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Foreword 

Lower Fraser in-river hydroacoustic methods play an important role for the in-season assessment of 

Fraser River sockeye stocks, and the quality of the abundance estimates generated by the hydroacoustic 

ǇǊƻƎǊŀƳ ŀǘ aƛǎǎƛƻƴ Ƙŀǎ ōŜŜƴ ǘƘŜ ŦƻŎǳǎ ƻŦ ƛƴǉǳƛǊƛŜǎ ōŜƎƛƴƴƛƴƎ ƛƴ ǘƘŜ мфулΩǎΦ {ƛƴŎŜ нллуΣ ŀƴ ŀŘŘƛǘƛƻƴŀƭ 

hydroacoustic program at Qualark has been able to provide independent estimates of total salmon 

abundances, and on some years, like 2010, these estimates differed substantially from the Mission total 

salmon abundance estimates. The expansion of the Mission program combined with the additional 

hydroacoustic program at Qualark has significantly increased the overall cost of hydroacoustic 

operations in the lower Fraser River. In 2013, the Pacific Salmon Commission formed the Fraser River 

Strategic Review Committee (FSRC) with the mandate to provide advice to the Commission regarding 

potential modifications to the hydroacoustic operations with the aim to reduce overall program costs 

while maintaining the necessary quality standards for in-season assessment. The report by an 

independent consultant in 2015 left many of the initial terms of reference (TOR) unaddressed, and as a 

result, the FSRC provided a bilateral group of technical experts with a revised list of tasks and timelines 

to address the TOR.  

This PSC Technical Report documents the work of this group of bilateral experts. More specifically, it 

contains the Hydroacoustics Review Technical Summary, including the numerous appendices with 

technical details as well as the preface to this Technical Summary by the Fraser River Panel leadership. 

The technical evaluation of this work by Commissioner Dr. Brian Riddell, as well as the bilateral 

responses were provided in a memo to FSRC committee members as well as the Fraser River Panel and 

Technical Committee, August 6, 2019. Due to the lengthy nature of the hydroacoustic review progress 

(ongoing since 2013), this report also documents the technical work completed by both hydroacoustic 

programs (Mission and Qualark) since 2016, in response to some of the preliminary findings.  

To ensure the transparency of the process, no changes have been made to the original documents that 

are part of this report, except for the following three changes. First, the cover letter to the Technical 

Summary provided by the Fraser River Panel leadership has been revised to ensure full support of the 

Fraser River Panel. The resulting changes that have been made are shown explicitly. Second, a few 

sentences have been added as introduction to each of the appendices of the Technical Summary to help 

the reader understand the information provided. And third, the reference to a non-existing table has 

been removed and an editorial note has been added to indicate this has been done. In addition, all the 

material provided in this report has undergone bilateral scrutiny except for the technical work by both 

hydroacoustic programs since 2016, including the species composition method that has been developed 

since then. 

Overall, this report documents a substantial body of work regarding the Lower Fraser hydroacoustic 

programs at Mission and Qualark, which we hope will benefit both the Pacific Salmon Commission as 

well as other organisations who use similar methods for the assessment of their salmon stocks.  

Fiona Martens and Catherine Michielsens 

Chiefs, Fisheries Management 

Pacific Salmon Commission 
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Hydroacoustics Review Technical Summary 

Overview 

1.1  Introduction 

In response to concerns regarding increasing costs of hydroacoustic operations in the lower Fraser River, 

due to the addition of the Qualark hydroacoustics program in 2008 and the additions and modifications 

to the Mission hydroacoustics program in subsequent years, a ŘƻŎǳƳŜƴǘ ŜƴǘƛǘƭŜŘ ΨbŜȄǘ {ǘŜǇǎ ŦƻǊ CǊŀǎŜǊ 

wƛǾŜǊ !ŎƻǳǎǘƛŎǎΩ was presented to the Commissioners and the Fraser River Panel (FRP) by M. Lapointe in 

2013 (Appendix 1). This document discussed the future of the hydroacoustic programs at Mission and 

Qualark and the related budgets. At the request of the Commissioners, the Fraser River Strategic Review 

Committee (FSRC) was formed with the mandate to provide advice to the Commission on potential 

modifications to hydroacoustic operations (Appendix 2 and Appendix 3) designed to reduce the total 

annual cost associated with two programs. The FRP developed a workplan to support the FSRC and an 

independent consultant was engaged (Appendix 4 and Appendix 5). With data and input from the FRP, 

hydroacoustics staff of the Pacific Salmon Commission (PSC) Secretariat, and Fisheries and Oceans 

Canada (DFO), the consultant produced a report and presented it to the FRP in the fall of 2015 

(Appendix 6). The FSRC acknowledged the work of the consultant, but there was concern that the terms 

of reference (TOR) had not been fully addressed. The FSRC accepted input from the FRP and technical 

committee members and the FRP provided a revised list of tasks and timelines to comprehensively 

address the TOR and provide a recommendation for lower Fraser River hydroacoustics (Appendix 7). 

This report summarizes the technical work conducted as specified in the workplan with the intention of 

informing the FSRC.   

1.2  Iƻǿ ǘƻ άǊŜŀŘέ ǘƘƛǎ ŘƻŎǳƳŜƴǘ 

This document has been designed to serve several purposes: first, the executive summary provides a 

high level summary of the hydroacoustics technical review; second, the executive summary points the 

reader to individual sections within the main body of the document which support the statements in the 

executive summary; finally, sections within the main body of the document also reference a suite of 

appendices (Part 1: Appendix 1-15). 

Acronyms 
¶ ARIS ς Adaptive Resolution Imaging Sonar 

¶ DIDSON - Dual frequency IDentification SONar 
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¶ LB ς left bank hydroacoustic system (can refer to either Mission or Qualark; left follows riverine 
convention, left bank of river when facing downstream) 

¶ MA ς management adjustment: MAs are added to the escapement goal when necessary to account for 
historic differences between Mission hydroacoustic estimates of fish passage (plus catch upstream of the 
hydroacoustic site) and spawning ground escapement estimates 

¶ PEDs ς Passage Estimate Differences (between Mission and Qualark, previously referred to as  ά5.9ǎέύ 

¶ RB ς right bank hydroacoustic system (can refer to either Mission or Qualark) 

¶ RSA ς run size adjustment: post-season work to account for sockeye that are estimated to have died in-
river (i.e., final run size = catch + escapement + RSA) 

¶ TAC ς total allowable catch 

¶ TOR ς terms of reference. 

Executive Summary 
 

1. Conclusions: 
a. This review focused on evaluating the passage estimate differences (PEDs) between Mission and 

Qualark, potential causes of the PEDs, and how these differences could impact run size estimates 
and TAC calculations. To explore these questions, six alternate hydroacoustic gear configurations 
were examined using available information. The technical conclusions for each configuration are 
summarized below. 

i. Mission only ς The review concludes that coverage of both banks and the mid-channel 
at Mission is the minimum gear configuration required to support in-season run size 
assessment and management (see 5.8.1): 

¶ All Fraser sockeye stocks, with the exception of Pitt, Widgeon, Alouette and 
Coquitlam migrate past the Mission site. 

¶ Mission provides estimates 2-3 days earlier than Qualark. 

¶ Mission has been the only method used to enumerate pink salmon returning to 
the Fraser River post-season, since the early 2000s. 2015 was the first year of 
getting in-season estimates of pink passage from the Mission program. 

ii. Qualark only ς Although the Qualark location is a more ideal site for hydroacoustic 
enumeration of salmon passage, with fewer potential sources of error than the Mission 
site, the review concludes that using Qualark by itself is not supported by the available 
information (see 5.8.2), because: 

¶ There are important sockeye stocks that are assessed by Mission but not 
assessed by Qualark   (i.e., the Vedder/Chilliwack, and the Harrison/Birkenhead 
systems) which would require additional in-season assessment measures and 
associated resources. 

¶ Qualark provides estimates 2-3 days later than Mission, which may 
unacceptably delay in-season management decisions. 

¶ Qualark would not be able to provide estimates of total Fraser pink salmon 
escapements. 

iii. Mission and Qualark: (see 5.8) Technical analysis of the PEDS suggests that continued 
long-term annual operation of both the Mission and Qualark hydroacoustic systems may 
not  result in improved in-season sockeye estimates: 
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¶ With eight years of data from simultaneous operation, the review was unable 
to find any correlation between the occurrence of PEDs and a number of 
potential causal factors (see 4.6). 

¶ In the two Adams-dominant years in the dataset (i.e., 2010 and 2014), 61 days 
with significant PEDs were identified in the 169 days examined (36% of the 
days).  For comparison, during the other six years examined 48 days with 
significant PEDs were identified in the 258 days examined (19% of the days). 

¶ In the two Adams-dominant years, the significant PEDs were large both 
numerically as well as percentage of the migration and went in opposite 
directions (Qualark larger than Mission in 2010 and vice versa in 2014). In 
addition, these PEDs may not be directly comparable, as the Mission 
configuration was not the same in these years. However, a retrospective 
analysis of the impact on the resulting in-season run size estimates and TACs 
were much smaller in magnitude than the PEDs themselves (see 4.5). 

¶ The technical review supports the operation of Qualark in 2018 (an Adams-
dominant year) but only if studies designed to further our understanding of the 
causes of passage estimate differences (PEDs) are included in a coordinated 
approach by both programs. 

¶ For the longer term, an alternate recommendation to consider would be to run 
Qualark in addition to Mission only in years of expected high sockeye 
abundance (e.g., Adams-dominant and possibly sub-dominant years) with the 
same caveat as above that studies designed to further our understanding of the 
causes of PEDs are included in both programs. Note that logistical issues 
associated with not operating Qualark every year would need to be addressed 
(e.g., removing infrastructure during fallow years) so this may not be practical. 

¶ It is important to note that there are other considerations that should inform a 
decision about the future of Qualark, including other uses for the 
hydroacoustics information beyond that of determining run size and TAC, such 
as its use to managers as a second reference point of fish passage estimates 
(see 5.7). As well, further investigation into the use of Qualark in informing 
sockeye estimates when there are large numbers of pink salmon in the lower 
river (as a relatively low proportion of pink salmon migrate past Qualark) may 
be helpful. 

 

iv. Mission without mobile ς is not supported by the available information (see 4.3.1.1). 

¶ In the years examined (2010-2016), 20% to 40% of the total upstream 
migration past Mission was assessed by the mobile unit. 

¶ The fixed percentage and regression-based estimation methods for replacing 
the Mission mobile estimates did not provide consistent and precise daily 
estimates of the number of salmon assessed by the mobile unit. 

¶ The direction and magnitude of the differences between the Mission mobile 
assessment and estimates from the three methods varied considerably in-
season which means they could differentially impact the assessment of 
different temporal segments of the run.  

¶ Removing the mobile system would considerably increase the uncertainty in 
the Mission estimates of mid-channel salmon passage (i.e., the portion of the 
upstream migration not assessed by the bank-oriented hydroacoustic systems 
at Mission), which can be significant, as noted above. 

v. Mission without mobile in conjunction with Qualark ς is not supported by the available 
information (see 5.8.3) 
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¶ The Qualark data cannot be used to reliably estimate the portion of the 
migration assessed by the mobile unit. 

vi. If the objective is to reduce costs, one option is to operate the Mission mobile unit 
using a systematic sub-sampling schedule (see 4.3.1.2): 

¶ Depending upon the sub-sampling schedule, cost-savings from $22,000 to 
$45,000 could be realized annually (see Appendix 8). 

¶ The every other day, every third day, or 3|4 (three days of sampling followed 
by four days of no sampling) sub-sampling schemes for Mission mobile present 
feasible alternatives with varying levels of cost savings. 

¶ Sub-sampling with the mobile system would increase the uncertainty in the 
Mission estimates of mid-channel salmon passage. 

¶ Sub-sampling would require developing a method for estimating the Mission 
mobile number on non-sample days prior to the next actual Mission mobile 
observation.  Simple linear interpolation or other more complicated methods 
could be used to estimate Mission mobile once there are observations on 
either side of the non-sample days. 

¶ Sub-sampling schemes may be more appropriate in larger abundance years 
where the additional uncertainty would be unlikely to have substantive 
consequences to management. 
Note that logistical issues associated with subsampling at Mission would need 
to be addressed (e.g. securing and scheduling crew) and would vary among 
subsampling schemes.  

b. Suggested improvements: 
i. More evaluations of how in-river fisheries impact PEDs are needed, particularly during 

years of high abundance, as currently there are only two years of data (each with a 
different Mission hydroacoustics set up). 

ii. Continued evaluation of blind zones at both hydroacoustic sites is recommended. 
iii. Further examination of the effect of uncertainties on hydroacoustic estimates in-season 

and in other work  (e.g., MA models and the RSA process) is needed. 
iv. Qualark-specific stock identification and adjusted species composition estimates from 

Qualark test fisheries should be incorporated into the evaluation of PEDs. 
v. An evaluation of  species and stock composition at both Mission and Qualark will be 

important to improving overall in-season Fraser sockeye run size estimates is 
recommended, per post-poned workplan items #11-#12. 

 
2. Mission work items (workplan #1-10): Potential issues in the Mission estimates were investigated under 

work items #1-10 using data and experiments from 2008-2015. No obvious problems were discovered, 
however, the available information suggests that the estimate of offshore salmon passage from the 
mobile hydroacoustic system is the most uncertain, and a near-shore blind zone on the left bank also 
contributes uncertainty to the Mission estimates. Modifications to the Mission sampling configuration and 
river profile in recent years were implemented to reduce these uncertainties (see 4.2.1). 

3. Qualark work items (workplan #13-14): Potential issues in the Qualark estimates were investigated under 
work items #13-14 in 2015. No obvious problems were discovered during the period of investigation. 
However, additional explorations are planned (see 4.2.2). 

4. Assessment of replacing the Mission mobile system with a model-based estimate (Consultant report 
(Appendix 6) recommendation #1): Three models to estimate offshore salmon passage were evaluated 
against the Mission mobile observations. None of the models provided consistently accurate estimates of 
the Mission mobile observations.  For the best performing model, which used concurrent LB+RB estimates 
at Mission to estimate Mission mobile enumeration, the error introduced into the Mission counts by 
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removing the mobile system was greater than the sockeye PED between Mission and Qualark in 4 of the 7 
years.  Removing the Mission mobile system would therefore add considerable uncertainty into estimates 
generated by the Mission program for a cost savings of approximately $70,000 annually. This would also 
impact the difference between Mission and spawning ground estimates dataset which is used by both the 
MA models and RSA process (see 4.3.1.1). 

5. In-season run size and TAC performance measures: In general, in-season run size assessments are 
insensitive to errors in hydroacoustics (of the magnitude observed between Mission and Qualark) relative 
to other sources of uncertainty and bias in fitting the run size models.  Based on the current PSC in-season 
run size model, the differences in estimates between Qualark- and Mission- based run size and TACs 
ranged from 2% to 16% (at 10 and 6 days after the peak of the Summer run, respectively) in the year of 
largest PEDs (2010 with a PED ranging from 25-30% with the Qualark estimates being larger).  In the year 
with the next largest PEDs (2014), the PEDs between Mission and Qualark were smaller and in the 
opposite direction (Mission estimates larger) and differences in resulting run size estimates were 
generally minimal (see 4.5). 

6. Identify significant PEDs and when they occur: A model that identified daily instances of significant 
differences in the hydroacoustic estimates by quantifying the minimum uncertainty associated with the 
estimates at each site found that out of 427 daily comparisons, there were 109 days when significant PEDs 
were identified from 2008-2015 (of which over half came from 2010 and 2014). This model has the 
potential to be useful in future years to incorporate estimates of uncertainty associated with Mission 
passage into MA models and the post-season RSA process, and could potentially be used in-season to 
assess whether observed PEDs are significant (see 4.6). 

7. PED correlations: Using the current dataset and covariates identified, we are unlikely to build a predictive 
model to identify when a significant PED will occur. While more years of data might help with model fit, 
the true passage of Fraser sockeye in the river is unknown. Thus, the predictive model would not be able 
to identify which estimate (Mission or Qualark) is closer to the true value (see 4.6). 

8. Species composition at Mission and Qualark (workplan #11-12): It was determined that these workplan 
items were outside the scope of the current project (see 4.2.3). 

Summary of Technical Analyses 

1.3  Objective 

FRP work item #18: Identify a program design option from the risk assessment in 17 above that falls 

within the Mission budget.  If this option does not adequately meet the defined fishery management 

objectives, explain why and identify a program design that would do so regardless of cost. 

The management objective focused on by the FRP in their analyses is to identify TAC for 

international sharing by the four Fraser sockeye management groups and Fraser pinks in a timely 

way such that fish are still available to fisheries in U.S. and Canadian marine waters. 
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1.4  Summary of Work: Evaluation of Individual Locations 

1.4.1 Work items #1-10: Potential sources of bias at Mission 

Work items #1-10 of the hydroacoustics work plan are focused on the Mission hydroacoustics program 

with the overall goal of compiling and reviewing data collected by the program and investigating 

potential sources of bias in the estimates of salmon passage. Work on these items was undertaken by 

PSC Secretariat staff throughout the Fall of 2015 and 2016 using data collected from 2009 to 2016 and 

has been summarized in detail in a technical report (Appendix 9). 

There were several potential sources of bias in the Mission estimates ƛŘŜƴǘƛŦƛŜŘ ƛƴ ǘƘŜ ŎƻƴǎǳƭǘŀƴǘΩǎ 

report that were investigated under work items #1-10.  These include: 1) a near-shore blind zone on the 

left bank of the site due to a convex bottom where fish passage cannot be observed directly but must be 

extrapolated from neighbouring areas; 2) an inflated cross-aim fish flux on the left bank due to the 

vertical movement of fish across multiple sampling areas; 3) using fish speed and upstream/downstream 

ratios from the left bank to predict offshore behavior; and 4) bias in target recognition by the mobile 

system leading to inaccurate estimates of offshore fish passage.  These items were investigated by 

looking at experiments conducted and data collected from 2009 to 2016 by the Mission program. In 

some cases there was not enough information to conclusively determine the significance of the 

proposed bias, but there was also no clearly identifiable source of bias in the Mission estimates.  

Nonetheless, the available information suggests that the offshore portion of the passage estimate 

generated by the mobile hydroacoustic system is the most uncertain, and the extrapolation of passage 

on the LB also contributes some uncertainty to the Mission estimates. These uncertainties may be 

magnified during periods of very high salmon passage and when there is fishing activity through the 

Mission site. There have been improvements at the Mission site to reduce these uncertainties by 

installing additional shore-based systems on the right bank to reduce the sampling area of the mobile 

hydroacoustic system, and more recently by excavating the river bottom on the left bank to eliminate 

the blind zone.   

The work completed for work items #1-10 has furthered our understanding of lower Fraser 

hydroacoustics and potential sources of bias in the Mission estimates. By assembling information and 

identifying potential biases, it also served as a foundation for investigations of PEDs between Mission 

and Qualark under work item #16.  

1.4.2 Work items #13-14: Potential sources of bias at Qualark 

¢ǿƻ ǇƻǘŜƴǘƛŀƭ ǎƻǳǊŎŜǎ ƻŦ ƴŜƎŀǘƛǾŜ ōƛŀǎ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ƛƴ ǘƘŜ ŎƻƴǎǳƭǘŀƴǘΩǎ ǊŜǇƻǊǘ ό!ǇǇŜƴŘƛȄ сύ ŀǘ ǘƘŜ 

Qualark site:  fish migrating beyond the normal 29m ensonified zone and a potential blind zone due to 

the rolled configuration of the DIDSON beam. Investigatory work in 2015 revealed that these were likely 

low to negligible sources of bias in the estimates of passage at Qualark during the period examined 
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(Appendix 10). However, as 2015 was a year of low sockeye abundance as well as low water flows, 

further testing is planned. 

1.4.3 Work items #11-12: Species composition at Mission and Qualark  

Mission and Qualark hydroacoustic sites estimate the total upstream salmon passage, however, species 

composition must also be estimated to determine the proportion of total passage attributed to each 

salmon species (e.g., sockeye, Chinook, pink).  Methods for estimating species composition at Mission 

and Qualark differ, which makes comparing sockeye passage at each site much more uncertain during 

migration periods when sockeye do not dominate species composition.  Thus, our analyses have tended 

to focus on even years or periods prior to mid-August on odd-years (when Fraser pink salmon are not 

present). Although the FRP acknowledges that species composition is an important line of investigation, 

it was determined to be outside the scope of the current project. The FRP and PSC staff are continuing 

to investigate improved methods of estimating species composition including following up on a 

methodology suggested in the consultantΩs report. There is also a Southern Endowment Fund project 

currently underway to investigate differences between species composition estimates produced by the 

fish wheel and the Adaptive Resolution Imaging Sonar (ARIS) length-based mixture model, and another 

project to undertake a review of test fisheries, which collect the samples used for species and stock 

composition.  

1.5  Summary of Work: System Comparisons and Alternative Configurations 

1.5.1 Alternative hydroacoustic configurations and sampling schemes 

Table 1 is a summary table of alternative hydroacoustic configurations, including sampling schemes, 

considered for further quantitative evaluation. Evaluation of the configurations in the top portion of the 

table is contained in this document and appendices. The configurations at the bottom of the table were 

evaluated based on expert opinion and not pursued further due to minimal cost savings and/or 

impracticalities of implementation. 

Table 1. Summary table of alternative hydroacoustic configurations considered for quantitative 
evaluation. 

Hydroacoustic system configurations considered for further evaluation 

System configuration Rationale for further evaluation 

Mission LB + RB + mobile * Full Mission program (see 5.8.1) 

Qualark (LB + RB) * 
 

Full Qualark program (see 5.8.2) 

Mission LB + RB + mobile + 
Qualark 
 

Full Mission + Qualark program.  Provides the most information for 
management purposes, but is also the most expensive (see 5.8.4) 
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Mission LB + RB Mission without a mobile system. Recommended for investigation in 
consultantΩǎ ǊŜǇƻǊǘ ŀƴŘ ƛǎ ŦŜŀǎƛōƭŜ ǘƻ implement (see 4.3.1.1) 

Mission LB + RB + Qualark Mission without a mobile system with full Qualark program.  Provides 
some cost savings versus both full programs with possibility of 
producing adequate passage estimates at both sites assuming a model 
could be used to predict the mobile passage at Mission (see 5.8.3) 

Mission LB + RB, Mobile 
<7d/week 

Operating the mobile unit at Mission less than 7 days per week.  While 
the cost savings are relatively small and there are some potential 
implementation issues to work through, this is the one portion of the 
existing Mission system where some cost savings might be found (see 
4.3.1.2) 

  

Hydroacoustic system configurations not considered for further evaluation 

System configuration Rationale for not evaluating further 

Mission LB + mobile Mission without a RB site. Minimal cost savings versus full Mission 
program. Prior to 2011, considerable SEF funding was contributed 
towards developing the RB site at Mission and its benefits for 
improving the Mission estimate have been detailed in SEF reports. 

Mission LB Mission without a RB site or mobile. Minimal cost savings versus 
Mission LB + RB configuration and not likely to produce an accurate 
passage estimate. 

Mission LB + Qualark Minimal cost savings versus Mission LB + RB + Qualark. 

Mission LB + mobile + 
Qualark 

Minimal cost savings versus full Mission + Qualark program. 

Qualark RB Qualark without the LB site.  Minimal cost savings compared to full 
Qualark program. 

Qualark, no night Qualark without any night operation and monitoring of passage.  
Someone must be at the Qualark site 24/7 for security purposes so an 
attendant would need to be hired which minimizes any cost savings. 

Mission, no night Minimal cost savings for same reason as Qualark site.  Salmon passage 
at Mission is driven by tidal patterns and does not show a strong 
diurnal pattern as seen at Qualark, therefore night monitoring is 
necessary to accurately assess salmon passage. 

* configurations of primary interest  

1.5.1.1 Assessment of estimation methods for the Mission mobile count of salmon (Appendix 11) 

This analysis was conducted to address the recommendation in the consultant's report to eliminate the 

Mission mobile system.  Three alternative models were considered as substitutes for direct 

measurements of mobile passage: 1) assume mobile passage estimates are a fixed percentage of the 

daily total migration (the recommendation from the consultant's report); 2) predict mobile estimates 

from concurrent Mission LB+RB salmon estimates; and 3) predict mobile estimates from daily salmon 

estimates from Qualark (LB and RB) lagged to account for migration time. None of the models examined 

provided consistent and precise estimates of salmon counted by the mobile unit at Mission. 
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Removing the mobile system would increase the uncertainty in the Mission estimates.  The best 

performing model (which used concurrent Mission LB+RB data) had a median annual absolute percent 

error of 10% across the seven years examined (2010-2016). In 4 of the 7 years, the total difference 

between the count by the mobile system and the model estimate for the assessment period was greater 

than the sockeye PED between Mission and Qualark for the same period.  The fixed percentage model 

performed poorly compared to the other models with a 23% median annual absolute percent error, a 

smaller percentage of daily differences within ±10%, and a greater tendency for a negative bias. The 

errors resulting from estimating mid-channel salmon passage without data from the mobile system 

were not random within a year; there were consistent periods of over- or under- estimation by each of 

the estimation models in most years. The largest differences often occurred later in the season, and 

would therefore differentially impact estimates for the run-timing groups. 

These analyses only examined periods when there were estimates available at Mission from both the LB 

and RB systems, and when pink salmon were not abundant. Outside of these periods an alternative 

method that has not been evaluated would have to be used to estimate offshore salmon passage. 

Removing the mobile system would also affect the ability of Mission hydroacoustics to assess salmon 

during periods of high water levels (such as in early July 2012 and 2013), because during those periods, 

the shore-based systems cannot be installed and the mobile unit is the main system used for estimates. 

 

1.5.1.2 Assessment of sub-sampling with Mission mobile as an alternative to daily operation 

(Appendix 12) 

If an overall objective is to reduce the costs associated with the Mission hydroacoustic program, one 

option is to operate the Mission mobile unit using a systematic sub-sampling schedule. Cost savings 

from sub-sampling are not as great as those realized by completely eliminating the mobile unit and are 

dependent upon the sampling frequency throughout the season. The advantage of sub-sampling is that 

the Mission mobile unit is used to periodically estimate salmon passage and those estimates can be 

used as the basis for previous and subsequent days' estimates when there is no mobile sampling.  This 

reduces the probability of extended periods of over- or under- estimation experienced by the estimation 

methods described in section 4.3.1.1.   

Hypothetical systematic sampling schemes of every 2nd, 3rd, 4th, 5th, 6th, and 7th day were examined using 

the same Mission hydroacoustic data set used in the previous analysis (4.3.1.1).  Because there are 

multiple starting dates possible for any scheme, 27 possible systematic schemes were evaluated. In 

addition, one sub-sampling scheme was examined where three consecutive days were sampled followed 

by four days with no sampling which resulted in a total of 30 different sub-sampling schemes being 

evaluated.   

Of the sub-sampling schemes examined, the schemes based on sampling every 2nd or 3rd day or sampling 

3 consecutive days then not sampling for 4 days generally performed better across all evaluation 

statistics than the other sub-sampling schemes. These three sub-sampling methods tracked daily mobile 
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estimates over each of the annual sockeye-dominant periods examined better than the model-based 

methods in 4.3.1.1 and had fewer extended stretches of days with consistent over- or under- estimates 

relative to the actual mobile estimate of salmon passage.  These three sub-sampling methods present 

feasible alternatives with varying potential cost savings ranging from $22,000 to $45,000 annually (see 

Appendix 8). Sub-sampling with the mobile system would increase the uncertainty in the Mission 

estimates of mid-channel salmon passage.  Ultimately the decision on whether a sub-sampling method 

could be applied to the operation of the Mission mobile hydroacoustic unit is a matter of risk tolerance 

by the managers.  Sub-sampling will also require developing a method for estimating the Mission mobile 

number on non-sample days prior to the next actual Mission mobile observation.  Simple linear 

interpolation or other more complicated methods could be used to estimate Mission mobile once there 

are observations on either side of the non-sample days.  Sub-sampling schemes may be more 

appropriate in larger abundance years where the additional uncertainty would be unlikely to have 

substantive consequences to management.  Logistical issues would need to be addressed (e.g. securing 

and scheduling crew) and would vary among subsampling schemes. 

1.6  Summary of Work: Sockeye Stocks Assessed at Mission and Qualark 
(Appendix 13) 

All stocks of Fraser River sockeye migrate past Mission except the Pitt, Widgeon, Alouette and 

Coquitlam stocks. Several stocks spawn in tributaries which drain into the Fraser River downstream of 

Qualark but upstream of Mission: Chilliwack (Early Summers); Harrison (Summers); and Birkenhead, Big 

Silver, Weaver, and Cultus sockeye (Lates). The size of these stocks relative to the total Fraser sockeye 

return can vary greatly depending on the cycle year and variability in returns of each stock. From 2008 

to 2015, the lowest annual proportion of Fraser sockeye potential spawning escapement assessed at 

Qualark was 63% (versus 99% at Mission), while the highest proportion was 94% (versus 100% at 

Mission), with an average proportion of 81% across years (versus 96% at Mission). This amounts to an 

average annual difference of 615,000 sockeye that migrate past Mission but do not migrate past Qualark 

(not including catches between the two sites). For detailed comparisons of the differences between 

years see Appendix 13. 

Without hydroacoustic data, stock proportions and CPUE estimates from test fisheries could be used for 

in-season run size assessments and determining potential spawning escapement. Estimates based on 

test fishery data have historically been much more uncertain than hydroacoustic estimates, as 

demonstrated by challenges in estimating the run size of Pitt sockeye. For example, in 2013 the run size 

of Pitt sockeye based on test fisheries stock proportions was estimated at 203,000 while the 

escapement and catch totaled only 66,000, suggesting the run size was over-estimated in-season. 

Currently, test fishery-based estimates of run size for Pitt are added to the total estimated run size 

(Mission passage plus catch) despite its uncertainty, as it is the only estimate available for that stock. 

Without Mission or other system-specific hydroacoustic estimates, the same would be true for several 

lower river stocks that spawn in tributaries downstream of Qualark. While the Chilliwack/Vedder system 

is conducive to a system-specific DIDSON/ARIS enumeration program, due to physical characteristics of 
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the Pitt and Harrison River systems, with the exception of the Birkenhead, the stocks entering those 

systems (Pitt, Widgeon, Harrison, and Weaver) could not be hydroacoustically enumerated and would 

have to be assessed using test fisheries. This would significantly increase the uncertainty for estimated 

sockeye passage as well as the total run size. 

 

1.7  Summary of Work: Management Implications ς Run Size and TAC (Appendix 
14) 

The impact of the PEDs on in-season run size estimates was quantitatively evaluated for the Early 

Summer- and Summer- runs (excluding Harrison) in 2010 and 2014, the years with the largest PEDs 

between Mission and Qualark for these two management groups. The results were conditional on the 

model used for the in-season assessment of run size and the 2010 data, which included test fishery, 

stock, and species identification data in addition to hydroacoustic data. 

During the 10 days following the peak of the Summer-run in 2010, the difference in total run size 

estimates when using one of the two hydroacoustics sites ranged from 16% on August 20 to 2% on 

August 24. The 16% difference resulted in a difference in international TAC of 730,000 salmon out of a 

total international TAC of 10 million (2% represented 70,000 salmon out of 13 million). The directionality 

of the PEDs differed between and within years, therefore 2010 does not provide an indication of the 

overall directionality. The large PED in 2010 compared to other years was likely due to the fact that the 

2010 Mission program was focused on research and development testing of more efficient sampling 

configurations, and the hydroacoustic system did not adequately sample the entire river width for the 

season as it has since 2011.  

Differences in run size and TAC are small relative to the overall bias and uncertainty of in-season 

predictions of the 2010 and 2014 sockeye returns. Thus, improving the accuracy of hydroacoustic 

estimates would have little effect on the run-size assessments in these years of high abundance. Larger 

improvements to the run size estimates could potentially be obtained by improving the in-season stock 

assessment model. For example, the migration pattern of the runs in 2010 and 2014 was spread over a 

broader period than the model currently allows which caused the run-size models in those years to 

under-estimate the actual return regardless of which acoustic time series was used. Furthermore, due to 

improvements in the sampling configuration of the Mission site since 2010, it is less likely that a PED of 

the same magnitude as 2010 will occur in future years.  

An important caveat to this analysis is that these results apply to the Early Summer and Summer-run 

(excluding Harrison) groups only. In-season estimates of run size for the Late-run group (where the 

largest PEDs occurred in both years) are not based on Mission hydroacoustics because a variable and 

unpredictable fraction of these stocks delay in the Strait of Georgia prior to migrating upstream. 

Similarly, Mission hydroacoustics are not used for in-season assessment of any delaying stocks and 

species (i.e., Harrison sockeye and Fraser pink salmon). 
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1.8  Summary of Work: Evaluation of Passage Estimate Differences (Appendix 15) 

Identification of days with significant Passage Estimate Differences (PEDs) was based on 95% confidence 

intervals generated through stochastic simulation for both Mission and Qualark passage estimates. 

These confidence intervals are considered minimum estimates of the uncertainty associated with the 

estimates. Non-overlapping 95% confidence intervals for the matched Mission and Qualark passage 

estimates was used as the criteria to identify "significant" PEDs.  Given that the variability in the 

estimates is being under-estimated, this standard was judged to be a good trade-off between identifying 

days with actual PEDs and minimizing the number of days where the PEDs might not be significantly 

different due to the under-estimate of uncertainty.  There were 109 days out of a total of 427 days 

examined from 2008-2015 when significant daily PEDs were identified (>50% occurred in 2010 and 

2014). The low sockeye abundance years of 2008, 2009, and 2015 had the smallest number of days with 

significant PEDs (7, 3, and 4 days, respectively) but the time-series length was also shorter in those 

years.  

The technical group identified >20 potential causal factors for PEDs which were then tested to see if 

they covaried with significant PEDs. The covariates included: type of year (pink year, large sockeye 

abundance year); in-river fisheries (opening time, effort, location); river migration conditions 

(temperature, discharge); hydroacoustic gear configurations (mobile, blind zone extrapolation, offshore 

passage). A subset of covariates was selected for regression analysis using a combination of statistical 

methods and expert opinion. 

In all, <10% of the presence/absence of PEDs could be explained by covariates, but >70% of the variation 

in the transformed (LN) size of the absolute value of the PEDs was explained by a regression model that 

included seven covariates. However, the direction of the PEDs could not be predicted by the model. 

Using the current dataset, it is highly unlikely that a predictive model could be developed from the 

current set of covariates to determine when or in which direction a significant PED would occur.  

More years of data (current dataset contains 2 άƘƛƎƘ ŀōǳƴŘŀƴŎŜ ȅŜŀǊǎέΣ п άǇƛƴƪέ ȅŜŀǊǎΣ ŀƴŘ п άƴƻƴ-Ǉƛƴƪέ 

years) or improved data for the explanatory variables (e.g., better data on in-river fisheries) might 

improve the fit of the models. However, we do not have a method for determining the true number of 

fish migrating through the Fraser. Therefore, the models developed would only be informative about 

Mission-Qualark PEDs and not about which system more accurately represents true passage of sockeye 

salmon on a specific day. 

Synthesis of Findings 
The evaluations, conclusions, and recommendations in this document are based on the goal of meeting 

the needs of current management and the data-collection systems currently used. The implications to 

management described in this section are considered within these constraints.  
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A persistent caveat to the work evaluating hydroacoustic estimates of sockeye passage in the Fraser is 

ǘƘŀǘ ǿŜ ŘƻƴΩǘ ƪƴƻǿ ǿƘŀǘ ǘƘŜ ǘǊǳŜ ǇŀǎǎŀƎŜ ƻŦ ǎƻŎƪŜȅŜ ƛs, so we cannot assess the accuracy or bias of 

either system and can only compare them to each other. There are also errors and uncertainties 

associated with estimates of the number of fish that leave the Fraser River mainstem between Mission 

and Qualark as well as with species and stock composition at both sites. These factors confound our 

ability to attribute PEDs to particular causes.  Conversely, because the two sites are not assessing the 

same populations, comparisons of estimates of total salmon passage may mask important differences.  

Table 2 and Table 3 show sources of uncertainty for both Mission and Qualark, as well as how the data 

from these two systems are used. 

 
Table 2. List of inputs that are used to generate Mission passage estimates and list of outputs that use 
Mission passage estimates. 

INPUTS used to generate Mission passage 
estimates 

OUTPUTS that use Mission passage estimates 

¶ hydroacoustic data (from LB, RB, mobile) 
o extrapolation methods (for blind 

zone and subsample counts within 
an hour) 

o fish lengths for determining salmon / 
non-salmon in mixture model 

¶ species identification (from test fisheries and 
hydroacoustic lengths, models, and historical 
Chinook passage) 

¶ stock identification (from test fisheries) 
o DNA analysis 

 

¶ in-season test fish catchability estimates 

¶ run size model*  generates run size that feeds 
into: 

o numerical escapement goal 
o TAC**  

¶ management adjustment models 

¶ run size adjustment process (RSA) Ą S/R 
dataset 

o run size forecast 
o escapement plan evaluation 

 
¶ Canada: in-river fisheries catch projections 

 

*  Note that the run size model does not always use hydroacoustic estimates (e.g., not used for Late run, Harrison 
or Pinks) and in addition to the hydroacoustic estimates, uses estimates of stock and species composition as 
well as forecasts of run size and timing, all of which have their own sources of uncertainty. 

**  In addition to the uncertainties associated with the run size estimates noted above, TAC calculations also 
incorporate management adjustments. 

 

Table 3. List of inputs that are used to generate Qualark passage estimates and list of outputs that use 
Qualark passage estimates. 

INPUTS used to generate Qualark passage 
estimates 

OUTPUTS that use Qualark passage estimates 

¶ hydroacoustic data (from LB, RB) 
o extrapolation methods (subsample 

counts within an hour) 
o fish lengths for determining salmon / 

non-salmon 

¶ species identification (from test fishery) 

¶ independent estimate of sockeye passage to 
compare to Mission through Qualark 
estimate, in-season 

¶ can provide estimates of early-timed stocks 
when decisions are made to delay start of 
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¶ stock identification ( samples are collected in-
season but analyzed post-season) 

other test fisheries or Mission due to 
conservation and/or financial reasons. 

 
 

 

1.9  Is there a clear cause for the significant PEDs? 

Not that we could identify. We examined a number of potential causal factors (environmental, fishing, 

gear configurations) to determine if they covaried with the time, magnitude, or direction of the 

significant PEDs, and only found a relationship with magnitude. The cause of PEDs is likely from multiple 

sources and varies daily (and quite possibly hourly). It is possible that additional years of data could help 

elucidate potential factors. 

1.10 ²ƘŀǘΩǎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜ t95ǎ ǘƻ ƳŀƴŀƎŜƳŜƴǘ ƻŦ Ŧƛǎheries? 

Based on data from 2010, the maximum impact of the PEDs (30%) on run size is 16%, resulting in a 

difference in international TAC of 730,000 salmon out of a total international TAC of 10 million. The 

percent difference in run size based on the two different hydroacoustic time series can change 

substantially within a year (e.g., from 16% on 20 August 2010 to 2% four days later with a PED of 25%) 

and between years. Across years, there is no indication of a directional bias when using one hydro-

acoustic time series versus the other. Even within a year, one system is not consistently higher or lower 

than the other.  

A list of additional factors that are part of the management system and may be impacted by PEDs is 

summarized in Table 2. 

1.11 When and why are statistically significant PEDs occurring? 

Within a season, there is no clear pattern in the occurrence of significant PEDs. However, we observed 

that significant PEDS are much more likely to occur in high abundance years (2010 and 2014). 

We were not able to identify a strong relationship between the occurrence of significant PEDs and any 

of the factors investigated. It is possible that factors impacting PEDs occur at a much finer scale than the 

scale of the data available for the explanatory variables. 

1.12 Is there a way to predict when PEDs will occur? 

There is no way to predict when a PED will occur with the current dataset and covariates examined. 

Additional years of data might alter this conclusion. 
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Note that without knowing the true number of sockeye migrating through the river, a predictive model 

would only be able to forecast when a PED would occur, not which site would provide the more 

accurate estimate on that day. 

1.13 What do we need to consider regarding test fisheries? 

When it comes to generating run sizes, test fisheries and hydroacoustics are highly interdependent. 

Test fisheries are used to support hydroacoustics in generating estimates of sockeye abundance by stock 

group (e.g., the Cottonwood, Whonnock, Qualark in-river test fisheries). Test fisheries are required to 

convert hydroacoustic estimates of fish passage into passage by stock and species used by management. 

Stock and species composition estimates become problematic during periods of low fish passage. Small 

test fish sample sizes that are not processed daily can result in several days of hydroacoustic estimates 

of salmon passage over- or under-estimating stocks or species. 

Hydroacoustic estimates of sockeye by stock group are used to estimate catchability from the CPUE in 

other test fisheries (primarily marine, but also in river; especially Whonnock), and used to generate daily 

estimates of sockeye migration in the area represented by a test fishery (as input into run size models). 

There is approximately a 6-day migration time between the Juan de Fuca and Johnstone Strait test 

fisheries and Mission. If Qualark were the only hydroacoustic site, this lag time would increase to 8-9 

days and delay run status updates by 2-3 days compared to the current system based on Mission data. 

Refer to 4.4 for additional test fishery considerations that would be associated with a Qualark-only 

hydroacoustic configuration. 

Given the above, it is important to consider the configurations of the test fishery and hydroacoustic 

programs at the same time. 

1.14 Is there a way to save money?  

Yes, but only at the cost of increasing the uncertainty in the assessment of the number of sockeye 

passing through the lower river. Qualitatively, this additional uncertainty ranges from medium to high 

levels. Other than the scenario where one site or the other is eliminated, the cost savings associated 

with the alternate gear configurations or sub-sampling schemes for the Mission mobile system that we 

examined in detail (Table 1) were insufficient to fund both programs for the cost of the current Mission 

program. However, incremental cost savings gained if Mission mobile sub-sampling program were to be 

implemented could be gainfully redirected at other Panel priorities such as improving test fish sample 

sizes in the river or increasing the number of stock ID samples processed in-season. 
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1.15 !ŘŘƛǘƛƻƴŀƭ ǘƘƛƴƎǎ ǘƻ ŎƻƴǎƛŘŜǊ ǘƘŀǘ ŘƻƴΩǘ Ŧŀƭƭ ǳƴŘŜǊ άǘŜŎƘƴƛŎŀƭ ŀƴŀƭȅǎƛǎέΚ 

There are a number of additional factors to consider when making the decision about the future of 

hydroacoustic systems in the Fraser River that fall outside the technical expertise of the working group. 

These include, but are not limited to: 

i. The long-term financial costs of each gear configuration in its full implementation (including potential 
increases in test fishing or DNA sampling under the Qualark-only scenario). 

ii. The doubt experienced by decision makers when estimates of in-river passage cannot be verified in-
season, given post-season adjustments to run sizes made in the past. The technical group has observed 
that at times of increased uncertainty associated with the Mission estimates (e.g., low sockeye 
abundance, high percentage of sockeye assessed by the mobile system, and/or transition periods when 
Chinook and pink proportions are high), some members within the Fraser Panel look for confirmation of 
Mission passage estimate numbers from the Qualark program. 

iii. Even though the true sockeye passage numbers are unknown, if the two systems are beginning to 
diverge, it is a signal for the in-season management system to look for potential issues at either site or for 
unusual fish migration behavior. 

iv. Non-bilateral uses of hydroacoustic information ς e.g., in-river fisheries planning for lower Fraser First 
Nations fisheries often relies on Mission estimates to generate catch projections. 

v. ¢ƘŜ ǾŀƭǳŜ ƻŦ άŘƛŀƭƛƴƎ ƛƴέ ǘƘŜ ¢!/ ƛƴ ǘƘŜ ƳŀƎƴƛǘǳŘŜ ŘŜǎŎǊƛōŜŘ ƛƴ ǎŜŎǘƛƻƴ 4.5 compared to the cost of 
operating a second hydroacoustic site. 

vi. The original impetus behind running the Qualark program was to be a data validation of the Mission 
program due to the growing concern about the uncertainty associated with the Mission estimates in the 
mid 2000s. In 2010-2011, recognizing the high cost of running both hydroacoutics programs, the goal of 
the Qualark program was changed to one of gathering information to help identify a method to 
άŎŀƭƛōǊŀǘŜέ ǘƘŜ aƛǎǎƛƻƴ ŜǎǘƛƳŀǘŜǎ όŜΦƎΦΣ ōŀǎŜŘ ƻƴ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŘŀǘŀΣ ƛƴŦƻǊƳŀǘƛƻƴ on fisheries openings 
and effort, etc.). If we assume that the Qualark estimates better represent the true number of sockeye 
bound for spawning areas above Qualark, then this is still possible, but the following data limitations still 
exist: a) Fraser sockeye return in a four year cycle, which, when coupled with pink migration, results in the 
2008-2015 dataset representing each cycle twice at best, b) Mission has been in its current gear 
configuration for 5 of the 7 years in the dataset, c) large sources of PEDs may be due to stock and species 
identification (i.e., representativeness of the fish caught in the test fisheries and small sample size issues) 
as opposed to hydroacoustics. This last data limitation is, however, unlikely to be the main cause of the 
2010 and 2014 PEDs, as the discrepancies occurred during times of high sockeye abundance and were 
years when the majority of sockeye were through-Qualark stocks. 

vii. In addition to the more formal use of the hydroacoustics data as inputs into run size estimates and TAC 
calculations that were evaluated as part of this review, there are some informal quantitative uses of the 
Qualark data that were not evaluated (e.g., as an informal but quantitative verification of Mission sockeye 
passage estimates by PSC staff, particularly during times when the ability to differentiate sockeye from 
the other species of fish in the river are of concern). 
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1.16 Is there a recommendation from the technical group? 

Based on the current management needs of the Fraser Panel and the evaluation of the impacts of the 

PEDs on the estimates of run size and TAC in-season, the recommendation from the technical working 

group is to continue the Mission hydroacoustics program and discontinue Qualark. Based on the two 

years of largest PEDs from the eight years of simultaneous operation of the Mission and Qualark 

hydroacoustic systems, we were unable to show that Qualark demonstrably improved our in-season 

assessment of sockeye escapement and current bi-lateral FRP management. 

However, the technical recommendation for the short term is to operate Qualark in 2018 but only if 

studies designed to further our understanding of the causes of PEDs are included in the program. The 

addition of the 2018 Qualark hydroacoustics and experimental data would be particularly useful from a 

technical perspective. 

It is important to note that this technical recommendation is based on the following observations: 1. the 

largest magnitude of PEDs observed to date occurs on Adams dominant years and 2. the impact of the 

PEDs on run size and TAC in these years is relatively small. The considerations listed in 5.7 are not 

factored into this recommendation. 

1.16.1 What if we only had Mission? 

The Mission hydroacoustic site has been used as the main estimate of sockeye passage in the lower 

Fraser River since 1977.  However, it is a more challenging site than Qualark for hydroacoustic 

assessment of salmon passage due to tidal influence, an irregular bottom contour, and a much wider 

river channel (400m at Mission vs. 160m at Qualark).  

The benefits of the location of the Mission site compared to the Qualark site are: a) all Fraser sockeye 

stocks, with the exception of Pitt and Widgeon, migrate past the Mission site; b) for the same group of 

fish, it can provide estimates 2-3 days earlier than Qualark; and c) it is currently the only method used to 

enumerate pink salmon returning to the Fraser. In addition to the benefits associated with the location 

of the Mission site, the Mission dataset is longer than the Qualark dataset and is used to develop MA 

and timing models and feeds into in-season run size models.  

The implications to management of fisheries of this configuration: factors such as the irregular bottom 

contour and a large mid-channel area may contribute to the differences in hydroacoustic counts 

between Mission and Qualark. In the absence of upstream hydroacoustic counts at Qualark we would 

not have a second independent estimate of salmon passage to compare against Mission. 

1.16.2 What if we only had Qualark? 

Generating estimates of salmon passage at the Qualark hydroacoustic site costs less than generating 

estimates at the Mission site and potentially provides a more accurate estimate of the abundance of 
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stocks spawning upstream of Qualark. However, if it were the only hydroacoustic site operating on the 

Fraser River mainstem, other methods would be needed to generate in-season estimates of the 

abundance of stocks that do not migrate past Qualark.  In some years, these stocks can make up a large 

fraction of the total Fraser River sockeye return (e.g., Harrison, Weaver, and Birkenhead). 

The benefits of the Qualark location is that it is a more ideal site for hydroacoustic enumeration of 

salmon passage, with fewer potential sources of error than the Mission site.  

Although the Qualark hydroacoustic site costs less to operate than the Mission site, the capacity to 

generate comparable in-season estimates to the current Mission program would require a number of 

adjustments which would add to the financial cost of implementation of a Qualark only program. These 

include: a) in-season, real time estimates of stocks that leave the Fraser River mainstem downstream of 

Qualark; b) additional work on the representativeness of the species and stock composition estimates 

from the Qualark test fishery (see the ConǎǳƭǘŀƴǘΩǎ ǊŜǇƻǊǘ Appendix 6); c) development and testing of 

new models to replace those that rely on the Mission dataset (e.g., MA, timing, and run size models); d) 

no post-season confirmation of in-season pink salmon run size would be available; and e) impacts to 

management decisions of having in-river hydroacoustic information 2-3 days later would need to be 

evaluated. 

The assessment of fish assessed at Mission but not directly assessed at Qualark (i.e., Vedder/Chilliwack, 

and the Harrison/Birkenhead systems) would require additional in-season assessment.  Assessment of 

these systems would likely result in the need to increase test fishery samples in lower river and/or in-

season spawning ground assessment of fish passage. While the Vedder/Chilliwack system is conducive 

to a hydroacoustic-based in-season escapement estimate, the other systems are not. How those 

systems could be assessed in-season, or whether increasing test fishing samples would suffice would 

need to be evaluated.  

The implications to management of fisheries of this configuration: increased uncertainty in the run size 

of stocks that spawn below Qualark would apply to in-season run size estimates as well as post-season 

assessments of run size that would carry over into the stock-recruit dataset that is used for pre-season 

run-size forecasts and evaluation of long-term escapement goals, among other things. 

1.16.3 What if we had Mission (excluding mobile) and Qualark? 

Removing the mobile system adds a relatively large amount of uncertainty to the Mission estimate for a 

cost savings of approximately $70,000 per year. The impact of discontinuing the mobile system at 

Mission would be the greatest on the front and tail ends of the Fraser sockeye run when abundance is 

low (i.e., during the migration of  Early Stuart, early-timed Early Summers and Late-run stocks). Since in-

season assessment of Late run does not rely on hydroacoustic estimates due to potential delay in Late-

run migration when entering the Fraser River, the removal of the mobile system would impact the post-

season run size estimate of Late-run but not the in-season estimate. Unfortunately, this is also the time 

period where other sources of uncertainty tend to be higher (e.g., species composition and stock 
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identification due to low test fishery samples).  The early upstream migration of Late-run sockeye and 

associated periods of variable but sometimes high en-route mortality (confirmed by tagging studies), 

further complicates the ability of using alternate sources of data for post-season estimates of total 

return (e.g. spawning ground estimates may only provide estimates of the minimum number of fish 

entering the lower Fraser River). 

The implications to management of fisheries of this configuration: using any of the estimation methods 

described in section 4.3.1.1 to replace the data supplied by the Mission mobile system would increase 

the uncertainty in the daily estimates at Mission and therefore to the management system. 

1.16.4  What if we had Mission (including mobile) and Qualark? 

While we acknowledge that this option is not feasible fiscally on an annual basis, it is the 

recommendation of the technical working group that both systems are operated in 2018 in order to 

further our understanding of in-river fish migration and so that additional evaluation of PEDs and their 

causes can be conducted. 

The years of largest PEDs occurred in 2010 and 2014 (i.e., Adams dominant years). The value of having 

the Qualark site as an independent estimate of in-river passage stands out in these very large 

abundance years. However, we only have two years in the dataset and the directionality of the PEDs was 

different in both of these years. 

With the exception of 2010, when Mission passage estimates were adjusted based on data from Qualark 

after July 30, Qualark estimates are not directly used for in-season calculations. However, the Qualark 

estimates have served as a useful validation check on the Mission passage estimates. The Qualark 

estimates have not been incorporated into the in-season run size models as the original purpose of the 

program was as a verification of in-river passage. The current timeline for in-season generation of 

passage estimates at Qualark also precludes its use in in-season run size models. 

The operation of both systems, concomitant with studies designed to evaluate potential causes of bias 

and uncertainty at both sites, would assist with a better quantitative understanding of the assessment 

of fish passage as well as a decrease in the uncertainty that exists within the management system when 

there is a single site operating (see 5.8.6). 

The implications to management of fisheries of this configuration: while this configuration is the most 

expensive, having two systems that are performing at optimal capacity is the best way to continue to 

evaluate potential causes of PEDs and increase the likelihood of identifying an in-season adjustment that 

may improve the Mission estimates in future years.  
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1.16.5 What if we had [insert alternative here]? 

We evaluated alternate gear configurations within the existing assessment framework. New and 

emerging technologies are not within the scope of this evaluation. 

1.16.6 Future work 

Specific recommendations for further exploration in future years should both systems continue to 

operate include evaluations of blind zones at both Mission and Qualark sites and how in-river fisheries 

may impact PEDs. Regardless of the decision regarding the hydroacoustic gear configurations, it is 

recommended that future work investigate how uncertainties in hydroacoustic estimates are 

incorporated in-season and in other work (e.g., MA models, the RSA process). 

As noted in section 4.2.3, accurate estimates of species composition are important at both sites, but was 

not examined as part of this evaluation. This work would include evaluation of the representativeness of 

stock and species identification of in-river test fisheries, and incorporation of the data (or adjusted data) 

into future PED comparisons. 

1.17 Summary and Parting Thoughts 

Assessment of sockeye salmon passage in the Fraser River is subject to a wide range of uncertainties 

that can be traced back to the site configurations (e.g., blind zones), model assumptions (e.g., 

identification of stocks leaving the mainstem prior to hydroacoustic assessments), non-hydroacoustic 

assessments (e.g., catch estimates, stock and species identification), behavior of people (e.g., fisheries 

and vessel traffic), as well as to fish (e.g., variable migration times, variable distribution of fish within the 

water column and across the river channel and en-route mortality). Not all of these uncertainties can be 

quantified. However, analysis has shown that taking into account the uncertainties that we can quantify, 

the estimates of sockeye passage at Mission and Qualark were statistically similar 3 out of 4 days during 

the 2008-2015 period. 

The directionality of the PEDs were not consistent between or even within years. Evaluation to date has 

been unable to identify any correlations between the presence of a PED and the potential causative 

factors examined by the technical working group. Despite not being able to identify a correlation to or 

causation of PEDs, we have gained a better understanding of the system and we believe that the 

technical evaluation described in this document and its appendices will prove to be foundational for 

future work. 
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List of Appendices 
Appendix 1 ς PSC Secretariat Document 2013 

Document prepared by PSC secretariat staff for PSC Commissioners and the Fraser River Panel that was 
the impetus for the creation of the Fraser River Strategic Review Committee (FSRC). This committee was 
tasked to provide advice to the Commission regarding potential modifications to the hydroacoustic 
operations with the aim to reduce overall program costs while maintaining the necessary quality 
standards for in-season assessment. 

Appendix 2 ς Fraser Strategic Review Committee Terms Of Reference 

The terms of reference for the Fraser River Strategic Review Committee as provided by the 
Commissioners. The focus is on the clarification of fisheries management objectives for lower Fraser 
River in-river assessments as well as an evaluation of the hydroacoustic configurations at Mission and 
Qualark to ensure precise and timely information to satisfy Pacific Salmon Treaty obligations at an 
affordable cost. 

Appendix 3 ς Commission Instructions to Fraser River Panel 

This document is a request of information from the Fraser River Strategic Review Committee to the 
Fraser River Panel to inform the review of the hydroacoustic programs at Mission and Qualark. 

Appendix 4 ς Terms Of Reference for Consultant 

The terms of reference for an independent consultant to the Fraser River Strategic Review Committee. 
These echoed the FSRC TOR.  

Appendix 5 - Fraser River Management Objective 

Document outlining the Fraser River Panel management and fiscal objectives related to Lower river 
hydroacoustic programs at Mission and Qualark.  

Appendix 6 - /ƻƴǎǳƭǘŀƴǘΩǎ ǊŜǇƻǊǘ  

Report from Dr. Carl Walters, the consultant that was engaged to review the hydroacoustic programs at 
Mission and Qualark. 

Appendix 7 ς Fraser River Panel Hydroacoustics Workplan 

²ƻǊƪǇƭŀƴ ŦƻǊ ŀ ōƛƭŀǘŜǊŀƭ ƎǊƻǳǇ ƻŦ ǘŜŎƘƴƛŎŀƭ ŜȄǇŜǊǘǎ ǘƘŀǘ ǿŀǎ ŜǎǘŀōƭƛǎƘŜŘ ŀŦǘŜǊ ǘƘŜ ŎƻƴǎǳƭǘŀƴǘΩǎ ǊŜǇƻǊǘ ƭŜŦǘ 
several TOR unanswered. The plan was developed by the Fraser River Panel and approved by the FSRC. 

Appendix 8 ς Hydroacoustics Operational Costs 

Overview document comparing the hydroacoustic operational costs at Mission and Qualark. The 
document also includes financial details regarding the potential cost savings following changes to the 
hydroacoustic programs. 
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Appendix 9 ς Mission Technical Document 

Detailed summary of the work done by the PSC secretariat following the detailed workplan. The work 
presented in this document has been reviewed by the bilateral group of technical experts. 

Appendix 10 ς Qualark Technical Presentations  

Technical PowerPoint presentation documenting the work done by DFO staff following the detailed 
workplan. The work presented has been reviewed by the bilateral group of technical experts. 

Appendix 11 ς Assessment of Estimation Methods for the Mission Mobile Count of Salmon 

Document summarising the analyses that have been conducted to assess the feasibility of replacing the 
Mission Mobile estimate with an estimate from models that are based on data from the left bank and 
right bank hydroacoustic systems at Mission or from the Qualark hydroacoustic systems. The work 
presented in this document has been reviewed by the bilateral group of technical experts. 

Appendix 12 - Sub-sampling with Mission Mobile as an Alternative to Daily Operation 

Further refinement of the work presented in Appendix 11, by examining the impact of subsampling (i.e., 
operating the mobile unit on alternating days) on mid-river abundance assessments. The work 
presented in this document has been reviewed by the bilateral group of technical experts. 

Appendix 13 - Sockeye Stocks Assessed at Mission and Qualark  

Overview of the proportions of total Fraser sockeye abundance assessed at Mission and Qualark given 
that hydroacoustic programs are unable to assess those stocks that spawn below the hydroacoustic 
facility. These proportions can vary substantially from year to year given the large differences in stock 
composition on different cycle lines. The work presented in this document has been reviewed by the 
bilateral group of technical experts. 

Appendix 14 ς Management Implications for Run Size and Total Allowable Catch  

Comparison of the impact of the use of different hydroacoustic time series on in-season run size 
estimates derived through the standard run size models. The work presented in this document has been 
reviewed by the bilateral group of technical experts. 

Appendix 15 ς Fraser River Salmon Migration Model and Analysis of Hydroacoustic Data from Mission 
and Qualark Stations 

Report of the results of the statistical model used to produce confidence intervals associated with 

random errors around the Mission and Qualark sockeye passage estimates. This model identified 

periods where there is a significant passage estimate difference (PEDs) and evaluated the correlation of 

these PEDs with data on variables that might explain the PEDs. 
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Appendix 1: PSC Secretariat document 2013 
 

Executive Summary   

Next Steps For Fraser River acoustics 

Prepared by PSC Secretariat   

January 14, 2013   

The purpose o f the document is to stimulate discussions among Commissioners and the 

Fraser River Panel (and Secretariat)  about the future plans for Fraser River acoustics.   

¢ƘŜ Ŏƻǎǘ ƻŦ ƛƳǇƭŜƳŜƴǘƛƴƎ ǘƘŜ {ŜŎǊŜǘŀǊƛŀǘΩǎ ŀŎƻǳǎǘƛŎǎ ǇǊƻƎǊŀƳ ŀǘ aƛǎǎƛƻƴ Ƙŀǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ 

doubled from about $300,000 in 1994 to $600,000 in 2012. In addition to the regular budget, the 

{ƻǳǘƘŜǊƴ .ƻǳƴŘŀǊȅ wŜǎǘƻǊŀǘƛƻƴ ŀƴŘ 9ƴƘŀƴŎŜƳŜƴǘ CǳƴŘ ό{9Cύ ǎǳǇǇƻǊǘŜŘ ǘƘŜ {ŜŎǊŜǘŀǊƛŀǘΩǎ ǊŜǎŜŀǊŎƘ ŀǘ 

Mission in the amount of $668,000 since 2004 including the purchase of three DIDSONs. The Qualark 

site was re-established in 2008 using DIDSON technology and has operated continuously through 2012. 

Adding Qualark, Mission, and SEF funds, more than $1M was spent annually on lower river acoustics 

since 2008. The increased expenditures for program improvements at Mission and the initiation of work 

at Qualark have been driven largely by external pressures (formal public reviews into causes of 

discrepancies between Mission and upstream estimates).  

II. Cost-Benefit Analysis  

The width of the Fraser River (400m), variation in fish behavior, and the need for 24 hours per 

day, 7days per week coverage for 2-3 months drive program costs at Mission.  The focus of research at 

Mission has been on improving accuracy of the estimates. Estimates from Qualark have been used to 

judge accuracy of Mission estimates, although it must be emphasised that both programs provide 

estimates of salmon abundance.  The true number of fish passing Mission is unknown.  

Three different programs linked to levels of abundance or species were evaluated:  

1) Base program suitable for years of sockeye abundance up to about 4 million fish.  

2) Enhanced program suitable for years of sockeye abundance up to about 14 million fish. 

3) Supplementary program suitable for estimating pink salmon (up to 16 million pinks).  

      Generally more abundant populations require more extensive and intensive shore -

based  sampling platforms to ensure accuracy.  

Each sampling program is illustrated schematically in figures and the incremental costs (both capital and 

operational) and benefits (effect on estimates) of each component are provided in tables.  The 

ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ άƛƴŎǊŜƳŜƴǘŀƭέ ōŜƴŜŦƛǘǎ ƴŜŜŘǎ ŀ ǎƳŀƭƭ ǊŜŦƛƴŜƳŜƴǘΦ  
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Major breakthroughs have oŎŎǳǊǊŜŘ ǊŜŎŜƴǘƭȅ ƛƴ ǘƘŜ {ŜŎǊŜǘŀǊƛŀǘ ǎǘŀŦŦΩǎ ŀōƛƭƛǘȅ ǘƻ ŜǎǘƛƳŀǘŜ CǊŀǎŜǊ 

River Pink salmon1.  We can generate credible acoustic estimates of pink salmon escapement which, 

coupled with catch estimates, can be used to generate estimates of total return that are independent of 

and much more precise than the traditional methods using test fisheries.  However, these estimates 

come at a cost; approximately $100,000 more than the sockeye program.  

Our evaluation period is relatively short (5 years).  Therefore conclusions about the programs, 

especially regarding a few specific components, are conditional on the circumstances observed and data 

collected thus far.  Further testing would improve the robustness of conclusions and could be 

accomplished in the short term (2013, 2014).  We are fairly confident that we have defined the 

maximum sockeye program needed, but less intensive sampling might be acceptable at intermediate 

levels of sockeye abundance which unfortunately were not observed in the evaluation period.  

III.  Potential future uses of the Qualark program  

The acoustic estimation of salmon is much less challenging at Qualark than at Mission. We 

reviewed four potential future uses of estimates from the Qualark site: (1) Calibration of Mission 

estimates (focus of ongoing SEF work), (2) In-season validation of Mission estimates, (3) Evaluation and 

improvement of sampling at Mission (focus thus far), and (4) Other (e.g. Planning in-river fisheries).  

Despite the acoustic advantages of the Qualark site, the site poses three main challenges related to 

fisheries management.  First, fish take 2-4 days to travel from Mission to Qualark and this creates time 

lags in the availability of run-size assessments.  Typically, the Fraser River Panel does not update total 

return estimates until after the peak of the run has been observed at Mission.  If Qualark estimates were 

used instead of Mission, run size updates would be delayed by a further  

2-4 days. Second, some sockeye populations (e.g. Cultus, Harrison, Birkenhead, Chilliwack, Weaver  

Creek), and more than two-thirds of the Fraser River pink salmon populations spawn downstream of 

Qualark.  Third, the long time series of Mission estimates is used to quantify in-season adjustments to 

escapement targets to compensate for natural, environmental and stock assessment factors.  The long 

historical data set at Mission cannot easily be replaced with information from Qualark without a 

commitment to fund both sites for a significant time period. These challenges preclude consideration of 

Qualark as a replacement for Mission.  

IV. Estimation of Species Composition  

  Current acoustics applications have not typically been used to distinguish species.  Thus, test 

fisheries are usually used to apportion acoustic targets to species. Test fisheries have provided biased 

estimates of species composition resulting in biased estimates of sockeye salmon at Mission in a few 

years (e.g. 2005). Sockeye estimates during the period when pink salmon predominate are of greatest 

concern. Species composition estimates at both Mission and Qualark are subject to test fishing biases.   

                                                           
 

1 The 1985 diplomatic note regarding implementation of the treaty calls for the Commission staff to 

estimate upriver escapements of sockeye and pink salmon for the Fraser River Panel.  
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Data gathered in recent years support development of stratified approach.  Coupling test fishery 

sampling in different parts of the river with acoustic estimates for the same regions will provide more 

robust estimates of species composition. Hydro-acoustic based methods (e.g. fish length and tail beat 

frequency) are also being investigated.   
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Pacific Salmon Commission  

600 - 1155 Robson Street Vancouver, B.C.  
V6E 1B5  
(604)684-8081  
(604)666-8707 (fax)  

To:  Commissioners and Alternate Commissioners                   

 Our file: 63001   

From:  Mike Lapointe, Chief Biologist, Pacific Salmon Commission staff1 

cc:   Fraser River Panel members, National Correspondents  

Date:  January 14, 2013  

Re:  Next steps for Fraser River Acoustics  

 

The purpose of this memo is to stimulate discussions among Commissioners, and the Fraser River Panel about the 

future plans for Fraser river acoustics. The memo is divided into four parts.   The introduction provides the rationale 

for why a discussion is warranted.  Next, we provide a cost-benefit analysis for the Mission program to support the 

development of a multi-year business plan.  Third, we discuss the potential future uses for the Qualark program.  

Lastly, we discuss some challenges and potential budget implications related to the apportioning of acoustic targets 

to species.   

 I. Introduction   

9ǎǘƛƳŀǘŜǎ ƻŦ ŜǎŎŀǇŜƳŜƴǘ ŀǊŜ ŦǳƴŘŀƳŜƴǘŀƭ ǘƻ ǘƘŜ CǊŀǎŜǊ wƛǾŜǊ tŀƴŜƭΩǎ ŦƛǎƘŜǊƛŜǎ ƳŀƴŀƎŜƳŜƴǘ ǇǊƻŎŜǎǎ2.  Under the 

terms of the Pacific Salmon Treaty, the Panel is responsible for collecting data on upriver escapements through 

the conduct of a hydroacoustic program at Mission1.  Beginning in 1992, five reviews2 brought public attention 

and scientific scrutiny, leading to several specific recommendations about the Mission program that resulted in an 

ongoing research effort.   Outdated technology (i.e. single beam) and an entirely vessel-based sampling program 

were identified as significant weaknesses leading to updated technology (split beam and DIDSON sonar) and 

shore based sampling platforms.  In 2008, hydroacoustics staff completed a 5-Year Strategic Plan to guide 

program activities and research.  Though research efforts were successful in increasing the accuracy of estimates, 

and a major breakthrough has occurred in pink salmon estimation in recent years, program improvements have 

had pragmatic consequences.  First, program complexity has increased from 1 acoustic system to up to 7 systems.   

Second, program costs have approximately doubled from about $300,000 in 1994 to $600,000 in 2012.   In 

addition to the regular budget, the Southern Boundary Restoration and Enhancement Fund (SEF) supported 

research in the amount of $668,000 since 2004 including the purchase of three DIDSONs.    

                                                           
 

1 This document would not have been possible without significant help fr om Secretariat hydroacoustics staff.   Kyle Adicks, 

Gary Graves, John Holmes, Barry Rosenberger, Larry Rutter, Mark Saunders, and Timber Whitehouse reviewed an earlier draft 

which improved this memo.  

2 See Appendix A for a detailed discussion of the purposes of lower Fraser acoustic 

monitoring c See Part III. Potential future uses of the Qualark program.   
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Pearse2 also recommended additional acoustic sites along the Fraser River to assist in regulating in-river fisheries. 

In response, DFO conducted a 5-year experimental program from 1993-1998 at Qualark Creek (95 km upstream 

from Mission) to design and test acoustic equipment for assessment of salmon migration.   The Qualark site was 

reestablished in 2008 using DIDSON technology and results of both research phases have been applied to Mission.  

The Qualark site has a number of advantages for acoustic estimation of fish passagec  which led PSC staff to 

advocate using  

Qualark to validate Mission estimates3 ŀƴŘ ǎǳǇǇƻǊǘŜŘ ǘƘŜ {9C ŎƻƳƳƛǘǘŜŜΩǎ ŘŜŎƛǎƛƻƴ ǘƻ ŦǳƴŘ ǘƘŜ vǳŀƭŀǊƪ ǇǊƻƎǊŀƳ 

in 2011 and 2012 at a cost of $305,000/year.   A main objective of the current Qualark SEF project is to integrate 

estimates for both sites and attempt to develop calibration factors4.  The SEF also funded a second project related 

to improvements at Mission. The final reports for these projects will not be complete until mid-2013.  

Adding Qualark, Mission, and SEF funds, more than $1M was spent annually on lower river acoustics since 2008.   

The Cohen Commission recently recommended that both Mission and Qualark continue5. However, funding both 

Fraser river acoustics programs cannot be sustained indefinitely without either a significant increase in available 

resources or a reexamination of existing priorities.  Therefore, a review of the current programs and a plan for the 

future is warranted. We hope that this review will assist with any short-term funding decisions needed prior to the 

completion of SEF technical reports next summer, but we acknowledge that these reports will also inform further 

discussions.  

 II. Cost/b enefit analysis of Mission program  

There are two main challenges that shape the program used to estimate salmon passage at Mission.  First, the 

Fraser River is 400m wide and fish are distributed throughout.  Second, tides, river flow, boat noise from the 

transecting vessel, and river fisheries all affect fish behavior at the site.    

¢ƻ ŀŘŘǊŜǎǎ ǘƘŜǎŜ ŎƘŀƭƭŜƴƎŜǎ ǘƘŜ /ƻƳƳƛǎǎƛƻƴΩǎ ǊŜǎŜŀǊŎƘ Ƙŀǎ ŜȄǇƭƻǊŜŘ ǾŀǊƛƻǳǎ ǎŀƳǇƭƛƴƎ ŎƻƴŦƛƎǳǊŀǘƛƻƴǎ ǳǎƛƴƎ ǎǘŀǘŜ-

of-theart technologies.  From this experience, Secretariat staff have grouped sets of sampling tools into three 

proposed sampling schemes: (1) A base program; suitable for years of low sockeye abundance, (2) An enhanced 

sockeye program; suitable for years of high sockeye abundance and (3) A supplementary program suitable for 

assessing pink salmon.   For each program, we provide and schematic of the sampling design (Figs. 1-3) and the 

total costs for our recommended program, but we also identify the incremental effects of removing specific 

sampling components on costs and risks (Tables 1-3).  

The most significant operating costs of the Mission program are associated with the need for 24/7 sampling for a 

period of two to three months  and the associated personnel costs for collecting (on the vessel) and processing 

the data.  Baseline capital costs include two vessels (one for the transecting program, and a second to aid in the 

deployment of the left-bank weir and to provide access to the right bank), a trailer which houses staff on the left 

bank, a shed on the right bank and fence materials on both banks which prevent fish from migrating inshore of 

the acoustic equipment (fences are not shown in Figs 1-3 below).   Split beam systems, DIDSONs, computers and 

other miscellaneous equipment represent significant incremental capital costs, but generally the incremental 

costs of deploying each piece of equipment is small relative to data processing and capital costs.   

 Accuracy and precision  

     Benefits of assessment programs are typically quantified in terms of accuracy and precision as they impact the 

ability to achieve management objectives.  These concepts are often misunderstood by layman and even 
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biologists.  Below we use a target to help illustrate the differences between these concepts(Fig. A).   An accurate 

and precise program would generate estimates that are both close to the bullseye and to each other as show in 

panel A.   

Alternately estimates may be very precise (repeated estimates similar to one another), but  inaccurate 

(systematically far from the bullseye) as shown in Panel B.   Panel B is important to understand because it 

demonstrates that very high precision does not by itself ensure high accuracy.  For example, a hydroacoustic 

program might sample a consistent but incomplete fraction of the total area where fish migrate, thus repeated 

estimates would be similar, but would be underestimates (biased low).   Often when managers or policy makers 

ƘŜŀǊ ŀ ǎŎƛŜƴǘƛǎǘ ƛƴŘƛŎŀǘŜ Ƙƛǎ ƻǊ ƘŜǊ ŜǎǘƛƳŀǘŜ Ƙŀǎ άǘƛƎƘǘ ŎƻƴŦƛŘŜƴŎŜ ƛƴǘŜǊǾŀƭǎέΣ ǘƘŜȅ ƛƳƳŜŘƛŀǘŜƭȅ ŀǎǎǳƳŜ ǘƘŜ 

estimate is highly accurate. This is incorrect, confidence intervals refer to precision only.  High precision comes 

from sampling large fractions of the population.  To ensure high accuracy the data collection program must be 

designed carefully (e.g. completely sampling the area where fish are migrating). Absolute quantification of 

accuracy requires knowledge of the true value of what is being estimated. Panel D illustrates the inaccurate and 

imprecise situation.   Lastly Panel C illustrates a situation where the average position of the estimates is close to 

ǘƘŜ ōǳƭƭǎ ŜȅŜΣ ōǳǘ ǘƘŜǊŜ ƛǎ ǎŎŀǘǘŜǊΦ  5ƻƴΩǘ ǿƻǊǊȅ ƛŦ ȅƻǳ ŀǊŜ ƘŀǾƛƴƎ ǘǊƻǳōƭŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ Ƙƻǿ tŀƴŜƭ / ŘŜƳƻƴǎǘǊŀǘŜǎ 

accuracy, it is not critical to our discussions.  

 Figure. A.  Schematic of concepts of Accuracy and precision.  

  
  The Mission program has always generated highly precise estimates.  Even in the early years when single 

beam acoustics technology was deployed and estimates were based entirely on the transecting vessel (e.g. Fig 1 

with the vessel only), statisticians showed that estimates of 200,000 fish had a precision of ± 4% 6 (example from 

paper; precision of daily estimates varies).  Changes to technology and adding shore based platforms (e.g. Fig. 1). 

has not diminished the precision of the estimates.  High precision comes from the large sampling effort ς 24/7 

temporal coverage and virtually complete spatial cover of the sampling area.  Despite this high precision, 

elements of the program are subject to biases.  For example, fish reach to the vessel and some avoid detection, 

especially in nearshore areas, hence the rationale for adding the shore-based systems (see Fig. 1).  Thus, almost 

ŀƭƭ ƻŦ ǘƘŜ {ŜŎǊŜǘŀǊƛŀǘΩǎ ŜŦŦƻǊǘǎ ƘŀǾŜ ōŜŜƴ ŘƛǊŜŎǘŜŘ ǘƻǿŀǊŘ ƳƻǾƛƴƎ ǘƘŜ ǇǊƻƎǊŀƳ ŦǊƻƳ tŀƴŜƭ . ǘƻǿŀǊŘ tŀƴŜƭ ! ŀōƻǾŜΤ 

improving accuracy  has been our focus.  Consequently, we do not quantify precision as a measure of benefit in 

the below tables.  However, if the Fraser River Panel would accept less precision than currently generated, we 

could reduce costs by physically counting a smaller fraction of the targets.  Research is on-going to refine 

precision estimation methods.  
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       Lƴ ǘƘŜ aƛǎǎƛƻƴ ŎƻƴǘŜȄǘΣ ǿƘŜǊŜ ƛǎ ǘƘŜ ōǳƭƭǎŜȅŜΚ  ²Ŝ ŘƻƴΩǘ ƪƴƻǿ ōŜŎŀǳǎŜ ǘƘŜ ǘƘŜ ǘǊǳŜ ƴǳƳōŜǊ ƻŦ ŦƛǎƘ όǎƻŎƪŜȅŜ 

or pink) passing Mission on any given day is unknown.   Thus, we are forced to draw an indirect inference about 

accuracy  by comparing Mission estimates to other estimates  that we believe are more accurate and precise than 

the Mission estimates.  For several reasons, we believe that the best estimates currently available for judging the 

accuracy of the Mission estimates are the Qualark estimates(see section III below). One important caveat is that 

these comparisons are most informative about accuracy when both programs are seeing the same 

populations(not all the fish travelling passed Mission migrate upstream to Qualark).  Consequently, we quantify 

benefits below by noting the deviation between Mission1 and Qualark estimates and we also note the directional 

biases associated with removing particular sampling components (Tables 1-3).  

Base program (suitable for years of low sockeye abundance)  

The base program was developed of the period from 2005-2007 and it has been the primary sampling program 

used for in-season estimates since 2010.  The base program has been sufficient for estimating daily abundances 

up to 200,000 total salmon and years with up to about 3 million salmon for the season.   The program consists of 

two DIDSONs and two split beam systems (Fig. 1).   Estimates from the left bank and mobile split beam systems 

account for most of the annual estimate (Table 1, col 5, Annual %).  The right bank DIDSON contributes only 11% 

to the annual estimate but can be a significant contributor on particular days (Table 1, col 5, Daily %, row 5).  Note 

that both the vessel and shorebased systems sample the nearshore areas. But to ensure that total coverage by all 

systems adds to 100%  the vessel contributions have been reduced to represent quantities of fish estimated in the 

areas not covered by the shore-based systems (Table 1; col 5 Annual %).  Thus, the values in Table 1 (col 5, 

Annual%) do not represent incremental changes.    In 2012, the estimate for the full base program (all systems in 

Fig. 1) was 8% larger than the estimate based on only the Left bank and mobile data.  In other words, the right 

bank system detected 8% more sockeye that the vessel did in the common area sampled by both (i.e. blue 

triangle on right bank; Fig. 1).  We can quantify these incremental effects for all systems and will include them in 

future tables.  The left bank DIDSON has not typically been used for estimation on low abundance years because 

the split beam system adequately covers the same area (Fig. 1).  However, the left bank DIDSON provides 

important diagnostic information used to verify targets (fish, debris), fish behavior, and fish size.  

Two comparisons with Qualark are most relevant to the base program; 2008 and 2012.   In 2012, the base 

program operated for most of August when the Mission projected Qualark numberd was 2% less than the Qualark 

estimate (Table 1; col 6; row 2).  During this period about 29% of the Mission estimate was associated with lower 

Fraser spawning tributaries downstream of Qualark (e.g. Chilliwack and Harrison); 71% of populations were bound 

for Qualark.  In 2008, the Mission estimate did not include a right bank component.   In that year, the Mission 

projected sockeye number was 9% larger than the Qualark estimate (Table 1; col 6, row 5).  During this period, 

only 17% of the Mission estimate was associated with lower river tributaries; 83% of the populations were bound 

for Qualark.  While the two programs did not assess identical populations in these years, comparable estimates 

provide some confidence in the estimates from both sites.  

The cost of the base program is $255,000/year.  Incremental costs savings and risks associated with removing 

components are shown in Table 1.  For example, the incremental cost savings for not operating the right bank 

                                                           
 

1  Mission estimate minus estimates for lower Fraser populations not bound for Qualark and any in-river catches between Mission and Qualark.  
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DIDSON ($17,000, Table 1, row 6, col 3) are includes the costs of installing the right bank fence and shed, 

deploying and monitoring the DIDSON and counting the subsamples of each of the hourly DIDSON data file.  

Similarly, the incremental capital cost savings ($13,000; Table 1, row 6 col 2) represents the total costs of the right 

bank fence, shed and DIDSON divided by the expected lifespan of these items.  Most of the cost is associated with 

a DIDSON and the associated cables (total cost $80,000, lifespan 8 years or $10,000/year). The Right bank DIDSON 

offers potential costs savings but can contribute significantly to estimates on some days (Table 1, col 5, Daily %).  

The trailer and left bank fence are included as capital costs under the Left bank split beam system.  The Left bank 

DIDSON offers less potential savings, and adds considerable robustness to the estimation.  Investments in 

robustness are akin to buying insurance against atypical fish distributions and behaviors.  Deviation related to 

atypical behaviors or distributions cannot be quantified without these systems being in place at the beginning of 

the season.  Note that the costs of analyzing the vessel data (about $3,000) were incorrectly included in the Left 

bank split beam row in Table 1 (col 3).  If those costs are transferred the cost of the Left bank split beam and 

mobile components are comparable.  Both components require 24/7 coverage and more temporary labor is 

deployed processing the higher density Left bank files.    

Enhanced sockeye program (suitable for years of high sockeye abundance)  

We have experienced two years (2006 and 2010) of high abundance that have suggested that the regular in-

season Mission program was substantially biased low.  In 2006, the in-season Mission estimates were 

approximately 1.5 million fish less than the sum of all spawning ground estimates plus in-river catch estimates for 

areas upstream of Mission7.  In that year, the in-season estimates were based entirely on the left bank and mobile 

split beam systems (see Fig. 2).   An experimental split beam system deployed on the right bank estimated an 

additional 340,000 sockeye post-season, but this additional amount still fell short of explaining the discrepancy.  

The left bank DIDSON data were not continuous enough for estimation.   No offshore DIDSONs were deployed.  

Extremely low river flows were hypothesized to exacerbate fish avoiding detection by the transecting vessel.  

In 2010, the in-season Mission estimates were based on the left bank and mobile split beam systems plus a 

DIDSON on the right bank.  Again more fish were detected upstream both at Qualark and on the spawning 

grounds.   The Qualark total salmon estimate exceeded Mission by about 2%, but this pattern of deviation is not 

consistent with the fact that 10% of the sockeye population was not bound for Qualark and there was harvest 

between the two sites.  In-season projections of sockeye headed to Qualark were 20%(2.7M sockeye) less than 

the Qualark estimate.  Post-season projections which included contributions from the left bank and right bank 

offshore DIDSONs reduced this discrepancy to 11% ((Table 2; col 6; row 2).  The deviations in these two years 

clearly demonstrate the need for an expanded sampling program at Mission in years of high abundance.   

The Enhanced sockeye program should be sufficient for estimating daily abundances up to 600,000 total salmon 

and in years with up to about 14 million salmon for the season.   The enhanced sockeye program builds on the 

base program by adding up to two DIDSON systems mounted offshore (Fig. 2) and by using the left bank system as 

part of the estimation.   The potential benefits of the left bank offshore DIDSON cannot yet be quantified because 

it has only been deployed in 2011 and in that year its coverage area completely overlapped with the left bank split 

beam system.  Estimates from the left bank and mobile systems account for 82% of the annual estimate (Table 2; 

col 5, Annual %; rows 3,4,6), but right bank systems also contribute about 18% on an annual basis (Table 2; col 5, 

Annual %; rows 5,7).    
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Both right bank DIDSONs can also represent significant fractions of the estimates on particular days (Table 2; col 

5, Daily %; rows 5,7).  The left bank DIDSON and split beam systems overlap in the first 20 meters (Fig. 2).  Table 2 

quantifies the annual contribution of the Left bank DIDSON (Table 2; col 5, Annual %; row 6), but we have reduced 

the contribution of the left bank split beam accordingly (Table 2; col 5, Annual %; row 3).  It appears that the left 

bank DIDSON system detected more near-bottom targets than the left bank split beam in 2010, but a further 

evaluation in  

2014 is desired. There is only one comparison with Qualark relevant to the enhanced sockeye program.  For the 

period August 1st through September 10th, all systems shown in Fig. 2, except the left bank offshore DIDSON were 

operated continuously.  During this period, the Mission projected Qualark number was 11% less than the Qualark 

estimate (Table 2; col 6; row 2).  During the 2010 season only 10% of the Mission estimate was associated with 

lower Fraser tributaries downstream of Qualark (e.g. Weaver and Harrison); 90% of populations were bound for 

Qualark.   We are confident that an enhanced program will improve accuracy, but we cannot be sure that the 

program will completely eliminate bias without testing continuous deployment of the sampling platforms shown 

in Fig. 2.  Our next opportunity to test this configuration at high population levels will likely occur in 2014.  

The total cost of the enhanced sockeye program is approximately $360,000/year.  Incremental costs savings and 

risks associated with removing components are shown in Table 2.  Note that the estimates from the left bank and 

offshore DIDSONS were made post-season in 2010; in-season processing would result in a minor cost increase 

(<5%). The left bank offshore DIDSON may offer modest cost savings if future evaluation indicates it does not 

substantially contribute to estimates.  Additional operational savings could result if the left bank DIDSON estimate 

could be substituted for the left bank split beam estimates in the first 20 meters from shore where spatial 

coverage of the two systems overlaps.  

Pink Salmon supplementary program   

Until 2009, acoustic estimation of the upstream abundance of Fraser River pink salmon has not been possible 

because neither the single-beam (vessel based) nor the split beam systems are capable of effectively sampling the 

nearshore migration.   A major breakthrough occurred in 2009 and 2011 when shore-based DIDSON systems were 

deployed on each bank.   Although no independent escapement estimates exist for comparison (to judge 

accuracy), the resulting pink salmon escapement estimates were 16.1 and 13.4 million fish respectively.  Adding 

catches to the escapements resulted in total return estimates that were comparable to independent total return 

estimates from marine purse seine test fisheries and other methods.  The total return estimates were judged by 

the joint PSC-DFO Hydroacoustics Working Group (HAWG) to use more robust methodology than the purse seine 

test fishing estimates of abundance (used since 2003) and they have been formally adopted as the best estimates 

by the Fraser River Panel.  The capacity to generate credible pink salmon estimates at Mission is particularly 

important given that no upstream escapement estimation program has been conducted since 2001 and because 

of the renewed interest in pink salmon harvest.   The estimates in any particular year have minimal benefits to in-

season management decisions in that year because most of the migration occurs too late relative to the typical 

timing of marine fisheries.  If upstream migration is early relative to potential harvest opportunities, it is possible 

that the combination of escapement passed Mission to date plus any planned future in-river harvests, might be 

used to ensure that escapement targets have been reached.  However, it would be very difficult to extrapolate 

the escapement to date and estimate total return.  Thus, total return and harvest shares calculations would still 

depend on the marine test fishery data.  Thus the incremental added in-season value of escapement estimates 

within any particular year is likely small.   In future years, however, when combined with catch estimates, the 
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resulting total return estimates are independent of test fishery data. Thus, the expansion factors applied to test 

fisheries used for in-season run-size assessments in future years can be updated.  Furthermore independent catch 

and escapement estimates would generate more accurate and precise estimates of exploitation rates than 

currently possible with the combination test fishery and catch data.The pink program has been sufficient for 

estimating daily abundances up to 1,800,000 total salmon and in years with up to about 18 million salmon for the 

season.   This supplementary program would begin in mid-August of odd years only, and is incremental to the 

sockeye program.   During the pink migration, 79% of the annual estimate comes from left bank split beam and 

DIDSON systems (Table 3; col 5, Annual %; rows 3 and 6).   The right bank DIDSON and mobile split beam system 

contribute about 11% and 10% respectively (Table 3, col 5, Annual %; rows 4,5).  The offshore right bank DIDSON 

contributed an  

immeasurable amount to the annual estimate (Table 3, col 5 Annual %, row6).  Comparisons with Qualark 

estimates are not possible, because only a fraction of the pink salmon (historically about one third7) spawn 

upstream of that site.    

The cost of the supplementary program on pink salmon is approximately $102,000/year.   This represents the 

increased operation costs of extending the season about 6 weeks and the associated increased labor required to 

count the very high abundance DIDSON files.   The increased costs of the supplementary program would be 

slightly smaller if the enhanced sockeye program preceded it because deploying the additional equipment would 

not be required.  Capital costs are not included in this estimate, because the sockeye programs would already be 

in place.  However, if offshore  

DIDSONs were required, those capital costs would be incremental to the $102,000 supplement in years when 

offshore DIDSONS are not required for the sockeye program.  Incremental costs savings and risks associated with 

removing components are shown in Table 3.  Both offshore DIDSONs require further evaluation, though based 

only on 2011, the offshore right bank DIDSON is not cost effective.  

Concluding comments on the Mission Cost-benefit analysis  

We have developed our three sampling programs from only five seasons of data gathered by an incomplete 

deployment of sampling components at Mission coupled with estimates from Qualark.   The two offshore 

DIDSONs in particular (Figs. 2 and 3) require further testing in years with different pink and sockeye runs sizes for 

a more complete understanding of their potential benefit.  We expect to evaluate the benefits of components for 

pink estimation again in 2013 without seeking additional funds from the Parties. However, we may need to 

approach the Parties for funds incremental to the regular program budget to evaluate the benefits of components 

for estimating large sockeye abundances in 2014.  Alternately, funds may be available through SEF.  So far, we 

have only been able to evaluate the enhanced sockeye program when the largest daily abundances were 

associated with late-run stocks. But we have observed different migration patterns in our acoustic data between 

periods dominated by summer-run versus late-run populations.  Thus, we cannot be sure which sampling 

components will be most appropriate in years with large daily abundances of summer-run stocks.   Similarly, we 

have observed an incomplete range of Mission sockeye estimates sizes during this 5 yr period with four relatively 

small escapements (up to about 4 million fish) and one (2010) extremely large abundance (>14 million fish). Thus, 

we do not know whether the base, enhanced or some immediate program is required to obtain accurate 

estimates when abundance estimates fall between 4 and 14 million sockeye.  These intermediate abundance 

situations will require further evaluation.  Consequently our conclusions about the potential benefits of the 

ƻŦŦǎƘƻǊŜ 5L5{hbǎ όŘŜƴƻǘŜŘ ōȅ ά Κ ά ƛƴ CƛƎǎΦ н and 3) are conditional on the circumstances encountered and data 
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collected thus far.  However, we are confident that the enhanced sockeye program likely represents the most 

intensive sampling program that will be needed.  

We chose the 3 years to drawn inferences about the accuracy of Mission estimates based on the fraction of 

sockeye common to both sites   Sockeye estimates in the other two recent years, 2009 and 2011, are confounded 

by the pink salmon passage later in the season due to the challenges of species composition1 associated with the  

test fisheries at both sites.  Some comparisons are possible for the period prior to significant upstream migration 

of pink salmon. For the period July 16-August 15 in 2009, about 75% of the sockeye passing Mission were 

estimated to be from stocks headed upstream to Qualark.  During this period the Qualark estimate was 10% 

larger than the Mission estimate, but estimates at Mission in that year were based on the Left bank and mobile 

systems only (i.e.  Fig. 1 without the right bank DIDSON).   The complete base program was implemented in 2011.  

For the period July 21-Aug 17, less than 60% of the sockeye passing Mission are from stocks headed to Qualark, 

because of the large Harrison River run that year.  During this period the Qualark estimate was 16% larger than 

the Mission estimate.  Errors in the estimates of stocks bound for downstream of Qualark likely contribute to this 

difference; perhaps too many lower Fraser stocks were removed from the the Mission projectiond used to 

compare with Qualark. Thus, we provide these comparisons for completeness, but caution readers about drawing 

strong inferences from them due to differences between the populations observed at both sites.  

Tables 1-3 quantify capital costs as total costs divided by the expected life span of the equipment. This type of 

calculation is inconsistent with the current budget practices of asking for full capital replacement amounts in the 

ȅŜŀǊ ǘƘŀǘ ŜǉǳƛǇƳŜƴǘ ƛǎ ŘǳŜ ŦƻǊ ƭƛŦŜ ŎȅŎƭŜ ǊŜǇƭŀŎŜƳŜƴǘΦ  ²Ŝ ŘƻƴΩǘ ōŜƭƛŜǾe that the numbers shown in the Tables are 

misleading as the current practice may average out over time, but suggest that setting aside annual amounts is 

worthy of consideration in the future.    

 Decisions about potential reductions in number of sampling components from the three recommended programs 

we have outlined involve trade-offs between fishery management benefits (assessed through the Fraser River 

tŀƴŜƭύ ŀƴŘ ǇǊƻƎǊŀƳ Ŏƻǎǘǎ όŀǎǎŜǎǎŜŘ ōȅ ǘƘŜ /ƻƳƳƛǎǎƛƻƴΩǎ CƛƴŀƴŎŜ ŀƴŘ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ /ƻƳƳƛǘǘŜŜύΦ   hǳǊ ƛƴtent is 

not to promote the full programs, but rather to provide objective information that can form the basis of 

discussion.   Once this discussion is complete, we can explore the multi-year implications of various sampling 

programs in our business plan.  

  

                                                           
 

1 See section IV below.  




















































































































































































































































































































































































































































































































































































































































































