and post-season run size estimates are assessed each season. Currently, the post-

season estimate is the sum of the spawning escapement, total catch and RSA value. 
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Run Size Adjustment (RSA) – A post-season adjustment to run size that estimates the number 

of actual fish that were not accounted for in the near final spawning escapements and total 

catch reports. The RSA is normally associated with in-river mortality. 

RSA-spawning escapement – An RSA associated with known biases of spawning 

ground escapement assessment numbers in which the discrepancy is estimated to be 

greater than 10% of the near final spawning ground estimate. 

RSA-catch – An RSA associated with known biases of total catch values in which 

the discrepancy is estimated to be greater than 10% of the Fraser River Panel total 

catch estimate. 

RSA-mortality – An RSA associated with an estimate of en-route mortality. 

Run-Timing Group – A management classification that categorizes returning sockeye salmon 

into four groups (Early Stuart, Early Summer, Summer and Late) based on their timing of 

entry into the Fraser River. Major stocks are assigned to each timing group, but stocks can 

move between years as behavioural information is continually updated (e.g. Harrison to 

Summers). 

Spawning Escapement (SE) – The number of adult salmon (excluding jacks) that escape all 

fisheries and reach natal spawning grounds. This estimate includes fish identified as pre-

spawn mortalities. 

Near Final Spawning Escapement – Verified spawning escapement estimates 

available post-season. 

Best Estimate Spawning Escapement – Spawning escapement value adjusted for 

bias specifically for the RSA determination process. 

Stock – A genetically similar group of fish, usually returning to a specific geographical area 

and/or time period (Beacham et al. 2004). 
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Forecasted Stock – Nineteen Fraser River sockeye salmon stocks that have historic 

recruitment information. This is used on an annual basis to generate forecasts for the 

next season (Grant et al. 2011). 

Run Size Adjustment (RSA) Stock – Twenty-three Fraser River sockeye salmon 

stocks that are annually assessed post-season for adjustments to the stock-specific 

run size estimates. 
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APPENDICES 

 

List of RSA Stocks Evaluated for Post-Season Run Size Adjustments (RSAs) 

Run-Timing Group RSA Stock 

Early Stuart Early Stuart 

Early Summer Bowron 

 Chilliwack* 

 Fennell 

 Gates 

 Nadina 

 Nahatlatch* 

 Pitt 

 Scotch 

 Seymour 

 Taseko* 

Summer Chilko 

 Harrison 

 Late Stuart 

 North Thompson* 

 Quesnel 

 Raft 

 Stellako 

Late Birkenhead 

 Cultus 

 Late Shuswap 

 Portage 

 Weaver 

 

* Indicates a stock that does not have historic recruitment information used to forecast returns on 

an annual basis (Grant et al. 2011) 
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General Step-by-Step Template for Determining RSA-mortality Estimates 

Step One 

Evaluate the potential for a run size adjustment based on environmental conditions experienced 

by each run-size-adjusted stock as represented by the specific return migration information 

available. 

(A) Gather key environmental condition information for the marine and freshwater environments 

(B) Match the stock-specific Mission daily abundance information to the environmental factors 

(C) Assess the severity of the environmental exposure for each stock 

Step Two 

Continue to evaluate the potential for a run size adjustment by incorporating the biological 

information available for each run-size-adjusted stock. 

Step Three 

Use the quantitative information available to further inform the RSA-mortality estimate decision. 

Step Four 

Make a final decision incorporating all available information for each run-size-adjusted stock. 

(A) Evaluate the methods that are not based on the DBE 

(B) Evaluate the methods that are based on the DBE 

(C) Compare and decide on the best estimates (expert opinion) 
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Input Requirements and Responsibilities 

This section provides a clear outline of the data that each contributing member is responsible for 

bringing to the annual RSA determination meetings. In some instances, data exchange prior to 

the meeting will be essential to ensuring all information is available. It is also the responsibility 

of all working group members to come prepared with any relevant information that may not be 

consistent among years, but will provide context to the decision making process (e.g. anomalous 

events within the watershed). 

For instances where contributing members are required to make decision prior to the meeting 

(e.g. RSA-spawning escapement), they were responsible for providing supporting documentation 

at the meeting. Such supporting documentation includes reasoning for decisions as well as 

overall comfort in the adjusted value.  
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Fisheries and Oceans Canada – Environmental Watch Program (DFO-EWatch) 

RSA Estimate Data Responsibility Supporting Documentation 

RSA-spawning escapement   

RSA-catch   

RSA-mortality - updated map of real-time water 

temperature monitoring station data 

available for the year in question 

(see Figure 1) 

- updated list of real-time water 

temperature monitoring station data 

available along the migratory 

pathway of each RSA stock for the 

year in question (see Figure 2) 

- all available daily average water 

temperature data for all stations for 

the year in question as well as 

historical information for 

comparisons 

- any additional water temperature 

data available from loggers 

throughout the system 

- daily average discharge and water 

level data for stations of concern 

which are determined based on 

expert opinion that may include 

historic information, in-season 

observations and known thresholds 

(e.g. Hell’s Gate discharge) 

- exposure profiles linking the 

temperature, discharge and/or water 

level conditions to migration timing 

information for all RSA stocks at 

key locations along their migratory 

 

 

 

 

 

 

- data sources; quality 

assurance and quality control 

 

 

- data sources; quality 

assurance and quality control 

 

 

- methods used to simulate 

upriver migration to match 

timing distributions to 

environmental conditions 

(e.g. migration distance and 

rates); references informing 

threshold values 



50 

 

pathway; includes reference to 

historic averages and threshold 

values where applicable 

- anomalous watershed events that 

may influence migration success 

- fish condition data (e.g. carcass 

observations, annual lipid estimates, 

length/weight by age) 

- timing-based model 

- other models 

General - new research and biological 

information available 

- past information to refer back to 

RSA decision making processes 
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Fisheries and Oceans Canada – Stock Assessment Division (DFO-StAD) 

RSA Estimate Data Responsibility Supporting Documentation 

RSA-spawning escapement - near final and best estimate 

(where applicable) of 

spawning ground escapement 

for all RSA stocks 

- justification and information 

used to inform whether an 

adjustment was made to a 

near final value 

RSA-catch   

RSA-mortality - spawning ground water 

temperature 

- current and historic timing 

information including 

spawning ground arrival, 

peak spawn and peak die off 

- fish condition on spawning 

grounds (e.g. pre-spawn 

mortality, net marks, carcass 

observations) 

 

General - escapement characteristics 

(e.g. age structure, 

male/female ratio, jack 

returns) 

- new research and biological 

information available 

- past information to refer 

back to RSA decision making 

processes 
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Fisheries and Oceans Canada – Resource Management (DFO-RM) 

RSA Estimate Data Responsibility Supporting Documentation 

RSA-spawning escapement   

RSA-catch - suspected adjustments to be 

made to total catch estimates 

(e.g. unreported catch) 

- information on catch, effort 

and gear used by location 

 

RSA-mortality - carcass observations  

General - new research and biological 

information available 

- past information to refer 

back to RSA decision making 

processes 
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Pacific Salmon Commission (PSC) 

RSA Estimate Data Responsibility Supporting Documentation 

RSA-spawning escapement   

RSA-catch - suspected adjustments to be 

made to total catch estimates 

(e.g. unreported catch) 

 

RSA-mortality - RSA stock-specific daily 

Mission abundance 

information and associated 

uncertainties for given year 

- capture location information 

(e.g. marine versus in-river) 

- stock composition of run-

timing groups 

 

General - new research and biological 

information available 

- past information to refer 

back to RSA decision making 

processes  

- marine migration 

information 

 

 

 


