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Foreword

Lower Fraser mniver hydroacoustic methods play an important role for thesgason assessment of

Fraser River sockeye stocks, and the quality of the abundance estimates generated by the hytlmacous
LIN2EINIY |G aArdaAirzy KFIa 06SSy GKS F20dza 2F AYyljdzZANRS
hydroacoustic program at Qualark has been able to provide independent estimates of total salmon
abundances, and on some years, like 2010, these est8iffered 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 thdower 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 touesl overall program costs

while maintaining the necessary quality standards feséason 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 bilatiegroup 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 Summarydinglthe 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 praded 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 conapbst®oth 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 thllowing 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 explicily, &éow

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 aewsting table has

been removed and an editorial note has bemded 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 bekpedv

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 danimethods for the assessment of their salmon stocks.

Fiona Martens and Catherine Michielsens
Chiefs, Fisheries Management
Pacific Salmon Commission
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Cover Letter

PACIFIC SALMON COMMISSION

ESTABLISHED BY TREATY BETWEEN CANADA

600 - 1155 ROBSON STREET
VANCOUVER, B.C. V6E 1B5

AND THE UNITED STATES OF AMERICA TELEPHONE: (604) 684-8081
MARCH 18, 1985 FAX: (604) 666-8707
Our File:
Your File:
August 15, 2019

Dear Members of the Fraser Strategic Review Committee,
Re: Hydroacoustics Review

The attached document Hydroacoustic Technical Review Summary is presented for your consideration in
the current review of the hydroacoustics programs in the Fraser River mainstem. This report summarizes
work completed via the Fraser River Panel and Technical Committee as directed by the Fraser Strategic
Review Committee (FSRC), and draws upon products of other component projects that formed part of
the overall review to provide a synthesis of key findings and associated recommendations. The attached
document has been reviewed by the bilateral Fraser River Panel and focuses on how the passage
estimate differences (PEDs) between Mission and Qualark can affect assessments of run size and Total
Allowable Catch (TAC) of Fraser sockeye. The technical review focused on evaluation of the likely
contributing factors driving the PEDs during certain years, as well as whether adjustments to some
elements of the current Mission hydroacoustics program are possible. The review does not cover other
uses of the hydroacoustics estimates beyond in-season management decisions.

In conjunction with the hydroacoustics review a separate but related Southern Endowment Fund project
titled “Improving Fraser River Test Fisheries and Run Size Estimates” was completed in March 2018
(Nelitz, M., A. Hall, C. Michielsens, B. Connors, M. Lapointe, K. Forrest, and E. Jenkins. 2018. Summary of
a Review of Fraser River Test Fisheries. Pacific Salmon Comm. Tech. Rep. No. 40: 155 p.) Information
and recommendations from this test fishery project were evaluated in relation to the hydroacoustics
review as the test fisheries contribute data for assigning species and stock ID to the estimates of total
fish passage generated by the hydroacoustics programs. In addition, the test fisheries are used to
generate estimates of in-river sockeye escapement early and late in the season when the hydroacoustics
programs are not operating due to financial constraints or are swamped by pink salmon passage.

Initial Panel recommendations in 2017 included continued operation of the Qualark hydroacoustic site
through the 2018 Fraser sockeye season in order to conduct experiments at both Mission and Qualark to
further our understanding of potential causes of passage estimate differences (PEDs) between Mission
and Qualark, which have been most dramatic during Late Shuswap dominant cycle years of 2010 and
2014. Substantial efforts were made from 2016 to 2018 by both programs in the form of experiments to
understand potential causes of PEDs. At Mission these experiments included an examination of offshore
fish behaviour, potential biases in estimates using different sonar systems (split-beam vs. imaging
sonar), the influence of fishing activity on cross-river fish distributions, left-bank river bottom reprofiling,
and the impact of changes to sampling configurations (i.e. six aims vs. 10 aims). At Qualark, experiments



included an examination of near bottom blind zones, the vertical distribution of fish, and the presence
of fish further offshore than the insonified area. The total PED in 2018 was 4.2% (207,100 sockeye), with
the Mission projection being higher than Qualark.

After considering the technical evaluation contained in the attached document, including the additional
work done by both hydroacoustic programs (Mission and Qualark) since 2016 and the non-technical
experiential information from our years of serving on the Fraser River Panel, the Panel provided the
following updated recommendations for the Fraser River mainstem hydroacoustics program:

1. Maintain the current hydroacoustics program at Mission that covers the entire cross-section of
the river. (Within this recommendation, there is room to further investigate some small cost
savings associated with sub-sampling the Mission mobile unit and potentially re-direct the funds
to improving sample size of in-river test fisheries. However, there was no hydroacoustics gear
configuration examined which would allow assessments to continue at both mainstem
hydroacoustic sites for the cost of the current Mission program without severely compromising
the data that is used by the Fraser River Panel.)

2. There may be a desire to further evaluate the continuation of Qualark in non-dominant Adams
years pending available funding. As well, continuation of Qualark needs to be considered in the
context of the overall sockeye assessment program and outcomes from the current test fishing
review.

3. Longer term considerations for the continued operation of Qualark will need to incorporate the
value of information generated by the site. At this time, Qualark data (both hydro-acoustic and
test fishing data) are not formally utilized for in-season Panel management decisions. The value
of these data was not evaluated in this technical review, which focussed on the use of
hydroacoustics data used to calculate run size and TAC. In particular, the evaluation of the
species and stock composition information used at Mission and Qualark as per deferred
workplan items #11 & #12 may help quantify the value of the Qualark dataset during the times
when species composition is highly uncertain due to the proportions of co-migrating Chinook
and Pink salmon or when sample sizes at Whonnock and Cottonwood are small.

4. The Panel also supports the suggestions of additional work to further examine the impact of
hydroacoustic estimate uncertainties on Management Adjustment (MA) models and the Run
Size Adjustment (RSA) process.

The Fraser River Panel and Technical Committee are very willing to meet and discuss the findings to date
and the recommendations provided above.

Sincerely,

Z)C{. A L”u\f N4 4.9 \V/

Ms. Jennifer Nene‘/, Chair s. Lorraine Loomis, Vice-Chair
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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 tothe addition ofthe Qualarkhydroacoustics prograrm 2008 and the additions and modifications

to the Missionhydroacousticprogram in subseque yearsaR 2 Odzy Sy i Sy idAdt SR Wb SE
wA @S NJ | vag pileseintad® theCommissioners and the Fragiver PanglFRPpy M. Lapointe in
2013(Appendixl). This document discussed the future of thedroacoustigprograms at Mission and

Qualark and the related budgetAt the request of the Commissiers, the Fraser River Strategic Review
Committee(FSRGV)as fomed with the mandate to provide advice to the Commission on potential
modifications tohydroacoustioperations Appendix2 and Appendix3) designed to reduce the total
annualcostassociated withwo programs TheFRP developed a workplan to support tHf&R€ and an
independent consultant was engagefippendix4 and Appendixs). With data and input from the FRP,
hydroacousticstaff of the PacificSalmonCommission (PSGecretariat and Fisheries and Oceans

Canada (DFQjhe consultant produced a report and presented it to the FRRarall of2015

(Appendix6). TheFSRC acknowledged the work of the consultant, but there was concern that the terms

of reference(TORhad not been fully addressed. The FSRC accepted input from the FRP and technical
committee members anthe FRRrovided a revised list of tasks and tinmels tocomprehensively

address theTORand provide a recommendation for lower FragdverhydroacousticsAppendix7).

This reportsummarizes the technicalork corducted as specified in th@orkplan with the intention of
informing the FSRC.

121 2¢6 02 AaNBIFIR¢ (GKA& R20dzyYSyi

This document has been designed to serve several purposes: first, the executive summary provides a
high level summary of the hydroacoustics teclahieview; second, the executive summary points the
reader to individual sections within the main body of the document which support the statemettis in
executive summanyfinally, sections within the main body of the document alsference a suite of
appendices (Part 1: Appendix1b).

Acronyms

1 ARIS; Adaptive Resolution Imaging Sonar

1 DIDSONDual frequency IDentification SONar



1 LBc¢ left bankhydroacousticsystem (can refer to either Mission or Qualgléft follows riverine
convention, left bank ofiver when facing downstreajm

1 MA¢ management adjustment; MAare added to the escapement goal when necessary to account for
historic differences between Mission hydroacoustic estimates of fish passage (plus catch upstream of the
hydroacousticsite) and spwning ground escapement estimates

1 PEDg Passage Estimate Differences (between MisaimthQualark previouslyreferredtoasd 5. 9 a € 0
1 RBgright bank hydroacoustic system (can refer to either Mission or Qualark)

1 RSA run size adjustment: posteason wadk to account for sockeye that are estimated to have died in
river (i.e., final run size = catch + escapement + RSA)

1 TACc total allowable catch

1 TORterms of reference

Executive Summary

1. Conclusions
a. This review focused on evaluating the passage estimidterences (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 questiargl®rnate hydroacoustic gear configurations
were examined usingvailable information Thetechnical conclusions for each configuration are
summarized below.

i. Mission onlyg The review concludes that coverage of both banks and theainéhnel
at Mission is the minimum gear configuration required to suppioigeasorrun size
assessment and management ($&8.1):

1 All Frasesockeyestocks, with the exception of Pjt¥Vidgeon,Alouette and
Coquitlammigrate past the Mission st

I Mission provides estimates2 days earlier than Qualark.

I Missionhas beerthe only method used to enumerate pink salmon returning to
the Fraser Rivgpostseason, since the early 200@915 was the firsyear of
gettingin-seasorestimates of pink pamge from the Mission program.

ii. Qualark onlyg 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 itseffot supported by the available
information (see5.8.2), because:

1 There are important sockeye stocks that assessed by Mission bnbt
assessed by Qualark(i.e., theVedder/Chilliwack, and the Harrison/Birkenhead
systems) which would require additionatseasorassessment measures and
associated resources.

1 Qualark provides estimates2days later than Mission, which may
unacceptably delain-seasormanagenent decisions.

1 Qualark would not be able to provide estimatesatl Frasempink salmon
escapements

iii. Mission and Qualark(see5.8) Technical analysis of the PE&§gests thata@ntinued
longterm annual operation of both the Mission and Qualark hydroacoustic systesays
not result in improved irseason sockeye estimates

5



With eight years of data from simultaneous operation, the review was unable
to find any corréation between the occurrence of PEDs and a number of
potential causal factors (sek6).

In the two Adamsiominant years in the dataset (i.e., 2010 and 20864 days
with significant PEDs were identified in thé9days examined3g% of the

days). For comparison, during the other six years exami#gdays with
significant PEDs were identified in tBB8days examinedl®% of the days)

In the two Adamsdominant years the significant PEDsere large both
numerically as well as percentage of the migratémmd 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 theédvliss
configurationwas not the same in these years. However, a retrospective
analysis of the impact on the resultingseasorrun size estimates and TACs
were much smaller in magnitude than the PEDs themselvesi(&§ke

The technical review supportke 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 alteate recommendation to consider would be to run
Qualark in addition to Mission only in years of esteel high sockeye
abundancge.g, Adamsdominant and possibly sutbominantyearg with the
same caveat as above that studies designed to further our utaledghg of the
causes of PEDs are included in both progravage that bgistical issues
associated with not operating Qualark evemar would need to be addressed
(e.g, removing infrastructure during fallow years) this may not b@ractical

It is important to note that there areother considerations that should inform a
decision about the future of Qualark, includiather uses for the
hydroacoustics information beyond that of determining run size and, $A¢h

as its use to managers as a second rfiee point of fish passage estimates
(see5.7). As well, further investigation into the use of Qualark in informing
sockeye estimates when thereealarge numbers of pink salmon in thever

river (as a relatively low proportion of pink salmon migrate past Qualark) may
be helpful.

iv. Mission without mobile¢ is not supported by the available information (s&8.1.1.

1

f

In the yeareexamined (2012016), 20% to 40% of the total upstream
migration past Mission was assessed by the mobile unit.

The fixed percentage and regressibased estimation methods faeplacing
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 thaée methods varied consideralily
seasorwhich 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 midhannel salmon passage (i.e., the portion of the
upstream migration not assessed by the bamlented hydroacoustic systems
at Mission), which can be siiicant, asnoted above.

v. Mission without mobile in conjunction with Qualark is not supported by the available
information (see 5.8.3)



1 The Qualark data cannot be used to reliably estimate the portion of the

migration assessed by the mobile unit
vi. If the dbjective is to reduce costs, one option is to operate khission mobile unit
using a systematic subampling schedulé¢see4.3.1.9:

1 Depending upon the subampling schedule, costavings from $2,000 to
$45,000 couldbe realized annualliseeAppendix8).

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

1 Subsampling with the mobile system would increase the uncertainty in the
Mission estimates of midhannel salran passage.

1 Subsampling would require developing a method for estimating the Mission
mobile number on norsample days prior to the next actual Mission mobile
observation. Simple linear interpolation or other more complicated methods
could be used to estiate Mission mobile once there are observations on
either side of the norsample days.

1 Subsampling schemes may be more appriafe 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 #niver fisheries impadPEDsre needed, particularly during
years of high abundance, as currently there are dwly 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 bthe effect of uncertainties on hydroacoustic estimateseason
and in other work (e.g., MA models and the RSA process) is heeded.

iv. Qualarkspecific stock identification and adjusted species composition estimates from
Qualark test fisheries should becrporated into the evaluation of PEDs.

v. An evaluation ofspecies and stock compositiontadth Missionand Qualarkwill be
important to improving overall iseason Fraser sockegpen sizeestimatesis
recommended, per pogboned workplan items #1#12

Mission work items (workplan #1.0). Potentialissuedn the Mission estimates were investigated under
work items #110 using data and experiments fra20082015 No obviougproblemswere discovered,
however, the available information suggests that the estimate of offshore salmon passage from the
mobile hydroacoustic system is the most uncertain, antgearshore blind zone othe left bank also
contributesuncertainty to the Missiorestimates.Modifications tothe Mission sampling configuration and
river profile in recent yearaere implementedo reduce these uncertaintiesee4.2.1).

Qualarkwork items (workplan #13L4). Potential issues in the Qualark estimates were investigated under
work items #1314 in 2015. No obvious problems were discovered during the period of investigation.
However, additional explorations are planned (ge2.2).

Assessment of replacing thiglission mobilesystemwith a modetbased estimate Consultantreport
(Appendix6) recommendation #1) Three modelgo estimateoffshore salmon passageere evaluated
againstthe Mission mobileobservationsNone of the models provided consistently accurate estimates of
the Mission mobile observationd-or the best performing model, which used concurrent LB+RB estimates
at Mission to estimate Mission mobitmumeration,the error introduced into the Mission counts by



removing the mobile systemwasgreater thanthe sockeyedPED between Mission and Qualankd of the 7
years Removing the Mission mobile system would therefore add considerable uncertainty into estimates
generated by the Mission prografar a cost savings of approximatély0,000annually Thiswould also

impact the difference between Mission and spawning ground estimates dataset which is usedhtpe

MA models and RSA procdsse4.3.1.1).

5. In-seasonrun size and TAC performance measurksgeneralin-seasorrun size assessments are
insensitive to errors in hydroacoustifs the magnitude observed between Mission and Qualaslative
to other sources of uncertainty and bias in fitting the run simdels. Based on the current P3tseason
run size modelthe differences in estimatesetweenQualark and Mission basedrun size and TACs
rangedfrom 2%to 16% &at 10 and6 days after the peakf the Summernun, respectivelyin the year of
largest EDs 2010 with a PED ranging from-38%with the Qualark estimatebeinglarger). Inthe year
with the next largest PED2(14), the PEDs between Mission and Qualadte smaller andn the
opposite direction (Mission estimates larger) and differencagguting run size estimatesere
generally minima{see4.5).

6. ldentify significant PEDand when they occur A model that identified daily instances of significant
differences in thénydroacoustiestimates by quantifying the minimum uncertairagsocated with the
estimatesat each site found thaput of 427 daily comparisonghere were 1® days when significant PEDs
were identified from 2008015(of which over haltame from 201@&nd2014) This model has the
potential to be useful in future yeats incorporate estimates of uncertaingssociated with Mission
passagento MA models and the posteason RSA process, amalildpotentiallybe usedn-seasorto
assess whether observed PEDs are signifiaa#4.6).

7. PED correlationsUsingthe current datasetand covariates identifiedve areunlikelyto build a predictive
model to identifywhen asignificantPED wilbccur. While nore years ofdata might helpwith model fit,
the true passage of Frassockeyen the river is unknown. Thuthe predictive model would not be able
to identify which estimate (Mission or Qualaikxloser tothe true value(see4.6).

8. Species composition at Mission and Qualark (workplan #2): It was determinedhat these workplan
items were outsidehe scope of the current proje¢see4.2.3.

Summary of Technical Analyses

1.3 Objective

FRRwvork item #181dentify a program design option from the risk assessment in 17 above that falls
within the Mission budget. If this option does not adequately rtteetefined fishery management
objectives, explain why and identify a program design that would do so reganfilesst.

The management objectiviocused on by the FRP in their analysés igentify TAC for
international sharing by the four Frassrckeye management groups and Fraganks in a timely
way such that fish are still available to fisheries i Bihd Canadian marine waters.



1.4 Summary of Work Evaluation of Individual Locations

1.4.1 Work items #210: Potential sources of bias at Mission

Work items#1-10 of the hydroacoustiosork plan are focused on the Mission hydroacoustics program
with the overall goal ofompiling andeviewing data collected by the program and investigating
potential sources of bias in the estimates of salmon passage. WdHesa items was undertaken by
PSGSecretariat staff throughouhe Fall 02015 and 201@ising data collected from 2009 to 2046d

has been summarized in detail in a technical repagpendix9).

There were several potential sources of bias in the Mission estimaRS Yy G A FASR Ay (KS 02y
report that were investigated under work items #D. These include: 1) mearshoreblind zoneonthe

left bank of the sitedue to a convex bottorwhere fish passage cannot be observed directly but must be
extrapolated from neighbouring areas; 2) an inflated craiss fish flux on the left bank due to the

vertical movement of fish across multiple saing areas; 3lusing fish speed and upstream/downstream
ratios from the left bank to predict offshore behaviand4) bias in target recognition by the mobile
system leading to inaccurate estimates of offshore fish pass@jese items were investigatéy

looking at experiments conductexhd data collectedrom 2009 to 2016 byhe 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 identifisuerce of biasn 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 theLBalso contibutes some uncertainty to the Mission estimatd$iese uncertainties may be
magnified during periods of very high salmon passage and when there is fishing activity through the
Mission siteThere have been improvemends the Mission site to reduce thesmcertainties by

installing additional shorbased 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 completd for work items #110 has furthered our understanding of lower Fraser
hydroacoustics and potentigburces of bias in the Mission estimatBy.assembling information and
identifying potential biasest also served as a foundation for investigations BDR between Mission
and Qualark under work item #16.

1.4.2 Work items #1314: Potential sources of bias &ualark
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Qualark site: fish migrating beyond the nmal 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 periidezka



(Appendix10). 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 #1112: Seciescomposition at Mission and Qualark

Mission and Qualark hydroacoustic sitegimate thetotal upstreamsalmonpassage, howevespecies
composition must also be estimated to determine theportion of total passagettributed to each
salmon species (e,gockeye Chinook pink). Methods for estimating species composition at Mission
and Qualarldiffer, whichmakescomparing sockeye passageeach sitenuch more uncertaimuring
migration periods when sockeye do not dominate species composifibns, ar analyses have tended

to focus on even years or periods prior to Afidgust on oddyears (when Fraser pink salmon are not
present).Although the RPacknowledges that species composition is an important line of investigation,
it was determined to be outde the scope of the current project. The FRP and PSC staff are continuing
to investigate improved methods ektimatingspecies compositiomcluding folloving up on a
methodology suggest in the consultan® report.There isalsoa Southern Endowment Rd project
currently underwayto investigae differences betwveen species composition estimates produced by the
fish wheel and théddaptive Rsolution Imaging Sonar (ARI&)gth-based mixture modeland another
project to undertake a review of te$isheries, which collect the samples used for species and stock
composition

1.5 Summary of Work: System Comparisoasd Alternative Configurations

1.5.1 Alternative hydroacousticconfigurationsand samplingschemes

Tablel is a summaryable of alternativenydroacousticonfigurations including sampling schemes,
considered fofurther quantitativeevaluation. Evaluation of the configuratioimsthe top portionof the
tableis contained in this documerdnd appendices. The configuratioasthe bottom of the tablewere
evaluatedbased orexpert opinion and not pursued further due to minimal cost savings and/or
impracticalities of implementation.

Tablel. Summary table of alternatiieydroacousticonfigurations considered for quantitative
evaluation.

Hydroacoustic systenconfigurations considered for further evaluation

System configuration Rationale forfurther evaluation
Misson LB + RB + mobile *| Full Mission progranfseeb.8.1)
Qualark (LB + RB) * Full Qualark progrartsee5.8.2

Mission LB + RB + mobile 4 FullMission + Qualark prograniProvides thanostinformation for
Qualark management purposes, but is also the most expen&@ee5.8.4
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Mission LB + RB Mission without a mobilesystem. Recommended for investigation in
consultanR& NB L2 NI | ifipleméniseéBS8.L.BBA 0T S

Mission LB + RB + Qualark| Missionwithout a mobile system with full Qualark program. Provide
some cost savings versus both full programs with possibility of
producing adequate passage estimates at both sites assuming a i
could be used to predidhe mobile passage at Mission (s88.3

Mission LB + RB, Mobile | Operating the mobile unit at Mission less than 7 days per week. W

<7d/week the cost savings are relatively small and there amae potential
implementation issues to work through, this is the one portion of th
existing Mission system where some cost savings might be found |
4.3.1.9

Hydroacousticsystemconfigurations not considered for further evaluation

System configuration Rationale for notevaluatingfurther

Mission LB- mobile Mission without a RB site. Minimal cost savings versus full Mission
program. Prior to 201 lconsiderable 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
MissionLB + RB configuration and not likely to produce an accurat:
passage estimate

Mission LB + Qualark Minimal cost savings versidission LB + RB + Qualark

Mission LB + mobile + Minimal cost savinggersusfull Mission + Qualark program

Qualark

QualarkRB 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 sc
attendant wouldneed to be hiredvhich minimizesny cost savings.
Mission, no night Minimal cost savings for same reason as Qualark site. Salmon pa
at Mission is driven by tidal patterns and does not show a strong
diurnal pattern as seen at Qualark, therefanght monitoring is
necessary to accurately assess salmon passage.
* configurations of primary interest

1511 Assessment afstimationmethods for the Missiomobile count of salmon @ppendixl1)

Thisanalysis was conducted to addraéhe recommendation in the&onsultantsreport to eliminatethe
Mission mobile systemThree alternative models were considered as substitutes for direct
measurements of mobile passagh assume mobile passagestimatesare a fixed percentage othe

daily total migrationlthe recommendation from the consultant's reparp) predict mobile estimates
from concurrentMission LBRBsalmon estimatesand 3) predict mobile estimates frordaily salmon
estimatesfrom QualarkLB and RBagged to account for migration tim&lone of the models examined
provided consistent and precise estimates of salmon counted by the mobile unit at Mission.

11



Removing the mobile system wouidcrease thauncertaintyin the Mission estimatesThe best
performing modelwhich used concurrent Mission LB+RB dhata)a medianannualabsolutepercent
error of 10% across theevenyears examine@@0102016) In 4 of the 7 years, théotal difference
between thecount by he mobile systenand the model estimate fathe assessment periodiasgreater
than thesockeye PEDetweenMissionand Qualarkfor the same period The fixed percentage model
performed poorly compared to the other models wah23% median annual absolytercent error, a
smaller percentage of daily diffemces withint10%, and a greater tendency for a negative bl
errors resultingrom estimating midchannel salmon passage without data fréime mobile system
were not random within a yeartherewere consistent periods of oveor under estimation by each of
the estimationmodels in most yeard.he largest differencesften occurredlater in the season, and
would thereforedifferentially impact estimates for the rutiming groups

Theseanaly®s onlyexamined periods whethere wereestimatesavailable at Mission from both thieB
andRB systems, and when pink salmon were not abundénitside of thesgeriodsan alternative

method that has not been evaluated would have to be used to estirnfighore @lmon passage.
Removing the mobile system would also affect the ability of Mission hydroacoustics to assess salmon
during periods of high water levels (such asanlyJuly 2012 and 201 ¥)ecause during those periods

the shorebased systems cannot bestalled and the mobil@nit is the main system used for estimates

1.5.1.2 Assessment alub-samplingwith Missionmobile as aralternative todaily operation
(Appendixi2)

If an overall objective is to reduce the costs associated with the Mission hydroacoustic program, one
option is to operate theévlission mobile unit using a systematic ssampling scheduleCost savings

from subsampling are not as great as those realizgagbmpletely eliminating the mobile unit and are
dependent upon the sampling frequency throughout the season. The advantage-sasuyiling is that
the Mission mobile unit is used periodically estimate salmon passaged those estimatesan be

used ashe basis for previous and subsequent days' estimadesn there is no mobile sampling. This
reducesthe probability of extended periods of ovarr under estimationexperienced by the estimation
methods described in sectich3.11.

Hypothetical systematic sampling schemes of evéty3, 4", 5" 6", and 7" day were examined using
the same Mission hydroacoustic data set used in the previous analy®i$.(). Because there are
multiple starting dates possible for any sche2& possible systematischemes were evaluated. In
addition, one suksampling scheme waxamined where three consecutive days were sampled followed
by four days with no sampling which resultiedatotal of 30 different subsampling schemeseing
evaluated.

Of the subsampling schemes examined, the schemes based on sampling éveng? day or sampling

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

statistics than the other subampling schemes. These three sampling methods tracked daily mobile
12



estimates over each of the annual sockel@minant periods examined better than the modwsed
methods in4.3.1.1and had fewer extended stretches of days with consistent-omeunder estimates
relative to the actual mobile estimate of salmon passagbese three suisampling methods present
feasible alternatives with varying potential cost savings ranging 22,000 to $!5,000annually(see
Appendix8). Subsampling with the mobile system would increase the uncertainty in the Mission
estimates of miechannel salmon passage. Ultimately the decision on whether @auipling method
could be applied to the operan of the Mission mobile hydroacoustic unit is a matter of risk tolerance
by the managersSubsamplingwill alsorequire developing a method for estimating the Mission mobile
number on norsample days prior to the next actual Mission mobile observati®mple linear
interpolation or other more complicated methods could be used to estimate Mission mobile once there
are observations on either side of the neample daysSulsampling schemes may be more
appropriate in larger abundanggarswhere the adlitional uncertainty would be unlikely toave
substantiveconsequences to managemenitogistical issuesould need to be addressed (e.g. securing
and scheduling crew) and would vary among subsampling schemes.

1.6 Summary ofwWork: Sockeye Stocks AssessadViission andQualark
(Appendix13)

All stocks of Frasernrr sockeyamigrate pat Mission excepthe Pitt, Widgeon Alouette and
Coquitlamstocks Seeral stockspawnin tributarieswhich drain intathe Fraser Rivedownstreamof
Qualark butupstream ofMission Chilliwack (Early Summers); Harrison (Summers); and Birkenhead, Big
Silver Weaver and Cultusockeyg(Lates).The size of these stocks rélat to the total Frasesockeye
return can vary greatly depending on the cycle year and variability in returns of eachFEmrk2008

to 2015, thelowest annual proportion oFrasersockeyepotential spawning escapemenssessed at
Qualark was 63%wversus 99% at Missignyhile the highest proportion was 94% (versus 100% at
Mission) with an average proportion of 81% across years (versus 96% at Miggiemamounts to an
average annual difference of 615,000 sockeye that migrate past Mission Imait éoigrate past Qualark
(not including catches between the two siteBhr detailed comparisons of the differenceswween
years sed\ppendix13.

Without hydroacousic data, stock proportions and CPUE estimates friast fisheriescouldbe usedor
in-seasorrun size assessments and determining potential spawning escapeBsirthates based on
test fishery datéhave historically been much more uncertain tHaydroacaisticestimates, as
demonstrated by challenges in estimagithe run size of PigockeyeFor example, in 2013 the run size
of Pitt sockeyebased on test fisheries stock proportions was estimated at 203,000 while the
escapement and catch totaled onlg,600, suggestinghe run size was ovegstimatedin-season
Currently test fisherybased estimateof run sizefor Pitt areadded to the total estimated run size
(Mission passage plus catch) despite its uncertasmyit is the onlgstimate available for that stock.
Without Missionor other systemspecifichydroacoustiestimates, the same would be true for several
lower river stockshat spawn in tributaries downstream of Qualaihile the Chilliwack/Vedder system
isconducive to aystemspecific DIDSON/ARIS enumeration program, due to physical characteristics of
13



the Ptt and Harrison River systemaith the exception of the Birkenhead, tisocks entering those
systems (Pitt, Widgeon, Harrison, and Weaver) could not be hydroacalysenumeratecaind would
have to be assessed using test fisheriEsis would significantly incread®e uncertainty for estimated
sockeye passages well as the total run size.

1.7 Summary of Work: Management ImplicationsRunSizeand TAC(Appendix
14)

The impact of the PEDs amseasorrun size estimates/asquantitatively evaluated fothe Early
Summer and Summerruns (excluding Harrisorip 2010and 2014 the yearswith the largestPEDs
between Mission and Qualaflr these two management group$he resultavere conditionalon the
model used for thén-seasorassessment of run size atfte 2010 datawhich includel test fishery,
stock and speciesdentificationdatain addition tohydroacoustic data.

During the 10 days following the peak of the Sumimar in 2010, the difference itotal run size

estimates when using one of the two hydroacoustics sites ranged from 16% on August 20ro 2%
August 24The 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 milllemyirectionality

of the PEDdiffered betweenandwithin yeas, therefore 2010 does not provide an indication of the
overall directionalityThe large PED in 20e0mpared to other yearaas likelydue to the fact that the
2010Missian programwas focused on research and developmtsdting of more efficient sampling
configurations, andhe hydroacoustisystem did not adequately sample the entire river width for the
season as iassince 2011

Differences in run size and TAC are small relative to the overall bias and uncerfamseason

predictions of the 2010 and 2014 sockeye returns. Thus, improving the accuracy of hydroacoustic
estimates would have little effect on the rigize assessments in these yeaf$igh abundancd.arger
improvements to the run size estimates coplotentially be obtained by improving thie-seasorstock
assessment model. For example, the migration pattern of the tu2010 and 2014 was spread over a
broader period tharthe model currently allowsvhich caused the rugize models in thse 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 fetyears.

An important caveat to this analysis is that feeesults apply to thd&early Summer an8ummetrun
(excluding Harrisorgroups only. In-seasonestimates of run size fdahe Laterun group (where the
largest PEDs occurred in both years) arebased onMissionhydroacoustics becausevariable and
unpredictable fraction of these stocks delay in the Strait of Georgia prior to migrating upstream.
Similarly Missionhydroacoustics are not used for-seasorassessment of any delaying stocks and
species (i.e., Harrisosockeyeand Frasepink salmon)
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1.8 Summary of Work: Evaluation of Passage Estimate Differerfégependix15)

Identification of days witlsignificantPassage Estimate Eifences (PEDs)vasbased orf5% confidence
intervals generatedhrough stochastic simulatiofor both Mission and Qualark passaggimates

These confidence intervalsre considered minimum estimates tie uncertaintyassociated with the
estimates Nonroverlapping 95% confidence intervals for the matched Mission and Qualark passage
estimates was used as tlogiteriato identify "ggnificant” PEDs. Given that the variability in the
estimates is beingnder-estimated, this standard was judged to be a good tradiebetween identifying
days with actual PEDs and minimizing the number of days where the PEDs might not be significantly
different due to theunder-estimate of uncertainty.Therewere 1® days out of a total 027 days
examined from 2002015when significantaily PEDs were identified>60%occurredin 2010and
2014).The lowsockeyeabundance years of 2008, 2009, and 2048 the smallestnumber of days with
significant PEDs (7, &1d 4 daysrespectivelyput the time-series lengttwas also shortein those

years.

The technical group identified28 potentialcausal factors for PERgich were then tested to see if

they covaied with significant PED$hecovariates included: type of year (pink year, large sockeye
abundance year)n-river fisheries gpeningtime, effort, location);river migration conditions

(temperature, dischargehydroacoustigear 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, 40% of the presence/absence of BEiduld be explained by covariatésit >7/0% of the variation

in the transformedLN)sizeof the absolute value of the PEDs was explained by a regression model that
included severmovariates Howeverthe direction of the PEDs could not peedicted bythe model

Using thecurrent datasetjt is highly unlikely that aredictive modekould be developefrom the

current set ofcovariateso determinewhenor in which directiona significantPED would occur.

More years ofdata (current dataset contairsd KA 3K | 6 dzy RILAGY £& SISNINEE Y 1 & R
yearg or improved datdor the explanatory variables (e.detter data on inriver fisheries) might

improve the fit of the modelsHoweverwe do not have a methotbr determining thetrue numberof

fish migrating througlthe Fraser. Therefore, thmodelsdevelopedwould only beinformative about
MissionQualark PEDs and not about which system more accurately repedseatpassagef sockeye
salmonon a specific day

Synthesis of Findings

The evduations, conclusions, and recommendations in this document are based @oé#tef meeting
the needs of current managemeanhdthe data-collectionsystens currently used The implications to
management described in this section are considered within these constraints.
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A persistent caveat to the workaluatinghydroacoustiestimates of sockeypassage in the Fraser is
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either system and can only compare themetachother. There arealso errors and uncertainties
associatedvith estimatesof the number offish that leave thd-raser River mainstetretween Mission
and Qualarlas well aswith species and stock composition at both sit€sese factors confounaur

ability to attribute PEDs to particular causé&sonversely, because the two sites are not assessing the

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

Table2 and Table3 show souces of uncetainty for both Mission and Qualark, as welltasv the data

from these two sgtemsare used

Table2. 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 passageneses

1 hydroacoustidata (from LB, RB, mobile)
0 extrapolation methods (for blind
zoneandsubsamplecounts within
an hour)
o fish lengthdor determining salmon /
non-salnon in mixture model
1 specieddentification(from test fisherieand
hydroa®usticlengths, modelsandhistorical
Chinookpassagg
1 stockidentification (from test fisheries)
o DNA analysis

1 in-seasortest fish catchability estimate
1 run sizemodel generatesun size that feeds
into:
0 numerical escapement goal
o TAC*
1 management adjustment models

1 run size adjustmenproces§YRSAA S/R
dataset
0 run size forecast
0 escapement plan evaluation

I Canada: irriver fisheries catch projections

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

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

Table3. List of inputs thatge used to generate Qualark passage estimates and list of outputs that use
Qualark passage estimates.

INPUTS used to generate Qualark passage
estimates
1 hydroacoustidata (from LB, RB) i

OUTPUTS that use Qualark passagenasés

independent estimate of sockeye passdge

0 extrapolation methodgsubsample
counts within an hour)
o fish lengths for determining salmon
non-salmon
i specieddentification (from test fishery)

compae to Missionthrough Qualark
estimate in-season

1 can provide estimates of eartimed stocks
when decisions are made to delay start of
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1 stockidentification ( samplesare collectedin- other test fisheriesor Missiondue to
seasorbut analyzed posseason) conservation and/or financial reasons.

1.9 s there aclear cause for theignificant PED3

Not that we could identify We examined a number of potential causal factors (environmental, fishing,
gear configurations) tdetermineif they covaried with the time, magnitude, or direction of the
significant PEDs&nd only founda reldionship with magnitudeThecause of PEDslikely from multiple
sourcesand varies daily (anguite possiblyhourly). It is possible that additional years of data could help
elucidate potential factors.
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Based on datérom 201Q the maximum impact of theED$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 tdifferent hydroacoustic time series can change
substantially within a year (e,grom 16% on 20 August 2010 to 26tir days latemwith a PED of 2506

and between years. Across years, there ismtication of a directiondbiaswhen using one hydro
acoustc time series versus the othdfven within a year, one system is not consistently higher or lower
than the other.

A list ofadditionalfactorsthat are part of the management systeamdmay be impacted by PEDs is
summarizedn Table2.

1.11 Whenandwhy are statistically significant PEDs occurring?

Within a season, there is no clear pattern in the occurrencggfificant PED$owever, we observed
that significant PED&e muchmore likely to occur imigh abundance years (2010 and 2014)

We were not able to identify a strong relationship between the occurrence of significant PEBsyand
of the factors investigatedt is possible thafactors impactind®?EDs occuat a much finer scale tharné
scale of thedataavailablefor the explanatoryariables

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 @ta might alter this conclusion.
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Note that without knowing the truemumberof sockeyamigrating throughthe river, a predictive model
would only be able to forecast when a PED would occur, not witelveuld provide the more
accurate estimate on that day

1.13 What do we need to consider gardingtest fisherie®?
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 abundanck by st
group (e.g.the Cottonwood, Whonnock, Qualaik-river test fisheries)Test fisheries are required to
converthydroacoustiestimates of fish passage into passage by stock and species used by management.
Stock and species composition estimates bec@nudlematic during periods of low fish passage. Small

test fish sample sizes that are not processed daily can result in selegsdf hydroacoustiestimates

of salmon passage ovasr underestimating stocks or species.

Hydroacoustic estimates of sogke by stock groupre usedo estimate catchability from the CPUE in
other test fisheries (primarily marine, but also in rivespecially Whonnogkandused to generate daily
estimates of sockeye migration in the area represented by a test figasinput into run size mode)s
There is approximately aday migration time between thduan de Fuca and Johnstone Stiest
fisheriesand Missionlf Qualark were the only hydroacoustic site, this lag timoeild increase to ®
daysand delayrun statusupdates by 23 days compared to the current system baseoMissiondata.
Refer to4.4for additional test fishery considerations that would be associated with @&@konly
hydroacousticonfiguration.

Given the above, it is important to consider tbenfigurationsof the test fisheryand hydroacoustic
programs at the same time.

1.14 Is there a way to save money?

Yes but only at the cost of increasing the uncertaiitythe assessment of the number of sockeye
passing through the lower riveQualitatively, this additional uncertainty ranges from medium to high
levels. Gher thanthe scenario where one site or the othi&reliminated,the cost savings associated

with the alternate gear configuratiorar subsampling schemes for the Mission mobile systaat we
examined in detailTablel) were insuficient to fund both programs fahe cost of the current Mission
program.However, incremental cost savings gained if Mission mobilesauipling program were to be
implemented could be gainfully redirected at other Panel priorities such as improving test fish sample
sizes in the river ancreasing the number of stock ID samples processasgason.
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There are a number of additiontdctorsto consider when making the decision about the future of
hydroacoustisystens in the Fraser River that fall outside the technical expertise of the working group.
These include, but are not limited to:

Vi.

Vii.

The longterm financial costs of each gear configuratiarits full implementationincluding potential
increases in test fishing or DNA sampling under the Qualalk scenaria)

The doubt experienced by decisiorakers when estimates ofriver passage cannot be verifiéa

season given postseason adjustments to run sizes madelia 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 pinkneportions are high)some members withithe FrasePanel look for confirmation of
Mission passage estimate numbers from the Qualark program.

Even though the true sockeye passage numbers are unknotte ffvo systems are beginning to
diverge, it is a ghal for thein-seasormanagement system to look for potential issues at either site or for
unusual fish migration behavior.

Non-bilateral uses ohydroacoustidnformation ¢ e.g., inriver fisheries planning for lower Fraser First
Nations fisheries oftenelies on Mission estimates to generate catch projections.
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operaing a secondhydroacousticsite.

The original impetus behind running the Qualark program wdseta data validation of the Mission

program dueto the growing concern about the uncertainty associated with the Mission estimates in the
mid 2000s. In 2022011, recognizing the high cost of running bétydroacouticprograms, the goal of

the Qualark program was changed to onggathelinginformation to help identify a method to
GOFtAONI GS¢ GKS aAradaarzy SadGAYl GdSa obfisheded apeningsd SR
and effort, etc.). lfive assumehat the Qualark estimates better represent the true numbersotckeye

bound for spawning areas above Qualahen this is still possible, but the followidgtalimitations still
exist:a) Frasesodeyereturn in afour year cycle, which, when coupled with pink migration, results in the
20082015 dataset representing each cycle twice at besMisksion has been in its current gear
configuration for 5 of the 7 years in the dataset, c) large sourE&E®s may beue tostock and species
identification (i.e., representativeness of the fish caught in the test fisheries and small sample size issues)
as opposed to hydroacousticEhis 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 throuQialark stocks.

In addition to tre more formal use of the hydroacoustics datinputs 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 informalduaintitative 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 gro@p

Based on the current management needs of the Fraser Ramklhe evaluation of the impacts of the
PEDs on the estimates of run size and TA€easonthe recommendation from the thnical working
group is tocontinue the Mission hydroacoustics programd discontinue QualarBased orthe two
years oflargest PEDs from the eight yearssofiultaneous operationf the Mission and Qualark
hydroacoustic systems, we were unable to show that Qualark demonstrably improvéuseason
assessment of sockeys@pement and current #ateral 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 piidgram.
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 obsesivo 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 considerationsligeee mot

factored into this recommendation.

1.16.1What if we only had Mission?

The Mission hydroacoustic site has been used as the main estimate of sockeye [ratisadgmver
FrasemRiversince 1977 However, i is a more challenging sitban Qualarkor hydroaoustic
assessment of salmon passage due to tidal influeacérregular bottom contouranda muchwider
river channe(400m at Mission vs. 160m at Qualark)

The benefits of théocation of theMission site compared to the Qualark site are: a) all Fresekeye
stocks, with the exception of Pitt and Widgeanigrate past the Mission sit®) for the same group of

fish, it can provide estimates2days earlier than Qualaréand c) it is curreny the only method used to
enumerate pink salmon returning to the Fraskraddition 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 andekds intoin-seasorrun size models.

The implications to management of fisheries of this configuratiactors such as the irregular bottom
contour and a large midhannel area may contribute the differences in hydroacoustic counts
between Mission an@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

1.16.2What if we only had Qualark?

Generating estimates of salmon passagehat Qualarkhydroacousic site coss less than generating

estimates athe Mission site and potentially provides a more accurate estimatbefibundancef
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stocks spawning upstream of Qualark. However, if it were the lyydyoacousticsite operating on the
Fraser Rivemaingem, other methods would be needed tenerate inseasorestimates of the
abundance ostocks thatdo not migrate pasQualark In some years, these stockan make up a large
fraction of the totalFraser River sockeyeturn (e.g., Harrison, Weaver, aBirkenhead).

The benefits of the Qualark location is thtits a more ideal site for hydroacoustic enumeration of
salmon passage, with feaw potential sources adrror than the Mission site

Although he Qualarkhydroacousticsite costs less to operate than the Mission site capacity to
generate comparable iseason estimates to the current Mission programuld require a number of
adjustments which would add to thnancialcost of implementatiorof a Qualark only progra. These
include: ajn-seasonreal time estimates of stocks that leave theser Rivemainstem downstream of
Qualark b) additional work on the representativeness of the species and stock compasstiomates
from the Qualark test fishery (see the Godzt | y (iAQEendiXEE ¢)ifevelbpment and testng of
new models to replace those that rely on the Mission dataset (e.g., MA, tigigrun size modelsy)
no post-season confirmation dh-seasorpink salmonrun size would be availahlande) impacts to
management decisions of havingrirer hydroacoustidnformation 23 days later would need to be
evaluated.

The assessment of figtssessed at Mission bobt directly assesseat Qualark (i.e.Vedder/Chilliwack
and theHarrisorBirkenhead systems) would require additioradseasorassessment. Assessment of
these systems woultikelyresult in the need tancrease test fiskry samples in lower riveaind/or in-
seasorspawningground assessment of fish passagéhile the Vedder/Chilliwack system is conducive
to ahydroacoustiebasedin-seasorescapement estimate, the other systems are not. How those
systems could be assesseeseason or whether increasintgst fisting samples would suffice would
need to be evaluated.

The implications to management of fisheries of this configuratiimereased uncertainty in the run size
of stocks that spawn below Qualark would applyrt@easorrun size estimates as wels postseason
assessments of run size that would carry over into the steckuit dataset that is used for pigeason
run-size forecasts and evaluation of letegm escapement goals, among other things.

1.16.3Vhat if we had Mission (excluding mobile) and Qa#gkt?

Removing the mobile system agld relatively large amount ofcertaintyto the Mission estimatdor a

cost savings of approximately 000 per yearThe impact of discontinuing the mobile system at

Mission wouldbe the greatest on thdront and tailends of the Frasesockeyerun when abundance is

low (i.e., during the migration ofEarly Stuartearly-timed EarlySummersand Laterun stock$. Sincdn-
seasorassessment of Late run does not rely on hydroacoustic estimates due to potential deltsin La
run migration when entering the Fraser River, the removal of the mobile system would impact the post
season run size estimate of Laten but not the in-seasorestimate.Unfortunately, this is also the time
period where other sources of uncertainty tetmbe higher (e.g.species composition arglock
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identificationdue to low test fishery samplesY.he early upstream migration of Laten sockeyeand
associated periods of variable but sometimes higlr@uite mortality (confirmed by tagging studies),
further complicates the ability of using alternate sources of data for-peason 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 configuratisimg anyof the estimationmethods
described in sectiod.3.1.1to replacethe data supplied byhe Missionmobile systemwould increase
the uncertainty in the daily estimates at Mission and therefore to the management system.

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

While we acknowledge that this optionrist feasible fiscally on asnnual basisit is the
recommendation of the technical working group that both systeresoperated in 2018 iarder to
further our understanding of iniver fish migration and so that additionavaluation of PEDend their
causesanbe conducted

Theyears of largest PEDs occurred in 2010 and 2014 (i.e., Adams dominanteanglue of having
the Qualark site as an independent estimate ofiirer passage stands out in these very large
abundance years. However, we only have two years in the dateskhe directionality of the PEDsas
different in bothof theseyears

With the exception of 2010, when Mission passage estimates were adjusted based on data from Qualark
after July 30, Qualark estimates are not directly usedrigeasorcalculationsHowever, the Qualark
estimates have served as a useful validation check on the Mission passage esflina@salark

estimates have not been incorporated into tireseasorrun size modelas the original purpose of the
program was as a verification @ffiver passage. The current timeline farseasorgeneration of

passage estimates at Qualark also precludes its usesi@asorrun size models.

The operation of both systems, concomitant with studies designed to evaluate potential causes of bias
and urcertainty 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 operatirjgee5.8.6).

The implications to management of fisheries of this configuratidrile this configuration is the most
expensive, having two systems that are performing at optimal capacity is the besb wagtinue to
evaluate potential causes of PEDs and increase the likelihood of identifyingeasoradjustmentthat
mayimprove the Mission estimates in future years.
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1.16.9Vhat if we had [insert alternative here]?

We evaluated alternate gear configurati®within the existing assessment frameworkwN\and
emerging technologies amot within the scope of this evaluation.

1.16.6-uture work

Specific recommendations for further exploration in future years should both systems continue to
operate include evaluationsf blind zones at both Mission and Qualark sites and mekiver fisheries
may impactPEDsRegardless of the decision regarding tmgdroacoustigear configurations, it is
recommended that future worknvestigatehow uncertainties irhydroacoustiestimatesare
incorporatedin-seasorand in other work'e.g, MA modelsthe RSAprocess.

As noted in sectiod.2.3 accurateestimates ofspecies compositioareimportant at both sites butwas

not examinedas part of this evaluation. This work would include evaluation of the representativeness of
stock and specieaslentificationof in-river test fisheriesand incorporatiorof the data (or adjusted data)

into future PED comparisons.

1.17 Summaryand 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.qg.,
identificationof stocks leaving the mainstem prior hydroacousti@assessments), hehydroacoustic
assessments (e.g., catch estimates, stock and spigleiesfication), behavior of people (e.g., fisheries

and vessel traffic), as well as to fish (e.g., variaiifration times variable distribution of fish within the
water column and across the river chanaeld enroute mortality). Not all of these uncertainties can be
guantified. However, analysis has shown that taking into account the uncertainties thatneantify,

the estimates of sockeye passageMission and Qualarwere statistically similar 3 out of 4 daglsring

the 20082015 period.

The directionality of the PEDgre not consistent between or even within years. Evaluation to date has
been unabldo identify any correlations between the presence of a PEDtlaagotential causative
factorsexaminedby thetechnicalworking group. Bsgte not being able to identifya correlation to or
causation oPEDswe have gained better understanding of theystemand 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 Appendies

Appendix1 ¢ PSC Secretariatd@dument 2013

Document prepared biPSC secretariat stdtir PSC Commissioners and the Fraser River Panel that was
the impetus for the creation of the Fraser Ri&rategic Review Committee (FSRI®)js committee was
taskedto provide advice to the Commission regarding potential modificest to the hydracoustic
operations with the aim to reduce overall program costs while maintaining the necessary quality
standards for irseason assessment.

Appendix2 ¢ Fraser Strategic Review Committekerms Of Reference

The erms 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 inriver assessments as well as an evaluation of the hydroaicoemtfigurations at Mission and
Qualark to ensure precise and timely information to satisfy Pacific Salmon Treaty obligations at an
affordable cost.

Appendix3 ¢ Commissiorinstructions to FaserRiver Panel

This document is eequest 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.

Appendix4 ¢ Terms Of Referencefor Consultant

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

Appendix5 - Fraser River Management Objective

Documentoutlining the Fraser River Panel management and Ifisigjgctives related to Lower river
hydroacoustic programs at Mission and Qualark.

Appendix6-/ 2y adzt G yiQa NBLIR2NI

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

Appendix7 ¢ FraserRiver Panel HydroacousticsNorkplan
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several TOR unansweréethe plan was developed by tieaser River Panel and approved by the FSRC.

Appendix8 ¢ Hydroacousticfperational @©sts

Overview document comparing the hydroacoustic operational costs at Mission and Qualark. The
document also includes financial details regjag the potential cost savings following changes to the
hydroacoustic programs.
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Appendix9 ¢ MissionTechnical Bcument

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.

Appendix10 ¢ QualarkTechnical Resentations

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

Appendix11 ¢ Assessment of Estimation Methods for the Mission Mobile Count of Salmon

Document summarising the analyses that haverbeenducted 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 sySteensork
preserted in this document has been reviewed by the bilateral group of technical experts.

Appendix12 - Subsampling with Mission Mobile as an Alternative to Daily Operation

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

Appendix13- Sockeye Stock&ssessed 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.

Appendix14 ¢ Management Implications for Runi& and Dtal Allowable Catch

Comparison of the impact of the use of different hydroacoustic time series-s@ason run size
estimates derived through the standard run size models. Thé&wmsented in this document has been
reviewed by the bilateral group of technical experts.

Appendix15¢ Fraser River Salmon igration Model and Aalysis ofHydroacousticData from Mission
and QualarkXations

Report of theresults 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 (PEDsyalndted 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.

¢KS O02ali 2F AYLX SYSyidAy3a GKS {SONBUOINARIGQa I 0O2d
doubled from about $300,000 in 1994 to $600,000 in 2012. In addition to the regular budget, the
{2dziKSNY . 2dzy RF NBE wSadG2NrGA2y YR 9yKFIyOSYSyl Cdz
Mission in the amount of $668,000 since 2004 including the purchiatbee® DIDSONSs. The Qualark
site was reestablished 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 exylitures 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).

Il. 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 feB2nonths drive program costs at Mission. The focus of research at
Mission has been on improving accuracy of the estimatstimBtes 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 tevels 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 illustratedhematically in figures and the incremental costs (both capital and
operational) and benefits (effect on estimates) of each component are provided in tables. The
dzZl yGAFAOFGAZY 2F GAYONBYSYyGlfté 06SySFTAGA ySSRa |
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River Pink salmdn We can generate credible acoustic estimates of pink salmon escapement which,
coupled with catch estimates, can be used to generate estimates of total return thadependent 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 asimeis 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 tern2Q13, 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.

lll. 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 odngoing SEF work), (2}deason validation of Mission estimates, (3) Evaluation and
improvement of sampling at Mission (focus thus far), and (4) Other (e.g. Planningrifisheries).

Despite the acoustic advantages of the Qualark site, the site phess main challenges related to
fisheries management. First, fish takd 2lays to travel from Mission to Qualark and this creates time
lags in the availability of rugize assessments. Typically, the Fraser River Panel does not update total
return esimates 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 ckhiieaver
Creek), and more than twthirds of the Fraser River pink salmon populations spawn downstream of
Qualark. Third, the long time series of Mission estimates is used to quartfagon adjustments to
escapement targets to compensate for natlj@nvironmental 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 considefation o
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. Tesidishave 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 compositiestimates at both Mission and Qualark are subject to test fishing biases.

! 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. Hydimmustichased methods (e.qg. 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 Commission
Ouir file: 63001

From: Mike Lapointe, Chief Biologist, Pacific Salmon Commissioh staff

(oo} 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 isasranted. Next, we provide a celenefit analysis for the Mission program to support the
development of a multyear business plan. Third, we discuss the potential future uses for the Qualark program.
Lastly, we discuss some challenges and potentidgbuimplications related to the apportioning of acoustic targets

to species.

. Introduction

9a0GAYIGSa 2F SalrLISYSyld INB FdzyRI YSyidl f (22UndektBe CNJI a
terms of the Pacific Salmon Treaty, the Panetsponsible for collecting data on upriver escapements through

the conduct of a hydroacoustic program at MissioBeginning in 1992, five revietdmought 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-basedlsampling program

were identified as significant weaknesses leading to updated technology (split beam and DIDSON sonar) and
shore based sampling platforms. In 2008, hydroacoustics staff complet&tearSStrategic Plan to guide

program activities and research. Though resbafforts 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 fi@sgsiem 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 mount of $668,000 since 2004 including the purchase of three DIDSONSs.

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 ¢ See Part Ill. Potential future uses of the Qualark program.

30



Pearsé also recommended additional acoustic sites along the Fraser River to assist in reguigtiagfisheries.

In response, DFO conducted -géar experimental program from 1891998 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 appbashto Mi

The Qualark site has a number of advantages for acoustic estimation of fish pas¢ageled PSC staff to

advocate using

Quialark to validate Mission estimafdsy R & dzLJLJ2 NIISR GKS {9C O2YYAlGSSQa R
in 2011 and Q12 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 factofghe SEF also funded a second project related

to improvements at Mission. The finaports for these projects will not be complete until F2013.

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 @&ntitmwever, 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 gien for t
future is warranted. We hope that this review will assist with any skenrn 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.

¢2 FRRNBPaa (KSasS OKIfftSydaSa GKS /2YYAaarzyQa NBaSIH N
of-theart technologies. From this experience, Secretariat stafe 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 progrdenfsuitab
assessing pink salmon. For each program, we provide and schematic of the sampling desigB)(&ightHe

total costs for our recommended program, but we also identify the incremental effects of removing specific
sampling components on costsarisks (Tables-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 leftbank weir and to provide access to the right bank), a trailer which houses staff on the left
bank, a shed on the right bankéifence materials on both banks which prevent fish from migrating inshore of

the acoustic equipment (fences are not shown in Fi§sbklow). Split beam systems, DIDSONs, computers and
other miscellaneous equipment represent significant incremental abpdsts, 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 aigl@res 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 pgram 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 ahoin 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 whehnariigrate, thus repeated

estimates would be similar, but would be underestimates (biased low). Often when managers or policy makers
KSIFENJ I a0ASyGAad AYyRAOFGS KA& 2NJ KSNJ SadAyYFdsS KIFa a
estimate is Ighly 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 samglthe 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 wheraviieage position of the estimates is close to

0KS odzfa SeS>y o6dzi GKSNB Aa aol diddSNp 52y Q0 62NNEB A
accuracy, it is not critical to our discussions.

Figure. A. Schematic of concepts of Accuracypaecision.

Precise Imprecise

Accurate
(Unbiased)
In Accurate
(Biased)

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) tatisticians showed that estimates of 200,000 fish had a precision of{@%ample 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 estimatddigh precision comes from the large sampling etf&4/7
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 v selnae avoid detection,
especially in nearshore areas, hence the rationale for adding the d¥ased systems (see Fig. 1). Thus, almost
Fff 2F GKS {SONBGFINAIFGQa STFF2NIa KIS 0SSy RANBOGSR
improvingaccuracy 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 comgtia smaller fraction of the targets. Research igjoimg to refine

precision estimation methods.
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or pink) passing Mission on any given daynknown. Thus, we are forced to draw an indirect inference about
accuracy by comparing Mission estimates to otb&timates that we believe are more accurate and precise than
the Mission estimates. For several reasons, we believe that the bestatet currently available for judging the
accuracy of the Mission estimates are the Qualark estimates(see section Il 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 Missiamd Qualark estimates and we also note the directional
biases associated with removing partiausampling components (Tables3L

Base program (suitable for years of low sockeye abundance)

The base program was developed of the period from 2087 and it has been the primary sampling program

used for inseason estimates since 2010. The basgmEnm 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 DIDSONSs and two split beam systems (Fig. 1). Estimates from the left bankkiledspld 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 shelmsed 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 théoark 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 andusi#l ihem 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 informigon 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 nuhatzes 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 estimateas 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, ¢@r@ 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 ept@ents 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). ThekRighSeN

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 offarless 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 gtified 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 transferretbgief 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,-8eason Mission estimates were
approximately 1.5 million fish lessah the sum of all spawning ground estimates plugvar catch estimates for
areas upstream of Missidn In that year, the irseason estimates were based entirely on the left bank and mobile
split beam systems (see Fig. 2). An experimental split bgst@ns deployed on the right bank estimated an
additional 340,000 sockeye pestason, but this additional amount still fell short of explaining the discrepancy.
The left bank DIDSON data were not continuous enough for estimation. No offshore DIDS©Nsplagred.
Extremely low river flows were hypothesized to exacerbate fish avoiding detection by the transecting vessel.

In 2010, the irseason Mission estimates were based on the left bank and mobile split beam systems plus a
DIDSON on the right bankgain 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 ponb for Qualark and there was harvest
between the two sites. hseason projections of sockeye headed to Qualark were 20%(2.7M sockeye) less than
the Qualark estimate. Poskeason projections which included contributions from the left bank and right bank
offshore DIDSONSs 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 bé&aent 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)ummgoyne 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 lspliiank
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 DIDSONSs 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 annualantribution 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 neattom 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 ¥ through September 10, all systems shown in Fig. Xcept 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 dssithiate

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 eliminatbias 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 approximat&,880/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 psstason in 2010; iseason processing would result in a minor costéase

(<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 substituteddr 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 singleeam (vessel based) nor the split beam systems are capable of effectively sampling the
nearshore migration. A major kakthrough occurred in 2009 and 2011 when shbased 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 134 fighi 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 PSEFO 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 capaditgdnerate 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 partj@dahave minimal benefits to4n
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 opportunitiespgsb|e
that the combination of escapement passed Mission to date plus any planned futtiseirharvests, might be
used to ensure that escapement targets have been reached. However, it would be very difficult to extrapolate
the escapement to date andsémate total return. Thus, total return and harvest shares calculations would still
depend on the marine test fishery data. Thus the incremental addedadson value of escapement estimates
within any particular year is likely small. In future yehosyever, 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 k$eason rursize assessments in future years can be updated. Furthrermdependent 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 aburahces 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 inAwigust of odd years only, and is incremental to the
sockeye program. During the pink migration, 79% ofativeual 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 dffehbenk 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 oResibénan

upstream ofthat 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 almdance 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 estimageause the sockeye programs would already be

in place. However, if offshore

DIDSONSs 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. Increhoesta savings and risks associated with
removing components are shown in Table 3. Both offshore DIDSONSs require further evaluation, though based
only on 2011, the offshore right bank DIDSON is not cost effective.

Concluding comments on the Mission Cdstnefit 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
DIDSONSs in particular (Figs. 21 @) 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 additionaldsi 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 throu§b &Fwe
have only been able to evaluate the enhanced sockeye program when the largest daily abundances were
associated with lateun stocks. But we have observed different migration patterns in our acoustic data between
periods dominated by summeun versus laterun populations. Thus, we cannot be sure which sampling
components will be most appropriate in years with large daily abundances of sumimetocks. Similarly, we
have observed an incomplete range of Mission sockeye estimates sizestthigiByr 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
2TFaK2NB 5L5{ hba o R&dSPakeSdRditonl oditheltircémstanges éntodriieded 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 inémces 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 challengesaéspgompositichassociated 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-A@igust 15 in 2009, about 75% of the sockeye passing Missim w

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 withotet right bank DIDSON). The complete base program was implemented in 2011.
For the period July 2Aug 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 thiego#re 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 projectainto

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 13 quantify capital costs as total sts 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
@SIENJ GKIFG SIdALIYSYd A& RdzS ¥ 2eNbatffthe fufnbe@&HOWnSn tHéFdhliesla@S Y S
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 samptiognponents from the three recommended programs

we have outlined involve tradeffs between fishery management benefits (assessed through the Fraser River
tFySto YR LINPINIY O2aia 6FraasSaaSR o0& (KS /eN¥Aaarz
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 theypaultimplications of various sampling

programs in our business plan.

1 See section IV below.
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