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1. ABSTRACT

Gill nets and other conventional harvest techniques used in raigedd commercial
salmon fisheries frequently result in bycatch mortalitypacting Endangered Species Act
(ESA)-listed wild salmonid populations and constraining fisfopgorunities in the U.S Pacific
Northwest To address the problem, studies were conducted in the lower Columbia River, WA
evaluating the potential of commercial salmon traps for ssetéctiveharvest and bycatch
mortality reduction. Expandingupona Bilot st udy, WA Statedos first
since 1934 was constructed and operated under a variety of tidal stages, light levels, and weather
conditions between Augusseptember 2017 drMayi October 2019. Postlease survival of
bycatch was estiatedthrough paired releagecapture in 2017 and a combination of paired
release recapture and net pen holding in 2019. Results demonstrated that the fish trap effectively
targeted hatchery read fall Chinook Oncorhynchus tshawytschand coho salmorQ. kisutch)
while reducing bycatch mortality rates relative to conventional commercial gears. During the
latesummer and fall 2017 study period, the relativenulative survivakffect over a 408m
migration ranged from 0.944Y'© 0.046)for steelhead®. mykis¥to 0.995("Y'© 0.078)for fall
Chinook salmon. Investigatirgalmonidsurvival through two separate techniques in 2019, a
substantially modified fish trap design demonstratedateatablecumulative survivaéffect and
a significant improvemedrover the 2017 prototype trap design. Through paired release
recapture, the relativaumulative survivaéffect over a 40&m migration was 1.017Y{'G
0.032) for adult sockeye salmo@.(nerkg. For adult coho salmoreld captive for a 48 post
relese period, survival waThesdresdls Suggestthat modified 0. 97
fish traps can achieve essentially 100% survival of salmonid bycatch and provide evidence that
thegear may be effective in addrasgiexisting ESA constraints sunmer and fall commercial
salmon fisheries of the lower Columbia River.




[l. EXECUTIVE SUMMARY

With continuation of salmonid hatchery programs in the Columbia River Basin and
elsewhere in the U.S Pacific Nowthst, development and implementation of selective
commercial gear for improved targeting of hatchergin fishes and reduction of bycatch
impacts has been recognized as a necessary means to enable and expand scatameiial
fishing opportunities Wwile minimizing mortality of threatened and endangered salmonids under
the Endangered Species Act (ESA). To benefit wild salmonid recoveifyshedes of the lower
Columbia River, Wild Fish Conservancy (WFC) receivediing from the National Oceanic
andAtmospheric Administration (NOAA) Fisheries Service Bycatch Reduction Engineering
Program (BREP) to expand upon a 2016 pilot study evalutitengotential of an experimental
fish trap (or, 0 p oestand ecolagicadmonitorimg. Theogdt lkad threev e h ar
major goals: 1) test and refine deployment and operation of a fish trap in the lower Columbia
River; 2) determine the effeeeness of the harvest method in capturing salmon relative to
conventional geat and 3) evaluate the ability thfe gear to protect netarget species through
identification of capture and release conditions, immediate survival, andgpesde survivabdf
Chinook salmorfOncorhynchus tshawytschand steelhead troud( mykiss

The experimental trap was succefigfoonstructed by WFC and a local commercial
fisher in August 2017. The completed fish trap represented the first of its kind since 1984 in W
State waters of the Columbia River. Engineering modifications were madeupesegrevious
experiences in thedd6 pilot season and the designs of other alternative fishing gears tested
throughout the Pacific Northwest. Test fishing and research @diypitoceeded from 26 August
through 27 September 2017. Similar to prior altémeagear evaluations in the low€blumbia
River, WFC utilized a paired releasecapture methodology with Passive Integrated
Transponder (PIT) tags to estimate the relghvetrelease survivagffect from the experimental
trap. Upstream detections a@igiged and released fall Chinooknsan and summer steelhead
trout exposed to commercial capture procedures were compared to that of a control source of fish
through the CormaecBolly-Seber (CJS) method. Total catch, CPUE, capture/release conditions,
immedite survival, and CPUE covariateere also measured and analyzed.

By 27 September 2017, a total of 2,848 treatment and control Chinook salmon and
steelhead trout were Pifigged and released at the experimental trap site. All tagged fish were
queried forupstream detections at mainsteamdPIT tag arrays. Unique tag detection histories
were recovered through the PIT Tag Recovery Information System (PTAGIS).

Results demonstratl that the prototype fish trap effectively targeted commercially viable
guantites of hatchery reared fall Chinband coho salmorQ( kisutch while reducing
cumulative bycatch mortality rates relative to conventional and alternative commercial gears.
During the 2017 study period, 7,129 salmonids were captured and releaseelaives
cumulative survivaeffectto McNary Dam ranged from 0.942Y'© 0.046)for adult summer
steelhead to 0.996Y'© 0.078)for adult fall Chinook salmon.

Expanding upon 2017 BREP study, the experimental fish trap was substantially
modified to eliminate air exposure, handling, and crowding of fishes durniinéd moment of
capture. The modified gear was quantitatively evaluated in the lower Columbia River during the
spring and earhsummer of 2019. Similar to the 2017 BREP study, the project had three major
goals:1) test and refine deployment and operatiba modified fish trap (incorporating a new
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passive spiller design) in currently untested spring and summeriéishunder a host of varying
environmental and ecological conditio2$;determine the effectiveness of the harvest method in
capturing salmo and shad relative to previously tested alternative gaads) evaluate the

ability of the gear t@rotect nortarget species through identification of capture/release
conditions, immediate survival, and postease survival of sockey® (nerkg and

spring/summer Chinook salmon.

During the spring 2019 study, salmon returns to the Columbia River were p
representing less than half of the most recenteldy average. As a result of low spring Chinook
salmon return forecasts, test fishing was postpaoearlyMay at the request of NOAA
Fisheries Service and the Washington Department of Fish andfé/(MIDFW) to ensure
impacts to ESAisted species were not exceeded within the basin. Fishing was further restricted
in June and July to protect ESiated sockeye salmon and steelhead. Despite these setbacks (in
addition to challenges posed by driftingedy debris during the spring freshet), a total of 1,992
salmonids were captured in the spring and esutymer of 2019. Of the catch, 1,237 salmonids
were PIT-tagged for paired releasecapture.

Supplementing the BREP paired releaseapture studies,@ho salmon pogelease
survival study was conducted in the fall of 2019 through the Saltckstatiedy (SK) program.
For this study, a total of 12bhko salmon captured with the modified fish trap design were held
captive in a net pen over a-&ostrelease observation period to estimate jpelsgtase survival.

Analyzing survival of captured and releaseddstrough two separate techniques, the
2019 modified trap design demonstrated no detectaddérelease survivagffect and a
significant improement over the 2017 prototype trap design. Estimated through a paired-release
recapture CJS methodology, the relattuenulative survivaeffect over a#00-km migration was
1.017 (Y& 0.032) for adult sockeye salmod.(nerkg. For adult coho salmoreld captive for
ad48hpostr el ease period, survi valGivwrsatsesebroising ( CI
results, it is likelythat employment of recent fish trap engineeadgancements and further
research in latsummer and fall fisheries may idéy improvements upon established 2017
release survival rates for fall Chinook salmon and summer steelhead trout.

Findings described in this BREP final report and associateerpeiemwed publications
have been formally reviewed by WDFW and the Colunibiger Technical Advisory Committee
(TAC) for application by Columbia River resource management agencies. Although further
research is recommended, results of this ryaléir studyshow that modified fish traps have
potential to nearly eliminate salmoniddagch mortality in summer and fall fisheries of the lower
Columbia River for the benefit of the environment, fisheries management, and the commercial
fishing industry.
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V. PURPOSE

A. Description of the Problem

Background

In waters around the globe, the ecosystem hosts a variety of fish stocks that coexist in
sympatry (Knudsen et al. 2000). Commercial fishers utilize specialized fishing gears to target
fish stocks that are deemddsirable through market forces for consuorpaind profit (National
Marine Fisheries Service [NMFS] 2011). In their efforts to capture specific stocks of commercial
value, almost all fishermen encounter other species that are present within the ecosystem
regardl ess of a (leserfisheriessnpvbichimaltiple gtaeld are encoenteted T
in a geographical region by a specifiedgeay pe ar e I|I-abectkd fiimshkedi es (
1996; Knudsen et al. 2000).

Bycatch inevitably occurs in migestock fisheries when fishermen capture ‘tanget
stocks or species that may fAdrop outo during
returned to the ecosystem (NMFS 2011). Fishermen may choose to discard components of their
catch if certan species, sizes, or sexes are not pro&tablif government regulations prohibit
retention. In instances where a fishing gear inflicts little damage to species encountered or all
stocks are of sufficient health to sustain fishery impacts, bycatch ohgpse a substantial risk
to a fishery. Howeer, any mixeestock fishery that contains a threatened species or weakened
stock may inflict detrimental impacts if a fishing activity causes significant bycatch mortality
(Chopin and Arimoto 1995; Lloyd 1996Gayeski et al. 2018b). The severity of theaut of
bycatch is the product of the quantity of fish encountered and the bycatch mortality rate inflicted
by the gear in use. In some regions of the world where species or populations of evolutionary
importane are threatened with the prospect of exiimgtbycatch impacts may be significant
enough to extinguish renewable resources, alter ecosystem dynamics, and close regional fisheries
of substantial economic, cultural, and spiritual importance (Kappel 20€fgtowich 2013).

Since the late 1800s, wilkalmonids of the U.S Pacific Northwest have declined
dramatically from cumulative effects of harvest, habitat loss, dams, and hatchery production
(Lichatowich 1999). Various wild salmonid populations wererpated shortly after the arrival
of Europeanso the region, and many salmonid population groups that remain are now listed
under the U.S Endangered Species Act (ESA) (Nehlsen at al. 1991; Anderson 1993; Quinn
2005). At present, the primary limiting facsaio wild salmonid recovery remain harvestbitat
loss, dams, and hatchery production, with climate change recently recognized as a growing threat
to ESAlisted salmonids (Crozier 2016; Lichatowich et al. 2017; Gayeski et al. 2018a).

The effect of hang& on wild salmonids is frequently compoundigthatchery
production (National Research Council 1996; Lichatowich et al. 2017). By enhancing fisheries
through hatchery production, resource manager
mortalityt o t hr eat ened wi | d hatdherycstocks duringuacearcrearingand g | e
the spawning migration. State, tribal, and federal (both U.S. and Canadian) agencies manage
harvest to maxi mi ze &atémptingtodddrésatheagticcandy or i gi n
ecological problems associated wéscapement of hatchery fish (Naish et al. 2007; Chilcote et
al. 2011; Lichatowich 2013), while minimizing mortality to wild stocks mixed within regional
fisheries (Canada DFO 2005; WFWC 2009; ODFW 2013). Hewdycatch mortality and
mi xed st acak hanpwast recovery efforts of ESA |1
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t hat can selectively harvest targeted stocks
targeted fish (such as wild fish) unharn{®#ight 1993; Flagg et al. 1995; Gayeskaét

2018b). Although mortality rates differ between species and fisheries across the West Coast,
springChinook salmon@ncorhynchus tshawytschiaycatch mortality from conventional gill

nets ranges from 49% #8% in the lower Columbia River (Vander Hargd al. 2004).

Considering the severe impact of gill nets on captured stocks, resource managers often approve
the harvest and sale of wild salmon that may be ESA listed (ODFW 2017b). Furthermore,
conventional Brvest practices can reduce the diversizg siecundity, and age structure of wild
populations, thus diminishing their survival, reproductive success, and capacity for adaptation to
global climate change (Ricker 1981; Hamon et al. 2000; Lewis et &).201

Given the depressed status of wild PadNiorthwest salmonids and the inadequacy of

conventional gears for selective harvest of h
agencies have drastically constrained commercial salmon fishing opportunitieer to foster
salmonid recovery (Martin0 8 ; NWFSC 2015) . Despite these ef

listed wild salmonid stocks have not recovered, and fishing opportunities have become

increasingly limited (Lichatowich et al. 2017; Price et al. 2@&yeski et al. 2018a). Failure to
achieveR ci fi c sal monid recovery and continued mi:
settings have further altered ecosystem dynamics. The populations of southern resident killer

whales Qrcinus orcg and other apexrpdators have declined to historic lows doeetductions

in the quantity and size of marine prey (e.g., Chinook salmon) and other factors (Ford et al.

2010; Ayres et al. 2012; Lewis et al. 2015; Lacy et al. 2017).

Alternative Commercial Gear Testing

With continuation of hatchergroduction programghroughout the region (Lichatowich
et al. 2017), implementation of alternative selective fishing gears for improved targeting of
hatcheryorigin fish and reduction of wildrigin bycatch has been recognizecasecessary
means for reocgering ESAlisted @almonids and sustaining participation of fishing communities
(WFWC 2009; WFWC 2013; ODFW 2013). Removal of the adipose fin from hatchigin
fish enables visual differentiation between wild and hatchery st@dhbrook 2008). To
captalize on advancems in stock identification, meet ESA recovery objectives, and maximize
utilization of fisheries allocations, resource management agencies in the states of Washington
and Oregon were directed to develop and @n@nt alternative fishingear to maximize ¢eh
of hatcheryorigin fish with minimal mortality to native salmonids (WFWC 2009; WFWC 2013;
ODFW 2013). Although alternative gear research conducted in the region has demonstrated
some limited success (Vanddaegen et al. 2004; Ashlok 2008; WDFW 2014)few viable
alternative fishing practices to date have been identified and implemented to address problems
associated with mixedtock harvest of hatchenyrigin salmonids (Gayeski et al. 2018a).

Table IV-1. Lower Columbia River cuniative survival esmates from four different gedypes
and associated 95% confidence intervals (if available) (TAC%2008P 2014 WDFW 2014;
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WDFW and ODFW Joint Staff 2088TAC 2018). *Note that gill net and tangle netlease
survival rates fofall Chinook salmorand steelhead are only assumed and have not been studied.

Gear Fall Chinook Survival SteelheadSurvival
Gillnet (88 . 75 0.520" 0.55%
Tangl e ne 0.764 0.764"
Beach seine 0.750 (0.71Q0 0.790° 0.920 (0.82Q 1.000¥
Purse seine 0.780(0.720i 0.850F 0.980 (0.930" 1.000¥%

Fish Trap Technology

Recognizing the limitations of previously evaluated alternative commercial gears in
reducing stock speci fic btstsandmdnageroalikebhave ty r at
recommendedfils traps, or &édpound net s 0llmets (Ashraok her po-
2008; Tuohy 2018). The fish trap was a historically effective and popular indigenous and
commercial gear used in salmon fishenéshe U.S. Pacific Northwest (Cobb 1930;

Lichatowich 1999). The fishing method was banned in Washingtéa i6td934 and Oregon in

1948 due to the perceived contribution of the gear to salmon decline in these mostly unregulated
fisheries (WA State Sessid.aws 1935; Johnson, Chapman, and Schortd@;1Higgs 1982).

Contrary to the specified intent of the beasource managers failed to reduce total fishing effort

and meet biologically acceptable escapement goals after 1934 (Johnson, Chapman, and Schoning
1948; Boxberger 1989; Lichatowich 2013). 8hoafter the elimination of fish traps and other
fixed-gears Columbia River and Puget Sound salmon fisheries collapsed (Licahtowich 1999).

Figure IV -1. Salmon brailed from a fish trap in Pugeusd in the early 20Century.
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Fish traps a& a form of fixed gear, meaning that the tool remains deployed in one place
to passively capture fishes (Cobb 1921). Three separate forms of traps historically existed in
Pacific Northwest salmon fisheries:

1) Pile/pound net traps: construdtef stout wad pilings driven into benthic sediment of rivers
and estuaries.

2) Stake/stone traps: constructed of wood stakes/stones in shallow estuaries or small rivers.

3) Floating traps: anchored with concrete and relaiocations where piles canrwe driven de
to depth or substrate.

Consisting of a series of pilings, stakes, or anchors and attached web fences that extend
from the highwater mark toward the river or estuary bottom, traps funnel returning adult
sambni ds f r om tnhesheddvhllpatidnéd perpendiculan te shore) through a maze
of mesh compartments in which fish rarely escape (Cobb 1921). Captured salmonids
instinctively move against the current into progressively smaller compartmenfistotrap
(6heart@andosopidlyleenw@slpecti vely) (Cobb 1930; Tuo
compartment has dimensions appropriate for operators to sort the catch for harvest or release
with little to no air exposure and handling (Tuohy 2018xontrast with gill nets another
conventonal fishing gears, salmonids remain f@mming within a fish trap and selected
mesh dimensions minimize or prevent entanglement altogether (Tuohy et al. 2019). This low
impact, live capture process redupbgysical and physiological imganent to fishthat
commonly arises from use of conventional commercial fishing practices, thereby increasing
product quality and the likelihood of wild salmonid bycatch survival (Baker and Schindler 2009;
Burnley et al. 2012Raby et al. 2015). Furthermorghen usedn fluvial settings, the fish trap
does not deprive killer whales of the opportunity to secure marine food resources required for
their survival (Ford et al. 2010; Gayeski et al. 2018b). Consequently, thereemagnly
marketing advantages taing fish trgs and significant value added to seafood products.

Columbia River Pound Net Testing

In 2013, the noprofit organization Wild Fish Conservancy (WFC), the Washington
Department of Fish and Wildlife (WDFW), andramercial fisherman Blair Peters of
Cathlanet, WA collaborated on a project to develop the first fish trap prototype in Washington
State waters in nearly eighty years. Ultimately, the goal of this project was to identify an
effective fishing technologyof the reduction of bycatch imgis to ESAli sted salmonids. Based
on historical blueprints of Columbia River traps and inspired by steldctive successes in the
Lummi Island reef net fishery, the fish trap was constructed in the Cathlamet Channel of
Wahkiakum County at river kilometdérkm) 67 wtere salmon traps were once common prior to
Washington St @eaeirnl934 WArState Eession bawsdl935). In this pilot
season, procedures for operation were developed. Lacking existing perforraanfor éish
traps, an evaluatioof the geawas initiated in 2016. Test fishing targeted fall Chinook and coho
salmon to examine the potential of the gear to capture salmon while minimizing immediate
mortality of fishes (Tuohy 2018).

The fish trap wasperated for 25& over 30d between 26 Augusand 29 September
2016 (Tuohy 2018). A total of 2,153 salmonids were captured throughout the study, with 2,144
salmonids (99.58% of catch) released in a vigorous and lively condition (TaBle Atotal of
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nine coho salmon jacks were killéd of hatchey origin; 2 wild), for an immediate mortality rate

of 0.42%. From these results, immediate survival for all ages of Chinook salmon and steelhead
trout was 100%. Adult coho salmon immediate survival was 100%hioech immediate

survival for allages of thespecies was 98.87%. Ultimately, these findings demonstrated that fish
traps could capture salmon with very high rates of immediate survival. Showing adequate
promise to help resolve an important harvest ancheagqroblem in the lower Colun@River,
support was gained from resource managers to further assesglgasie survival from a

modified fish trap in 2017 through a paired relessmpture study.

Table IV-2. Stockspecific immediate mortality durintpe 2016 study period.

Species Total Mortalities Mortalities Immed.iate Immepliate
Capturel (Adults) (Jacks) Mortality Survival
Chinook 534 0 0 0.0000 1.0000
Coho 796 0 9 0.0113 0.9887
Chum 5 0 0 0.0000 1.0000
Sockeye 2 0 0 0.0000 1.0000
Steellead 816 0 0 0.0000 1.0000

B. Objectives

To develop innovative and effective fishing technologies for the reduction of bycatch
impacts to ESAisted salmon and benefit of U.S fisheries, WFC and a local commercial fisher
constructed and monitored the perfame of an experimental fistap in the lowe Columbia
River during the latsummer and fall of 2017, and again during the spring and-samyner of
2019 with a modified passive spiller design. Specifically, objectives were to determine the
effectivenes®f the gear in capturingrgeted salmonidrad shad stocks for harvest and research
while reducing mortality of released fishes relative to the performance of previously tested
commercial gears in the lower Columbia River. Environmental covariates;patahit-effort
(CPUE), capire conditions, catch, immediate survival, and pastease survival were
assessed. Methods similar to Vander Haegen et al. (2004), Ashbrook (2008), and WDFW (2014)
for experimental seine and tangle net operations were engployeaintain consistencyifo
comparison ofesults between studies, with minor alterations to improve precision and reduce
bias of survival estimates. Like previous alternative gear tests, this study had three major goals:

1) Test and refine deploymeaperation of a fish trap ued modern conditins of the Columbia
Riverand a host of varying seasonal environmental and ecological conditions.

2) Determine the effectiveness of the harvest method in capturing salmonids relative to
conventional gears. Dirtg estimate speciespecifc CPUE.

3) Evalude the ability of the trap to release fish unharmed during commercial harvest or research
operations through identification of immediate and yekltase survival of Chinook salmon,
sockeye salmon, coho salmamd steelhead trout.
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Assessig CPUE from thexperimental trap and estimating survival through paired release
recapture and net pen holding, this study investigated the effectiveness of the alternative gear in
capturing targeted stocks with improved suovship of released fisheda&ve to previosly

tested commercial gears. Providing precise and unbiased estimates of cumulative survival to
fisheries managers may enable implementation ofitopact selective harvest and/or research

tools for the rejuverton of working waterfrontand the recovergf wild salmonids.

Questions

1 How do cumulative survival estimates from an experimental trap compare to other
commercial gears tested in the lower Columbia River?

1 How does stoclspecificCPUE from the modifie@017 trap compare to the performance
of the tap in 2016 and other commercial gears operatinigéfower Columbia River?

1 What environmental covariates explain CPUE at the trap site?

1 Are fish traps feasible for operation duringisgrand earlysummer moths in the lower
Columbia River given varyingeasonal river conditions?

1 Does inclusion of a modified passive spiller design (reducing air exposure, handling,
crowding, and net contact) improve fish survival overa2&62018 prototype design?

Null -Hypotheses

A) Cumulative survival of salmonids frothe experimental trap is equal to or less than that
of previously tested gears in the lower Columbia River.

B) CPUE of fall Chinook and coho salmon from the experimentplis@qual to or less
than that of conentional gears used in the lower Columbi&fiahery. CPUE cannot be
explained by environmental covariates.

C) The fish trap is not feasible for commercial or research operations during spring and
early-summer seasoris the lower Columbia River due to hiflows, drifting woody
debris, and other biogical factors.

D) Salmonids captured with a modified passive spiller design (reducing air exposure,
handling, crowding, and net contact) have equivalent releaseval reldive to
salmonids captured with the 282018 prototype design.

Alternative Hypotheses

A) Cumulative survival of salmonids from the experimental trap is greater than that of
previously tested gears in the lower Columbia River.

B) CPUE of fall Chinook and cahsalmon from the experimental tragigater than that of
conventional gears usé@udthe lower Columbia fall fishery. CPUE can be explained in
part by environmental covariates.

C) The fish trap is feasible for commercial or research operations during apdrearly
summer seasons in the low@olumbia River.

D) Salmonids captured with a mibied passive spiller design (reducing air exposure,
handling, crowding, and net contact) have greater relaas#val relative to salmonids
captured with the 2018018 pototype design.
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V. APPROACH
A. Description of the Work Performed

Trap Design and Modifations

Based on historical trap designs, photographs, and anecdotes from the 1880s through the
1930s, 44 untreated 46¢ch diameter wood pilings (40.64 cm) weldven approximately 3 m to
5 m apart in the Cambia River, Cathlamet Channel of Wahkiakuou@ty, WA at river
kilometer (rkm) 67. This study site was a historically successful trapping location in the late 19th
and early 20th centuries and was locallpwn for high densities of salmon and steelheadtt
The Cathlamet Channel is 1.1 km widehas point in the river, with a maximum depth of 6.1 m
at high tide and minimum depth of 3.3 m at low tide.

The experimental trap prototype consisted of a 1e80 (), jigger (~10 m), heart,
tunnel, and spidlr (6 m x 6 m x 9 m) (Figure-Y). Black nylan mesh with a stretch of B8
inches (7.94 cm) was selected for application to the lead, jigger, and heart pilings in 2017. The
heart mesh was reduced td.22 inches (6.35 cm) to reduce wedging of jacks in20he
spiller and tunnel were constructed2e1/2 inch (6.35 cm) knotless nylon mesh from 2017
2019. These mesh sizes were selected to minimize both entanglement of fishes and drag within
the water columnAll compartment nets were secured to the ggifrom the bottom of the
riverbed to ~1 m alwe the highwater mark, spanning ~8 m vertically.

Figure V-1. The fish trap consisted of a lead, jigger, heart, tunnel, and spiller.
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The spiller/tunnel complex was engineered for deployment and retrieaadl tirom the
river bottom with line and puly. Weights (27 kg) at each corner of the spiller compartment
enalbed gravity to draw the mesh flush to the river bottom during each soak period. A solar
powered electric winch was installed near the top optlegs to pull the bottom mesh of the
spiller upward through the water column to the shallows during eachidalibw captured
fishes to be accessed swiftly from the depths of the river with minimal air exposure and stress in
2017 (henceboypdado theatfimewnt ) .pordodrjdackenabledt o t he
fish transferred from the spiller compartrhém be sorted within the confines of a perforated
aluminum framed livavell (2.13 m x 0.61 m). Within this compartment, all fish remained free
swimming and submerged with continuously clating river water. With the completion of a
set, a small door tthe livewell was opened allowing all captured fishes to swim upstream with
minimal handling and air exposure.

Modifications to the experimentathp design and operations were made in 2017
increase capture efficiency and reduce physical and physialafimages to captured fishes
relative to the 2016 pilot study design (Tuohy 2018). The following modifications were made to
each component of ¢htrap:

1) Lead and heart netsWFC staff doe to the river bottom to ensure nets were fully descended
to thesediment to minimize escapement points and increase capture of benthic oriented species
(e.g, Chinook salmon).

2) Spilleri The mesh size wasdecedto2l / 26 6 ( 6. 50 c ragk ngan matdriad h k n ot
to minimize gilling and wedging of jacks. Fnermore, the shape of the spiller bunt was arced

toward the spiller door and curved in the corners to increase the tendency of fish to naturally

migrate out the spiller door and into theelwell during lift.

3) Spiller lifting systeni 1 / 4 6 6 ( @inl&sS sterl wEblessvere attached on the inside of
each spiller piling to guide deployment and lift of the spiller along steel rings at eguilinget
attachment point (replacing aluminiypules as the guiding mechanism). This effort was made to
reduce fiction during lifting and lowering of the spiller compartment, increase the speed of lift
for more efficient spills and soaks, and ensure théespind tunnel were resting flush with the
riverbed during all periods of deployment to increase captureesftig.

4) Winch lifting pointi The lifting point of the spiller was raised from 9.14 m above the riverbed
to 11.58 m to improve the ability akhers to effectively complete sets during thghest tides
and spill fish more efficiently.

5)Heartapex A 1. 50 m X 7.62 m panel of 2 166 (6.50

(referred to as the fAfish g adredaceesvapesmeniaifsit al | e
from the heart@mpartment during lifting of the spiller and to increase builduisb within the
heart prior to initiation of each succeeding

| ower ed al ong hlésgsieél capléthr@gh amsysigm of lindey, and weights.

6) Marine mammal deterreitA marine mammagjate with 8.26 cm diameter rectangular
aluminum frame was installed at the entrance to the heart compartment of the trap to prevent
entry of sea and sea lions while enabling passage ohsaids for capture (Figure-¥). This

gate consisted of a serielsvertical 3.81 cm diameter aluminum bars spaced at 25.4 cm
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increments along the frame and was constructed with hinges to enable staff tocdbplesearthe
gate depending on the abundantearine mammals within the vicinity of the study location.

Figure V-2. Marine mammal gate deployed at the entrance to the heart of the trap to prevent
entry of mammals and enable passage of fish.

The following modifications were made in 2019 to furtimarease survival of captured
and released fishes relative to firetotype design and enable operations during spring and
early-summer periods with high river flow and drifting woody debris:

1) Spilleri A modfied passive capture design (henceforth,Gheo di f i ed tr eat ment 0
implemented in 2019 by adding a new tagam tunnel to the existing spiller compartment
(Figure \A3). This upstream tunnel (6.2%n knotlesanylon mesh) passively funneled migrating
fishes individually (or in small schools leksih ten) from the spiller to the shallows of an
attached upstreative well. The live well was aluminum framed with 3:8f knotlesanylon
mesh walls. It was equipped with two parallel chambers (2.74 x 0.646>n).and a mesh pivot
capture door near thaitlet of the upstream spiller tunnel. Operators could open se the

pivot door to passively capture migrating fishes in one chamber while enabling the vacant
chamber to occupy. Within the live well, thedig@wvimming catch could be comfortably sorted
for harvest, or data collection and passive release through @mearmpsnesh exit door. This 2019
modified trapping process largely eliminated fish air exposure, handling, crowding, and net
contact associated thithe 2017 prototype trapping process (whité intent of improving
salmonid survival and reproductive succpgstrelease).
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2) Lead net$ An improved line and pulley system was installed at each lead pile to enable faster
lifting and lowering of the lad net during periods of high river flow aadundant woody debris.

3) Heart net§ The mesh sizewasreduced21 / 266 (6. 50 c¢cm) stretch
material to minimize gilling and wedging of jacks at the downstream heart panel. Additionally,
the heart apron (a section of net at the lodigee heart that stacks on the riverbed to account for
inconsistacies in bathymetry) was extended 1.5 m (a total of 2.4 m) toward the center of the
heart along the riverbed and weighted with heavy steel ¢h&iminate potential entry points

for marire mammals below heart nets.

Modified
Live Well

Prototype
Live Well

Figure V-3. Diagram of the modifieghassive treatment design. The addition of upstream tunnel
#2 passively funneled freevimming fishes in the spiller to a new upstream-inadl for capture
and release. This design mostlyrehated the need for the electric winch and reduced air
exposurehandling, crowding, and net contact associated with the 2017 prototype process.

Field Protocol

The BREP study was conducted at the experiménatalsite from 26 August through 27
Septembe2017, and again from 5 May through 3 July 2019. These reseaniodgrepresented
the peak of fall Chinook salmon, coho salmon, sockeye salmon, and summer steelhead upriver
migration in the lower Columbia Rév (Johnson, Chapman, and Schoning 1948; iarr{991;
Healey 1991; Sandercock 1991). Hatcherngin Chinook ad coho salmon are commercially
targeted for harvest within Columbia River fisheries. Specific populations oondeh
steelhead trout, Chin&salmon, coho salmon, chum salmon, and sgekalmon are ESA listed

k n
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and constitute common bycatch stocks tiramatically constrain commercial fisheries of the
region (Martin 2008; NFSC 2015).

Testing proceeded in the following manner. Three people present on site, including
two trained WFC mployees, a commercial fisherman, or volunteers from the regieQ $taff
were primarily involved in the deployment and retrieval of the gear, capture and handling of
fishes, tagging, positioning of the workssel, and snorkel surveillance. A WFC obseore
University intern was responsible for recording data dirgbtigugh computer software and by
hand with pencil and paper for backup and reference.

When all participants were prepared, the trap spillerdeptoyed to the river bottom by
releasing hes and disengaging the electric winch brake. The tunnel door was opened by
tightening the harness pulley line, initiating the soak period and enabéimmgypture of fishes.
Observers noted the beginning setd;j tidal stage, tide height (m), water tenapare (°C;

Extech), and presence of marine mammals. The tunnel door remained open to fish passage until
the desired soak period ended or the capacitigeo$piller had been reached.

Once the soak period hadded (generally B 60 minutes), the tunnebdr was closed
by releasing the tunnel harness line, preventing further entry or escape. An observer turned on a
live-streaming video recorder throughthgo p| i cati on fAPeri scopeo and
tidal stage, tide height, water temperature, presence of marine mammals. The spiller bottom
was then carefully lifted utilizing an electric winch to concentrate captured fishes toward the
spiller doo (positioned adjacent to the lineell of the sorting dek) (Figure \A4). All fish
experiencing thiprocedure were noted to be of the prototype treatment group.

Figure V-4. A haul of salmon is concentrated toward to spiller door through the prototype
spilling method in August 2017.
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Alternatively, fish coud be captured orley-one utilizing the modigd passive spiller
design in 2019 (FigureA3; Figure \£5). This technique enabled the spiller to be deployed
throughout the duration of daily samplingtlwretrieval occurring only at the conclusion of a
samping event. With the new upstream tunnel opepassage, fish passively entered the
modified livewell for sorting (Figure W5). All fish experiencing this procedure were noted to be
of the modifiedspiller treatment group.

Ca ™ W

Figure V-5. WFC staff wait topassively entrap sockeye salmon-tayeone trough the
modified passive spiller method in June 2019.

Once salmonids and bycatch species were captured in a live well (Figi)reaV
specimens weradividually counted, measured (FL), and identifieddpecies type, origin
(hatchery/wild), and capre condition (lively, lethargic, bleeding, lively/bleeding,
lethargic/bleeding, dead) (WDFW 2014). A subsample of Chinook salmon, sockeye salmon, and
steelhead were Passive Integrated Transponder (PIT) téggedired releasescapture and/or
fin-clipped for genetic sample; these fish were placed into the recovery chamber of-thellive
with recirculating freshwater (Farrell et al. 2001). After docotaton of abnormalities and/or
injuries, all fish (hatcary and wild) were passively released throtlghlivewell door to resume
the upriver migration. WFC staff further conducted routine snorkel andliveesurveys at low
tide to determine any potealt maintenance needs or immediate mortalities at netshwh
remained deployed. These field methodslde&d documentation of capture/release conditions,
bycatch, immediate survival, and CPUE.
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Figure V-6. A hatcheryorigin steelhead is released from thetptype livewell after being
measured, PIT tagged, afid-clipped for genetic sample.

CormackJolly-Seber Survival Analysis

A paired releaseecapture methodology was utilized to estimate-pelstase survival
from the experimental trap to upstreamed@ibn points (Cormack 1964). Control and treatment
groups of randomly sampled Chinook salmon, sock&glenon, and steelhead trout were sourced
at the study location, tagged, and released for detection at upstream dams. During each test
fishing day, contrband treatment tagging sessions were generally assaiteedately and large
sample sizes were aclierl. These methods were employed to reduce potential for violation of
model assumptions: (1) the fate of each fish is independent, (2) control and titdfaimeave
equivalent handling and tagging survival) €dntrol and treatment fish have equivalgtaick
composition, marine mammal predation, harvest pressures, environmental stressors, and tag loss,
(4) all treatment fish have equal survival and recg\probabilities, (5) all control fish have
equal survial and recovery probabilities, and (6) sualifrom handling/tagging effects is
independent of kmiver upstream survival. It must be noted, however, that there was some
limitation to alternating aatrol and treatment group tagging events due to lightection and
water clarity, which affected thability of field staff to randomly handle the catch.

Treatment groups experienced commercial capture procedures and were split amongst
two separate ¢atments depending on the year of operation:

1) Prototyge treatmentrepresented by individuals lifleen masse by the electric winch and
spilled from the fish trap spiller to the lhweell with mesh, line, and pulley. This commercial
process involved soenminimal air exposure, net contact, handling, and cnogvdihe winch
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andspill treatment was operatexclusively from 2012018, and minimally in 2019 to discern
potential differences in release survival between modified treatment and control groups.

2) Modified passive spiller treatmentpresented by indiduals that passively swam cbg-one
throughthe new upstream tunnel from the spiller compartment to an upstreamelivd his
low-impact commercial process mostly eliminated air exposure, netatphandling, and
crowding associated with the protogyppilling process. The treatment was operaie2019 to
distinguish potential differences in releaggvival from prototype treatment and control groups.

All Chinook salmon, sockeye salmon, ange#ttead trout captured in 2017 and 2019
were scanned faxisting PIT tags with a Biomark 601 readéexisting PIT tags were
detected, codes were recorded directly into a computer database using P4 software (PTAGIS
2017); these fish were then passivedieased from the livevell chamber. In the absence of an
existing PIT tag, Chinook salmon, sockeykrgm, and steelhead were tagged in the peritoneal
cavity (as approved by the FDA) with a 12.5 mm 134.2 kHz full duplex PIT tag and a26MK
Rapid ImplaniGun (Figure V¥7) (Biomark, Boise, ID). These fish wereethscanned to
document the tag number. Addmially, a subset of Chinook, sockeye, and steelhead received
nortlethal 2 mm fin clips for genetic analysis to address any potential biases from viofation
model assumptions. Tissue samples were stored ine8floalcohol and unique genetic sample
numbe s were recorded simultaneously with a spec¢
With tagging and firclipping procedures complete, fish were reléasem the livewell
recovery chamber for upstream deittat mainstem dam PIT tag arrays (WDFW 2014

Figure V-7. Biomark 601 reader, M5 Rapid Implant Gun, and 12.5 mm 134.2 kHz full
duplex PIT tags used for the macapture study.
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Similar to previous alternative gear studies, control groups of Glkirsalmon, sockeye
salmon, and steelhead ttovere passively captured, tagged, and released for detection upstream
to control for the effects of handling/tagging on adult salmonid survival andtiabtey drop
out. Freeswimming fish unexposed to potaily damaging commercial spilling processesre
sourced on an individual basis with a rubberized dip net, enabling investigators to handle, PIT
tag, and release adult fish for detection uprivex iaw-impact manner. This control sourcing
technique waskely less stressful than procedures use@aumbia River purse seine, beach
seine, and tangle net studies, during which control group fish were trapped at the Bonneville
Dam adult fish passagecility, dip netted, PIftagged, trucked downriver to thest fishing
location (rkm 225), and transfed from a truck into the water to repeat the upriver migration for
a second time (Vander Haegan et al. 2004; Ashbrook 2008; WDFW 2014). Consequently,
suwival in our study is likely biased lower relative to psisidies.

* Seattle
Washington
Upper Columbia River
Cowlitz River
. Sriatke River
. Fish Trap
Pacific (rkm 67)
‘ Lewis Rive
Ocean 0 b Klickitat River McNary Dam
(rkm 407)
. The Dalles Dam 3
Bonneville Dam (rkm 309) .
(rkm 234) ‘ Umatilla River
T1
Portland * 2
Oregon
Willamette River
Deschutes River Jotn Day River *
Q 40 80 120 km
| 1 | 1

Figure V-8. Map of the Columia River study region and mainstem dam-RIig arrays.

11t mustbe noted that investigators considered use of a control group that had beegded during the juvenile
life-history stage at hatchery facilities in the Columbia Basin. However, this strategy was considered flawed for the
following reasons: (1PIT-tagged juveniles returning as adults to the Columbia River would not experience the

same adult handling and tagging process required for the treatment group, and therefore, the control group would not
serveone ofits primary purposg(controlling forthe effects of handlinggagging on adult salmonid survivahd

potential tag drojut); (2) estimation of relative survival in the 150 km river reach below Bonneville Dam would be
impossiblegiven the absence of an effective lower river ar8y comparsons to pevious alternative gear results

from the lower Columbia River would be biased, with the treatment effect on survival from the trap representing an
estimate of the joint probability of survival from both the commercial gear and the handlitggBiig praess.




WILD FISHCONSERVANCY BREP FINAL REPORT MARCH 2020

A pair of Cormack (1964) single releasecapture models (a special case of the
Cormack Jollyi Seber model; Cormack 1964; Jolly 1965; Seber 1965) was usstiritate post
release survival of treatmenhi@ook salmon, sockeye salmon, and summer steelhead relative to
controls (U) between the capmdetecionasitedat r el ease
Bonneville Dam (rkm 234), The Dalles Dam (rkm 309), &uNary Dam (rkm 470) on the
Columbia River mastem (Figure ¥38). The joint probability of survival and detection was also
estimated for pooled detection sites above McNary DameT j oi nt t aggi ng model
separate the effects of survival from detatiand to adjust for the control effectshaindling
and tagging (Cormack 1964; Jolly 1965; Seber 1965). Analogous to prior Columbia River
alternative gear survival studies thised the Ricker relative recovery method (Ricker 1958;
Ashbrook 2008; WDFW 2D4 ) , i mme d i ogfrone castunertoeleasearbm thelgear
(rkm 67), shojtftemmrebeaseato(Bonneville Dam
from BonnevileDam t o Mc Nary Peamg (0 Bmd4eamuloBttdve sur
B 1 3)trom initial capture at the trap site McNary Dam were estimated (Figuresy.
However, use of the Cormack (1964) reléaseapture model for this study enabled estiomati

and correction for possi bl e dob&biltes (Eamcaeks i n tr
1964; Jolly 1965; Sebd965). Furthermore, it must beted that the capture/release site used
for this fish trap study differed from that used in previoostp e | ease sur vi val stu

and release | ochtiachs stomepursne ¢ econgkn209net st
and 233 of the Colulma River (Ashbrook 2008; WDFW 2014). Our experimental trap was

located at rkm 67. The consequencthé survival in this study is measured over a greater

distance and duraticand hence might be expected to be biasedrltivam that of past studies.

A Cormack (1964) single reledsecapture model was used to describe the observed
detection histories dhe tagged fish at four upstream detection sites (i.e., Bonneville, The
Dalles, and McNary dams and detection sites aldeNary Dam). Potential detection histories
for tagged control and treatment group fish (along with model probabilities of occumethee i
paired CormadkJollyi Seber model) are described as follows (Table #d Table \/2):

Table V-1. Potential detectio hi st ori es for control group fi st
nondetection at the four upstream detection locations.

History Probability of Occurrence (Control) Count
1111 S1*p21*s2*p22*s3*p23*o- Mi111
0111 s1*q21*s2*p22*s3*p23* e Mo111
1011 sl*p21*s2*q22*s3*p23*e- Mio11
0011 sl*g21*s2*q22*s3*p23’e- Moo11
1101 s1*p21*s2*p22*s3*q23%e- M1101
0111 s1*g21*s2*p22*s3*q23%e- Mo111
1001 sl*p21*s2*q22*s3*g23’%- Mioo1
0001 sl*g21*s2*q22*s3*q23%- Mooo1
1110 S1*p21*s2*p22*s3*p23*(1-9) Mi110
0110 s1*q21*s2*p2*s3*p23*(1-9) Mo110
1010 s1*p21*s2*(22*s3*p23*(19) Mio10
0010 s1*q21*s2*q22*s3*p23*(19) Moo10

1100 s1*p21*s2*p22*((1-53)+(s3*¢23)*(18)) M1100
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0100 s1*q21*s2*p22*((1-s3)+(s3*q23)*(18)) Mo100
1000 S1*p21*((1-s2)+(s2*q22)*((2s3)+(s3*q23)*(19))) Miooo
0000 (1-s1)+s1*q21*((2s2)+s2*q22*((2s3)+s3*q23* (1)) Moooo

Table V-2. Potential detection histories for treatment group#sh. i 1 06 denotes det ec
A0O0 nondetection atnlocdlans.f our upstream detectd.i

History Probability of Occurrene (Treatmat) Count
1111 (s1*t1)*p11*(s2*t2)*p12*(s3*t3)*p13*(e¢td) Mi111
0111 (s1*t1)*q11*(s2*t2)*p12*(s3*t3)*p13*(e¢td) Mo111
1011 (s1*t1)*p11*(s2*t2)*12*(s3*t3)*p13*(e¢td) Mio11
0011 (s1*t1)*q11*(s2*t2)*q12%(s3*t3)*p13*(e¢td) Moo11
1101 (s1*t1)*pll*(s2*t2)*p12*(s3*t3)*q13*(e¥t4) Mu1o1
0111 (s1*t1)*ql1*(s2*t2)*p12*(s3*t3)*ql3*@*t4) Mo111
1001 (s1*t1)*p11*(s2*t2)*ql2*(s3*t3)*ql3*@*t4) Maoo1
0001 (s1*t1)*ql1*(s2*t2)*ql2*(s3*t3)*ql3*@*t4) Mooo1
1110 (s1*t1)*p11*(s2*t2)*p12*(s3*t3)*p13*(1:(t4)) M1
0110 (s1*t1)*q11*(s2*t2)*p12*(s3*t3)*p13*(1(t4)) Mo110
1010 (s1*t1)*p11*(s2*t2)*q12*(s3*t3)*p13*(1(t4)) Mio10
0010 (S1*1)*qL1*(S2*t2)*q12%(S3*t3)*p13*(1(3%t4)) Moo1o
1100 (s1*t1)*p11*(s2*t2)*pl2*((1-(s3*t3))+(s3*t3*ql3)*(Ek(a¢t4))) Ma100
0100 (s1*t1)*q11*(s2*t2)*p12*((1-(s3*t3))+(s3*t3*ql3)*(k(a¢t4))) Moz00

1000 (S1#L)*pL1*((1-(s2¥t2))+(s2*12*q12)*((F(s3*3))+(S3*3*q13)*(1(a%t4)))) M1o00
0000  (1-s1*1)+S1*1*ql1*((Es2*t2)+s252*q12*((Es3*t3)+s3*t3*q13*(L(a%t4))))  Moooo

The jant likelihood for the tagging study was expressed as a product ghttmomial
distributions: the first describing the probability of seeing the control capture histories, and the
second describing the prdility of the treatment histories:

L(s.t.p. R 1R.D. R n) .

. 186
% Of OaP (v.1)
i =1 i -
where
R: = number of control group fislagged and released,

m. = number of control group fish with detection histofy= 1, AAA, 16)
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Pci = probability of capture histonyfor the control group (e.gpc1111= Si*pe*S2*pe*ss*pes* 9),
R: = number of treatment group fish tagged and released,
mi = number of treatment group fish with detection histqfiy=- 1, AAA, 16)

Pt = probability of capture histonyfor the treatment,

i = detection history.

In tables V1 and \/2, the model paramexs are defined as follows:
s = survival probability in reachfor control group fishi= 1, AAA, 3) ,

pci = probability of detectiontdocationi for control group fishi(= 1 , ,

pi = probability of detection at locatidrfor treatment group fisi= 1, AAA, 3) ,
W= treatment effect on survival inreaici= 1, AAA, 4),

_ = joint probability of survival and detection inagh 4 for control group fish (e.q., S * ps),

With four upstream detection locations, there wete 26 possible unique detection histories.
Thefourdi git capture histories were denoted by
In the find reach above McNary Dam only the joint probability ofwéval and detection could

be estimatedd).

Unique detection histories of control and treatment group fish were downloaded from
PTAGIS (PIT-tag Information System), operated by the Pacific Statenddtisheries
Commission (which provides public accesall PIT-tag detection data throughoueth
Columbia River Basin). The tagging data were uploaded to Program USER (User Specified
Estimation Routine) to calculate maximum likelihood estimates ofvalnstandard error, and
95% profile likelihood confidere intervals (Kalbfleisch and Sprott 19 Hydson 1971; Skalski
and Millspaugh 2006) (http://www.cbr.washington.edu/analysis/apps/user). Likelihood ratio tests
(LRT) were performed to identify the nmtgsarsimonious models for describing the capture
processat U = -tdiled (K&Nndall anol Stual977).

In the situation where the reduced model%p) was statistically equivalent to the full
model (pi | 4)@nd detection probabilities were eted between treatment and control groups
(as determinedly the LRT), the method of moments estimator for the treatment effect on
survival within a given reach was equivalent to that of previous alternative gear studies of the
lower Columbia River which sl the Ricker relative recovery method:

a

Y

a
Y

(V.2)
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In this reduced model fodnwhich mirrors the Ricker relative recovery metfod
survival of tagged fish to a common location was estimated by comparing the upstream recovery
probability of the treatmergroup to thabf the controlgroup of tagged fish released at the same
location. Therefore, selection of the reduced model with equivalent detection probabilities
between treatment and control groups resulted in the following comparisons to the work of
WDFW (2014):

d = Shortterm suvival (from capture and release to Bonneville Dam),
3 -3 = Longterm survival (from Bonneville Dam to McNary Dam),

%+ U+ 3«3 = Cumulative survival (from capture and release to McNary Dam).

Genetic Analysis

To ensure that therwas equivalent sick composition between treatment and control
groups (random assignment), the Conservation Genetics Lab (University of Montana) and the
Eagle Fish Genetics Lab (Idaho Department of Fish and Game) analyzed 507 randomly selected
Chinook stmongeneticsampe (241 control; 266 treatment)

Wi

specific single nucleotide polymorphism marke

analysis due to this speciesd6 propenteity to
study region(in contrast with steelhead, which were primarily destined for hatcheries and
spawning grounds above McNary Dam). Since approximately 20% of Columbia River basin fall
Chinook Salmon were forecasted to return to spawning grounds and hatcheries of major
tributaries below Bonneville Dam (including the Willamette, Cowlitz, Lewis, and Kalama rivers;
ODFW 2017a), genetic tests were used to assign individuals to natal populations either below or
above Bonneville Dam with a 90% probability threshold (Piry et &42Miller et al. 2018).

Given that Chinook salmon and steelhead were randomly sampled and assigned to groups in
identical fashion, Chinook salmon genetic analyses were assumed to be sufficient for
determining overall random assignment to treatment anmot@mnoups for both Chinook salmon

and steelhead.

Generalized | inear modeling (GLM) based
used in R (R Development Core Team 2008) to test the null hypothesis of homogeneity of
Chinook salmon populationassige nt t o contr ol and t5reat ment

significance level. This GLM test of homogeneitgs used to evaluate the assumptions of

random arrangement of fish to control and treatment groups. However, genetic population
assignment in the ColumbRiver basin remains coarse due to the homogenéfiegts from
hatchery genetic introgression, | imiting fi
composition equivalence (Myers et al. 2006; Hess et al. 2014).

Net Pen Holding Study

As a supfement to BREP paired releasecapture studies, r@et pen holding study was
performed for coho salmon in fall 2019 similar to those conducted by Buchanan et al. (2002) and
Takata and Johnson (2018ue to the migratory nature of coho salmon (which tendpawn
below mainstem Columbia River dams), pairel@éaserecapture has typically been ineffective in

r

on

gl

ne



the absence of a very large sample size (WDFW 2014). As a result, coho salmon survival from
prior alternative gear investigations has been directlynastid via nepen holding in the lower
Columbia Rier (Takata and Johnson 2018). This holding study was therefore performed to
provide comparable data to past studies while complementing the BREP-relesmgsteire studies.

From August through October 2019, commercial test fishery took place at the
expermental trap to evaluate the performance of the gear in a commercial selective harvest setting.
During the months of September and October (mirroring the timeframe of Takata and Johnson
(2018)), adult cohsalmon (> 47 cm FL) randomly captured at the ttapugh the modified
commercial treatment process were transferredbgrene with a rubberized dip net to a
designated temporary holding chamber of the live well until a sample of approximately 20 fish
wasretained. With the desired sample size achievest affour to eightiour collection period,
investigators sealed outlets to all spiller tunnels and turned on a field video camera for recording
(GoPro Hero 7 Black). Coho salmon were once again enumgendésdified by origin (adipose
finclippedorundbped) , noted for capture condition (Al
and released from the live well by hand to the sealed spiller compartment (now functioning as a
net pen holding chambelitly dimensions roughly equivalent to Takata anchdoh (2018)). Once
the last fish was releaséuato the net peninvestigators initiated a 48 observation period and
noted the date, time, water temperature (°C; Extech), and presence of marine mammals. F
collection of all 48h holding samples, trap omgors randomly selected the first ~20 adult coho
salmon that migrated into the live well from the spiller. As in prior studies conducted by Takata
and Johnson (2018), coho salmon that exhibited priori@gwnrelated to the commercial gear
were excludedrom the holding study.

Postrelease survival of coho salmon was estimated by holding and observing six treatment
groups of fish (mean = 20, min = 13, max = 34) for éh4&riod. To determine fish molitees
during the holding period, treatment growpsre checked twice daily at regular intervals from
above and below the water surface (via snorkel survey). At the end of-theal@ing period, all
fish were cleared from the holding pen to a live wielbtigh the 2017 prototype lirendpulley
method (Tiohy et al. 2019). These fish were then enumerated, measured (FL), scanned for PIT
tags, identified for species type and origin (hatchery/wild), noted for condition, and released. Post
release survival wadirectly estimated by a binomial proportiop £ # survived/# total) with
associated binomial variance. In the case of no observed mortality, a lowtileddanterval
estimate of survival was calculated using the method in Sk@lSiE1). As in all prior lower
Columbia River holding studies, the effeof confinement on coho salmon were not controlled
(Takata and Johnson 2018).

Determining CPUE

This project focused primarily on release survival of fishes and the study design provided
no means to precisely and accurately compare capture efficieneyp afterations to that of the
conventional gill net fishery. Nevertheless, CPUE (defined byuhger of fish captured by a
geartype divided by soak length hours and the mean number of active fishing vessels) was
calculated for Chinook salmon and cohtnsan throughout the 2017 study period and compared
to that of gill nets in the 2017 lower ColuraliRiver norindian commercial fall Chinook and
coho salmon fishery (ODFW 204)7 CPUE results were compared during overlapping weeks of
operation (adjusted hyne day to account for the migration time of fish between Zone 2 at the
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fish trap site to Zone Where the gill net fleet operated in 2017). Both hatchery andowidyin
Chinook and coho salmon were used in this coarse comparison of CPUE-asguicdmon

were retained in the 2017 lower Columbia River4hmtian commercial fishery. In the spring
and earlysummer of 2019, commercial salmon fisheries below Bonneville Dam were not

permitted preventing CPUE comparison to trap operations.

Regression Analys of CPUE

Multiple linear regression was conducted to determine the covariates that best explain
the experimental trap. An
Covariates considered for this analysis included daily returns to Bitieridam (5 days after a

given test fishing day to account for the mean migration time of Ckiaond steelhead from the

test site to Bonneville Dam), time of day (day, night, dawn, or dusk), tide height (m), tidal stage
(ebb, flood, highwater, or lowwater), water temperature (°C), use of the marine mammal gate
(open or closed), and the interceganh (Table \3). The most parsimonious model was selected
through the backwardslimination/deletion approach (Burnham and Anderson 1998). Stock
specific CPUEepresented the response variable, which was log transformed to account for right
skewness of thdata and anticipated multiplicative effects. Association of each covariate with

the response variable (positive or negative) was determined independehdyexjression
model on a singkactor basis.

2017 CPUE at

Uu O o.

Table V-3. Descriptors of covariates used in mplkéi regression to explain stespecific CPUE.

Covariate

Unit of Measure

Description

Bonneville Dam Counts

Mean Tide Height

Water Temperature

Tidal Stage

Time of Day

Marine Mammal Gate
Position

Total salmonids

Meters

°C

Categorical

Categorical

Categorical

Total number of salmonids ofspecies
passing Bonneville Dam five days after
CPUE measurement.

Mean tide height throughout the duration of
soak period.

Water temperature at the river surface durir
the soak period.

Tide stage (ebb, flood, highater, lowwater)
at the end of theoak period.

Time of day the set was performed (dawn,
day, dusk, night).

Position of the marine mamrhgate: open
(0), closed (1).
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B. Project Management

Dr. Nick Gayesk{PhD), WFC Principle Investigator

Dr. Gayeski (Redmond, WA) emanaged the BREP study. He
contributed to study design and statistical analysis. Gayeski is co
author of the final BREP pert and the published manuscript in
Fisheriest i t | ed A Slmanidsifronaan Expdrimeatal
Commercial Fish Trap (Tuohy et al. 2019;
https://doi.org/10.1002/fsh.102p2

Mr. Tuohy(Seattle, WA) cemanaged the study. He-ted

permitting, trap engineering, construction, field staff management,

test fishing operations, field data collection, and data management.

He collaborated with the Principal Investigator the statistical

analysis and contributed toward the dissemination of all research
findings. He authored a published
research (Tuohy 2018), @uthored the final BREP report,-co

authored the publishdgisheriesmanuscript (Tuohyteal. 2019),

and ceauthored a second manuscript submitted to the North
American Journal of Fisheries Man:
Commercial Fish Trap to Help Eliminate Salmonid Bycatch

Mortality (Tuohy et al. 2020).

Mr. Jorgenson (Tama, WA) cemanaged the study. He-ted

trap engineering, construction, field staff management, test fishing
operations, field data collection, and data management. He
contributed toward the 2019 statistical analysis andutboed the
final report andnanuscript submitted to the North American
Journal of Fisheries Management (Tuohy et al. 2020). Jorgenson
played an important role as staff photographer, GIS specialist, and
CAD drafter throughout the project.
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Jon Blair PetersonCommercial Fisher

Mr. Peterson (Cathlamet, WA) permitted and established the fish
trap research project in 2013 at a location his father and
grandfather had operated fish traps in the earffyGéntury. He is

a thirdgeneration salmon trap fisher agitl netter in the lower
Columbia River, WA. Peterson contributed to fish trap
construction, research operations, and discussions with resource
managers from 2018019.

Mr. Clark (Cathlamet, WA) assist&dth trap operations ém
20182019 and patrticipated in discussions with WDFW and WFC
regarding the advancement of the gear to a commercial harvest
setting.

Ms. Delaney (Astoria, OR) contributed to trap construxtio
operations, and pre¢t development from 2012019.
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VI. FINDINGS
A. Actual Accomplishments and Findings 2017
Total Catch

The experimental trap was fished 830.5h over 33d between 26 August and 27
September 2017. During this period, 3&fssvere performed with the prototype laedpulley
spiller treatment with a median soak length of 36 minutes (min = 6 min; max = 336 min; mean =
46 min; SD = 36 min). Tédmedian time between the conclusion of a treatment soak-and re
deployment was appxonately 3 minutes.

A total of 7,129 salmonids were captured and released. Mean daily catch was 215
salmonids with a maximum catch of 506 on 8 September and a minimuond 4 September
(Figure VI1). Total catch was composed of 49.1% coho salmon (25&l1 52.4% aetlipped;
16.4% jack salmon), 37.4% Chinook salmon (2670 total; 47.9¢baed; 16.3% jack salmon),
12.9% summer steelhead trout (921 total; 80.9%ligged; 10.5% Brun (> 78cm)), 0.4%
resident/residualize®. mykisq29 total; 77.8% adlipped), and 0.1%ncorhynchus sp§8
total) (Figure V42). In addition to salmonid catch, 3 American shad, 1 largemouth bass, 1
common carpQyprinus carpi9, and 1 peamah (Mylocheilus caurinuswere captured and
released throughout the study period.

300 500
|

Salmonid Catch

100
|

3BT 9 18 21 24 27 30 33

Test Fishing Day (August 26th - September 27th)

Figure VI-1. Total 2017 catch of Chinook, coho, and steelhead throughout the test fishing
period.
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Figure VI-2. Salmonid catch by species from 26 August through 27 September 2017.
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Figure VI-3. Daily CPUE (catch/h) oéll salmonids, Chinook salmon, coho salmon, and
steelhead trout from 26 August through 27 September 2017.

CPUE

Mean salmonid CPUE after 296h5of total fishing effort was 24.54/h (Figure-g).
Daily CPUE for all salmonids peaked at 75.5 salmonids/@ 8eptember (mean = 25.2, SD =
16.8). For coho salmon, daily CPUE peaked at 39.3/h on 7 September (mean PR H).5).
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Chinook salmon daily CPUE peaked at 30.9/h on 8 September (mean = 9.4, SD = 7.0). Steelhead
daily CPUE peaked at 9.4/h on 14 Septen(mean = 3.3, SD = 2.5). Analyzing 381 unique sets
performed throughout the study period with the prototyrnrent, Chinook CPUE per set

ranged from 0 to 225 chinook/h (median = 5.90, mean = 15.48, SD = 27.67). Coho CPUE per set
ranged from 0 to 296oho/h (median = 7.20, mean = 21.27, SD = 37.75). Steelhead CPUE per

set ranged from 0O to 110 steelhead/h (mediarB85, mean = 4.92, SD = 9.74).

CPUE of Chinook and coho salmon were analyzed during two periods in which the 2017
August and earhjall lower Columbia River nofindian commercial Chinook and coho salmon
gill net fisheries took place (ODFW 20d)7 TablesVI-1 and VI2 summarize the results during
these two short overlapping periods for the experimental trap and the commercial gill net fleet.
CPUE in this case represents total catch of a stock divided by the mean number of deliveries (a
proxy for the numbeof fishing vessels) and total hours of operation. Mean CPUE for the
experimental trap was 5.50 and 6.61 for Chinook and coho salmon redgetigan CPUE for
the average gillnetter was 3.02 for Chinook salmon and 0.18 for Coho salmon. During these
overlapping periods of operation, the trap outperformed the average gillnetter by a factor of 1.82
for Chinook salmon and 35.98 for coho salmorb{@aVI-1 and VI2). It must be noted,
however, that the period for comparison between gears was minimal aret fovistigation of
relative CPUE is necessary. Ideally, gears should be compardolyssitde and simultaneously
under reaworld commerciafishing conditions, rather than a research setting.

Table VI-1. Catch results for the experimental trap duringkgein which the lower Columbia
River nonrindian commercial gill net fleet operated in 2017. CPUE represents daily stock
specific catch divide by the number of vessels and the number of hours fished in a day.

Effort Chinook  Chinook Coho Coho

Date Vessels  ours)  Total CPUE  Total CPUE
26-Aug 1 12.85 128 9.96 46 3.58
27-Aug 1 13.62 129 9.47 47 3.45
28-Aug 1 13.35 52 3.90 17 1.27
29-Aug 1 12.72 40 3.15 3 0.24
30-Aug 1 12.80 90 7.03 11 0.86
31-Aug 1 13.25 49 3.70 15 113
16-Sep 1 13.28 67 5.04 137 10.31
17-Sep 1 12.78 40 3.13 171 13.38
18-Sep 1 13.08 75 5.73 231 17.66
19-Sep 1 12.78 48 3.75 185  14.47

Table VI-2. Catch results for the losw Columbia River noindian commercial gillnet fleet.
CPUE represents daily steskecific catch divided by the estimated number of vessels and the
number of hours fished in a day.

Estimated Effort Chinook Chinook Coho Coho
Vessels (Hours) Total CPUE Total CPUE

Date
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8/27-8/28 122 9 5544 5.05 129 0.12
8/29-8-30 112 9 1805 1.79 20 0.02
8/31-9/1 96 9 1563 1.81 12 0.01
9/17-9/18 107 10 3651 341 404 0.38
9/19-9/20 69 10 1788 2.59 309 0.45

Regression Analysis of CPUE

Multiple linear regression was uskdexplain variation in speciespecific CPUE for the
381 sets performed in 2017. Through the backwalidsination/deletion approach, only water
temperature was determined to be4sanificant of all considered covariates explaining
Chinook salmon CPUH:he following model was selected for Chinook salmon:

IN(CPURhinook+ 1 ) o+=100dal Stagg A Thi d e He(TigeotDay) + D
bs (MMG Positim) s Bboonnevi | Il e Count) + U

Modeling through the flatform, dl partial regression coefficients were statistically significant
atthePO 0. 05 signi fi c-®nmirganalysise(Vablé VB) The assogation &nd s t
significance of each coefficient is described in order of association (positive vs. negative)

followed by statistical significance: daily Bonneville Dam co@d¢tfO 5. 139) < 0. 001,
association = positive), the interceptte®(ff, O 4. 025) < 0. ®PQL) O mean |
3.099) = 0.002, association = positive), tide stage (flood (Rig)| -50780) < 0.001,

association = negative), MMG positioR (jt| -3396) < 0.001, association = negative), and

time of day (night)R (t| -2213) = 0.028, association = negative). Although all covariates had
statistically significant impactsnothe response variable and the model was significant BtGhe

0.05levd (P(JFose4 O 11.67) < 0.001), only a small pro
salmon CPUE was explained through the multiple regression nifdel((235).

Table VI-3. Summary of covariates from the multiple regression model usexptainChinook
salmon CPUE, ranked by association &nealue for last entry into the model. Association was
determined independently of the multiple regression model on a-$augte bais.

Independent Variable P-value t-value Association Coefficient 1
Bonneville Dam Count 0.000 5.139 + 4.61e05 8.96e06
Intercept Term 0.000 4.025 + 1.213 0.302
Mean Tide Height 0.002 3.099 + 0.124 0.040
Tidal Stage (Flood) 0.000 -5.780 - -0.861 0.149
Marine Mammal Gate 0.000 -3.896 - -0.666 0.171
Time of Day(Night) 0.028 -2.213 - -0.725 0.327

Through the backwaresliminatiorideletion approach, only water temperature and
marine mammal gate position were determined to besigmificant of all considered covariates
explaining coho salmon CPUE. The followingdel was selected for coho salmon:
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IN(CPUEonot+ 1) o+=1@0dal Sege) A( Tbi d e He(TlimeotDay) + b
+ 46Bonneville Count) + U

Through lastentry analysis, all partial regression coefficients were statistically significant at the

PO 0. 0 =anseilegehvititthe exception of mean tide height, which was significant at the

0.10 level (Table \4). The association and significanef each coefficient is described in order

of association (positive vs. negative), followed by statistical signifecashaily Bonneville Dam

countP(tf O 10.423) < 0.001, assocPitpt DoB. 26PppsFEti
0.001), mean tidbeight P(tf O 1. 678) = 0.094, associ &tion
(t| -3A31) = 0.002, associati = negative), and time of yiénight) (P (jt| -2320) = 0.004,
association = negative). Although the majority of these covariatesta@stically significant

impacts on the response variable and the model was significantfa®he0 . 0 P (Fsedv e © (
18.71) < 0.001), only a smalroportion of the total variain in coho salmon CPUE was

explained through the multiple regressinndel & = 0.287).

Table VI-4. Summary of covariates from the multiple regression model used to explain coho
salmonCPUE, ranked by association adalue for last entry into the model. Association was
determined independently of the multiple regr@ssnodel on a singleactor basis.

Independent Variable P-value t-value Association Coefficient |
Bonneville DamCount  0.000 10.423 + 5.27e04 5.06e05
Intercept Term 0.001 3.269 + 0.884 0.270
Mean Tide Height 0.094 1.678 + 0.065 0.039
Tidal Stage (Flood) 0.002 -3.131 - -0.449 0.143
Time of Day (Night) 0.004 -2.920 - -0.917 0.314

Of all considered covariateg@aining summer steelhead CPUE,yonlater temperature
was determined to be naignificant. The following model waselected for steelhead trout:

IN(CPUEsteelheadt 1 ) o+=100dal Stagg A Thi d e He(TigewofDay) + b
bs (MMG Position) s Bboonnevi |l Il e Count) + U

Through lastentry analysis, all partial regression coefficients were statistically significdr at t

PO 0.05 significance | evel wit h-55Theassosiatiompt i on
and significance of each coefficient is describedrdepof association (positive vs. negative),

followed by statistical significance: daily Bonnevibam countP(ff O 5. 323) < 0.00
association = positive), mean tide heigR{(| O 3.941) < 0.001, associ a
day (day) P (| 2.©008) = 0.028, association = positive), time of day (dusK}|( O 2.277) =
0.023, association positive), MMG position (|t -40181) < 0.001, association = negative),

tide stage (flood tide)( (| -3®05) = 0.001, association = negative), ime of day (night) P

(t| -2322) = 0.001, association = negative). Although all covariatesthtstically significant

impacts on the response variable and the mwedslsignificant at the O 0. 0 P (Foadde |  (
12.46) < 0.001), only a smadroportion of the total variation in steelhead trout CPUE was

explained through the multiple regsésn model R? = 0.243).
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Table VI-5. Summary of covariates from the multiple regression model used to explain summer
steelhead CPUE, ranked by associationRwvdlue for last entry into the mod@élssociation
was determined independently of the muétiptgression model on a singéetor tasis.

Independent Variable P-value t-value Association Coefficient {
Bonneville Dam Count  0.000 5.323 + 5.31e04 9.98e05
Mean Tide Height 0.002 3.941 + 0.119 0.030
Time of Day (Dusk) 0.023 2.277 + 0.523 0.230
Time of Day (Day) 0.028 2.208 + 0.388 0.176
Marine Mammal Gate  0.000 -4.181 - -0.521 0.125
Tidal StaggFlood) 0.001 -3.505 - -0.403 0.115
Time of Day (Night) 0.001 -2.822 - -0.711 0.252

Total Tagged Fish and Upstream Detections

A total of 2,848 Chinook salmon and steelhead trout werd&jded throughout the
study period. Random sampling and assigrtroénontrol and treatment tagging sessions
resulted in fairly equal representation of mixgdck throughout the fishing perioarfboth
control and treatment groups (Figuresd/and VI5). In addition, 13 previously tagged fish
were recaptured at theapr (most of which were previously tagged at the trap site). However, this
small group of previously tagged fish was excluded ftoenanalysis due to the potential
difference in handling survival from those that had undergone the standard tagging pr@&@edure
the tagged fish, 2,066 were Chinook salmon (976 control; 1090 treatment) and 782 were
steelhead trout (379 control; 403 treant). Through a PTAGIS database query on 30 January
2018, there were 1,848 detections of unique WFC tag codes from 43Ridtitagy arrays
throughout the Columbia River Basin. A total of 35 detections were made downstream of the
trap site on the Oregoide at the Columbia River Estuary array. Chinook and steelhead were
detected in locations hundreds of kilometers upstreamatsaincluding the lower Okanagan
and lower South Fork Clearwater.
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Figure VI-4. Cumulative proportion of tagged Chinook salmemntrol and treatment groups.
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Figure VI-5. Cumulative proportion of tagged steelhead trout control and treatment groups.

Total Finclip Samples and Genotyping

Fin-clip samples were obtained from 2,828 Chinook salmon and steelhead trout
throughout the study period, representing 99.3% of the tagged population (including recaptures).
Of these samples, 2,046 were Chinook sal(®&4 control; 1082 treatment); 772 westeelhead
trout (380 control; 402 treatment). A random -sanple of 507 Chinook fialip samples were
selected from four discrete time periédseparately for control and treatment samples
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proportion to their almdance within each period (Table-§). These samples were analyzed
with the appropriate set of Columbia baspecific SNP markers to assign individuals to defined
population groups below and above Bonneville Dam.

Table VI-6. Chinook finclip samples nadomly selected for population group assignment.

Period Control Treatment
One (8/26- 9/2) 65 75
Two (9/3- 9/10) 74 125
Three (9/11- 9/18) 85 56
Four (9/19- 9/27) 17 10
N 241 266

Of the 507 genetic samplesbmitted for population group assigmeonly 11 samples
(6 control, 5 treatment) could not be genotyped with high confidence to reporting groups either
above or below Bonneville Dam (Miller et al. 2018). Eliminating these 11 samples from the
dataset, 48 were successfully assigned (TableAl Through GLM/loglinear analysis, there
was no significant association between control and treatment groups and Columbia Basin
population group assignmem (€0 0. 000) = 1. 000) .-coposian t hese 1
appears equivalent between control and treatment groupsRitthe0 . 05 si gni fi cance

Table VI-7. Contingency table of assigned Columbia Basin population groups for control and
treatmem Chinook salmon. The observed frequency in each cgfias/n, with the frequency
expected (in parentheses) if there is no association between control and treatment group and
population group assignment.

Control | Treatment | Frequency
Below Bonneville 47 52 99
Populations (46.91) (52.09)
AboveBonneville 188 209 397
Populations (188.10) | (208.91)
Frequency 235 261 496

Immediate Survival

Throughout the duration of the study, there were a total of nine immediate mortalities out
of 7,135 fish capture(ilable VI8). Of these mortalities, only two were adult fish (1 Chinook; 1
coho) with the remainder being jacks or resident/residualized salme 300 mm FL (1
Chinook; 4 coho; . mykisy The two adult mortalities occurred for unknown reasons in the
spiller compartment, but were likely caught in a fold of the spiller mesh during lift. Two jack
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mortalities occurred from wedging in the spilileesh, with the remainder resulting from
wedging in the downstream panel of the heart (typically after notecienaammal encounters).
From these results, immediate mortality of steelhead was zero (immediate stitwilaD00).
For adult Chinook andotio salmon, immediate mortality was 0.0004 (immediate survixal
0.9996;"Y'G 0.0004) and 0.0003 resprrely (immediate survivatbts 0.9997;"Y'G: 0.0003).

Table VI-8. Immediate salmonid mortalities during the 2017 study pe@oanykiss represents
resident or residualized hatcheskigin O. mykiss< 300 mm. Note that mortality and survival
rates presented below are for all ages of a species (jacks and adults combined).

Total Mortalities Mortalities Immediate Immediate

Species (Adults  Mortality  Survival
Captured  (Adults) and Jacks) (All Ages) (All Ages)
Chinook 2670 1 2 0.0007 0.9993
Coho 3501 1 5 0.0014 0.9986
Steelhead 921 0 0 0.0000 1.0000
O. mykiss* 29 n/a 2 0.0689 0.9311

Fall Chinook Salmon Forkength and Migration Timing

Of the tagged Chinook salmon population, the mean fork length iedlundthe study
was 739.3 mm (max = 1,000, min = 500, SD = 85.1). Mean fork length was 734.i@n2(7)
for the control group and44.1 {Y'G: 2.6) for the treatment group. Although biologically
insignificant, mean fork length was statisticallffetent between the two groups at P® 0.05
significance levelR (tzoed O 2. 71) = 0.007) .

The median arrival date for Chinook saimwas 12 September at Bonneville Dam and
22 September at McNary Dam (Table-®)L The median travel time between releand
Bonneville was &, withameanof68 ( Cl "Y066 370 = 0.95). Mean tr
("Y'G: 0.13) for thecontrol group and 6:8 ('Y'G: 0.13) for the treatment group. Analyzed
through a twesample test, the control group trailted more quickly to Bonneville than the
treatment group attieO 0. 05 s i g rPi(ftiudd c aln cde. 6l2e7v)e I< M@avédd 0 1) . T
time between release from the gear to McNary wad, M@th ameanof14:@ ( Cl (Y@4. 19 O
15.22) = 0.95). Man travel time wa$4.5d ("Y' G 0.38) for the control group and 149 Y G
0.36) for the treatment group. Travel time of conénadl treatment Chinook salmon did not differ
to McNary attheO 0. 05 si grPi(thed c ®©n 0e 79.8yekFE (0. 427

Table VI-9. First, last, and median detection date for tagged fall Chinook salmon.

Detection River Number of Median First Last
Site km Tags Detection Detection Detection
Bonneville 233 1191 9/13/2017 8/29/2017 10/14/2017

McNary 470 492 9/22/2017 9/5/2017 10/27/2017
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Fall Chinook Salmon Survival

Retrieving unique capture histories for control &reéitment Chinook salmon through
PTAGIS, the following cell counts were entered into Program USER to estimate|saste
survival (Table V410):

Table VI-10.Control and treatment cell counts for all possible capture histories at four
mainstemriverdetct i on | ocations. A fAl1l0 denotes detect
upstream detection location in order from lowest to highest rkm (Bonnevitie Diae Dalles

Dam, McNary Dam, and pooled detection points upstream of McNary Dadenotes the total

number tagged in each group.

History Control Count Treatment Count

1111 133 128
0111 1 1
1011 3 0
0011 0 0
1101 0 0
0101 0 0
1001 0 0
0001 0 0
1110 95 127
0110 1 1
1010 0 2
0010 0 0
1100 98 120
0100 1 2
1000 243 242
0000 401 467
N 976 1090

Given cell counts for each unique capture history (Tabl&0)| the relativgpostrelease
survivaleffect was estimated within three upstream mamativer reaches through the CJS
method (Table \A11). LRT found no significant difference in PIT tag array detection
efficiencies for control and treatment groups atRi®@ 0. 05 si gmPi(f.Oc@an8e4) eve
0.948), resulting in a reduced d® with common detection probability (i.e¢=pi,i= 1, AAA,
3). Results of the reduced model are presented in Takld MRelative postelease survival was
high from release to Bonneville Dam#ts 0.970 (Y'G- 0.036). The treatment group
outperformed the control group between Bonneville Dam amdDiilles Dam, with survival
increasing in this reach tibts 1.060 (Y'G: 0.051). Postelease survivaletlined slightly but
remained high atktr 0.968 (Y'G- 0.049) from The DalleBam to McNary Dam. Accounting for
immediate adult survivalitfs 09996;"Y'G: 0.0004), cumulative survivalg(-3-3) over a 400
km migration from release to M@y Dam wa®$.995 GE= 0.078).
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Table VI-11.Postrelease survival poirgstimatesdr adult fall Chinook salmon released from
the experimental trap and associated profile likelihood 95% confidence intervals.

River Reach Survival Point

Estimate
Immediates ur v ig)v a | 0.9996 (0.998 1.000)
Gear to Bonmevi 0.970 (0.90T 1.044)
Bonnevill e Dam tx® 1.060 (0.965 1.166)

The Dall es Dam 3§ o 0.968(0.877 1.070)
Cumul atl-@ (U 0.995 (0.924 1.071)

Utilizing detection pointgehosen by WDFW (2014) to estimate relative stemn, bng
term, and cumulative survival of salmon released from purse and beach seines, the cumulative
survival effect (3-U-3-(3) from capture at the trap site to McNary Dard@0 km upstream; 13
d media travel duration) was estimated at 0.996G 0.078) for fall Chinook salmon (Table
VI-12). Shoriterm postrelease survival from the gear to Bonnevillp Was estimated at 0.970
("Y'= 0.036). Longterm postreleasesurvival of Chinook salmon frofBonneville to McNary
(3-(3) was estimated at 1.028&¢'G- 0.071). Utilizing methodology employed by Vander Haegen
et al. (2004) and Ashbrook (2008) for evaluation of tanglednetsere detection at any of the
mainstem dam qualified successfully survivirthe postrelease experiendepostrelease
survival(() was 0.970"Y'G: 0.036).

Table VI-12. Fall Chinook postelease survival point estimates and associated profile likelihood
95% confidence intervals from the exipeental trap, employing detectiowipts selected by
WDFW (2014).

CUMULATIVE: GEAR TO MCNARY

Treatment No. Tagged No. Recaptured Recapture Prob Survival
Control 976 233 0.239
Fish Trap 1090 259 0.238 0.995 (0.924 1.071)
SHORT-TERM: GEAR TO B ONNEVILLE
Treatment No. Tagged No. Recaptured Recapture Prob Survival
Control 976 575 0.589
Fish Trap 1090 623 0.572 0.970 (0.90% 1.044)
LONG-TERM: BONNEVILLE TO MCNARY
Treatment No. Over BON No. Recaptured Recapture Prob Survival
Control 575 233 0.405

Fish Trap 623 259 0.416 1.026 (0.934 1.129)
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Summer Steelbad Trout Forkength and Migration Timing

Of the tagged steelhead trout population, the mean fork length included in the study was
642.7 mm (max = 1000, min = 500, SD 2.8). Mean forkength for the control group was
641.5 mm Y& 4.2) and 643.8 m (Y& 4.1) for the treatment group. Analyzed through atwo
sample ttest (logtransformed to account for right skewness), mean fork length was statistically
equivalent between the two groups at®® 0. 05 s i g (Pi(tfsd c ®n 6 e62®.6Ye E 0.

Themedian arrival date for steelhead was 18 Septeatl®wnneville Dam and 30
September at McNary Dam (Table-¥B). The median travel time between release and
Bonneville was 6.4, withameanof 8 ( C1 “YO7.485=70.95). Mean traldime was
7.9-d ('Y'G: 0.33) for the control group and 83('Y'&- 0.33) for the treatment group. Analyzed
through a twesample ttest, travel time of control and treatment steelhead from release to

Bonneville did not diffeatthePO 0 . O ScanseilegetRi(jtizd O 0. 741) = 0. 459)
median travel time between release from the gear to McNary wasl 1®8ith a mean of 21-d
(Cl (2¥.28.66) = 0.95) . -MEYs®0.68) forahe eontd groupme wa s

and 21.5d ("O= 0.68) for the &atment group. Travel time of control and treatment steelhead
trout did not differ to McNary attheO 0. 05 s i g rPi(tbod c08B@%) ©0.7083.v e |l (

Table VI-13.First, last, and median detectioate for tagged steelhe&out.

Detection River Number of Median First Last
Site Mile Tags Detection Detection Detection
Bonneville 233 624 9/18/2017 8/31/2017 10/26/2017
McNary 470 531 9/30/2017 9/13/2017 12/12/2017

Summer Steelhead Trout Surviva

Retrieving uniquecapure histories for control and treatment summer steelhead trout
through PTAGIS, the following cell counts were entered into Program USER to estimate post
release survival (Table V14):

Table VI-14.Control and treatment cell courfts all possible capter histories at four

mainstem river detection | ocations. A fAl1o0 den
upstream detection location in order from lowest to highest rkm (Bonneville Dam, The Dalles

Dam, McNary Dam, and pooled éetion points upstreanf cNary Dam).

History Control Count Treatment Count

1111 256 255
0111 0 3
1011 0 0
0011 0 0
1101 1 2
0101 0 0
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1001 0 0
0001 0 1
1110 10 7
0110 0 0
1010 0 0
0010 0 0
1100 17 22
0100 0 0
1000 24 30
0000 71 83
N 379 403

Postrelease surval of summer steelhead was estimated for three upstream mainstem
river reaches through the CJS method (Tablda3)l LRT found no significant difference in PIT
tag array detection efficiencies for control and treatment groups BtQ9.05 significancéevel
P(..0 6.874) = 0.076), resulting in selection
probability. Relative postelease survival was high from release to Bonneville Darfilat
0.977 (Y& 0.035). Postelease survivaremainecdhigh in subsequent reaches between
Bonneville Dam and The Dalles Dam and between The Dalles Dam and McNary Dam,
increasing totbs 0.983 (Y'G: 0.024) andkl 0.983 (Y= 0.022)respectively. Accounting for
immediate surval (th& 1.000),cumulative survival @--3+3) over a 400 km migration from
release to McNary Dam wé@s944 GE= 0.046).

Table VI-15. Postrelease survival poirgstimates for adult steelhead trout released from the
experimental trap and assdeid profile lkelihood 95% confidence intervals.

Survival point
estimate
Immedi at e gsur v 1.000 (0.995 1.000)
Gear to Bonmevi 0.977 (0.917 1.048)
Bonnevill e Dam tX 0.983 (0.935 1.032)
The DalleDam t o Mc Navr 0983 (0.939 1.028)
Cumul a8 (U0 0.944 (0.880 1.012)

River reach

Utilizing detection points chosen by WDFW (2014) to estimate relative-stront long
term, and cumulative survival of steelhead released from purdseactseines, the cumulagv
survival effect (3-U-3-(3) from the experimental trap to McNary Dam (~400 km upstreana; 18
median travel duration) was estimated at 0.9%4% 0.046) for summer steelhead trout (Table
VI-16). Shoriterm postrelease survivadf steelhead from thgear to Bonneville Dantjj was
estimated at 0.977Y'G: 0.035). Longterm postrelease survival of steelhead from Bonneville to
McNary Dam (3-(3) was estimated at 0.966v(G 0.032). Employing the methodology of
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Vander Haegn et al. (2004) andshbrook (2008) for evaluation of tangle nets, pe#tase
survival () was 0.977'G: 0.035).

Table VI-16. Summer steelhead peastlease survival point estimates and associated profile
likelihood 95% confidence intervals frotine experimental t@ employing detection points
selected by WDFW (2014).

CUMULATIVE: GEAR TO MCNARY

Treatment No. Tagged No. Recafpured Recapture Prob Survival
Control 379 267 0.704
Fish Trap 403 268 0.665 0.944 (0.880 1.012)
SHORT-TERM: G EAR TO BONNEVILLE
Treatment No. Tagged No. Recaptured Recapture Prob Survival
Control 379 308 0.813
Fish Trap 403 320 0.794 0.977 (0.91% 1.048)
LONG-TERM: BONNEVILLE TO MCNARY
Treatment No. Over BON  No. Recaptured Recapture Prob Survival
Control 308 267 0.867
Fish Trap 320 268 0.838 0.966 (0.919 1.014)

Marine Mammal Encounters

Of 381 total setperformed, the marine mammal gate was deployed 81 times due to the
presence of mammals in the vicinity of the study location. On 11 $epaeasions, harbseals
(Phoca vituling or California sea lionsZ@lophus californianusentered the heart of thep. In
most of these situations, marine mammals entered when trap operators were cagLgToff
could not sight the animals, or couldt close the marinmammal gate in time. Only in 4 of 11
instances of marine mammal entry was the gate effectieglipged. During these instances,
entry was likely achieved through small gaps between the gate frame and the river bottom or the
heart mek lead line and thawer bottom when river and tidal currents were strong. With a total
of 4 mammal entries during &hte closure events, the gate demonstrated a deterrent success rate
of 95.1%. In all situations of marine mammal entry, the spiller coirmat was lifted and
mammals departed within minutes. No physical injury of mammals was observed throughout the
duraton of the study period. However, unknown fish species were observed being taken by
marine mammals on five separate occasions.
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B. Actual Accomplishments andFindings - 2019

Total Catch

The experimental trap was fished 3680.8ver 40d between 5 Magnd 3 July 2019.
During this period, 43 sets were performed with incorporation of the modified treatment process.
Mean daily fishing effortvas 9.6h (min = 3.1;max = 12.7; SD = 2.7). A total of 1,992
salmonids were captured, including 675 Chinook saljmeenile outmigrants (Figure V).
Total nonjuvenile catch (1,317 salmonids) was composed of 68.0% sockeye salmon (896 total;
0% adclipped), 12.2% Chinook salon (161 total; 72.9% adipped; 11.2% jack salmon),
19.2% steelhead trout (254 total; 74.88cépped), 0.08% resident/residualiz@d mykisg1
total; 0% aeclipped), and 0.4%. clarkii (5 total) (Figure VA7). In addition to saliwnid catch,
Americanshad (357 total), largescale suckéaiostomus macrocheilug)3 total), northern
pikeminnow(Ptychocheilus oregonensi@t total), starry floundeRlatichthys stellatus(3
total), pacific lamprey Entosphenus tridentatu§2 total) and peamouthMylocheilus caurinuy
(1 total) were captured throughout the study period.

o) me --.--Jll-llI|IIII|II‘||I‘I|I‘

1357 9 18 21 24 27 30 33 36 39

150
|

100
|

Salmonid Catch

50
|

Test Fishing Day (May 5th - July 3rd)

Figure VI-6. Total 2019 catch of nejuvenile Chinook, sockeye, and steelhead from 5 May
July 2019.
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Figure VI-7. Non-juvenile catch by species frodnMay - 3 July 2019.

o _ Salmonids o _ Chinook
— (o] (o]
= 0 2 -
o
= 2
LU
= W — W —
[
© _l____.—_—__-h_-_‘__
- — - —
1 5 9 14 20 26 32 38 1 5 9 14 20 26 32 38
= Sockeye = Steelhead
— (o] (o]
= 24 2
o
S 2 4 2
LU
= W — W —
(W
© _-h-._.h“-d_
- — - —
1 6 9 14 20 26 32 38 1 68 9 14 20 26 32 38

Test Fishing Day (May 5th - July 3rd)

Figure VI-8. Daily CPUE (catch/h) of all salmonids, Chinook salmon, sockeye sabmnan,
steelhead trout from 5 May through 3 July 2019.
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CPUE

Daily CPUE for combined nejuvenile salmonids peaked at 18.3 salmonids/h on 26 June
(mean = 3.6, SD = 4.3JFigure VI8). Chinook salmon were present at the start of the study on 5
May. Chinook almon daily CPUE peaked at 1.9/h on 26 June (mean = 0.4, SD = 0.4). Steelhead
were also present at the start of the study on 5 May. Steelhea@Béally peaked at 4.46m 26
June (mean = 0.7, SD = 0.9). Sockeye salmon were first captured at the toap28tislay.
CPUE peaked at 12.5/h on 25 June (mean = 2.4, SD = 3.4), with the species remaining relatively
abundant at the trap site until fishingased on 3 July. Irddition to salmonid catch, American
shad were first captured on 15 May and were relgtaeundant at times throughout the study
period with catch of this species peaking at 5.9/h on 2 June (mean = 0.9, SD = 1.3).

Total Tagged Fish

A total of 995 sprig/summer Chinook and sockeye salmon weretBfjjed throughout
the study period. In adion, four previously tagged fish were recaptured at the trap (two of
which were previously tagged at the trap site). However, this small grqupwbusly tagged
fish was excluded from the analysis due to the potential difference in handling susival fr
those that had undergone the standard tagging procedure. Of the tagged fish, 849 were sockeye
salmon (402 control; 447 pooled treatment; 309 iffextipassive treatnma; 138 prototype
spilled treatment), and 146 were Chinook salmon (71 control; 75 ptwektdent; 43 modified
passive treatment; 32 prototype spilled treatment). The sample size for tagged sockeye salmon
exceeded targets of the prctieenabling robustralysis of release survival. However, the sample
size for spring/summer Chinook salmamwyed mostly insufficient for precise estimation of
survival.

Beyond the goals of the project, latenter and earliysummer run steelhead encouetér
at the trap werelfP-tagged between May and June (119 control; 33 modified treatment; 90
prototype treatmma). Based on run timing, most of these fish were likely of lower basin
Skamania stock origin (Byrne et al. 2018). Due to sample size limitabonsafrk and recapture
and the tendency of Skamania stock to remain downstream of mainstem dams, steettezd PIT
data proved insufficient for analysis in 2019.

Duringthespring and earksummer study period, sampling and assignment of control
and treatmet tagging sessiongsulted in fairly equal representation of mixed stock for sockeye
salmon control and treatment groups. However, due to a small sample size, the Gaimmwk
sampling effort between control and treatment groups was relatively urme@guaime (Figures
VI-9 - VI-10).
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Figure VI-9. Cumulative proportion of tagged sockeye salmon control and treatment groups.
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Figure VI-10. Cumulative proportion of tagged Chinook salmon control and treatment groups.
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Total Finclip Samples and Gengiing

Genetic tissusamples were obtained from®PIT-tagged Chinook and sockeye salmon
throughout the study period, representing 99.5% of the tagged population. Of these samples, 844
were sockeye (399 control; 307 modified treatment; 138 prototypengadt and 146 were
Chinook salmon (71 control; 48odified treatment; 32 prototype treatment). In addition, genetic
samples were obtained from 100% of R&fged steelhead trout. Although genetic analysis is
unnecessary for sockeye salmon (which are alabdestined for ngration above Bonneville
Dam), genetic assignment is essential for estimation of spring/summer Chinook release survival
due to the migratory nature of the species in the basin and the small numbetayf Bimples
available for analyis. If resource magars choose to use 2019 spfsummer Chinook data, it
is highly recommended that results of genetic assignment are utilized to ensure that the model
assumption of stoekomposition equivalence is met for Chinook salmon.

Immediate Swival

Throughout theluration of the study, thewmeere a total of five immediate adult salmonid
mortalities, all of which were small bodied sockeye salmon < 400 mm FL (Tatd&)VTwo
sockeye mortalities occurred for unknown reasons in the spiller comgyd. Three sockeye
mortalities occurred from vaging in a panel of the jigger/heart (the only component of the heart
mesh that remainedB/ 8 66 and had n-&t 2beknombdséi mdshdp. 2
results, immediate mortality of adult Chinosé&dmon and steelheaehs zero (immediate
survival fb 1.000); immediate mortality of sockeye salmon was 0.006 (immediate sulittival
0.994;"Y'G- 0.002).

Table VI-17.Immediate nofjuvenile salmonid mortalities during the 2019 BREP studyopleri

Total Mortalities Immediate Immediate
Species Capured  (NonrJuveniles) Mortality Survival
Chinook 161 0 0.000 1.000
Sockeye 896 5 0.006 0.994
Steelhead 254 0 0.000 1.000

Beyond adult and jack salmonids, there were 252 immediateijev@hinook salmon
outmigrant mortalities from wedging or gillinginthel2/ 266 knot | esk/ Z®6 | | er
knotless livewell mesh. Of thesgivenile outmigrants (< 250 mm FL), 91% weredigpped
suggesting hatchery origins. Furthermore, eiglgdacale suckers, os@rry flounder, and three
pikeminnow immediate mortalities occurred from wedging or gillingint#e/38 6 6 knot t ed
and jigger mesh.
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Sockeye Salmon Forlength and Migration Timing

Of 849 tagged sockeye salmon (402 control; 8@@lified treatment]138 prototype
treatment), the mean fork length included in the study was 413.6 mm (max = 650, min = 300,
Y& 2.44). Mean forkength was 414.8 mmY'& 3.54) for the control group, 417.& G 4.04)
for the modified treatment group, and 401Y& 6.04) for the prototype treatment group.
Analyzed through onevay ANOVA, mean fork length was etyalent between control and
modified treatment groups atthed 0. 05 s i g MPpadivi(tsdh N ©e 0L 8681 =( 0. 58
however, the control group fork length was statistically greater than the prototype treatment
group Puwinch (Jteze] -1®7) = 0.@9).

The median arrival date for sockeye salmon was 27 auBenneville Dam (Table VI
18). The median travel time between release and Bonneville was ®ith a mean of 44 (Cl
(4."90 . 2) = 0.95). M¥® 0.07)ontheedtroligioup,e8.9dwvas 3. 9
("Y'= 0.08) for the passive treatment group, anddb(X G 0.14) for the prototype treatment
group. Analyzed through ongay ANOVA, there were differences between treatment and
control group migrations((|F2,7s4 3%97) < 0.00). Migration timing was equivalent between
control and passive treatment grouPg[{] -0208) = 0.835). However, there was a significant
difference in migration timing between the prototype treatment group and the control group to
BonnevileDam@P(tf] O 8.441) < 0.001).

To McNary Dam, the median arrival date for sockeye salmon was 2 July (Tab&).VI
The median travel time between release from the gear to McNary Dam w@sn8ti a mean of
9.0d (Cl "YDP89 82) = tdveldiiewas.dig €@ 0.12) for the control group,
8.7-d ('Y& 0.13) for the passive treatment group, and-ti)(%¥'G: 0.23) for the prototype
treatment group. Analyzed through emay ANOVA, there were differences between treatment
and ontrol group migratios P (Fzeeg O 23.42) < 0.001). Migratior
between control and passive treatment groBu|( -0383) = 0.630). However, there was a
significant difference in migration timing between the prototype treatgrenp and the control
group to McNary DamR(tf O 6.343) < 0.001) .

Table VI-18. First, last, and median detection date for tagged sockeye salmon. Note that some
tagged sockeye salmon evaded detection at both Bonneville and McNary Dams, but were
deteced farthewpriver; these fish were not included in the migration timing analysis.

Detection River Number of Median First Last
Site Mile Tags Detection Detection Detection
Bonneville 233 738 6/27/2019 6/7/2019 7/13/2019
McNary 470 668 71212019 6/12/2019 8/11/2019

Sockeye Salmon Survival

Thesockeye salmorelativepostrelease survivatffect was estimated for the modified
passive spiller capture method (modified treatment) and the prototype spilling capture method
(prototype treatment). Additiofig, the pooled treatment effect was estimated combining data
from the two treatments (modkfl treatment + prototype treatment). This pooling technique was
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used to accommodate a small sample size for the prototype treatment group. Retrieving unique
captue histories for control and treatment sockeye salmon through PTAGIS, the following cell
courts were entered into Program USER to estimate qgbesase survival through the CJS

method (Table \A19):

Table VI-19. Control and treatment cell counts for allsgible capture histories at four

mai nstem river detectionahdcd@OioomeondAti@tdi dan
upstream detection location in order from lowest to highest rkm (Bonneville Dam, The Dalles

Dam, McNary Dam, and pooled detection geinpstream of McNary Dam).

Control Modified  Prototype Pooled

History Count Treatment Treatment Treatment
Count Count Count

1111 287 241 65 306
0111 12 3 2 5
1011 4 3 0 3
0011 0 0 0 0
1101 14 3 3 6
0101 1 1 0 1
1001 0 0 0
0001 1 1 0 1
1110 17 11 19 30
0110 1 1 3
1010 0 0 0 0
0010 0 0 0 0
1100 23 10 9 19
0100 1 0 0 0
1000 16 10 4 14
0000 25 24 35 59

N 402 309 138 447

Modified Treatment

LRT found no significant difference in Rk&g array detection probabilities for control
and modifi@ treatment groupP(...O0 5. 543) = 0.136), resulting i
model with a common detection probability for control and treatment fish by location. Post
release survival for the modified treatment group compared to the control group was high from
release to Bnneville Dam atis 0.983 (YG: 0.021) (Table \A20). The treatment group
survived at a higher rate than the control group in the two river reaches defined between
Bonneville Dam and McNary Dam with relative survival estimatetdat1.008 (Y'G- 0.016)




WILD FISHCONSERVANCY BREP FINAL REPORT MARCH 2020

andtkt 1.033 (Y'G: 0.019) respectively. Accounting for immediate sockeye salmon survidal
=0.994;"Y'G- 0.002), cumulative relative survivah{J-3-(3) for the modified treatment group
from capture at the traptsito McNary Dan{~400 km upstream;-8 median travel duration)
was estimated to be 1.0I¥'(3 0.032) (Table VA20).

Utilizing detection points chosen by WDFW (2014) to estimate relative-séront long
term, and cumulative survival of salmon reké$rom purse anddach seines, shetgrm
relative postelease survival from the gear to Bonnevillh yas estimated at 0.983/(G
0.021) (Table \21). Longterm relative postelease survival from Bonneville to McNary
(3-(3) was estimated at@40 (Y'G: 0.025). @mulative relative survival§U«(3-(3) from the
trap site to McNary Dam (~400 km upstreand gedian travel duration) was estimated at 1.017
("Y'= 0.032)for sockeye salmon exposed to the modified treatment (TakbRL VI

Prototype Treatment

Betwea 28 May and 3 July, a total of 32 spiller hauls were performed with the prototype
treatment design, of which only 21 hauls resulted in the capture of sockeye daRdound
no significant difference in PHag array detectionrpbabilities forcontrol and prototype
treatment group((...O 2.864) = 0.413), resulting in the
common detection probability for the fish at a location. Stesrh relative postelease survival
from the gear to Bonneville Dam wastienated ati 0.796 (Y'G- 0.041) (Table VI20).
Between Bonneville Dam and the Dalles Da#), (relative survival was nearly equivalent to the
control group attt 1.004 (Y'G: 0.024). Relative survival remained high in the final reach
between Th®alles Dam and McNary Dam #& 0.974 (Y'G 0.035). Nevertheless, survival of
sockeye salmon exposed to the prototype treatment was significantly different from exposure to
the modified fish trap treatmer®(jZf O 4. 9 6 3 ) Vk20)Qwitl) ddirtiujativd reldtive e
survivd from release to McNary Dam estimated at 0.7¥43 0.051).

Utilizing detection points chosen by WDFW (2014) to estimate relative-séront long
term, and cumulative survival of salmon released from purséesxch seines, shetgrm
relative postelease survival from the prototype gear to Bonnewillpias estimated at 0.796
("Y'= 0.041) (Table \H21). Longterm relative postelease survival from Bonneville to McNary
(3-(3) was estimated at 0.978/(G 0.041). Cumulative relative suval (3-3-3-(3) from the
prototype treatment to McNary Dam was estimated at 0. %A& (0.051)(Table VI21).

Pooled Treatments

Between pooled treatment (modified treatment + prototype treatment) and gootnos,
LRT found no significant differece in PITtag array detection probabiliteR (... O 4. 74 9) =
0.191), resulting in the selection of a reduced model with a common detection probability. Post
release survival for the pooled treatment group conap@réhe control group was estimaggdi
=0.925 (Y& 0.021) from release to Bonneville Dam (Table2@)). Survival between the pooled
treatment group and the control group was nearly equivalent between Bonneville Dam and
McNary Dam with relative swival estimated atbt 1.007(°Y'G= 0.015) andig 1.017 (YG=
0.019) respectively. Accounting for immediate sockeye salmon suriial0.994;"Y'G- 0.002),
cumulative relative survivalg-U-3-(3) for the pooled treatment group westimated at 0.942Y'0
=0.031) (Table \420).
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Utilizing detection points chosen by WDFW (2014), stierin relative postelease
survival of the pooled treatment group from the gear to BonneU)leés estimated at 0.925
("Y'= 0.021) (Table \H21). Longterm relative pasrelease survival from Bonneville to McNary
(3-3) was estimated at 1.022{G 0.024). Incorporating immediate survival of 0.9 @&
0.002) for the sockeye salmon species, cumulative relative sug\guvat3-3) for the pooled
treatment grop to McNary Dam was estimated at 0.922@ 0.031) (Table \A21).

Table VI-20. Postrelease survival poirgstimates for adult sockeye salmon released from the
experimental fish trap and associated prdiidelihood 95% confidence intervals.

M odified treatment
survival point
estimate

River reach

Prototype treatment
survival point
estimate

Pooled treatment
survival point
estimate

Immedi at e o)s 0.994(0.988 0.998)
Gear to Bonnevik 1)(  0.983 (0.942 1.024)
Bonnevi |l | e) 1.008(0.974 1.041)
Dal | es t og) | 1033 (0.995 1.072)
Cumu !l at0-3@) 1.017 (0.974 1.059)

0.994 (0.989 0.998)
0.796 (0.712 0.872)
1.004 (0.948 1.045)
0.974 (0.899 1.033)
0.774 (0.673 0.872)

0.994 (0.989 0.998)
0.925 (0.884 0.967)
1.007 (0.977 1.038)
1.017 (0.980 1.056)
0.942 (0.902 0.986)

Table VI-21.Sockeye salmon relative paglease survival point estimates and associated
profile likelihood 95% confidence intervals from the experimental faf, temploying detection

points selected by WDFW (2014).
CUMULATIVE: GEAR TO MCNARY

Treatment No. Tagged No. Recaptured Recapture Prob  Relative Survival
Control 402 337 0.838
Modified Treatment 309 265 0.858 1.017 (0.974 1.059)
Prototype Teatment 138 90 0.652 0.774 (0.673 0.872)
Pooled Treatments 447 355 0.794 0.942(0.900- 0.984)

SHORT-TERM: GEAR TO BONNEVILLE

Treatment No. Tagged No. Recaptured Recapture Prob  Relative Survival
Control 402 377 0.938
Modified Treatment 309 285 0.922 0.983 (0.942 1.024)
Prototype Treatmen: 138 103 0.746 0.796(0.712- 0.872)
Pooled Treatments 447 388 0.868 0.925(0.884- 0.966)

LONG-TERM: BONNEVILLE TO MCNARY




WILD FISHCONSERVANCY BREP FINAL REPORT MARCH 2020

No. Over

Treatment BON No. Recaptured Recapture Prob  Relative Survival
Control 377 337 0.894
Modified Treatment 285 265 0.930 1.040(1.006- 1.074)
Prototype Treatmen: 103 90 0.874 0.978(0.891- 1.051)
Pooled Treatments 388 355 0.915 1.024 (0.994 1.057)

Spring/Summer Chinook Salmon Feldngth and Migration Timing

Of 146 tagged spring/summer Chinook salmon (71 control; 43 modified treatment; 32
prototype treatment), the mean fork length included in the study was 745.2 mm (max = 1,100,
min = 400,Y'&: 10.31). Mean fork length was 753.3 mi @ 14.82) for the catrol group,

749.2 {Y'G 19.04) for the modified treatment group, and 722Y®X 22.07) for the prototype
treatment group. Analyzed through emay ANOVA, mean fork length was equivalent between
control and treatment groups at @ 0 . 0 Scansdievg! Phaskivi(|tiag -007) = 0.865,

Pwinch (|t143| -1C18) = 0.239).

The median arrival date for spring/summer Chinook salmon was 2@tBoeaneville
Dam (Table Vi22). The median travel time between release and Bonneville was with a
meanof6.6d ( Cl "YO57 940 = 0. 95) . -waylMhOVWAzlerewashor ough o
difference between treatment and control group migrationstm@ville DamP (JF2114 O 2. 49)
=0.088).

To McNary Dam, the median arrival date for spring/sum@tgnook salmon was 26
June (Table \22). The median travel time between release and McNary Dam wad, Mith
ameanof 1246 ( Cl “"YOl 11.30.88) Analyzed through ongay ANOVA, there was
no difference between treatment and control groigrations to McNary DamR((|F2sd O
0.205) = 0.815).

Table VI-22.First, last, and median detection date for tagged spring/summer Clsaloodn.

Detection River Number of Median First Last
Site Mile Tags Detection Detection Detection
Bonneville 233 114 6/20/2019 5/12/2019 7/8/2019
McNary 470 85 6/26/2019 6/6/2019 7/14/2019

Spring/Summer Chinook Salmon Survival

The totalsample size for tagged spring/summer Chinook salmea fn146) was mostly
insufficient for analysis. Given sample sliaitations for each Chinook salmon treatment group,
only the pooled treatment effect was analyzed combining data from the two treatments (modified
treatment + prototype treatment).
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Retrieving unique capture histories for control and pooled treatmemggpammer
Chinook salmon through PTAGIS, the following cell counts were entered into Program USER to
estimate postelease survival through the CJS method (Tabl3jl

Table VI-23.Controland treatment cell counts for all possible capture historiesiat

mainstem river detection | ocations. A fAl1lo0o den
upstream detection location in order from lowest to highest rkm (Bonneville Dam, The Dalles
Dam,McNary Dam, and pooled detection points upstream of McNary Dam).

History Control Pooled Treatment
Count Count

1111 40 42
0111 0 0
1011 0 0
0011 0 0
1101 0 0
0101 0 0
1001 1 0
0001 0 0
1110 1 1
0110 0 0
1010 0 0
0010 0 0
1100 8 6
0100 0 0
1000 9 6
0000 12 20

N 71 75

Pooled Treatments

Between pooled¢atment (modified treatment + prototype treatment) and control groups,
LRT found no significant difference in P&g array detection probabilities, resulting in the
selection of a reduced model with a common detection probability-r&ease survivaldr the
pooled treatment group compared to the control group was estimditgs @882 (Y'G= 0.078)
from release to Bonneville Dam (Table-24). Survival between the pooled treatment group
exceeded that of the control group between Bonneville Bach McNary Dam with relative
survival estimated &t 1.030 (Y'G 0.072) andkb 1.066 (YO= 0.090) respectively. Cumulative
relative survival §§-U-3-03) for the pooled treatment group from capture at the trap site to McNary
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Dam (~400 kn upstream; 1-tl median travel duration) was estimated at 0.9684{0.136) (Table
VI-24).

Table VI-24. Postrelease survival poirgstimates for adult spring/summer Chinook salmon
released from the experimental trap and associated profile likdl®&fih confidence intervals.

Pooled treatment

River reach survival point
estimate
Immediates ur v igv a | 1.000 (0.998 1.000)
Gear to Bonmevi 0.882 (0.736 1.048)
Bonnevill e Dam t® 1.030 (0.897 1.193)
TheDalles@m t o Mc Ngr 1.066 (0.899 1.277)
Cumul atl-8@ (U 0.969 (0.808 1.151)

Utilizing detection points chosen by WDFW (2014) to estimate relative-stront long
term, and cumulative survival of salmon released from purse and beaes$, shiorterm
relative postelease survival dpring/summer Chinook salmon from the gear to Bonnevd)e (
was estimated at 0.882%/(G= 0.078) (Table VA25). Longterm relative postelease survival
from Bonneville to McNary§-3) was estimatedtd.098 {Y'G: 0.120). Cumulative relative
survival (4-U-3=3) from the trap site to McNary Dam (~400 km upstream; 11 d median travel
duration) was estimated at 0.969'(® 0.136)for spring/summer Chinook salmon (Table VI
25).

Table VI-25. Spiing and summer Ghook salmon relative postlease survival point estimates
and associated profile likelihood 95% confidence intervals from the experimental fish trap,
employing detection points selected by WDFW (2014).

CUMULATIVE: GEAR TO MCNARY

Treatment No.Tagged No. Recaptured Recapture Prob  Relative Survival
Control 71 42 0.592
Pooled Treatments 75 43 0.573 0.969 (0.808 1.151)
SHORT-TERM: GEAR TO BONNEVILLE
Treatment No. Tagged No. Recaptured Recapture Prob  Relative Survival
Control 71 59 0.831
Pooled Treatments 75 55 0.733 0.882 (0.736 1.048)
LONG-TERM: BONNEVILLE TO MCNARY
Treatment No. Over BON No. Recaptured Recapture Prob  Relative Survival
Control 59 42 0.712

Pooled Treatments 55 43 0.782 1.098 (0.9511.272)
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Steelhead Results

The total sample size for tagged latmter and earlysummer run steelhead (119 control;
33 modified treatment; 90 prototype treatment) proved insufficient for analysis of relative
survival. Furthermore, 77.3% of tagged steelheanh fcatrol and treatment groups did not pass
over mainstem dams ddkcted.bonnevile 55), suggesting that lateinter/earlysummer run
steelhead encountered from May through June were mostly Skamania stock destined for lower
basin tributaries below matem dam detection points (Byrne et al. 2018).

Table VI-26. Control and treatmentd counts for all possible capture histories at four

mai nstem river detection | ocations. A Al10 den
upstream detection locati@m order from lowest to highest rkm (Bonneville Dam, The Dalles

Dam, McNary Dam, angdooled detection points upstream of McNary Dam).

Pooled
) Control
History Treatment
Count Count

gl

1111
0111
1011
0011

1101
0101
1001
0001

1110
0110
1010
0010
1100
0100
1000 11 28
0000 101 86

N 119 123

O WOOO O O O O O OO0 A~
OPFRPLP OO0 W O O O O ooo

Coho Salmon Survival

As a supplement to the 2019 BREP study, a ahmon holding study was conducted
between 27 September and 30 October 2019. Duriagdbearch period, water temperatures
ranged from 19.2 °C to 12.1 °C (mean = 15.79 °C). Encounterinty 8j® coho salmon at the
trap site, there were zero adult cobmimon immediate mortalities resulting in an immediate
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survival rate of Y= 1.000 vith a 95% lower confidence intervalof @0 0. 999) = 0. 95.
of 121 coho salmon were held in captivity posease from the commercial gear in six separate
subsample groups (Table V27). Zero mortalities occurred during the-d&olding periodor a
postrelease survival estimate & 1.000 with a 95% lower confidence interval of SI§ 0. 97 8)
= 0.95. All cohasalmon encountered during the fish collection process for the holding study were
lively and vigorous upon capture and releaser af&h, with zero fish appearing lethargic or
asphyxiated.

Table VI-27. Subsamples of coho salmon captured with the medifish trap were held for a
48-h captive period to directly estimate release survival; water quality conditions were recorded.

Mean water  Fish

Sub-sample Coho salmon  Coho salmon
Date temperature sample i :
number o . survived survival
(°C) size

1 27 Sep- 29 Sep 18.77 13 13 1.000

2 30 Sep- 2 Oct 17.74 27 27 1.000

3 3 0Oct-5 Oct 16.31 34 34 1.000

4 10 Oct- 12 Oct 15.63 13 13 1.000

5 23 Oct- 25 Oct 13.57 24 24 1.000

6 28 Oct- 30 Oct 12.75 10 10 1.000

-- Total -- 15.79 121 121 1.000

Marine Mammal Encounters

During the 2019 spring and summer season study, marine mammal encounters were rare
and posed minimal nuisance.dthypothesized that low marine mammal encounter at the trap
was potentially due to low abundance of spring Chinabksn. Over 4al, marine mammals
were observed in the vicinity of the trap on five separate occasions. On two of these occasions,
California sea lions were observed migrating down river, resulting in closure of the marine
mammal gate for roughly 3@inuteintervals until operators were certain mammals had
migrated from the study region. On one occasion, a California sea lion entered tlaes laeart
result of operator error. After surfacing once in the heart, the sea lion escaped and was not seen
again. Onlte remaining two occasions, harbor seals were observed downstream of the trap.
Neither of these two harbor seals were seen entering theoh@aigrating along the lead net
during the spring season study.

C. Significant Problems

No significant problems we experienced throughout the course of the 2017 study. The
trap was successfully deployed, operated, refined, and tested from 26 Augugh tAv
September 2017. Testing was delayed due to lovsizenforecasts for Columbia Basiarén
steelhead and r&led negotiations with WDFW, ODFW, and NOAA over EBApacts.
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Additionally, due to the low run size of steelhead in the Columbia Basinuthber of steelhead
tagged throughout the study fell short of our target for the analysis. Nevertheless, these minor
issues did not impact achievement of 2017 project goals or objectives.

During the spring and earsummer of 2019, a poor return of ESAted spring Chinook
salmon, sockeye salmon, and steelhead significantly impacted fishing operations. Test fishing
was delayed to 5 May at the direction of NOAA Fisheries and WDFW to miairagearch
impacts to the peak of the spring Chinook salmon ruth Ww returns and a subsequent late
start date, we were unable to reach ourfaljging goal for Chinook salmon. Additionally, due
to a poor run of sockeye salmon and steelhead in therBauBasin, fishing was temporarily
paused at the direction of NOARisheries and WDFW during the peak of the sockeye run at the
end of June and halted in early July. This reduced our potential sample size for sockeye and
steelhead, however, we still maedgo achieve our PIT tagging goal for sockeye salmon and
estimatedsurvival with a higher level of precision than anticipated in the study proposal.

The second challenge encountered during the spring 2019 fishery was high river flows
and abundant larggoody debris. During the first weeks of May, significant amountirifting
wood became affixed to the upstream side of the lead pilings, pinned by strong downstream
currents. Exacerbating the problem was the lack of a tidal flood current pushing upaséam
typical at the trap site during the summer and fall fislsegsons. Flood tides help to push debris
from lead nets, partially cleaning the nets of entangled wood and detritus. With the abundance of
wood and lack of flood currents, maintenancesatdl nets was required consistently making trap
operations challengg. It was also necessary to intercept incoming logs and retrieve lead nets
throughout sampling to avoid pulses of debris. As research progressed ifiitaynahd peak
river flows subsidedthe abundance of large woody debris and suspended detritus ddcreas
With river conditions normalizing by latéay to that experienced during prior summer and fall
investigations, trap operations and maintenance became more feasible. Based upon&xperienc
during the spring of 2019, careful site selection and/or em@aywf pile driven debris booms
are necessary if trap operators or resource managers desire to fish traps during spring freshet.

D. Need for Additional Work

The results of this BREP maled research project have demonstrated the feasibility of
modifiedcommercial fish traps in the lower Columbia River for selective harvest during summer
and fall seasons and have provided precise and unbiased estimates of cumulative survival for fall
Chinook, sockeye, coho, and summer steelhead trout to inform managgroentmercial
fisheries and resources. Survival results suggest that fish traps can help resolve an urgent mixed
stock harvest problem in the Columbia River and beyond. Neverthelesgagateemain for the
gear and the following studies are recommerfdeéuture investigation:

1 Testfish traps in new locatioiisAt present, the gear has only been tested at one site in
one river system. Further research is warranted to determine théveffest of the gear
in a diverse array of environmental and ecatafconditions found within the lower
Columbia River, as well as in other river systems or estuaries where conditions differ.
Research is currently scheduled in 2021 for a new locatioinviite lower Columbia
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River, OR (Clifton Channel) as well as a nestuarine environment in the lower Skeena

River, B.C. (Port Essington).
1 Test new fish trap desigisNew fish trap designs should be tested to identify potential

improvements in bycatchusvival, capture efficiency, and cost effectiveness. Cumulative
suwival results for passively captured sockeye and coho salmon from the 2019 study
warrant future trap designs that fully apply this method of capture to minimize adverse

impacts to bycatciCurrent preliminary trap designs for Clifton Channel and Skeena
River research projects call for spiller designs that collect all captured fish passively,
reducing handling, air exposure, net contact, and crowding. Research of the passive
spiller design isalso tentatively scheduled at the Cathlamet Channel trap stteefor

summer and fall of 2020. If these studies are conducted, we hypothesize that reduced
direct and indirect ESA mortality effects may be detected for steelhead and fall Chinook

salmon reléive to established 2017 mortality estimates (Tuohy et al. 2019).

Consequently, sustainable commercial salmon fishing opportunities may be increased

within the lower Columbia River for the benefit of wild salmon recovery and coastal
fishing communities.
1 Evaluate marine mammal interactiogn&lthough marine mammal interthans were

minimal during BREP research, other periods of research and test fishing have at times
documented disruptive marine mammal encounters. It is possible that mammals could

become dtacted to fixed gears over time resulting in damage to equipménhereased
fish predationCommercial fishing gear@ll of which are prone to marine mammal
nuisanceshould be monitored over tinie various location$o investigate whether
marine mammal feeding rates are equivalent in the presence or absence ef@aimm
gear.

1 Estimate release survival of bycatch from gill riefBo date, gill net release survival of
limiting bycatch stocks (e.g., ESlisted steelhead) has not been estighdteough mark
recapture or net pen holdingacking release mortality datar these stock€olumbia
River management agencies apply assumed reteaality ratedor estimation of gill
net ESAimpacts(ODFW and WDFW 2018). If mortality rate assumpsdyy resource
managers are incorrefttr gill net fisheries that are approved an annual basis
mortality of ESAlisted stocks may be higher than presently assumed. Furthermore,
alternative gearthat stand to benefit bycatch stockay be at a comparaé
disadvantage thaliminishestheir perceived applicabilityGill nets musbe studied as all
other alternative gears have beethe lower Columbia Riveland research should be
conducted in a manner that is consistent and unbiased amongstpgsar




WILD FISHCONSERVANCY BREP FINAL REPORT MARCH 2020

VIl. EVALUATION
A. Attainment of Project Goals and Objectives 2017

For the 2017 study, all proposed tasks for the NA17NMF4720255 cooperative agreement
were accomplished and project goals and objectives achieved (Taldg ¥Hom August to
October of 2017, WFC and a local commercial fisherman successfully construstied, &ad
refined deployment and operation of an experimental fish trap in the lower ColumkaSob
(Goal #1). WFC has evaluated the effectiveness of the harvest method in capturing salmon
through determination of specispecific CPUE (Goal #2), andsessed the ability of a fish trap
to protect noftarget species through identification of capture/release conditions, immediate
survival, and postelease survival of fall Chinook salmon and steelhead trout (Goal #3). Results
have been successfully comedrrelative to previously tested alternative and conventional gears
in the lower Columbia River. Furthermore, environmental covariates that explain CPUE have
been assessed to inform future fishing operations.

Table VII-1. Project timeline for the 2012018 NA17NMF4720255 cooperative agreement.
Tasks are listed with the party responsible for the associated action. All tasks have been
accomplished.

Proposed Task Responsible Party Date Increment
Secure Permits/Contracts WFC, Peterson 12/5/2016 Month 0
Modify Design WFC, Peterson 1/1/2017 Month O
Install Trap Hardware WFC, Peterson 8/1/2017  Month 2
Complete 2017 Trap WFC, Peterson 8/14/2017 Month 2
Initiate Testing WFC, Peterson 8/15/2017 Month 2
Complete Testing WFC, Peterson 10/15/2017 Month 3
RemoveTrap Hardware WFC, Peterson 10/15/2017 Month 4
Enter Data WFC 10/16/2017 Month 4
Analyze Data WFC 11/1/2017 Month 5
Submit Tissue Samples for WFC 12/15/2017 Month 6
Genotyping

NOAA Financial Report WFC 12/31/2017 Month 6
NOAA ProgressReport WFC 1/302018 Month 7
Process Genetic Samples Flathead Lake Bio. Station 2/15/2018 Month 8
Finalize Data Analysis WFC 3/1/2018 Month 9
Publish and Submit Final Report WFC 3/30/2020 Month 12

Goal #1- Construct, Test, and Refif@eployment and Operation of &xperimental Fish Trap

On 1 August 2017, WFC and a local commercial fisherman initiatesiterconstruction
of the experimental trap. All net modifications and marine mammal gate welding were
accomplished prior to arrival @athlamet, WA through Christean Net Works (Everson, WA)




and STAweld (Redmond, WA) respectively. WFC staff and Peterson assembled the modified
trap over a tweweek period at the project site, finishing construction before 15 August. The trap
was successlly deployed, operated, refxl, and tested from 26 August through 27 September
2017. Testing was delayed due to low-gire forecasts for Columbia BasiarBn steelhead and
related negotiations with WDFW, ODFW, and NOAA over Eig#pacts. Neverthelestis

delay did not impact achrement of project goals or objectives.

Minor modifications made by Peterson and WFC staff dramatically improved
functionality of the gear and increased capture efficiency relative to the 2016 pilot design. WFC
staff ensuredlbhnets were flush with the rer bottom before test fishing and tightened
escapement points between the lead, heart, and spiller. These refinements in the deployment of
the gear likely resulted in increased percentage capture of benthic oriented spebies,
Chinook salmon, and gager total capture efficiency of salmonids relative to 2016 testing.
|l nclusion of the Afi sh g atmesh)at(thee oubled of the h2editd p an e
also seems to have reduced escapement of fish fremmetart compartment duringtilifg of the
spiller, increasing buildup of fish within the heart prior to initiation of a succeeding soak period.

It is hypothesized that adjustments made to the deployment of the spiller compartment
further contributed to icreases in capture efficiendyifting and lowering the spiller from its
four corners along 1/ 4606 stainless steel <cabl
the spiller was |ifted and | ower ed rigtbong 3 10
enabled the spiller tmove more easily with gravity or lift from the solar powered winch,
improving the ability of the spiller to be deployed at all tides and sit flush with the river bottom
to capture benthic oriented species. Additionally, ngishe lifting point of the spil er t o 3806
above the river bottom from 306 in 2016 enabl
effectiveness of hauls performed at or near high tide.

Reduction in the mesh si z eredodedthelpreporsiomdfl | er
catchwedged or gilled from 2016. Less than 0.1% of all catch was wedged or gilled in the spiller
compartment in 2017. Of these fish, all were jacks or residualizeddsubsalmonids. Future
users of the gear should considemusdns in the mesh size of thewnstream heart
compartment panel, where jacks and residualized salmonids were occasionally found wedged
throughout the study period. It appears that fish captured in the heart compartment tend to face
into the incoming cuent of the flood tide at theosvnstream section of the heart, and during
encounters with marine mammals, these small fish may attempt to swim through the mesh
resulting in wedging in this particular location of the trap.

WEFC constructed a marine mammaleteent gate consisting of args of vertical
aluminum bars spaced at 100 increments. Il nst a
the trap, this design was intended to prevent entry of marine maémalading harbor seals,
California sea lionsand Steller sea liodswhile enabling passage of salmonids for capture.

Based upon 2017 data and comparison to 2016 anecdotal evidence from the pilot study, marine
mammal encounters were more frequent in 2017. Inclusion of the marine mammal gate proved
instrumental in reducing entry afammals to the heart compartment of the trap relative to 2016
and minimizing potential of fish predation and damage to the gear. With only four mammal
entries during 81 gate closure events, the gate demonstrated a dstercess rate of 95.1%. Of

the mammal entries during gate closure events, it is likely that entry was achieved through small
gaps between the mesh lead line and the river bottom when river and tidal currents were strong.




Goal #2- Determine Effectivenesd the Trap in Capturing SaimdRelative to Other Gears

For commercial implementation of any alternative gear type, a fishing tool must not only
demonstrate potential to achieve conservation objectives but also meet the economic needs of
fishers and indusg. Given the historical effeisteness and popularity of commercial fish traps
throughout the U.S. Pacific Northwest (Cobb 1930; Lichatowich 1999), there is little reason to
believe that modern trap designs (when well placed) would be less effectivetivemtional
gears used withindeific Northwest salmon fisheries. Although the design of this alternative
gear study provided no means to precisely and accurately compare capture efficiency of trap
operations to that of the conventional gill net fishenmg, performance of the experintahtrap
prototype suggests that the gear can once again be engineered to effectively capture salmon.
Furthermore, coarse comparison with limited available evidence suggests that the trap captured
at least a comparablequanty o f ¢ o mb i n eGhindokdalmdneand gohmsalinani n
per hour relative to the average Columbia River gill net vessel's combined harvest of both
hatchery and wild origin fish of those specie
2017 Tuohy 2018) . Nevertheless, there is a need f
commercial fishing conditions to evaluate and compare CPUE and assess the economic
feasibility of the technology (e.g., total cost, revenue, and profit). The upfront costapfaad
presently high (roughly $120,000) and must prove surmountable and recoupable to fishers or
cooperatives in order to produce anticipated

Comparing catch results between 2016 and 2017 revealed that mindesigp
modi fications can dramatically affect capture
performance, the modified trap in 2017 increased total salmonid CPUE by a factor of 2.95. This
increase in efficiency was achieved with only 79.5% of thAudgust through 15 October 2016
run-size of Chinook, coho, and steelhead (Columbia Basin Research L@b\&0h fish trap
research in its infancy in commercial salmon fisheries, improvements in performance are likely
to be largest in the near future fratdressing the most pressing and obvious flaws. As testing
progresses throughout the years, incremental engineering improvements will likely exhibit
diminishing returns to sitepecific catch. Regardless, it is evident that efficiency will only
continue tancrease as lessons are learned and new ideas incorporated into the design and
placement of traps.

The regression analysis of CPUE from this study lends statistical evidence to inform
future years of trap operation in fluvial settings. During the 201dysfour covariates proved
significant in determining CPUE for Chinook salmon, coho salmon, and steelhead trout: adult
ladder fish counts at Bonneville Dam, mean tide height during each soak period, tide stage at the
completion of the set, and time of d&s expected, time of the season is important for fishing,
as explained by the proxy variable Bonneville adult ladder fish counts; the more fish migrating
through the river during the fishing season, the more fish are likely to be captured at the.trap site
The regression analysis further indicates that catch increases during periods of greater tide
height. This suggests that a trap located at a greater depth could prove more successful in
capturing salmon. It also appears that CPUE is impacted by tideatdgime of day, with
catch efficiency maximized at the start of the ebb (just aftertiigh during daylight hours.
Nevertheless, the majority of the variation in each sgpgcific model could not be explained
by the selected covariates, indicatthgt CPUE at the study site is complicated and results
primarily from factors that remain unknown.
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While effective in deterring entry of marine mammals to the heart compartment of the
trap, results of the CPUE regression analysis also demonstrate thetrthe mammal gate, as
designed in 2017, reduced catch of Chinook salmon and steelhead trout (Fableadle VI
5). This result was hypothesized prior to study, as the narrow bars of the gate make entry to the
heart compartment more difficult to fishtey. Surprisingly, catch of coho salmon was
statistically unaffected from closure of the deterrent device. This is perhaps due to the relatively
small size of coho salmon, making closure of the gate to this species less of a perceived barrier.
Despite redcing Chinook salmon and steelhead trout CPUE, inclusion of the marine mammal
gate proved instrumental in reducing entry of mammals into the heart compartment of the trap
relative to 2016 and minimizing potential of fish predation and damage to thergkduré
years, a better system should be developed to quantify encounters with marine mammals to
determine if and how animal behavior is affected by operation of the trap. Results should be
analyzed within season, between seasons, and between yeanatbopAlthough this
endeavor may prove challenging given difficulties in sighting marine mammals from above the
watercolumn and inherent detection differences between field observers, there is a need to
assess whether marine mammals are being attrictesnmercial gears and the impacts they
may have on migrating salmonids.

Goal #3i Identify Capture/Release Conditions and Estimate Survival of Released Fishes

The 2017 study has demonstrated the viability of an experimental fish trap as-a stock
selectve harvest tool in lower Columbia River legemmer and fall salmon fisheries, presenting
a partial solution to hatchery and bycatch problems within the Colunasia Bnd other Pacific
Northwest fisheries. If sufficiently regulated and operated with aareatioaminded approach,
operators of the gear can successfully release the great majority-@irgensalmonids
unharmed. Depending on the conservation ispuesent within a fishery, the fish trap is yet
another tool that can be successfully depliogeaddress bycatch and hatchery management
concerns while enabling continuation of commercial fishing (TableYIl

Table VII -2. Lower Columbia River cumulate survival estimates from five different gear
types to McNary Dam and associated 95% confidantervals (if available) (TAC 2088FSP
2014; WDFW 2014; WDFW and ODFW Joint Staff 2048TAC 2018). *Note that gill net and
tangle net release survivaltes for fall Chinook salmon and steelhead are only assumed and
have not been studied.

Gear Fall Chinook Survival SteelheadSurvival
Gillnet (88 . 75 0.520" 0.557
Tangl e ng¢ 0.764 0.764"
Beach seine 0.750 (0.71G 0.790F 0.920(0.820i 1.000¥
Purse seine 0.780 (0.72G 0.850F 0.980 (0.930 1.000¥

Fish trap 0.995 (0.924 1.071) 0.944 (0.880 1.012)
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Cumulative survival of Chinook salmon released from the prototype experimental trap in
2017 representssatistically significant® < 0.05) and dramatic improvement over survival
estimates produced from previous studieslernative and conventional gears (Table-2)I
Analyzing thecumulative survivaék f f ect over a 400 km udprationv er mi
of 13-d for fall Chinook salmon, the experimental trap outperformed all other gears used on the
|l ower Col umbia River, with cumulative relatiyv
tooda@&® 1.071) = 0. 95 )vedwikhtagging operatians occumiags ac hi e
approximately 150 km farther downriver than prior bycatch mortality studies. Furthermore,
capture procedures for the control group were likely less stressfyptbesdures used in
previous Columbia River studies, thg which control group fish were trapped at the Bonneville
Dam adult fish passage facility, dip netted, dgjged, trucked downriver to the test fishing
location (rkm 225), and transferred from aclcunto the water to repeat the upriver migration for
asecond time (Vander Haegan et al. 2004; WDFW 2014). Consequently, survival in our study is
likely biased lower relative to past studies.

For summer steelhead, cumulative survival from the prototypereanental trap over a
400 km upr i v e rdiamtrageldarationoohtd was 6.944n(€10.8800
assumedjill net survival ratg(Table MI-2) but is not significantly different from point estimates
for the seine from prior Columbia River survival studies. These results suggest the need for
further research to better determine which gear yields greater steelheaelgass survival. It
must benoted, however, that the 2017 analysis occurred over a far greater migration distance and
longer postrelease duration than previous alternative gear analyses. Furthermore, results from
2019 sockeye and coho salmon studies suggest that recent engiageancements to the
spiller compartment may increase steelhead release survival to roughly 100% if investigated
(Tuohy et al. 2020).

B. Attainment of Project Goals and Objectives 2019

In September 2018, a continuation of award NA17NMF4720255 veaegt through the
BREP to expand the study in 2019 to spring and eangmer seasons in the lower Columbia
River and test further modifications to the trap design. From October 2018 thrdy@@19,
WFC completed all trap modifications and successtdlystructed, tested, and refined
deployment and operation of a modified fish trap in spring and-sarhmer fisheries (Goal #1)
(TableVI-3) . WFC tested t he ¢e aamboreds anfl sShaladuringthene s s i
spring/summer research period @#2). Furthermore, the ability of the modified trap design to
protect norarget species was evaluated through estimation of immediate anelpase
salmonid survival (Goal #3).
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Table VII -3. Project timeline for the 2018019 NA17NMF4720255 coopenad agreement. All
project tasks have been completed.

Proposed Task Responsible Party Date Increment

Modify Design WFC, Peterson 10/1/2018 Month O
Secure all Required

. WEFC, Peterson, WDFW  1/15/2019 Month 1
Permits/Contracts
Install Trap WFC, Peterson 2/21/2019 Month 2
Initiate Testing WFC, Peterson, WDFW  3/7/2019  Month 3
Complete Testing WFC, Peterson 7/1/2019  Month 7
Lift Trap Lead, Heart, and Spiller WFC, Peterson 7/1/2019  Month 7
Enter/Analyze Data WFC 7/2/2019  Month 7
Publish and Submit Final &bort WFC 12/31/2019 Month 12

Goal #1- Construct, Test, and Refine Deployment and Operation of a Modified Pound Net Trap

During the winter and spring of 2019, WFC and a local commercial fisherman
collaborated to initiate construction and testing ofrttwalified fish trap. Modifications to the
trap design were made prior to arrival at the project site. All net modificatieresdesigned by
WFC and built by Christensen Net Works (Everson, WA) between October 2018 and February
2019. Additionally, live welimodifications were completed by WFC between January and
March 2019 to enable passive capture through a modified comntezaimhent process. WFC
staff assembled the modified trap during March and April at the project site, finishing
construction beforene NOAA and WDFW approved start date of 5 May 2019. The trap was
successfully deployed, operated, refined, and tested fildiasyZhrough 3 July 2019.

Various modifications were made to refine deployment and operation of the trap in 2019.
The most signifiant modification during the spring and summer study was incorporation of a
passive spiller design (modified treatment) whigmonstrated promise to significantly improve
postrelease survival of salmonid bycatch. The modified passive spiller was impéshimnt
adding a new upstream tunnel to the existing spiller compartment. This new upstream tunnel
passively funneled freewimming fishes in the spiller to a new upstream-ival for capture
and release (Figure /). The retrofitted design mostly elinaited the need for the electric
winch in the final moment of capture and removed all air exposure, handling, crowdingt and ne
contact associated with the 2017 prototype process. Results from this 2019 study for sockeye
salmon indicate that this new passilesign has no detectable impact on bycatch release survival
(Table VI18). It must be noted that this result was achievig avpiling layout that was not
originally intended to accommodate such a design. Consequently, the trap was retrofitted
awkwardlyand was likely functioning less efficiently than it could with an altered piling layout.
Based upon results of this studyiatihdemonstrate that this new capture technique is effective at
capturing fish and results in very high release survival, futune a$e¢he gear should attempt to
employ a fully passive design to minimize impacts to bycatch and maximize selective fishing
opportunity. Efforts are already underway by WFC (with support from the 2019 NOAA Fisheries
Service BREP) to engineer a fully pagsdesign for construction at a new site in the lower
Columbia River, OR.
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Figure VIl -1. WFC staff fishing the new passigeiller design in latday 2019.

Modifications made to the heart compartment by WFC staff likely improved immediate
survival of sémonids relative to prior years of operation. Reduction in the heart compartment
mesh size from-3 / 8 6-@ / 2 6 0 2motless enataridl likédy reduced the probability of
sockeye and Chinook jack wedging. During the 2019 spring andsariyner studyzero
Chinook salmon jacks and only three small sockeye salmon (<400 mm) were wedged or gilled in
the trap. Of the three soeke salmon mortalities that resulted from wedging in the heart
compartment, all occurred in a small panel of mesh that remait186 wher e t he jig
the heart. Future users of the gear targeting salmonids in the Columbia Basin should/uge @ 6
knotless mesh throughout the entirety of the heart and spiller to minimize impact to salmonids.

After four years of study, it alsppears thatuse ofB/ 866 mesh i s appropriat
resulting in very minimal impact to all species encounterech@nomal drag in the water
column. Althoughthed / 266 spil l er compartment did resul i

juvenile outmigant Chinook salmon (between 150 and 250 mm fork length), the overall impact

was biologically insignificant considering thallions of juvenile Chinook salmon outmigrating

from the system and marine smolt to adult survival rates around 3% (Quinn 20pE)sét, it

seems that this minimal impact to juvenile outmigrants in the spiller compartment may be
unavoidable if the geas used during the months of June and July, and changes to the mesh size
are not recommended out of concern for smaller fishegwiould no longer be able to escape
through the a smaller meshed spiller compartment) and larger jack and adult sa(wbitls

have been shown to wedge or gillon occasionIn/l38 6 6 spi I Il er mesh) . Al |l
sizes (hung on the square, rattiem the diamond) are shown in Table-¥Ifor future

management of Columbia River salmon traps.
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Table VII-4. Recommended esh sizes for management of Columbia River salmon traps. All
measurements represent mesh stretch in inches to mirror common measuneits used in the
U.S. commercial fishing industry. Mesh should be hung on the square, rather than the diamond.

Trap Component Recommended Mesh Size (Stretch)
Lead 3-1/8"
Jigger 3-1/8"
Heart 2-1/2"
Spiller 2-1/2"
Live-well 1-1/2"

Based upo results of the 2017 study, WFC modified the heart compartment and marine
mammal gate to further reduce entrynzdrine mammals. The apron of the heart mesh (a section
of mesh designed to stack or spread amongst the riverbed to account for inconsistencies
bathymetry) was extended to a total of 2.44 m to prevent escape of fish and passage of mammals.
Additionally, a powered worngear splitreal winch was installed on the spiller dock to increase
the speed of marine mammal gate closure to less than ooéeallowing for efficient
exclusion of marine mammals. These modifications showed promise in 2019, and it is
recommended that all future traps in the Columbia Basin incorporate marine mammal deterrent
gates and extended heart aprons to minimize entrnaaimals to the heart compartment.

Modifications were made by WFC staff to enable operation of the fish tragdymimg
and earlysummer months when flows are high and drifting woody debris is abundant. The
primary modification made in 2019 to reducelgems associated with debris and flows was
employment of a technique to enable efficient retrieval and deployrhém lead net (a debris
boom design was considered but was not installed lacking additional upstream pilings). This
technique utilized ropand pulley, with eyebolts/pulleys situated both above the highwater mark
and at the riverbed for fast retrievaldadeployment of the lead at all tidal stages. During the
2019 study, spring and earsppmmer season flows were manageable. However, debviedor
challenging during the months of April and eakay (Figure VII2). The modified
deployment/retrieval techmque selected for use was ineffective during the ebb tide, resulting in
high accumulation of debris at times of the study and significant em@nte requirements.
Although no major damage occurred to the gear, operation required significant effort during
early-spring months. It is recommended that future users of the gear desiring to fish for spring
Chinook from March through May consider instag angled pile driven debris booms with 3
1/ 866 stretch mesh ext en-datenngarkit mustbe notede hi ghwat
however, that debris booms are unnecessary during summer and fall seasons when drifting
woody debris is sparse). Given expaces in the spring of 2019, WFC staff unanimously agree
that only pile driven booms can likely withstand flomdadebris accumulation from March
through May in the Columbia Basin. Users should either employ the pile driven debris boom
method or be prepad for consistent and challenging maintenance throughout thespairtyg
season. Alternatively, users of the geauld consider natural features such as points and back
eddies during the siting process which may provide protection from large woody digfdnig
spring freshets.
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Figure VII -2. WFC staff removing drifting woody debris from the lead net and tles reach
upstream in eariyviay 2019.

Goal #2- Determine Effectiveness of the Trap in Capturing Salmon Relative to Other Gears

During the spng and earlysummer of 2019, salmon and steelhead returns to the
Columbia River were extremely poor. Sockeyeargal returns were 20% of the 202018 ten
year average from 5 Mdy3 July; Chinook salmon returns were 52% of the 2D098 teryear
averagealuring the same period (Fish Passage Center 2019). As a result of poor spring Chinook
salmon return forecasts, téishing was postponed to eaflyay at the request of NOAA
Fisheries Service and WDFW to ensure impacts to-ES&d species were not exceedwithin
the basin. Fishing was further restricted in June and July to proteeligi€dsockeye salmon.
Despitethese setbacks, 1,317 nmvenile salmonids were captured, including 896 adult sockeye
salmon and 161 spring/summer Chinook salmon. Accogritir a median -4 migration to
Bonneville Dam for sockeye anddbmigration for Chinook salmon, the trap suctass
captured a mean of 2% and 0.4% of daily sockeye and Chinook salmon passage respectively at
Bonneville Dam while fishing a mean off@pe day (Fish Passage Center 2019). These results
suggest the trap was effective at capturing sockeye and Chirloudnsduring the spring and
early-summer research period despite a very poor return year to the basin.

Although the 2019 study demonstrated éffectiveness of the gear in capturing salmon
during spring and eadgummer seasons, the trap (as currentljgdesl) proved mostly
ineffective at capturing invasive American shad. Throughout the study period, only 357
American shad were captured. Thesult is unimpressive given nearly historic shad returns to
the basin (Fish Passage Center 2019). It is hypatsnat some aspect of shad migratory
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behavior resulted in low catch of the species at the trap in 2019. To determine if the gear can be
effective for American shad, alternative trap designs and new trap locations should be tested over
multiple years. Fuhermore, shad migratory behavior must be better understood to inform future
trap engineering if capture and removal of the invasive specaEsired.

Goal #3i Identify Capture/Release Conditions and Estimate Survival of Released Fishes

Through two diinct research approaches, the 2019 study demonstrated the potential of a
modified commercial trapping technique to achieve essentially 10@84val of released
salmonids for lonimpact selective harvest and ecological monitoring. Estimated relativeaurvi
(3 *3* 3) Of sockeye salmon from the modified passive trap design using a paired-release
recapture study wasdadadi 10 @ & D jvera 409 Kndnfigiation
to McNary Dam. Utilizing an alternative 48néd pen holding approach, cumulative survival of
coho salmon was directly estimated at 1.0008( 0. 978) = 0. 95) . Regar dl
technique employed, the modified passtegture design (which eliminated air exposure and net
contact, and mimized handling and crowding) had no detectable impact on salmon release
survival. Despite limitations of a single year dataset, these results suggest that the modified fish
trapping tehnique may hold potential to nearly eliminate salmonid bycatch ntgifapplied in
commercial salmon fisheries (Table \A).

Table VII-5. Cumulative survival estimates from the modified fish trap were compared to
cumulative survival estimates aadsociated 95% confidence intervals (if available) from prior
studieslf lower Columbia River data were not available for comparison, lower Fraser River data
were used (TAC 2008IFSP 2014 WDFW 2014; TAC 2015; DFO 2017, WDFW and ODFW

Joint Staff 208 ; TAC 2018; Tuohy et al. 2019. Note that gill net and tangle nefease survival

studies for fall Chinook salmon and steelhead have not been conducted and rates are only assumed.

Gear Chinook survival ~ Coho survival ~ Sockeye survival Steel_head
survival
Gill net 0.520° 0.400° 0.400° 0.552
Tangle net 0.764 0.764 0.900° 0.764
Beach seine 0.750 (0.710° 0.790% 0.620' 0.95C° 0.920 (0.820° 1.000§
Purse seine 0.780 (0.720° 0.850§ 0.71¢ 0.90¢ 0.980 (0.930" 1.000§
Fishtrap 0.995 (0.924 1.071) 1.000 (0.978 1.000) 1.017 (0.974 1.059) 0.944 (0.880° 1.012}

Relative to the performance of the prototype fish trap design used in 2017, results from the
modified fish trap in 2019 represent an improvement Waatants incorporation of the passive
capture technique into all future commercial salmon traps. Ctinulsurvival over 400 km to
McNary Dam from the prototype trap design in 2017 was estimated at 0.944.88D O
tOO6 & 6 & A.01R)G 095) for steelhead and 0.995C1 ( OtOBZHa @O W D®71) =
0.95)for fall Chinook slmon through an equivalent mamcapture methodology (Tuohy et al.
2019). Although results from this 2019 study for sockeye and coho salmon cannot bg direc
compared and extrapolated to other species and periods of study, it is highly likely that the
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modified passive capture design would achieve improved survival results for Chinook salmon and
steelhead trout if properly tested. Given sample size limistio 2019 for spring/summer
Chinook salmon and lateinter/earlysummer run steelhead, additionaksearch and
incorporation of genetic assignment results are necessary to test these hypotheses.

Analyzing differences between sockeye salmon survival atgsnfrom the two trap
designs (modified treatment and prototype treatment) in 2019, the protoagmeng method
demonstrated a surprisingly deleterious and significant effect on sockeye salmon survival relative
to the modified passive trapping methodheTcause of this poor performance relative to 2017
results for Chinook salmon and steelhead remamsown but may be due to several factors
including the scarcity of hauls performed, addition of the upstream tunnel for passive capture,
annual differencesn lifting mechanics, and operator error. With significantly fewer hauls
performed in 2019 with # prototype methodNzoi17 = 381, N2o19 = 32), operators had less
opportunity to learn from their mistakes and adjust spiller mechanics. It was noted gsiemulti
occasions that spills were poorly performed during the spring season study (often due to the
presence of the upstream tunnel for passive capture), potentially causing physiological stress to
captured fishes. Investigating the prototype treatment datasalts were heavily skewed by four
major spill events (> 10 sockeye salmon spilled and taggedipne significant outlier in which
relative release survival was only 0.093 (likely due to operator error). This result highlights the
need for skilled andttentive operators if the lir@endpulley prototype technique of 2017 is
employed and lends suppdor the modified passive capture design which dramatically reduces
the likelihood of potential operator error and significantly improves release suofiVishes.
Nevertheless, the sockeye salmon results for the prototype design in 2019 shouldhysethlegs
lightly given the small sample size available for analysis (i.e., 138 fish), the scarcity of hauls
performed ie., 32), flaws in spiller operati@) and the obsolescence of the prototype method of
capture.

C. Dissemination of Project Results 2017

This project delivered a focused education, outreach, and result disseminationdtrategy
as outlined in the proposBlta SharingPladt o | mpr ove stewardship of
resources. For all aspects of the original NA17NMF4720255 grant agreéifed met or
exceeded goals, objectives, and dissemination requirements (Taiéle VII

Table VII-6. Major project deliverables for the 2017 BREP study. All project deliverables have
been accomplished.

Deliverable Anticipated Date
NOAA Financial Report 12/31/2017
NOAA Progress Report 1/30/2018

WFC Newsletter and Journal (Results and Summary) 4/1/2018
Brochure (Results and Summary) 5/1/2018

Video Release 6/1/2018

Final Manuscript Submission / Release of Raw Data  9/28/2018
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Going beyond grantee remements, WFC developed an online bfagm the onset of
trap constructiod The Fish Trap Journdl offering a unique opportunity for resource managers
and the public to follow season results, liveideo streaming, and higtesolution photograph
and shordength video posts from the projectrattime (visit http://thefishtrapjournal.ortpr
more information). This strategy proved successful in 2017, drawing considerable attention from
news media, the scieii community, resource managers, polans, and the public. iseason
results from this BREP funded study, viewed by the public primarily thrdhgh~ish Trap
Journal,landed headlines in The Seattle Times, Drake Magazine, Associated Press, and other
local papers, giving the project exposto@ much greater audience than anticipated
(https://www.seattletimes.com/seattiews/enwionment/fishtrapsfor-columbiariver-salmon
getanotherlook/). Politicians, fish commissioners, NGOs, industry, and recreational and
commercial fishers responded to this news media exposure, joining WFC stafsite visits
during the fishing seas@nd scheduling WFC to present at vasioneetings and events.

In a similar fashion t@he Fish Trap JournaWFC released photos and results through
social media platforms, including Facebookfs://www.facebook.com/wildfishconsemncy),
Instagram littps://www.instagram.com/wildfishconservang@nd Twitter
(https://twitter.com/wildishnw). With over 5,000 WFC followerstough these various
platforms, we have worked to achieve education and outreach goals beyond those outlined in our
agreement with NOAA Fisheries Service.

From the onset of monitoring activities, WFC offered liwdeo streaming of all test
fishingandresar ch ef forts through the online applic.
degree of transparency to resource managers and the publisséason review.

Implementation of electronic monitoring systems, insigduse of video cameras, is a priofity

NOAA Fisheries Service to improve compliance monitoring and verification ofesatirting.

Furthermore, electronic monitoring systems work to provide resource managers useful

information on catch composition agdantity in reatime (NMFS 2011). Usefdhe online

videost reami ng application fAiPeriscopeo throughou
which a future trap fishery and bycatch could be monitored electronically by resource managers.

For the 2017 widy, WFC released a series of shorieas through youtube, Vimeo, and
WFCbs website to illustrate how fish traps ca
of the Nationbés natur al resour ces. sthedule.e t ask
Acclaimed director Shane Andem of North Fork Studios released a film on 28 December 2017
titted A Way Forward for Fish and Fisherméseehttps://vimeo.com/2489054%0This high
resolution short filmhas already achieved over 14,000 view$.C independently released
another educational shefrti | m t hat can be viewed through you
(https://www.youtube.com/watch?v=HHGzT_Ayujl

As described in the proposBéata Staring Plan all data/metadata were documented by
WFC staff and entered into a Microsoft Access database. QA/QC was performed by WFC from
October through December of 2017. Data were shared with WDFW and NOAA Fidberies
reference and review from Decemi2&x17 through January 2018. All raw data/metadata from
the completed 2017 study were made availabl e
website www.wildfishcon®rvancy.or(. Data for the 2018tudy may be downloaded free of
charge in Microsoft Excel format through the Wild Fish Conservancy webpage by clicking on
the AProjectso and ACol umbia River Pound Net
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https://twitter.com/wildfishnw
https://vimeo.com/248905440
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accessedirough the PTAGIS webpage\(w.ptagis.colp ut i |l i zing the code i
AfCat hl amet Pound Net. o Data wil/ remain secur
these means.

A summary of 2017 results waslgished in the WFC quarterly nsietter and annual
journal (4/2018). A basic trifold brochure describing the successes of the project was also
published and made available to colleges and universities, local communities, tribes, and fishers
of the lower @lumbia Basin. The brochure isalable through the following link:
(https://issuu.com/wildfishconservancy1989/docs/poundnetbrochupefi2018). WFC
biologist AdrianTuohy compl et e @ onlthe 801@0a7srésdts toreughtthle e s
University of Washington. The thesis can be a
website [ittp://wildfishconservancy.org/tuok®018at _download/fil¢ (7/2018). Active outreach
efforts were made at conferences, meetings, and events for the Steelhead Society of British
Columbia (SSBC) (1/19), ODFW senior staff (12/18), the Coastal Conservation Allageg (
(12/18), the Skagit Tribal &earch Cooperative (12/18), the Skeena Wild Board of Trustees and
B.C First Nations (11/18), the University of Washington School of Aquatic and Fishery Sciences
(7/18), the Tolt River Working Group (7/2018), American FigggeSociety Conferende
OregonChapter (2/18), the Northwest Power and Conservation Council (12/17), the Washington
Fish and Wildlife Commission (10/17), WDFW senior staff (7/17), and the WA State Salmon
Recovery Conference (7/17).

A manuscript summaiiizg findings of the 2017 BREP stwwas drafted and submitted
to the journal oFisheriesfor peerreview and publication by authors Adrian Tuohy, Dr. Nick
Gayeski, and Dr. John Skalski in December 2018. The manuscript was accepted with minor
revisions, ad on 25 May 2019, the articleltte d A Sur vi val of Sal moni ds
Commer ci al Fish Trapo wasFispenids|l i shed through t
(https://afspubs.onlinddrary.wiley.com/doi/full/10.100/fsh.1029%. The final manuscript was
submitted to the NOAA Institutional Repository to be made publicly available by NOAA. The
article was further made open access through the jourkatoéries enabling free accessdn
downloading to all members did public.

Peerreviewed and published results from 2017 were further submitted to WDFW and the
Columbia River Technical Advisory Committee (TAC) for review and appr®esd Appendix
B). On 20 March 2020, the U.S. v ORolicy Committee approved mortgliestimates proposed
by TAC, enabling management of future commercial trap fisheries in the Columbia River Basin.

D. Dissemination of Project Results 2019

With continuation of award NA17NMF4720255 in 2019, WFC has aeeggoals,
objectives, andissemination requirements of the expanded grant agreement (Tal3le VII

Table VII-7. Major project deliverables for the 2019 BREP study. All project deliverables have
been accomplished.

Deliverable Anticipated Date
Online BlogLaunch 2/21/2019
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NOAA Progress/Financial Report 6/30/2019
WFC Newsletter and Journal (Results and Summa 12/14/2019
Brochure (Results and Summary) 12/31/2019
Video Release 12/31/2019
Final Report Submission and Publication / Raw Da 3/30/2020

Similar to the 2017 project, an online blog was maintained throughout the study period,
enabling the public to track WFCO0s progress w
(http://thefishtrapjournal.ory Theblog was continued throughout 2018 and was expanded for
the 2019 season, highlighting achievements throughout three years of study. In addition, social
media platforms and liveideo streaming utilized in 2017 continued to be employed to raise
public awar@ess of the project. These strategies once again proved successful, drawing
considerable attention from online media, print media, and radio broadcasting. [See the
following news articles from Oregon Public Broadcasting, Oregon Business, the Lwridpily
News, Wild Salmon Center, and Edible Seatil&s://www.opb.org/news/article/fisnap-
salmoncolumbiariver-ban/ https://tdn.com/news/local/columbiaver-commercialfishery
could-hingeon-centuryold-method/article 7fc5324d3855404baa3616cf838846html,
https://www.oregonbusiness.com/article/eneegyironment/item/1863&efish-crisis
businessesalledon-to-do-moreto-conservestocks
https://www.wildsalmoncenter.org/2019/10/30/seattietreneeericksoneatthis-salmon/
https://edibleseattlcom/aplore/features/building-betterfish-trap/] Beyond these media
publications and radio broadcasts, Oregon Public Broadcasting (OPB) filmed a new piece on
BREP fish trap research. The televised broadcast is anticipated between April and June 2020.

As in 217, shorvideos were released to describe results of the BREP study and
potential benefits of Hniver selective harvest techniques for recovery of wild salmonids and
rejuvenation of coastal fishing communities. Prior to the anticipated rele@sedweort video
directed by Shane Anderson titladSustainable Way Forward For Fish and Fishermen: Part
Twowas released in 2019 through North Fork Studidis$://vimeo.com/310697782The
video currently ha over4,400 views and is available to the public for free streaming or
download through Vimeo and youtube. An additional short film tifled Fish Trapvas
released through North Fork Studios in March 2020. This film focused on bycatch reduction
achievenents fom 2019 and added value to trap caught seafood products with testimonials from
renowned Seattle chefs serving salmon from the fish trap fishery
(https://vimeo.com/3978208%2

As described in the proposBata Shaing Plan, all data/metadata were documented by
WEFC staff and entered into a Microsoft Access database. QA/QC was performed by WFC in July
2019. Data were shared on a weekly basis with WDFW and NOAA Fisheries for reference and
review throughout thetudy geriod to ensure ESAnpacts were not exceeded. All raw
data/metadata from the completed spring and saniymer 2019 study were made available
through WFCO0s dat a powwwwildfisicdneewantyeidAllddtamayyr web
be downloaded free of charge in Microsoft Excel format. PIT tag information was uploaded to
the PTAGIS webpagevvw.ptagis.comin July 2019 enabling free public access. Users of
PTAGISmay i dentify project tags wutilizing the cc¢
Data will remain secure and available to the public at all times through these means.
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Furthermore, all data and metadata have been submitted to the NOAA Natiomess @ant
Environmental Information (NCEI).

To summarize results of 2019 research, a short article was published in the WFC
guarterly newsletter and annual jourrtatkfs://mailchi.mp/wildfishconservancy.org/another
successfulearfor-the-columbiariver-fish-trap). This summary piece was circulated to
thousands of WFC6s members, which include the
and resouce management communities. In addition, an outreach brochure was developed for
dissemination to colleges and universities, local communities, First Nations, and fishers of the
lower Columbia Basin.

Various active outreach efforts were made afer@mces, meetings, and events
throughout 2019 and 2020 to disseminate results of the study. To date, presentations/meetings
were accomplished or are currently scheduled at the following events: WDFW Ridgefield Senior
Staff Meeting (1/19); B.C. Wildlife Faeration Selective Fishing Forum (3/19;
https://www.youtube.com/watch?v=MLaNNgbe $3WDFW Olympia Senior Staff Meeting
(5/19),; the World Sal mon For um (i8alCaoBnjttee t he Sk
Meeting (9/19); Fisheries and Oceans Canada (DFO) (9/19); Marine Stewardship Council
(11/2019); Coastal Conservation Association (CCA) Washington (12/2019); Monterey Bay
Aquarium Seafood Watch (12/2019); and the lower Columbia River Emetgimgmecial
Fishery Advisory Board (2/2020). In addition to these events, WFC invited various visitors on
site for tours of the gear in 2019. Visitors included lower Columbia River fishermen, fish buyers,
resource managers from WDFW, ODFW, and NOAA Fig1iheColumbia River Technical
Advisory Committee (TAC), Canadian First Nation scientists and fishers, WA and OR fish
commissioners, WA and OR state representatives, regional journalists, and students and teachers
of Cathlamet High School. WFC remainscionsisent contact with WDFW and members of the
Columbia River Emerging Fishery Advisory Board, providing data and recommendations for a
transition to alternative gears in the lower Columbia River.

Similar to the dissemination strategy in 2017, a manps@ocusing on survival of
sockeye and coho salmon from the modified fish trap design in 2019 was submitteN dotlthe
American Journal of Fisheries Manageméottpeerreview in February 2020. Open access
publication of the manuscript is anticipateddrefJuy 2020. Additionally, a summary of 2017
2019 research was publishedline Ospreya journal published by the Steelhead Committee) in
February 2020 to raise awareness of fish trap research within the recreational fishing community.
Results from 201%ere urther submitted to WDFW and the Columbia River TAC to set official
mortality estimates for future management of the modified passive fish trap gear in the Columbia
River Basin.

E. Applications and Potential Benefits

Partial retooling olcommercial gill etting fleets to lowemmpact alternative gedypes
such as fish traps could provide substantial benefit to the Pacific Northwest salmon fishing
industry (Gayeski et al. 2018b). Presently, commercial gill netting opportunities are dediynati
constrainedlue in part to high release mortality rates and bycatch impacts tdi§g&d
salmonids (Vander Haegen et al. 2004; Martin 2008). By transitioning to alternative fishing
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gears with reduced ESA bycatch impacts, commercial fishers mayfilithe fisheries

allocations and increase profits. Given results of this alternative gear study and anticipated
implementation benefits, WDFW has initiated a formal process to potentially legalize fish traps

at a broader scale for commercial use in tiveer Columbia Rier (Tuohy and Jorgenson 2020).

If legalized, this emerging fishery will be managed based upon bycatch mortality data from this
BREP study, which have been formally reviewed by WDFW and the Columbia River TAC

(Tuohy and Jorgenson 2020). Adtugh the proceds legalize the alternative gear fishery

remains incomplete at present, BREP research efforts and recent management actions have made
a transition to fish traps and masklective fisheries possible in the lower Columbia River for

the berfit of wild salnon recovery and the commercial fishing industry.

While enabling fishers to fish for longer and more consistently, use of alternative gears
with substantially reduced bycatch impacts could better enable the salmon fishery to become
certified sustainable ithe marketplace, returning a greater price per pound (Gayeski et al.
2018b). Sustainable market certifiers brand seafood products in the marketplace that meet
specific sustainability criteria. This branding can result in product diffeténtito consumer
and increased prices received by fishers and processors (Cooper 2004; Kaiser and Kxheards
2006; Gayeski et al. 2018b). Concurrently, vehaleled practices (including bleeding and icing
fish on site, and direct marketing of a higlyaality live-capured product to restaurants and
other buyers) could help retooled fisheries increase profitability (Sea Grant 2018). Transitioning
to alternative gears and utilizing valadded practices in certifiegslistainable fisheries could
improve eonomic prospectwithin the industry, increasing fishing opportunity and prices
received for harvested products (Gayeski et al. 2018b).

For threatened and endangered wild salmonids in the Pacific Northwest, reduction of
hatchery and bycatdmpacts could prove essentialtheir survival and recovery (Lichatowich
et al. 2017). The percentage of hatchergin spawners (pHOS) continues to exceed hatchery
management targets, with many spawning populations in the region experiencing pHQS greate
than 50% (reducing the fitee and survival of subsequent generations) (Chilcote et al. 2011;
Hatchery Science Review Group 2014; WDFW 2018). Release mortality from gill nets remains
significant(and unknown for some stockgrompting management to alldharvest of both
hatchery andavild-origin salmon stocks indiscriminately in many Pacific Northwest fisheries
(Buchanan et al. 2002; IFSP 2014). Considering these impacts and the accelerating effects of
global climate change, the need for selective harsasgent to improve targetyof hatchery
origin fishes and escapement of wild salmonids (Lichatowich et al. 2017; Gayeksi et al. 2018a).

Although transition from the ongoing fisheries management paradigm of production
hatcheries and conventional harwegt prove challenging, charegmay be necessary to prevent
further wild salmonid declines, degradation of genetic anéhlgtory diversity, and curtailment
of fishing opportunities (Schindler et al. 2010; Lichatowich et al. 2017; Gayeski et al. 2018a).
Partial solutions are at hafelg., selective commercial gears) to help remedy harvest and
hatchery problems in the region. Despite the stesrh discomfort that may be caused by
changes in harvest strategy, letegm benefits from a webbrchestrated gicy and management
shift towad the use of selective gears such as fish traps could improve the economic outcome for
fishers and fisheries of the Pacific Northwest (Gayeski et al. 2018a). Use of traps could also
reduce the challenges associated with corniakfisheries observation drenforcement and
provide a means for lownpact ecological monitoring. Although further research is needed in
other locations, seasons, and years, it is possible that the return to a historical fishery in the




WILD FISHCONSERVANCY BREP FINAL REPORT MARCH 2020

Pacific Northwescould prove to be a wiwin situation for fishers, ESAisted salmonid stocks,
management, and the environment.
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APPENDICES

A. BayesianAbsolute Survival Analysis

N.J.Gayeski- WFC

Introduction

Tuohy et al. (2019) publeed an analysis of the survivalfafl Chinook salmon and
steelhead captured, tagged, and released from an experimental fish trap on the lower Columbia
River. As explained in that paper, in order to retain comparability of results to recent
experimental ealuations of other potentially sstive fishing gears conducted in the lower
Columbia River, survivals of Atreatmento fi sh
Tuohy et al. (2019) for a description of the treatment and controls). In tHig sturvival was
measured asthetra o of the number of fcontrol o or Atre
trap and estimated to have passed Bonneville Dam to the total number tagged and released at the
trap using a Cormaebolly-Seber markecaptue design, or as the ratio of thember estimated
to have passed one of the lower Columbia River mainstem dams to the number similarly
estimated to have passed the preceding dam. The survival of treatment fish was then calculated
as the ratio of treatmetd control survival at each of thieree lower mainstem dams
(Bonneville, The Dalles, and McNary).

A primary reason for confining the survival estimates to relative (treatment/control)
survival concerned the fact that there are several tributarieséretive site of the trap (167 km
downstream of Bonneville Dam) and Bonneville Dam to which an unknown number of fall
Chinook salmon and steelhead captured at the trap may have been bound. Consequently,
estimating absolute survival of either treatment ottrobisamples as the ratio of theab
number tagged and released at the trap that were estimated to have passed Bonneville Dam to the
total numbers tagged and released at the trap would likely significantly-estiteate true
survival, as any tagged fistot bound for Bonneville Dam thatay have survived to enter a
tributary below Bonneville Dam that lacked a R&D detector would have been counted as a
mortality, thus distorting the true effect of having encountered the trap and been subjected to one
of the two handling procedures (caoitor treatment).

While the results reported in Tuohy et al. (2019) are strong and compelling in regard to
the ability of a fish trap to achieve very high posease survival of treatments relative to
controls, it woull be of further benefit to fishesananagers to have credible estimates of the
absolute survival of treatment and control fish. As explained in Tuohy et al. (2019¢thain
tissue samples for DNA analysis were obtained from more than 2,000 fall Clsialooén
(treatment and control, vaéif and hatcherprigin (adiposeclipped)) captured, PHagged, and
released from the project site. A subset of 496 of these were successfully genotyped using a suite
of Columbia River Bashspecific single nucleotide pghorphism (SNP) markers and the
individual sample assigned to bel@®onneville and abov8onneville locations. The results of
the DNA analysis permit an estimate to be made of the absolute survivals of Chinook salmon
subjected to one or the other of the@thandling/tagging procedures fraglease at the project
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site to Bonneville Dam and propagated to obtain estimates of absolute survivals to The Dalles
and McNary dams.

Methods

The approach to the survival estimation consists of two sequential compdiestishe
genetic assignment dadee used to estimate the probability distribution of the number of control
and treatment Chinook salmon tagged and released at the trap that were bound for spawning
locations upstream of Bonneville Dam. Second, surviebtontrol and treatment Chinook
sdmon to Bonneville Dam, The Dalles, and McNary dams were estimated from the PIT tag
detection data at each of the three dams using a modification of th&8bly markecapture
met hod t hat | -SeleilincalreP eatse rtshoen of J(oJl@ilkg®helome t hod d e

Estimation of the Numbers of Control and Treatment Bound for Bonneville Dam

The genetic assignment data from the 496 genotyped samples were used to parameterize
a Beta distribution that was then used asm#@ormative prior for a Bayesian tamation of the
unknown parameter of a BeBinomial distribution, the number of control or treatment Chinook
salmon bound for Bonneville Dam (Equation 1):

(1) P(M.QIN.O, A, B) ~BBN(N.O, A, B) , where
M.0 is the number afontrol or treatment Chinook taggadd released from the trap that are
bound for spawning locations upstream of Bonneville Dam and are the unknowns to be

estimated, and where the dots (periods, 6.06)
N.O is the total number of controt treatment Chinook tagged and released from the trap, A is

the number of #Aprioro successes, defined as t
| ocations upstream of Bonnewirlkke Dafmj naddaB i
ofsamp es assigned to spawning | ocations downstr
unknown quantities to be estimated; the N.O0G6s
we ask dAif the pri ¢alureparerAlaedrB, respectiselyltacisttes es and

probability that M.0 of the N.O fish tagged and released at the trap are bound for spawning
|l ocations upstream of Bonneville Dam?0

As reported in Tuohy et al. (2019), a total of 496 tissues samples weoentgrselected
from the 2,000+ totahumber of Chinook salmon (both control and treatment) tagged and
released at the trap, of which 397 were assigned to populations spawning upstream of Bonneville
Dam and 99 to populations spawning downstream of Bonn®alihe. A contingency test
showed thathe proportions of control and treatment samples assigned to each of the two
categories were identical (0.80 and 0.20). Accordingly, we pooled the total assignment data to
form a common informative Beta prior (Beta(399)). The total number of contr@hinook
salmon samples released from the trap (Nc0) was 969; the total number of treatment samples was
1,085. Thus, the two beta binomials to be estimated were:

(1c): P(McO0] 969, 397, 99) ~ BBN(969, 397, 99) (controls)
(1t): P(Mt0|1085, 397, 99) ~ BBN(108897, 99) (treatment).
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Estimation of the Survivals of Control and Treatment Samples using the JSLP Model

To estimate survival of control (c) and treatment (t) fish from the trap to Bonneville Dam,
we need to estimatbe number of the McO and MtO fish bound for locations upstream of
Bonneville (estimated from the BeBainomial) that survived from release hettrap to
Bonneville Dam, given PIT tag detections of tagged c and t fish at Bonneville and detection sites
upgream of Bonneville, primarily the Dalles Dam.

Consider the following three spatially sequential locations and associated tingedtl
locaion 1 N1 individually recognizable fish are observed and therefore known to be alive. An
unknown number Ns of #se survive to location 2, at which time a random resighting process
observes some, but not necessarily all, of the survivors. Subsequeloitgatiain 3, an
independent and random resighting process observes some, but not necessarily all, of the
individuals that survive to that subsequent location and time (all of which must have been alive
during the resighting process at location 2).

This yields three distinct observed sighting history patterns. These patterns are mutually
exclusive and exhaustive ofelobserved outcomes for survivors, but not of the unobserved
survivors. Label these the three patterns

n(++): the number resighted at both laoas 2 and 3;

n(+0): the number resighted at location 2 but not subsequently;

n(0+): the number resighted at &imon 3 but not at location 2.

(In the case at hand, location 2 is Bonneville Dam and location 3 is The Dalles Dam.)

These counts can be aggreghas the n(.+) individuals that were resighted after the
location 2 regardless of sightings at location 2, ttvedn(+.) individuals that were resighted at
location 2 regardless of subsequent resighting:

n(+.) = n(++) + n(+0);
n(.+) = n(++) + n(0+).

These quantities can now be employed to define a LinPelrerson design for inference

onthe Ns survivors. Forglai t y cal | n(.+) M for the number 0
Ns individuals, call n(+.) n for the recapture sample and call n(++)r théonumber of the M
individuals carrying the Amar ko i n t buionrecapt

(model) can be used as the likelihood function (Equation 2):
(2) P(m|Ns,M,n) ~ HG(Ns, M, n).
In this case, M and n are the known deggrameters, m is the known observation, and Ns is the

unknown parameter to be estimated.

The estimation prockire just described can be iterated to estimate the numbers surviving
to location 3, The Dalles Dam (using resighting data from locatiéng)2and to location 4
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(McNary Dam (using resighting data from locatioris® where location 5 includes PIT tag
detection locations in the Snake River Basin and the Columbia River upstream of McNary Dam).

Call the numbers of control fish estimated to hagerbbound for spawning locations

upstream of Bonneville McO, and the corresponding number of treatment fisarMt0all the
number estimated to have survived to Bonneville Dam, Ncs and Nts, respectively. Survival from

release of ¢ and t fish at the tt@pBonneville Dam was then determined simply as the ratios

Ncs/McO and Nts/MtO (and similarly for survivals tbd Dalles and McNary dams).

A Bayesian model in Stan ® was ugeckstimate all unknown quantities of interest. Four
chains of 10,000 samplesobavere run using the default buimlength of 5,000 samples per
chain. This resulted in a total of 20,000 séesmf the joint posterior distribution. Convergence
was determined by evaluating thehBt statistic and trace charts of the posterior sangpleach

parameter. All parameters achieved ahad of 1.0 and no trace chart showed evidence of either
a failure to examine the full parameter space or failure to converge smoothly and quickly to the
central 50 percent of the posterior distribution.

Thesurvival parameters were estimated as derived parameters from the posterior
distributions of the M.0Os and the Ns 0 s

for |l ocations 2 to

in survivals between treatment (St) and control fishdugfined as SminusScd were

estimated from each of the three locatgpecific survival rate estimates in addition to the ratios

St/c.

Results

4 .

Der i

The primary unknown quantities of interest are McO and MtO, the number of control and

treatment fish, respectively, tagged an@askd at the trap that were bound for spawning
locations upstream of Bonneville Dam. These were-e&limatedMcO had a mean(standard

deviation) of 775(17.3) MtO had a mean(standard deviation) of 868(19.3) (Tdble A

Table A-1. Posterior means, standard deviations, coefficients of variation, minimum and

maximum values of the posterior probability distributiohgrimary quantities of interest.

Mean
(0]
Min
Max

0.800

Sd Dev 0.0178

0.022
0.720
0.862

775 531 323 235 868 582 375 262
173 11 0.8 14 193 10 0.9 1.8
0.022 0.002 0.002 0.006 0.022 0.002 0.002 0.007
698 530 322 234 785 581 374 260

836 538 330 248 935 590 381 278
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The posterior distributions of McO and Midllowed the shape of the informative Beta prior,
which had a mean(standard deviation) of 0.8(0.18) (TaHle Aigure Al).

3500
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2 2000} - 1

(=] —

O

£ 1500F -
1000} ]

500 1
| |
87 0.72 0.74 0.76 0.78 038 0.82 0.84 0386 0.88 0.9

Proportion of controls released from the trap that were bound for spawning locations upstream of Bonneville Dam

Figure A-1. Prior distrbution of the probability that a control fish tagged and released from the
trap is bound for spawning lattons upstream of Bonneville Dam. The prior distribution of the
probability a treatment fish tagged and released from the trap is bound for spasaimank
upstream is Bonneville Dam is essentially identical to that for control fish.

From the posteriodistributions of McO and MtO it was possible to estimate the
distribution of absolute survival rates of control and treatment fish from taggingleade at
the trap to Bonneville Dam using the posterio
tagging and release at the trap to Bonneville Dam) estimated from the first stage of the Jolly
SeberLincoln-Peterson method by calculating posteristrébution of the ratios of Scl =
McO/N1c and St1 = MtO/Nt, where N1c is the number surviving to Botie\i2am and
similarly for N1t. Survival rates of control and treatment fish were similarly estimated from the
posterior distributions of the numberdiemted to have survived to The Dalles and McNary
Dams (e.g., Sc2 = Nc2/Ncl and Sc3 =Nc3/Nc2 (Tab®.A

Table A-2. Posterior means, standard deviations, coefficients of variation, minimum and
maximum values of the posterior probability distributionsl@fived parameters of interest. DS =
treatment survivaminus-control survival. RS = (treatment survivétontrol survival).

Mean o069 o061 073 067 064 070 901 004 -0.03 098 106 0.96
Sd Dev 0.015 0.002 0.005 0015 0.002 0.005 21 0003 0007 0.031 0.004 0.009
CV  0.023 0003 0006 0022 0.003 0.007 _1483 0073 -0.221 0.032 0.004 0.010
Min 063 060 071 063 063 068 _9110 0022 -0.086 0.852 1.035 0.890
Max 075 o062 077 O75 066 075 go56 0052 0012 1.084 1.086 1.016




WILD FISHCONSERVANCY BREP FINAL REPORT MARCH 2020

Absolute survival of control fish from the trap to Bonneville Dam, from Bonneville Dam
to The Dalles Dam, and from the Dalles Dam to McNary Dam were 0.69(0.015), 0.61(0.002),
and 0.73(0.005), respectively. Absolute suaviof treatment fish was 0.67(0.015.64(0.002),
and 0.70(0.005), respectively (Table2h

Finally, derived parameters were calculated for the difference between treatment and
control survivals to each dam as treatment suruivialus-control survival PS1i 3) and for the
ratio of treatent to control survival (St/Sc, R$13) (Table A2). As for the analysis of Tuohy
et al. (2019), the point estimates of the mean and standard deviations of the ratios were well
estimated and essentially identical te tlesults presented herein. Basedhenposterior mean
and standard deviation, control fish survived from the trap to Bonneville and from The Dalles to
McNary dams at slightly greater rates than treatment fish (RS1: 0.98(0.031); RS3: 0.96(0.009).
The revese was the case for survival fromerheville Dam to the Dalles Dam (RS2:
1.06(0.004). Mean cumulative survival from the trap to McNary Dam of treatment relative to
control was 0.997 (0.98*1.06*0.96).

In the case of RS2, the posterior probability mas=lisely to the right of one, and
99% of the posterior probability mass of RS3 lies to the left of one (Talle As a result, the
mean and standard deviation of RS2 and RS3 provide a meaningful amount of information as to
the true value of the relativairvival of treatment fish. This Iess so in the case of RS1, the
posterior cumulative distribution of RS1 (treatment survival/control survival from the trap to
Bonneville Dam, Figure A).
1 ——
0.9+
0.8
0.7
0.6~
2051
0.4
0.3
0.2
0.1

0 | I | i i i I I I I I
0.88 0.9 0.92 0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 141 12 1.14

Figure A-2. Posterior Cumulative Probability Distribution toéatment relative to control
survival (RS1 = St1/Scl) from the Cathlamet trap to Bonneville Dam.

In this case, there is a probability of nearly 0.25 that treatment fish survived slightly better than
control fish (RS1 > 1).

Discussion

By employing the gegtic assignment data from a subsaenginsisting of 24% of the
total number of control and treatment Chinook tagged and released from the Cathlamet trap in a
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Bayesian analysis framework, we were able to achieve robust estimates of the absolute rates of
suwival of control and treatment fidbetween each of four detection points in the lower

Columbia River Basin (the trap, Bonneville, The Dalles, and McNary dams). This information
shed additional light on how treatment fish fared compared to control festphigsical capture,
tagging, and lease at the trap.

Of greatest importance, our estimates of absolute survival rates reveal differences in the
likely impact of harvest activities in the Columbia River mainstem upstream of the Cathlamet
Channel 167 kilmeters (104 miles) downstream of Bonneville Dam in wkiehtrap was
situated. During the 2017 study period (26 August to 27 September 2017), Chinook released
from the trap that were bound for spawning locations upstream of Bonneville Dam were subject
to commercial fisheries of varying intensity and durati&ram release at the trap to Bonneville
Dam, Chinook were subject to the Zon& Aontribal commercial gill net fishery. Between
Bonneville Dam and McNary Dam, Chinook were subject to the tribal Bawenmercial gill
net fishery, the heaviest fishing ocing between Bonneville Dam and The Dalles Dam.

Our results reflect the relative magnitude and intensity of commercial fisheries that
occurred between the trap and Bonneville Dam, Bonneville Dantlamdalles Dam, and The
Dalles Dam and McNary Dam. The=an survival rates of control and treatment fish between the
trap and Bonneville (Scl and St1) were 0.69 and 0.67, respectively. Mean rates between
Bonnveille Dam and The Dalles Dam (Sc2 and St2) We§& and 0.64, respectively. Mean rates
between The D#s Dam and McNary Dam were 0.73 and 0.70, respectively (TaB)e A
Cumulatively, from the trap to McNary Dam mean absolute survival rates were identical
between control and treatment fish: 0.30 (ooin0.69*0.61*0.73; treatment: 0.67*0.64*0.70).

All of these survival estimates are very robust as a result of the narrow distribution of the
informative Beta prior distribution used to estimate the number of control and treatment fish
released from thgap that were bound for spawning locations upstreaBoaheville Dam
(PropT&C, Table Al).
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B. Alternative PD7 Relative Survival Analysis

B. Cox and T. Sippel WDFW

Background

In 2017, Wild Fish Conservancy (WFC) conducted a research studglt@ate post
release survival of fall Chinook asdmmer steelhead captured by a pound net located in the
Columbia River near Cathlamet, WA (Tuohy et24119). Two fishing methods were employed
at the pound net, fish were either passively released ¢ediay a lift into a sorting box. This
analysis esmates survival of PIT tagged fall Chinook and summer steelhead released from the
pound net relative to previously PIT tagged fish detected at thé &tay. Both the passive
release and brailing treatntsiwere compared to fish detected-PD

Methods
Data

PIT tag detections for both RD and the pound net were downloaded flehAGIS and
genetic assignment data for Chinook werevided by WFC. Capture histories were generated
for each tag code with a detection at a mainstem dam indicated with a 1 and no detection
indicated with a O.

Steehead

Steelhead retention was prohibited in Columbia River sport fisheries in August 2017, b
allowed in September. Only adipesiped stellnead were allowed to be retained in Columbia
River sport fisheries. Steelhead detections af7Rizere filtered for adiposelipped steelhead
(¢ p p to ensure that control fish would be vulnerable tostimae fisheries as adipeskpped
steelhead relead from the pound net. All adipose-ifipped steelhead detected at-PPIh
August and September 2017 were marked as juveniles in either Upper Columbia or Snake River
tributaries, thus we assume they wopésss all mainstem dams up to and beyond McNang Da
if alive (i.e., if alive, fish would remain in the study area). All clipped steelhead from the pound
net € ¢ 1)awvere included in the data set, as patmted tagging (PBT) and genetic stock
identification (GSI) assignments indicated nearly all fightweed (>98%) originated in Snake
River and Upper Columbia populations that would also likely pass McNary Dathe 649
steelhead captured by the pound net, 315 were passively released and 334 were brailed.

Chinook

To meet the assumption that, if alivish would migrate through the Columbia River
hydrosystem to McNary Dam, only Chinook with known originsipper Columbia or Snake
River tributaries were included in both treatment and control data sets.-AtthBre were
¢ aletections of fish PIT tgged as juveniles in tributaries upstream from McNary Dam. Because
several populations of fall Chinook that return to tributaries between Bonneville and McNary
dam would assign to the UCOLSF (Upper Columbia Summer/Fall) @8pgonly Chinook
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that assigne to the SRFALL (Snake River Fall) GSI group or to hatcheries upstream of McNary
Dam by parental based tagging (PBT) were included from the poung neg (. Of the 73

PBT and SRFALL Chinook captured by the pound net, 4@ \wassively released and 33 wer
brailed.

Model

A CormackJolly-Seber{CJS) model was fit to individual capture histories for steelhead
and Chinook detected at PDand released at the pound net. The CJS model was formulated as a
statespace model, with dervations of individual€at mainstem dam@modeled as a Berndul
random variable:

w D6QI e£0aaQ

The probability of an individual being observed at damas modeled as:

‘ Ao ¢ h

wherer| is the probability of detéion at danmQandd is a binary latent state indicating ifeth
fish was alive(1) or dead(0) at d&nThe latent state of individuals at each dam was also
modeled as a Bernoulli random variable:

d DOQi & &0 alQ

with the probability of an individual being alive at d&ngiven that it was stiiih the study area
(i.e., migrating through the mainstem Columbia River), modeled as:

C % 4

where%. is apparent survival of groufthrough the previous reachanda is the latent
state of the fish at the previous dam.

A logistic linear model was used to represent differences in apparent survival amongthe PD
and pound net groups, and differential survival in river reacbé®ecen the dams:

¢ Q%o | I

The two pound net treatments § were modeledsaoffsets from the PIJ group and
represented fixed effects in the river reaches between the mainstem dams. To estimate apparent
survival inthe interval between John Day Dam and McNary Dam, a-@kgh recapture
occasion was included for detexts at any upper Columbia or Snake River sites above McNary
Dam because the fingland%.would otherwise be confounded in a fully timarying model.

Vague priorsf) € i a‘@amh, p 11 were selected for group and time effects on the-logit
scale forallf andf parameters, with the exceptionroffor Chinook. This parameter
demonstrated weak identifiability in preliminamyodel runs, thus the prior was adjusted to have
slightly a lower standard deviatiopn ( v), which was still relatively vague on the probability
scale but produced a more unimogasterior. Independent uniform beta priors were placed over
recapture probalities at each danmtj D 6 'Q opip . Relative survival of the pound net

treatment group¥X(i.e., passive or brailed) in each river reachas derived as:
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Cumulative surval from the pound net to McNary Dam was estimated as the product of the
relative survival estimates for each treatment group.

The model was fitted with both Bayesian and maximikelihood methods. Usig
MCMC in JAGS (ust Another Gibbs Samp)ea minimum of 4 chains were initialized with
3,000 adaptation steps and 75,000 kariterations were discarded. Chains were thinned at a
rate of 1/50 and 1800 posterior samples were drawn. MCMC chains wesenged for
convergence by visually inspecting trace plots and using the Gétoain diagnostic.
Autocorrelation in the chains was examined visually with ACF plots, and indicated little
autocorrelationin sampled parameters. Estimates from the Bayesialelmaere compared to
maximumlikelihood estimates from the same model built ustnggram MARKfor
consistency.

Results

Median relative survival for the passively releasednabuoet treatment was >1 for both
species in each interval from the pound net to McNary Dam, because passively released fish had
higher apparent survival than the Fzontrol (FigureB-1, FigureB-3, Table B-1). Relative
survival for steelhead in the bradl treatment group varied from 96.29.6 % in the four
intervals from the pound net to McNary Dam and relative survival varied froni 90@%
from the trap to McNary Dam for brailed Chinook (Fig&8, TableB-2, TableB-3). The
posterior median cumaiive survival to McNary Dam of both Chinook and steelhead were also
>1 for the passively released pound net group (TRkle Median cumulative survival was
estimated to be 93.5% and 94.7% for Chinanll steelhead respectively for the brailed
treatmengroup (TableB-4).

Conclusions

Although the estimates of relative survival and cumulative relative survival were
uncertain given the sample sizes of the three groups, these data are most likelythe meet
assumption that fish from each group will pdg®tigh the mainstem dams with equal
probability. Given this assumption is met, the point estimates are unbiased. WDFW supports
adopting the median relative survival estimates from the pound net to BieamBam or the
cumulative survival from the poundtte McNary Dam. For passively released Chinook and
steelhead, the recommended release mortality rate is 0%. For Chinook brailed at the pound net,
the recommended release mortality rate is 3.0% frortraéipeto Bonneville Dam or 6.5%
cumulative mortalityd McNary. For steelhead, the recommended release mortality rate is 3.0%
from the trap to Bonneville Dam or 5.3% cumulative mortality to McNary Dam. Should new
data become available from future poundrestarch, this analysis should be revisited to
incorporate future information. The framework of this analysis could be easily adapted to
evaluate postelease survival for fish sampled at the Bonneville Dam Adult Fish Facility (AFF)



http://mcmc-jags.sourceforge.net/
file:///C:/data/Projects/PN_Survival_git/www.phidot.org
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by treating passivelyedected fish at Bonneville Dam as the control graalgtive to fish tagged
at the AFF.

Chinook steelhead
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Figure B-1. Apparent survival%g for the PD7 control and two poundet treatment groups in
each mainstem reach from the pound net to McNary Dam.
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Figure B-3. Rdative survival for the pound net treatment groups in each mainstem reach from
the pound net to McNary Dam.
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Table B-1. Posterior median apparent survivéd)(estimates with 95% quantile intag for
Chinook and steelhead.

Species Reach Treatment Median Ic95 uc95
Chinook Trap - BON PD-7 0.86 0.72 0.94
PN - Passive 0.89 0.78 0.95

PN - Brailed 0.83 0.71 0.92

BON - PD-7 0.95 0.86 1.00

TDA PN - Passive 0.96 0.89 1.00

PN - Brailed 0.94 0.85 1.00

TDA - JDA PD-7 0.87 0.72 0.95

PN - Passive 0.89 0.78 0.96

PN - Brailed 0.84 0.70 0.93

JDA - PD-7 0.99 0.93 1.00

MCN PN - Passive 0.99 0.95 1.00

PN - Brailed 0.99 0.92 1.00

steelhead Trap - BON PD-7 0.80 0.59 0.94
PN - Passive 0.81 0.77 0.85

PN - Brailed 0.78 0.73 0.81

BON - PD-7 0.93 0.82 0.98

TDA PN - Passive 0.94 0.91 0.96

PN - Brailed 0.92 0.89 0.95

TDA - JDA PD-7 0.97 0.91 0.99

PN - Passive 0.97 0.95 0.99

PN - Brailed 0.97 0.94 0.98

JDA - PD-7 0.98 0.92 0.99

MCN PN - Passive 098 096  0.99

PN - Brailed 0.97 0.95 0.99
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Table B-2. Median relative survival for Chinook treatment groups with lower quantile intervals
ranging from 0.5 to 0.95 probability (table continues on next page).

Species  Treatment Reach Median Lower limit  Upper limit  Prob.
Chinook Passive Trap - BON 1.03 0.99 1.09 0.50
0.97 1.11 0.60
0.96 1.12 0.70
0.94 1.15 0.80
0.91 1.19 0.90
0.89 1.23 0.95
Chinook Passive BON - TDA 1.01 1.00 1.03 0.50
0.99 1.03 0.60
0.99 1.04 0.70
0.98 1.05 0.80
0.97 1.07 0.90
0.95 1.09 0.95
Chinook Passive TDA - JDA 1.03 0.99 1.08 0.50
0.97 1.10 0.60
0.96 1.12 0.70
0.94 1.14 0.80
0.92 1.18 0.90
0.89 1.22 0.95
Chinook Passive JDA - MCN 1.00 1.00 1.00 0.50
1.00 1.01 0.60
1.00 1.01 0.70
1.00 1.01 0.80
0.99 1.02 0.90
0.98 1.03 0.95
Chinook Brailed Trap - BON 0.97 0.93 1.02 0.50
0.92 1.04 0.60
0.90 1.05 0.70
0.89 1.08 0.80
0.86 1.11 0.90
0.83 1.15 0.95
Chinook Brailed BON - TDA 0.99 0.98 1.01 0.50
0.97 1.01 0.60
0.96 1.02 0.70
0.95 1.03 0.80
0.94 1.04 0.90
0.92 1.06 0.95
Chinook Brailed TDA - JDA 0.98 0.93 1.02 0.50

0.92 1.03 0.60
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Species Treatment Reach Median Lower limit  Upper limit  Prob.
0.91 1.05 0.70
0.89 1.07 0.80
0.86 1.11 0.90
0.83 1.14 0.95
Chinook Brailed JDA - MCN 1.00 1.00 1.00 0.50
0.99 1.00 0.60
0.99 1.00 0.70
0.99 1.00 0.80
0.98 1.01 0.90

0.97 1.02 0.95
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Table B-3. Median relative survival for steelfw treatment groups with lower quantile intervals
ranging from 0.5 to 0.95 probability (table continues on next page).

Species Treatment Reach Median Lower limit  Upper limit  Prob.
steelhead Passive Trap - BON 1.02 0.94 1.11 0.50
0.93 1.14 0.60
0.91 1.17 0.70
0.90 1.22 0.80
0.87 1.30 0.90
0.86 1.38 0.95
steelhead Passive BON - TDA 1.01 0.98 1.04 0.50
0.98 1.05 0.60
0.97 1.06 0.70
0.96 1.07 0.80
0.96 1.10 0.90
0.95 1.13 0.95
steelhead Passive TDA - JDA 1.00 0.99 1.02 0.50
0.99 1.02 0.60
0.99 1.02 0.70
0.98 1.03 0.80
0.98 1.05 0.90
0.98 1.06 0.95
steelhead Passive JDA - MCN 0.99 1.01 0.50
0.99 1.02 0.60
0.99 1.02 0.70
0.99 1.03 0.80
0.98 1.04 0.90
0.98 1.05 0.95
steelhead Brailed Trap - BON 0.97 0.90 1.06 0.50
0.89 1.09 0.60
0.87 1.12 0.70
0.86 1.16 0.80
0.83 1.24 0.90
0.82 1.32 0.95
steelhead Brailed BON - TDA 0.99 0.97 1.02 0.50
0.96 1.03 0.60
0.95 1.04 0.70
0.95 1.06 0.80
0.94 1.08 0.90
0.93 1.11 0.95
steelhead Brailed TDA - JDA 1.00 0.99 1.01 0.50

0.98 1.01 0.60




WILD FISHCONSERVANCY BREP FINAL REPORT MARCH 2020

Species Treatment Reach Median Lower limit  Upper limit  Prob.
0.98 1.02 0.70
0.98 1.02 0.80
0.97 1.04 0.90
0.97 1.05 0.95
steelhead Brailed JDA - MCN 0.99 1.01 0.50
0.99 1.01 0.60
0.98 1.02 0.70
0.98 1.02 0.80
0.98 1.03 0.90

0.97 1.04 0.95




WILD FISHCONSERVANCY BREP FINAL REPORT MARCH 2020

Table B-4. Cumulative survival estimates (TrapMCN) for pound net treatment groups with
lower quantile intervals ranging from 0.5 to 0.95 probability.

Species Treatment  Median cum. survival Lower limit  Upper limit  Prob
Chinook Passive 1.089 0.963 1.233 0.50
0.932 1.271 0.60

0.898 1.325 0.70

0.855 1.393 0.80

0.799 1.496 0.90

0.752 1599 0.95

Brailed 0.935 0.832 1.061 0.50

0.808 1.094 0.60

0.779 1.137 0.70

0.747 1.192 0.80

0.696 1.289 0.90

0.648 1.380 0.95

steelhead Passive 1.024 0.911 1.188 0.50
0.889 1.239 0.60

0.865 1.304 0.70

0.840 1.394 0.80

0.808 1.551 0.90

0.783 1.727 0.95

Brailed 0.947 0.842 1.099 0.50

0.822 1.146 0.60

0.800 1.206 0.70

0.777 1.287 0.80

0.747 1.441  0.90

0.724 1.597 0.95
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C. Project Publications

PeerReviewed Papers

Tuohy, A.M. 2018. Postelease survival of Chinook salmon and steelhead trout from an
experimentat o mmer ci al fish trap in the | ower Col
University of Washington. Seattle, WAttp://wildfishconservancy.org/tuohy
2018/at_downloadffile

Tuohy, A.M.,, Skalski, J.R., and N.J. Gayeski. 2019. Survival of salmonids from an experimental
commercial fish trap. Fisheries, 44(6)tps://doi.org/10.1002/fsh.10292

Tuohy, A.M. 2020. Commercial fish traps fordagch mortality reduction in salmon fisheries.
The Osprey, 95:-8. http://ospreysteelhead.org/archives.htm

Tuohy, A.M., Skalski, J.R., and A. Jorgens2620. Modified commercial fish trap to help
eliminate salmonid bycatch mortality. Submitted to the North American Journal of
Fisheries Management.

Short-Films

Anderson, S. 2018. A sustainable way forward for fish and fishermen: part one. North Fork
Studios. Olympia, WAhttps://vimeo.com/248905440

Anderson, S. 2019. A sustainable way forward for fish and fishermen: part two. North Fork
Studios. Olympia, WAhttps://vineo.com/310697782

Anderson, S., and J.A. Ckar2020. The fish trap. North Fork Studios. Olympia, WA.
https://vimeo.com/397820822
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D. Project Photographs

Figure D-1. Researching historical trap blueprints to desigrfigtetrap.
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Figure D-2. WFC designinghetrap configuration and piling layobased upon historical
research.

3

Figure D-3. Pile driving in December 2015.
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Figure D-5. Assembling the livevell dock and other trap componemi2017
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Figure D-6. Constructing the pound net trap in August 2017.

Figure D-7. Hanging the lead web on tfigsh trap in August 2017.
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Figure D-9. Modifying and orienting the spiller compartment in August 2017.
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Figure D-10. Installing the solar powered electric winafith commercial fisher Blair Peterson
(center)in August 2017.

Figure D-11. Installing spiller tunnel extension and retrielraés.

















































