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A B S T R A C T   

Commercial fish traps were recently implemented at a limited scale in the lower Columbia River in efforts to 
selectively harvest hatchery-origin fishes with minimal mortality of wild-origin salmonids listed under the U.S. 
Endangered Species Act. Prior studies of a modified passive trapping technique demonstrated nearly 100 % 
survival among adult salmonids released as bycatch. Building upon this research, additional survival studies for 
adult coho salmon, spring-run Chinook salmon, and summer-run Chinook salmon were conducted between 2019 
and 2021 at two separate fish trap sites in the lower Columbia River. Over three years of study, we used mark- 
recapture and net pen holding methodologies to estimate post-release survival of Chinook salmon and coho 
salmon, respectively. Evaluating detections of Chinook salmon tagged and released from a passively operated fish 
trap in 2019, detection at Bonneville Dam over a mean 6.5 d upriver migration (167 km) was 1.000 (95 % CI: S ≥
0.970) for the sample genetically assigned to populations originating upriver of Bonneville Dam. Through two 
separate net pen holding studies, post-release survival of coho salmon was estimated at 1.000 (95 % CI: S ≥
0.975) over 4 d in 2020 and 0.965 (95 % CI: 0.948 ≤ S ≤ 0.969) over 6 d in 2021. Given that these analyses 
lacked control groups to adjust survival estimates for confounding mortality effects, study results are inherently 
conservative. Ultimately, the findings of our research support the conclusions of prior studies and further suggest 
that passively operated fish traps may allow for selective harvesting of targeted fish stocks with little to no 
mortality of adult salmonid bycatch.   

1. Introduction 

Bycatch and mixed-stock harvesting of Endangered Species Act 
(ESA)-listed Pacific Salmonids (Oncorhynchus Spp.) constrains fishing 
opportunities for abundant hatchery-origin fishes and impacts wild- 
origin salmonid populations throughout the U.S. Pacific Northwest 
(NRC, 1996; WDFW, 1997; Anderson et al., 2020). Mostly to the detri-
ment of wild salmonid population genetics and ecosystems (Naish et al., 
2007), millions of hatchery fish are produced annually from federal, 
state, and tribal hatcheries to increase short-term fishing opportunities 
(Mahnken et al., 1998; Utter and Epifanio, 2002). However, absent 
fishing practices that can selectively harvest hatchery-origin fishes while 
releasing ESA-listed wild-origin salmonids unharmed, neither hatcheries 
nor salmon fisheries can be managed effectively to achieve conservation 
or harvest objectives (HSRG, 2009; Gayeski et al., 2018). In the 
Columbia River, this management paradigm of production hatcheries 
and mixed-stock harvesting contributed to the decline and extirpation of 

wild salmonid populations (Cramer et al., 1991; NRC, 1996; Lichato-
wich, 1999). Although efforts have been made to reform both harvest 
and hatchery management (WFWC, 2009, 2013; US v. OR MA, 2018), it 
is evident that these same management factors continue to limit the 
recovery of wild-origin salmonids (Lichatowich et al., 2017; Anderson 
et al., 2020). For example, the proportion of hatchery-origin spawners 
consistently exceeds biological targets designed to protect wild salmonid 
population fitness throughout the basin (HSRG, 2009; WDFW, 2022). 
Furthermore, mixed-stock harvesting with gill nets continues to impact 
ESA-listed fishes and severely constrain fishing opportunities to remove 
hatchery-origin fish that have been produced for the purpose of 
increasing short-term harvest opportunities (ODFW and WDFW, 2020). 
Clearly, management goals for wild salmonid conservation, hatchery 
reform, and harvest reform are not being achieved through the existing 
salmon management paradigm and not one of thirteen ESA-listed 
salmonid populations groups have recovered (NWFSC, 2015; Gayeski 
et al., 2018; WDFW, 2018). 
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In efforts to increase harvest opportunities for hatchery-origin fishes 
and improve survival of wild-origin salmonids, fish and wildlife com-
missioners of Washington and Oregon directed resource managers to 
develop and implement low-impact selective alternatives to conven-
tional gill netting in the Columbia River and elsewhere throughout the 
region (WFWC, 2009, 2013, 2015; ODFW, 2013). Alternative 
gears—including beach seines, modified purse seines, and tangle 
nets—were tested between 2001 and 2016 in the lower Columbia River 
to estimate bycatch mortality rates and bycatch encounters for com-
parison to that of the conventional gill net (Vander Haegen et al., 2004; 
WDFW, 2014; Takata and Johnson, 2018). Gill nets were studied for 
post-release bycatch mortality effects to spring Chinook salmon (Onco-
rhynchus tshawytscha) (Vander Haegen et al., 2004), however, no data 
were collected for estimation of gill net post-release mortality impacts to 
other critical bycatch stocks in primary commercial fisheries (NMFS, 
2018). Due in part to apparent bycatch impact limitations of studied 
alternative gears in fall season fisheries, amongst other factors, state 
policy directives to develop and implement alternative gears while 
phasing out gill nets in the mainstem Columbia River did not materialize 
(WDFW, 2018). 

In 2016, the nonprofit organization Wild Fish Conservancy (WFC) 
and a local commercial fisher constructed the first operational fish trap 
(or, “pound net”) in over 80 years since the ban of fixed-gear fishing 
methods in the lower Columbia River’s Cathlamet Channel (Wahkiakum 
County, Washington; river kilometer (rkm) 67). The gear was deployed 
to assess a low-impact methodology for fisheries monitoring, reduce 
bycatch impacts in commercial fisheries, and improve selective har-
vesting of hatchery-origin salmon (Tuohy, 2018; Tuohy et al., 2019). 

By design, fish traps remain fixed in position by piling or anchor and 
passively funnel returning adult salmonids from the “lead” (a fine- 
meshed wall positioned perpendicular to shore) through a maze of 
mesh compartments in which fish rarely escape (Cobb, 1930). Salmo-
nids encountering the lead instinctively move against the current into 
progressively smaller compartments of the trap (“heart,” “tunnel,” 

“pot/spiller,” and “live well,” respectively) (Cobb, 1930; Tuohy et al., 
2019; Video 1). The final compartment has dimensions appropriate for 
operators to sort the catch for harvest or release with little to no air 
exposure and handling. Salmonids remain free-swimming within a fish 
trap and mesh dimensions are designed to prevent entanglement (Tuohy 

et al., 2019). 
Similar to historical fish trap designs used in the Columbia River, the 

experimental fish trap installed in 2016 functioned to passively corral 
returning adult fishes from the lead and heart walls to an upstream- 
positioned pot compartment (~6 m wide x 6 m long x 6 m deep). 
When approximately 10–40 fishes could be observed free-swimming in 
the pot, the catch was quickly brailed (or, “spilled”) to the shallows en 
masse (depth 0–1 m) using line-and-pulley and a solar-powered winch 
(Tuohy et al., 2019) (Video 1). After the brailing process was completed 
within ~20–45 s to transfer the catch to an adjacent submerged live well 
(depth 1 m), the fishes were hand sorted by species and adipose fin-clip 
status (suggesting hatchery or wild origins) with all fishes remaining 
underwater. Bycatch were then released by hand over the outer wall of 
the live well (approx. 5 cm above the water surface), exposing fish to air 
for ~1 s. In contrast with gill netting, these methods eliminated entan-
glement of adult salmonids and dramatically reduced air exposure and 
handling effects known to contribute to bycatch mortality (Donaldson 
et al., 2014; Raby et al., 2015a, 2015b). It must be further noted that 
free-swimming fishes passively captured in the pot prior to brailing 
could also be individually dip-netted into a live well for data collection 
and passive release through a submerged exit door to the live well. This 
technique was less efficient for operators but essentially eliminated 
potential mortality effects from air exposure and overcrowding and 
reduced stress during capture relative to brailing (Tuohy et al., 2019; 
Cox and Sippel, 2020). 

To evaluate the effects of the alternative gear to bycatch, post-release 
survival from brailing operations with the prototype fish trap was esti-
mated through a paired release-recapture study in 2017 using passive 
integrated transponder (PIT)-tags (Tuohy et al., 2019). Survival of 
trapped and brailed fish compared to passively released dip-netted 
controls over a 400-km migration to McNary Dam was estimated at 
0.944 (ŜE = 0.046) and 0.995 (ŜE = 0.078) for summer-run steelhead 
(Oncorhynchus mykiss) and fall-run Chinook salmon (including both 
lower river tule and upriver bright populations), respectively (Tuohy 
et al., 2019). In a separate analysis conducted by the Washington 
Department of Fish and Wildlife, relative survival of fishes brailed from 
the fish trap compared to control groups of fishes previously tagged in 
the juvenile life-history stage and redetected in the lower river as adults 
was estimated at 0.947 (CI (S ≥ 0.724) = 0.95) for steelhead and 0.935 

Video 1. Vid. 1. An experimental fish trap in Cathlamet Channel, WA funnels returning adult salmonids from the 
lead wall to a sorting compartment in 2019. In the final moment of capture, the catch can be brailed or funneled 
passively to the sorting compartment for data collection and release, or selective harvest.A video clip is available 
online. Supplementary material related to this article can be found online at doi:10.1016/j.fishres.2022.106495.   
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(CI (S ≥ 0.648) = 0.95)) for Chinook salmon (upriver bright populations 
only) (Cox and Sippel, 2020). 

Research by Tuohy et al. (2019) and Cox and Sippel (2020) 
demonstrated high post-release survival rates for steelhead and Chinook 
salmon bycatch brailed from fish traps. Yet another critical finding from 
these studies was that fishes unexposed to brailing (e.g., those dip-netted 
and passively released from fish trap operations) survived at greater 
rates than those that were brailed. As detailed in Cox and Sippel (2020), 
there appeared to be no detectable impact to the survival of dip-netted 
and passively released steelhead and Chinook salmon and from the 
fish trap in 2017. 

Given promising results from these early studies, efforts were made 
to further improve post-release survival of all captured and released 
fishes from the gear through development of passive capture operations 
and the phasing-out of brailing techniques. The fish trap design and final 
capture processes at the Cathlamet, WA site were modified in 2019 in 
efforts to eliminate fish air exposure, handling, overcrowding, and net 
contact previously associated with the prototype brailing process 
(Tuohy et al., 2020). In contrast with the earlier prototype design, the 
upstream-positioned pot was altered to passively funnel fishes 
one-by-one against the ebb current into an upstream-positioned live well 
without brailing en masse or necessitating a dip-net (Video 1). Using 
underwater video cameras or observation above the water column, the 
free-swimming catch could be identified within the live well to species 
and adipose fin-clip status, allowing for selective removal of 
hatchery-origin fishes and passive release of non-target fishes through a 
submerged exit door (Tuohy et al., 2020). This method was defined as 
the “passive operation.” 

In efforts to assess the effectiveness of fish trap modifications, post- 
release survival of sockeye salmon (Oncorhynchus nerka) and coho 
salmon (Oncorhynchus kisutch) from passive operations was estimated 
and compared to that of brailing operations in side-by-side studies in 
2019 (Tuohy et al., 2020). Demonstrating significant improvements in 
bycatch survival and 100 % post-release survival for both sockeye 
salmon and coho salmon (Tuohy et al., 2020), passive operations were 
expanded to allow for effective capture during all tides with construc-
tion of a double-ended fish trap in Clifton Channel, OR in 2021 (Video 
2). This modified trap was designed to fully eliminate the brailing 
technique from fishing operations. 

Although data from prior studies has indicated that passive 

operations with fish traps may have little to no effect to released 
salmonid bycatch (Tuohy et al., 2020; Cox and Sippel, 2020), bycatch 
survival rates are known to vary depending on the species encountered, 
the timing of seasonal gear operation, and water quality conditions 
(among other factors) (Davis, 2002; Raby et al., 2015a, 2015b). For 
these reasons, stock-specific post-release survival studies and data 
collection have been encouraged by fisheries management agencies for 
most commercial gears that may impact ESA-listed species within a 
specific season in the Columbia River. Therefore, we conducted addi-
tional studies of two passively operated fish traps between 2019 and 
2021 to further evaluate bycatch survival rates for coho salmon and fill 
existing data gaps for spring-run and summer-run Chinook salmon in the 
lower Columbia River. We hypothesized that survival estimates for 
passive operations with fish traps would continue to exceed that of 
brailing operations from the prototype fish trap design, nearing 100 %. 
Given that wild populations of spring-run Chinook salmon and coho 
salmon are listed under the ESA (constraining or impeding commercial 
gill net and alternative gear fisheries in the Columbia River), accurate 
and precise estimates of bycatch impacts are paramount to fisheries 
management and the recovery of these ESA-listed species (NMFS, 2018). 
Bycatch survival results for both Chinook salmon and coho salmon are 
presented together within this publication to ensure peer-review and 
summary of the outlying data from our fish trap studies conducted on 
the lower Columbia River. 

2. Materials and methods 

2.1. Study location 

Two fish traps were studied between 2019 and 2021 in the lower 
Columbia River where fish traps were commonly used prior to a ban of 
fixed fishing gear in Washington State and Oregon in 1934 and 1948, 
respectively (Fig. 1) (Washington State Session Laws, 1935; State of 
Oregon, 1948). In 2019–2020, pilot research of passive capture opera-
tions occurred at rkm 67 on the lower Columbia River in the Cathlamet 
Channel (Wahkiakum County, Washington). This trap occupied the 
same location as used in the studies of Tuohy et al. (2020). In 2021, 
research of passive capture operations occurred at a new site near rkm 
55 in the Clifton Channel (Clatsop County, Oregon) (Fig. 1). At these 
locations, the maximum depth at high-tide toward the riverward-end of 

Video 2. Vid. 2. A modified fish trap in Clifton Channel, OR operates to capture and release salmonids passively 
during all tidal stages in 2021.A video clip is available online. Supplementary material related to this article can be 
found online at doi:10.1016/j.fishres.2022.106495.   
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the trap ranged from 6 m to 9 m. Daily tidal flux ranged from 1.5 m to 
2.8 m. 

2.2. Fish trap design 

For studies of spring-run and summer-run Chinook salmon survival 
in 2019, the Cathlamet Channel fish trap (Fig. 2a) was used to evaluate 
potential survival benefits of passive capture operations relative to 
prototype brailing operations (similar to concurrent studies by Tuohy 
et al., 2020 for sockeye salmon). As described in detail within Tuohy 

et al. (2020), this fish trap consisted of a lead (~90 m; 7.94 cm stretch 
mesh), jigger (~10 m; 7.94 cm stretch mesh), and heart (23-m length; 
20-m maximum width; 6.35 cm stretch mesh) (Christensen Net Works, 
Everson, Washington). It was equipped with one pot (6 × 6 × 9 m; 
6.35 cm stretch mesh) and two live wells (2.74 × 0.61 × 0.76 m) 
(Fig. 2a): one attached at the upstream side of the heart compartment 
(allowing for effective passive capture during ebb tides), and the other 
positioned riverward to retain the ability of the prototype fish trap 
design to brail fishes (Tuohy et al., 2019). This multi-operational fish 
trap allowed for pilot studies of passive operations and side-by-side 

Fig. 1. Research occurred at two fish trap sites in the lower Columbia River: (1) Cathlamet, WA (rkm 67); and (2) Clifton, OR (rkm 55). Mark-recapture research 
evaluated Chinook salmon survival from the Cathlamet, WA fish trap to Bonneville Dam (rkm 234) located 167 km upriver. [Intended for color reproduction]. 

Fig. 2. Bycatch survival was evaluated at two separate fish trap sites. The Cathlamet, WA fish trap (A) was equipped with only one pot, from which fishes could be 
passively captured on the ebb tide or brailed in order to compare bycatch post-release survival effects from each treatment. The Clifton, OR fish trap (B) was equipped 
with two pots to allow for passive capture operations during all tides. 
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comparison to prototype brailing operations (Fig. 2a). Beyond survival 
investigations for spring-run and summer run Chinook salmon, this trap 
was further used for study of coho salmon survival, specifically for 
passive operations in 2020. 

For studies of coho salmon in 2021, the Clifton Channel fish trap was 
used to estimate survival from passive operations. This fish trap was 
similar in design to that described by Tuohy et al. (2020), consisting of a 
lead (~90 m; 7.94 cm stretch mesh), jigger (~10 m; 6.35 cm stretch 
mesh), and heart (27-m length; 20-m maximum width; 6.35 cm stretch 
mesh) (Christensen Net Works, Everson, Washington) (Fig. 2b). The 
design embraced the same passive capture operation piloted by Tuohy 
et al. (2020) during the final moment of capture from the pot to live well; 
however, the Clifton Channel site was equipped with two pots (~7 m 
long × 4.3 m wide × 6 m deep; 6.35 cm stretch knotless mesh) located at 
both upstream and downstream ends of the heart (Fig. 2b). Abandoning 
brailing methods altogether, the upstream and downstream pots were 
designed specifically to passively ramp and funnel fishes against ebb and 
flood tides, respectively, to attached live wells positioned centrally at 
the apex of each pot compartment (Fig. 2b). Depending on the tide, 
operators would deploy the upstream or downstream pot toward the 
riverbed to allow for capture of fishes migrating against the tidal current 
from the heart. Once within the pot compartment, free-swimming fishes 
were guided volitionally against the current toward the apex of the pot 
to the live well. 

Mirroring Tuohy et al. (2020), each live well was aluminum framed 
with 3.81-cm knotless-nylon mesh walls to enable fresh river water to 
constantly flow through the trough. The live well was equipped with two 
parallel rectangular chambers (2.74 × 0.61 × 0.76 m) and a mesh pivot 
capture door near the entrance of the live well from the pot. Operators 
could open or close the capture door of the live well to passively entrap 
migrating fishes in one chamber while enabling the adjacent chamber to 
occupy. Within the shallow live well, the free-swimming catch could be 
identified to species and adipose fin-clip status (indicating hatchery and 
wild origins) with underwater video cameras (Splashcam Deep Blue) or 
by observation from above the water surface. In a commercial setting, 
hatchery fishes identified by a clipped adipose-fin could be dip-netted 
from the live well for selective harvest; wild-origin salmonids and 
bycatch species could be passively released though a submerged exit 
door without handling or air exposure (Fig. 3). However, for this study it 
was necessary for operators to wade within the live well to restrain the 
catch for data collection purposes. 

2.2.1. Chinook salmon survival study design 
Research for spring-run and summer-run Chinook salmon was con-

ducted in the lower Columbia River between May 5 and July 2, 2019 to 
fill existing data gaps for these Chinook salmon runs and provide an 
estimate of adult salmonid post-release survival for passively operated 

fish traps. Mark-recapture studies for estimation of Chinook salmon 
survival had been encouraged by resource managers; therefore, a 
tagging methodology was pursued for the species. 

Similar to concurrent studies of sockeye salmon post-release survival 
(Tuohy et al., 2020), trap operators began a fishing event by deploying 
the pot compartment from its suspended position above the water col-
umn toward the river bottom. Pot tunnels were then opened, enabling 
the capture of free-swimming fish from the pot compartment for data 
collection. In capturing the catch for this mark-recapture tagging 
experiment, fishes were either (1) exposed to brailing en masse via the 
bunt of the pot net, or (2) passively captured and unexposed to brailing. 
It must be noted that greater effort was made to sample via passive 
capture operations (rather than brailing) to provide a more robust sur-
vival estimate for the newly developed fishing technique. During all 
operations, investigators documented the beginning set time, tidal stage 
(ebb, flood, and slack), water temperature (◦C; Extech), presence of 
marine mammals, and the method of capture (exposed to brailing or 
unexposed to brailing). Tunnel doors remained open to fish passage until 
a pause or cessation of fishing was desired. 

When a fish was captured through any means, the catch was 
restrained by hand or rubberized dip-net for data collection. Although 
commercial fisheries using the passive operation with the gear-type are 
designed to eliminate fish handling and air exposure, restraining the 
catch by hand or dip-net remained necessary for conducting the survival 
study. Wading within the live well, biologists or fishers enumerated, 
measured (fork-length (FL)), and identified all specimens by species and 
adipose fin-clip status. All salmonids (regardless of their adipose fin-clip 
status) were scanned for PIT-tags with a Biomark HPR Lite reader 
(Biomark, Boise, Idaho). If existing PIT-tags were detected, codes were 
recorded using P4 software (PSMFC, 2017); these salmonids were then 
allowed to passively migrate through the live-well exit door for detec-
tion upriver. All Chinook salmon lacking an existing PIT-tag (100 % of 
those encountered) and > 400 mm FL were tagged in the peritoneal 
cavity with a 12.5-mm, 134.2- kHz, full-duplex PIT-tag using a MK-25 
Rapid Implant Gun (Biomark). These fish were then scanned to record 
PIT-tag information and a 1 mm caudal fin clip tissue sample was 
secured for future genetic processing by the Columbia River Inter-Tribal 
Fish Commission (CRITFC) Hagerman Genetics Laboratory. With all 
data collected, each fish was passively released through the live-well exit 
door for upriver detection at Bonneville Dam (rkm 234). Any fish that 
showed no signs of life at capture or release was noted as an immediate 
mortality. 

2.2.2. Chinook salmon survival analysis 
To determine where each PIT-tagged Chinook salmon was likely to 

migrate post-release from the fish trap, genetic samples were processed 
by CRITFC (Hess et al., 2021). Using a combination of Genetic Stock 
Identification (GSI) and Parentage Based Tagging (PBT) methods, Hess 
et al. (2021) assigned each PIT-tagged Chinook salmon to one of 19 
established Columbia River Basin population reporting groups. With 
genetic assignment results paired with each PIT-tagged Chinook salmon, 
the sample was filtered for individuals genetically assigned to 
upper-basin population reporting groups originating above Bonneville 
Dam PIT-tag arrays (rkm 234). For the sample collected in this study, 
upper-basin reporting groups consisted of the Klickitat River spring-run 
(KLICKR), the Hells Canyon spring-run (HELLSC), the South Fork 
Salmon River spring-run (SFSALM), the upper Salmon River spring-run 
(UPSALM), and the upper Columbia River summer-/fall-run (UCOLSF). 
Lower-basin reporting groups consisted of the Columbia Rogue 
(YOUNGS), the West Cascade spring-run (WCASSP), and the Willamette 
River spring-run (WILLAM) (Hess et al., 2021). All PIT-tagged Chinook 
salmon genetically assigned to these lower-basin reporting groups were 
removed from the analysis given their tendency to remain below Bon-
neville Dam PIT-tag arrays. In regard to the accuracy of genetic 
assignment methods in identifying spring-run and summer-run Chinook 
salmon originating from these defined upper-basin population groups in 

Fig. 3. Wild-origin coho salmon and other bycatch species could be passively 
captured with the modified fish trap, identified with underwater video cameras, 
and released though a submerged exit door without entanglement, brailing, 
human handling, or air exposure. Photo by Conrad Gowell. [Intended for color 
reproduction]. 

A.M. Tuohy et al.                                                                                                                                                                                                                               



Fisheries Research 257 (2023) 106495

6

the Columbia River, it must be noted that the confidence of assignment 
to the pooled upper-basin reporting group was nearly 100 % (Hess et al., 
2021). 

Given the PIT-tagged Chinook salmon sample that had genetically 
assigned to upper-basin reporting groups, we used an unpaired single 
release–recapture method to estimate the joint probability of survival 
and detection for Chinook salmon released from each treatment group 
between the fish trap site (rkm 67) and Bonneville Dam (rkm 234). 
Bonneville Dam was selected as the final detection point primarily due 
to the fact that significant tribal gill net fisheries occurred upriver in the 
zone 6 fishery between Bonneville Dam and McNary Dam (with poten-
tial to bias unpaired survival estimates low above Bonneville Dam). 
Secondly, PIT-tag arrays at Bonneville Dam are known to have detection 
efficiencies for PIT-tagged adult salmon nearing 100 % (WDFW, 2014). 
Lastly, Vander Haegen et al. (2004) and Ashbrook (2008) had evaluated 
post-release survival of spring Chinook salmon from gill nets and tangle 
nets using Bonneville Dam as a final detection point. However, it is 
worth noting that our analysis of survival to Bonneville Dam occurred 
over a greater migration distance with the fish trap capture and tagging 
location located ~146 km downriver. In further contrast with relative 
survival studies of Vander Haegen et al. (2004) and Ashbrook (2008), 
our analysis was unpaired and lacked the ability to control for con-
founding factors such as tag loss, upriver predation, sport fisheries, and 
handling/tagging mortality effects. This was due to the fact that an 
insufficient sample of adult Chinook salmon (n = 4) that had been 
previously tagged in the juvenile life-stage was redetected at PIT-tag 
arrays in the lower river during the May 5 - July 2 study period to 
function as a viable control group. Furthermore, no other control 
sourcing method for capture and tagging of fishes in the adult life-stage 
appeared lower-impact than passive operations with the commercial 
fish trap within the study region. Therefore, the unpaired analysis of 
post-release survival in this study was inherently conservative, with the 
survival estimate prone to negative bias. 

Upriver detection histories for PIT-tagged spring-run and summer- 
run Chinook salmon in 2019 were downloaded on November 19, 
2019, from the Columbia Basin PIT-Tag Information System (PTAGIS), 
which provides public access to all PIT-tag detection data throughout 
the Columbia River Basin. It must be noted that one additional PIT- 
tagged Chinook salmon (Code: 3DD.003C06B8DA; passive treatment, 
tagged on June 16) that failed to upload to the PTAGIS database was 
detected at Bonneville Dam on June 24. Given interrogations of the 
tagged sample 167 km upstream at Bonneville Dam, the observed 
detection rate was directly estimated by a binomial proportion (p = # 
detected/# total tagged) with associated binomial variance. Observed 
detection was used as a proxy for post-release survival assuming Bon-
neville Dam PIT-tag arrays had detection efficiencies of 100 %. Similar 
to other Columbia River alternative fishing gear survival studies 
(WDFW, 2014; Tuohy et al., 2019), cumulative survival (representing 
the total estimated mortality effect from fish trap capture and release 
processes) was calculated for pooled hatchery and wild-origin Chinook 
salmon as the product of immediate survival at release from the gear (S0 
= # survived/# encountered) and post-release survival to Bonneville 
Dam (S1). The 95 % profile likelihood confidence interval was estimated 
through Program USER (Skalski and Millspaugh, 2006; http://www.cbr. 
washington.edu/analy sis/apps/user). In the case of no observed mor-
tality, a lower one-tailed interval estimate of survival was calculated 
using the method in Skalski (1981). 

2.2.3. Coho salmon survival study design 
The net pen holding studies conducted in 2020–2021 were similar in 

design to those conducted by Buchanan et al. (2002), Takata and 
Johnson (2018), and Tuohy et al. (2020) in which coho salmon were 
captured with a commercial gear and released into captivity to directly 
observe mortalities over a set period of time. This methodology of 
estimating post-release survival was selected for four primary reasons: 
(1) coho salmon mostly spawn in tributaries of the lower Columbia River 

below mainstem dam PIT-tag arrays; (2) technologies to detect PIT-tags 
or radio tags below Bonneville Dam are insufficient to meet model as-
sumptions for release-recapture (WDFW, 2014); (3) previous alternative 
gear studies specific to coho salmon in the lower Columbia River have 
mostly relied upon a net pen holding methodology to estimate 
post-release survival (Takata and Johnson, 2018); and (4) resource 
managers had encouraged use of the net pen holding methodology for 
coho salmon, specifically. 

Mirroring Takata and Johnson (2018) in the timeframe of study in 
the lower Columbia River, net pen holding studies were conducted from 
late September through October 2020 when commercial coho salmon 
fisheries commonly occur. Our studies observed coho salmon survival 
from the passive trapping process over 2 d and 4 d post-release periods in 
water temperatures ranging from 16.7 ◦C to 19.3 ◦C—conditions 
warmer than that of Takata and Johnson (2018) for evaluation of tangle 
nets. At the recommendation of management agency representatives, 
the study period in 2021 was shifted earlier than any prior coho salmon 
net pen holding study conducted in the lower Columbia River to eval-
uate 6 d post-release survival of the species in adverse water quality 
conditions in early September. It must be noted that study investigators 
anticipated confounding mortality effects from prolonged confinement 
in nearly lethal water quality conditions exceeding 20 ◦C (EPA, 2003, 
2021; Donaldson et al., 2011). 

On research days in each year of study, trap operators deployed the 
pot of the gear to the river bottom and opened the tunnel doors to 
initiate the soak period. Observers noted the set time, water temperature 
(ºC; Extech), and presence of marine mammals. With the soak period 
initiated, the pot and live well of the modified fish trap was monitored to 
determine fish entrance and occupancy. Once a live well chamber was 
occupied by one or more fishes, operators passively trapped the catch 
through closure of the capture door. Captured fishes were enumerated, 
measured (FL), noted for capture/release conditions (“lively,” 

“lethargic,” or “no signs of life”; Takata and Johnson, 2018), and iden-
tified by species and adipose fin-clip status. After all data were collected, 
salmonids were released to resume the upriver migration unless criteria 
were met for inclusion in coho salmon net pen holding studies. 

During collection of net pen holding samples, adult coho salmon (>
47 cm FL) captured with the modified trap were restrained by hand and 
transferred individually with a rubberized dip net to a designated tem-
porary holding chamber of the live well until a sample of approximately 
29–44 fish was retained. With the desired sample size achieved after a 
4–12 h collection period, investigators sealed outlets to all pot tunnels. 
Coho salmon were once again restrained by hand, enumerated, identi-
fied by origin (adipose fin clipped or unclipped), measured (FL), noted 
for capture condition, and transferred from the live well by hand or dip- 
net to the sealed pot compartment (now functioning as a net pen holding 
chamber with dimensions similar to Takata and Johnson, 2018). Once 
the last fish was released into the net pen, investigators initiated holding 
periods of 0–2 d (S1), 2–4 d (S2), and 4–6 d (S3). With the holding study 
underway, a biologist was stationed on site to note the date, time, water 
temperature (◦C; Extech), and presence of marine mammals. As in pre-
vious studies (Takata and Johnson, 2018), coho salmon that exhibited 
significant predator-induced injuries or previous damage from gill nets 
were excluded from the holding study. 

2.2.4. Coho salmon survival analysis 
Post-release survival of pooled hatchery-origin and wild-origin coho 

salmon was estimated by holding and observing three trial groups 
(sample size mean = 35, min = 29, max = 38) for a 4-d period in 2020 
and five trial groups (sample size mean = 40, min = 38, max = 44) for a 
6-d period in 2021. To determine fish mortalities during the holding 
periods, samples were checked at least once daily at regular intervals 
from above and below the water surface (via snorkel/free-dive and 
underwater video survey). At the end of the holding period, all fish in the 
pen were enumerated, measured (FL), identified for species type and 
adipose fin-clip status, noted for condition (“lively,” “lethargic,” or “no 
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signs of life”), and released to resume the upriver migration. 
At the conclusion of each research season, data from the trial groups 

were pooled within each defined post-release period—0–2 d (S1), 2–4 
d (S2), and 4–6 d (S3). Post-release survival in each period was directly 
estimated by a binomial proportion (p = # survived/# total) with 
associated binomial variance. Cumulative survival (S0* S1* S2* S3) was 
calculated as the product of immediate survival (S0) and post-release 
survival (S1* S2* S3) with the 95 % profile likelihood confidence inter-
val estimated through Program USER (Skalski and Millspaugh, 2006). In 
the case of no observed mortality, a lower one-tailed interval estimate of 
survival was calculated using the method in Skalski (1981). For these 
post-release survival studies, it must be noted that potentially con-
founding mortality effects from factors such as net pen confinement, 
environmental stressors, natural mortality, and research processes (e.g., 
fish handling and dip-netting on two occasions to restrain fish during 
data collection and transfer to the holding pens) were not controlled. 

3. Results 

3.1. Chinook salmon 

Between May 5 and July 2, 2019, at the Cathlamet, WA fish trap site, 
a total of 146 spring and summer-run Chinook salmon (71.2 % adipose 
fin-clipped) were genetic sampled and PIT-tagged for a mark-recapture 
analysis. In efforts to restrain the catch in the live well for genetic 
sampling and tagging, 114 were captured through passive operations 
with the fish trap and 32 fish were captured via brailing with the bunt of 
the pot net. Of the total tagged and genetic sampled population, 80 were 
classified by capture date as spring-run (< 15 June) and 66 were 
summer-run (> 15 June). During all gear operations, tagging, and ge-
netic sampling, zero Chinook salmon adult or jack immediate mortalities 
occurred, resulting in an immediate survival estimate of Ŝ0 = 1.000 (95 
% CI: S ≥ 0.982) for returning adults and jacks. Water temperatures 
ranged from 13.4 ◦C to 19.2 ◦C (mean = 16.3 ◦C). On three separate 
occasions, a California Sea Lion (Zalophus californianus) was observed 
within the vicinity of the trap site for periods less than ~10 min; no fish 
predation was observed by the study investigators during these 
incidents. 

Stock composition of the sampled Chinook salmon population was 
estimated through a combination of GSI and PBT by Hess et al. (2021), 
resulting in genetic stock assignments for 142 PIT-tagged Chinook 
salmon to defined Columbia River Basin population reporting groups 

(Table 1). For the PIT-tagged Chinook salmon that were captured 
through passive operations with the fish trap and paired with genetic 
assignment data (n = 110), 88 fish (80.0 %) were assigned to 
upper-basin reporting groups above Bonneville Dam (i.e., SFSALM, 
UPSALM, and UCOLSF) and 22 fish (20.0 %) were assigned to 
lower-basin reporting groups below Bonneville Dam (i.e., WCASSP and 
WILLAM) (Table 1). Of the PIT-tagged Chinook salmon captured via 
brailing operations and paired with genetic assignment data (n = 32), 
19 fish (59.4 %) were assigned to upper-basin reporting groups above 
Bonneville Dam (i.e., UCOLSF, HELLSC, and KLICKR) and 13 fish (40.6 
%) were assigned to lower-basin reporting groups below Bonneville Dam 
(i.e., YOUNGS, WCASSP, and WILLAM) (Table 1). 

Given the Chinook salmon samples that were PIT-tagged and suc-
cessfully paired with upper Columbia River Basin genetic assignment 
data for passive operations (npassive = 88) and brailing operations 
(nbrailing = 19), detection rates for each group were determined at PIT- 
tag arrays at or above Bonneville Dam (Table 2). For upper-basin Chi-
nook salmon exposed to passive operations with the fish trap, observed 
detection was 1.000 (95 % CI: S ≥ 0.970). For upper-basin Chinook 
salmon exposed to brailing operations, observed detection was 0.947 
(95 % CI: 0.788 ≤ S ≤ 0.997) (Table 2). The one fish that was not 
detected at Bonneville Dam from the brailed sample (assigned to 
UCOLSF) did not appear to have evaded detection based upon data from 
arrays positioned upriver of Bonneville Dam. Given the observed 
detection results, detection differed between passive and brailed sam-
ples at the α = 0.05 level (|Z| ≥ 2.162, P = 0.03). For the two treatment 
groups, mean migration time over the total 167 km distance from the 
fish trap to Bonneville Dam was estimated at 6.5 d (95 % CI: 5.7 ≤ M ≤
7.3) for the passively captured treatment group and 7.3 d (95 % CI: 
5.6 ≤ M ≤ 9.0) for the brailed treatment group. 

3.2. Coho salmon 

Between September 25 and October 15, 2020, a 4-d net pen holding 
study was conducted at the Cathlamet, WA fish trap site for coho salmon 
captured using passive operations. During the research period, water 
temperatures ranged from 16.7ºC to 19.3ºC (mean = 18.1ºC). Encoun-
tering 2209 adult coho salmon in the fall 2020 fishing season, there were 
zero adult immediate mortalities resulting in an immediate survival 
estimate of Ŝ0 = 1.000 (95 % CI: S ≥ 0.999). A total of 105 coho salmon 
(71.4 % adipose fin-clipped) were held in captivity post-release from the 
commercial gear in three separate trial groups (Table 3). No mortalities 
occurred within 0–2 d, nor did any mortalities occur between 2 and 4 
d for post-release survival estimates of Ŝ1 = 1.000 (95 % CI: S1 ≥ 0.975) 
and Ŝ2 = 1.000 (95 % CI: S2 ≥ 0.975), respectively (Table 4). All coho 
salmon encountered during the fish collection process for the 2020 
holding study were lively and vigorous upon capture and release after 4 
d, with zero fish appearing lethargic. However, the snout and caudal fins 
of all fish appeared moderately abraded upon release after 4 d of 
confinement in the net pen environment. 

In 2021, a 6-d net pen holding study was conducted at the Clifton, OR 
fish trap site for coho salmon captured using passive operations. This 

Table 1 
Spring-run and summer-run Chinook salmon were genetically assigned to 
Columbia River Basin population reporting groups above and below the PIT-tag 
array at Bonneville Dam by Hess et al. (2021). Upper-basin reporting groups 
consisted of the Klickitat River spring-run (KLICKR), the Hells Canyon 
spring-run (HELLSC), the South Fork Salmon River spring-run (SFSALM), the 
upper Salmon River spring-run (UPSALM), and the upper Columbia River 
summer-/fall-run (UCOLSF). Lower-basin reporting groups consisted of the 
Columbia Rogue (YOUNGS), the West Cascade spring-run (WCASSP), and the 
Willamette River spring-run (WILLAM).  

Upper or lower-basin 
genetic assignment 

Genetic 
reporting group 

Passive 
treatment 

Brailed 
treatment 

Lower-basin 
(below Bonneville Dam) 

YOUNGS  0  1 
WCASSP  2  1 
WILLAM  20  11 

Total tagged and assigned below Bonneville 
Dam:  

22  13 

Upper-basin 
(above Bonneville Dam) 

KLICKR  0  1 
HELLSC  0  2 
SFSALM  1  0 
UPSALM  1  0 
UCOLSF  86  16 

Total tagged and assigned above Bonneville 
Dam:  

88  19  

Table 2 
The spring-run and summer-run Chinook salmon sample size, PIT-tag detections, 
observed detection rate at Bonneville Dam, and the associated 95 % profile 
likelihood confidence interval (in parentheses) are shown for passively captured 
and brailed treatment groups.  

Category Passive 
treatment 

Brailed 
treatment 

Detected at Bonneville Dam 88 18 
Total tagged and assigned to populations 

above Bonneville Dam 
88 19 

Observed detection rate 1.000 (0.970 – 

1.000) 
0.947 (0.788 – 

0.997)  
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study was conducted earlier in the fall fishing season than prior years, 
with fish collection dates occurring as early as a sufficient sample of 
coho salmon could be collected between September 3 and September 29. 
Throughout the net pen holding experiment, water temperatures ranged 
from 17.4ºC to 20.9ºC (mean = 19.3ºC). Encountering 1790 adult coho 
salmon over the 2021 fishing season, two adult immediate mortalities 
occurred due to predator-induced injury. Based upon the freshness of the 
wounds, investigators assumed these injuries occurred in the vicinity of 
the trap site, resulting in an immediate survival estimate of Ŝ0 = 0.999 
(95 % CI: 0.997 ≤ Ŝ0 ≤ 0.9998). 

A total of 200 coho salmon (90.5 % adipose fin-clipped) were held in 
captivity post-release from the commercial gear for a 0–2 d duration in 
five separate trial groups (Table 3). One mortality occurred during the 
0–2 d holding period for a post-release survival estimate of Ŝ1 = 0.995 
(95 % CI: 0.978 ≤ Ŝ1 ≤ 0.9997) (Table 4). 

With one mortality occurring during the 0–2 d holding period, a total 
of 199 coho salmon were held in captivity for the 2–4 d holding period in 
five separate trial groups (Table 3). Similar to the 0–2 d holding period, 
one mortality occurred between 2 and 4 d of confinement for a survival 
estimate of Ŝ2 = 0.995 (95 % CI: 0.978 ≤ Ŝ2 ≤ 0.9997) (Table 4). 

Given the two total mortalities that occurred within the 0–2 d and 
2–4 d holding periods and removing two fish from the sample due to 
pinniped predation within the holding pen, a total of 196 coho salmon 
were held in captivity for the 4–6 d holding period in five separate trial 
groups (Table 3). Between 4 and 6 d of confinement, five mortalities 
occurred (Table 3). From these results, 4–6 d survival was estimated at 
Ŝ3 = 0.974 (95 % CI: 0.946 ≤ Ŝ3 ≤ 0.991). From these findings, we 
estimated total post-release survival (i.e., S1 * S2 * S3) in 2021 to be 
0.965 (95 % CI: 0.948 ≤ ̂post − release≤ 0.969). Incorporating imme-
diate survival, cumulative survival was estimated at 0.964 (95 % CI: 

0.947 ≤ ̂cumulative≤ 0.968) (Table 4). 
Similar to prior years of study, all coho salmon encountered during 

the fish collection process for the holding study were lively and vigorous 
upon capture with no signs of physical injury related to the commercial 
gear. Those that survived the 6 d holding period to release also appeared 
lively and vigorous despite considerable abrasion to the snout and 
caudal fins from prolonged confinement in the net pen environment. 
Cause of death for the mortalities within this study could not be deter-
mined from autopsy but likely were the result of the pooled effect of 
natural mortality, confinement in the net pen environment during 
adverse water temperature conditions (> 20 ◦C), and potential stressors 
from passive capture and research processes. 

4. Discussion 

Research findings over these three years of study at two separate fish 
trap sites further suggest that recently developed commercial fish 
trapping techniques can allow for selective harvesting of hatchery pro-
duced fish (and other abundant fish runs) while achieving nearly 100 % 
post-release survival of ESA-listed adult salmonids. Using mark- 
recapture and net pen holding techniques to estimate post-release sur-
vival of coho salmon and Chinook salmon (both spring-run and summer- 
run stocks), results for each species and methodology mostly validate the 
findings of prior survival studies for sockeye salmon, coho salmon, fall- 
run Chinook salmon, and summer-run steelhead from passive operations 
with the gear (Tuohy et al., 2020; Cox and Sippel, 2020) (Table 5). 
Evaluating detections of PIT-tagged spring-run and summer-run Chi-
nook salmon that were genetically assigned to population reporting 
groups above Bonneville Dam (Hess et al., 2021), observed detection of 
the passively captured and released treatment group at Bonneville Dam 
was 1.000 (95 % CI: S ≥ 0.970) over a 6.5 d, 167 km migration. Given 

Table 3 
Coho salmon mortalities were observed over 0–2 d, 2–4 d, and 4–6 d net pen holding periods in the fall of 2020–2021. The observation date, sample size, fish 
mortalities, and mean water temperature are shown for each trial group.  

Year Trial 
group 

Dates Mean water temperature (◦C) and  
95 % confidence interval 

0–2 d 2–4 d 4–6 d 
n Mortalities n Mortalities n Mortalities 

2020 1 25 Sep–29 Sep 18.6  38  0  38  0 – – 

(18.5–18.7) 
2 4 Oct– 8 Oct 18.4  38  0  38  0 – – 

(18.3–18.5) 
3 11 Oct– 15 Oct 17.2  29  0  29  0 – – 

(17.1–17.3) 
Total 25 Sep– 15 Oct 18.1  105  0  105  0 – – 

(17.9–18.2) 
2021 1 3 Sep– 9 Sep 20.4  38  1  37  0 37 0 

(20.2–20.5) 
2 9 Sep– 15 Sep 20.3  39  0  39  1 36 3 

(20.2–20.5) 
3 16 Sep– 22 Sep 19.3  38  0  38  0 38 1 

(19.1–19.4) 
4 23 Sep– 29 Sep 18.7  44  0  44  0 44 1 

(18.5–18.8) 
5 29 Sep– 5 Oct 17.9  41  0  41  0 41 0 

(17.8–18.1) 
Total 3 Sep– 5 Oct 19.3  200  1  199  1 196 5 

(19.1–19.5)  

Table 4 
Immediate and post-release survival of coho salmon was estimated in 2020 and 2021. Associated 95 % confidence intervals are provided in parentheses.  

Year Survival estimate and 95 % confidence interval 
Immediate (>0–2 d) (2–4 d) (4–6 d) Cumulative 

2020 1.000 
(0.999–1.000) 

1.000 
(0.975–1.000) 

1.000 
(0.975–1.000) 

– 1.000 
(0.975–1.000) 

2021 0.999 
(0.997–0.9998) 

0.995 
(0.978–0.9997) 

0.995 
(0.978–0.9997) 

0.974 
(0.946–0.991) 

0.964 
(0.947–0.968)  
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that this unpaired analysis lacked a control group to adjust for con-
founding factors such as tag loss and mortality effects from research 
handling and tagging, upriver predation, fisheries, and the natural 
environmental baseline, the study methodology for survival estimation 
was inherently conservative and prone to negative bias. Therefore, the 
survival estimate of 1.000 from this study of spring-run and summer-run 
Chinook salmon supports the conclusion that actual survival was at or 
near 1.000. Although there may seem to be sample size limitations, the 
fact that 88 of 88 of the PIT-tagged sample that had assigned to 
upper-basin populations were detected at Bonneville Dam in the absence 
of a control group (Table 2) is highly persuasive and corroborates the 
findings of prior studies for passively operated fish traps that estimated 
survival at 1.000 (Table 5; Tuohy et al., 2020; Cox and Sippel, 2020). 

Mark-recapture post-release survival findings for the passively 
operated fish trap are further supported by the net pen holding results 
for coho salmon in 2020–2021. Similar to Tuohy et al. (2020) that 
estimated coho salmon post-release survival from passive operations 
with fish traps at Ŝ1 = 1.000 (95 % CI: S1 ≥ 0.978) over 0–2 d in 2019, 
we estimated 0–2 d post-release survival at Ŝ1 = 1.000 (95 % CI: S1 ≥
0.975) in 2020 and Ŝ1 = 0.995 (95 % CI: 0.978 ≤ Ŝ1 ≤ 0.9997) in 2021. 
Similarly, over 4 d of confinement, we estimated post-release survival at 
Ŝ2 = 1.000 (95 % CI: S2 ≥ 0.975) in 2020 and Ŝ2 = 0.995 (95 % CI: 
0.978 ≤ Ŝ2 ≤ 0.9997) in 2021. These survival results for coho salmon 
are equivalent to the mark-recapture results for spring-run and 
summer-run Chinook salmon from 2019. 

Although findings for 4–6 d net pen holding deviate from the con-
clusions of all other studies for passively operated fish traps with post- 
release survival estimated at Ŝ3 = 0.974 (95 % CI: 0.946 ≤ Ŝ3 ≤
0.991), it must be noted that the net pen holding methodology lacked a 
control group to adjust for confounding mortality factors including 
confinement in nearly lethal water quality conditions, the natural 
environmental baseline, and research processes (e.g., dip-netting, fish 
handling, and other stressors unique to the study and absent from 
commercial processes). Based upon the environmental conditions 
experienced during the 2021 holding study, it is likely that the few 
mortalities that occurred between 4 and 6 d of captivity were primarily 
due to the prolonged effects of confinement in sublethal to lethal water 
quality conditions and abrasion in the holding pen. During the holding 
period for trial group two when the majority of the long-term mortalities 
occurred (Table 3), water temperatures consistently neared or exceeded 
thresholds identified as potentially lethal for fall runs of salmon in the 
Columbia River (20–22 ◦C; Coutant, 1970; Becker, 1973; EPA, 2003; 
EPA, 2021), with the mean temperature during captivity estimated at 
20.3 ◦C (95 % CI: 20.2 ◦C ≤ ̂temp≤ 20.5 ◦C). In the captive net pen 
environment, fishes in the study could not find temperature refugia 
available in the wild and remained subject to adverse water quality 
conditions (> 20 ◦C) known to increase fish susceptibility to disease, 
parasites, stress, and mortality (Fryer and Pilcher, 1974; Groberg et al., 
1978; Richter and Kolmes, 2005). 

In addition to the likely mortality effects from adverse water quality 
conditions, the mortality effects of prolonged net pen confinement on 
wild fish survival are well-established in the scientific literature (Portz 

et al., 2006; Donaldson et al., 2011; Raby et al., 2015a, 2015b). 
Donaldson et al. (2011) demonstrated that sockeye salmon held in 
confinement for 1 d resulted in substantial physiological stress and 
significantly higher mortality than fish unexposed to net pen confine-
ment. Raby et al., 2015a, 2015b drew similar conclusions for coho 
salmon, determining that physiological stress and the time-specific rate 
of mortality was higher for fish held in net pens for 1 d than fish tagged 
and immediately released. Based upon the evidence, it is clear that wild 
adult salmon experience severe physiological stress from prolonged 
periods of net pen confinement that can increase the likelihood of 
mortality from various factors, including lethal water quality conditions. 
This may be the reason that virtually all holding studies used to set 
official gear mortality rates have been conducted over 1–3 d holding 
periods (Raby et al., 2015a, 2015b). Considering that few known 
post-release mortality studies for coho salmon have been conducted over 
a period of 6 d or longer (Takata and Johnson, 2018) and no known 
commercial fishery mortality study to date has ever held salmon in net 
pens where water temperatures commonly exceeded 20 ◦C, it is likely 
that coho salmon post-release survival results from 2021 were biased 
low and the true survival effect from passive operations with the fish 
trap exceeded that of 0.974 during the 4–6 d holding period. 

While these post-release survival studies generally validate the 
findings of previous studies conducted for passively operated fish traps 
(Table 5), Chinook salmon survival results also corroborate the findings 
of Tuohy et al. (2020) and Cox and Sippel (2020) in supporting the 
hypothesis that bycatch survival from passively operated fish traps ex-
ceeds that of prototype brailing operations. Although the sample size for 
the brailed treatment group was limited (n = 19) and results for the 
treatment should be viewed with caution, the observed detection rate of 
0.947 (95 % CI: 0.788 ≤ S ≤ 0.997) at Bonneville Dam was similar to 
Cox and Sippel’s (2020) survival estimate of S = 0.935 (95 % CI: S ≥
0.648) for upper-basin fall-run Chinook salmon released from brailing 
operations. For passive operations with the fish trap, our analysis of 
PIT-tagged spring-run and summer-run Chinook salmon demonstrated 
that the joint probability of survival and detection over 167 km to 
Bonneville Dam was 1.000 (95 % CI: S ≥ 0.970), exceeding that of 
brailing operations (|Z| ≥ 2.162, P = 0.03). Once again, this conclusion 
mirrors that of Cox and Sippel (2020) that compared brailing vs. passive 
operations and similarly estimated survival of upriver-basin fall-run 
Chinook salmon from passive operations with fish traps at 1.000 (95 % 
CI: S ≥ 0.752) = 0.95). The same significant difference in survival was 
found by Tuohy et al. (2020) in an analysis of brailing vs. passive op-
erations for sockeye salmon. By addressing the primary physical and 
physiologically factors known to impact bycatch survival (Donaldson 
et al., 2014; Raby et al., 2015a, 2015b), it appears that use of passive 
operations with fish traps provides survival benefits to encountered 
salmonid bycatch stocks. Nevertheless, statistical differences in survival 
between treatment groups from this study must be viewed with caution 
given the small sample size collected for the brailed treatment group. 

4.1. Conclusions 

The primary strength of this research is the simplicity of the methods 
and the strikingly high bycatch survival results achieved for all methods 

Table 5 
Stock-specific post-release survival estimates and 95 % confidence intervals are shown for all studies relevant to passive operations with fish traps between 2017 and 
2021 (Cox and Sippel, 2020a; Tuohy et al., 2020b).  

Salmonid stock Study period Water temperature (ºC) Study methodology Survival estimate and 95 % confidence interval 
Summer steelhead Aug-Sep, 2017 18.7 – 22.3 Paired mark-recapturea 1.000 (0.783 – 1.000) 
Fall Chinook Aug-Sep, 2017 18.7 – 22.3 Paired mark-recapturea 1.000 (0.752 – 1.000) 
Spring/Summer Chinook May-Jul, 2019 13.4 – 19.2 Unpaired mark-recapture 1.000 (0.970 – 1.000) 
Sockeye May-Jul, 2019 14.4 – 19.2 Paired mark-recaptureb 1.000 (0.974 – 1.000) 
Coho Sep-Oct, 2019 12.1 – 19.2 Unpaired net pen holding (2 d)b 1.000 (0.978 – 1.000) 
Coho Sep-Oct, 2020 16.7 – 19.3 Unpaired net pen holding (4 d) 1.000 (0.975 – 1.000) 
Coho Sep-Oct, 2021 17.4 – 20.9 Unpaired net pen holding (6 d) > 0.965 (0.947 – 0.968)  
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of fish trap operation despite the inherent negative biases within the 
statistical analyses. Various studies relevant to passively operated fish 
traps have now been conducted demonstrating bycatch survival at or 
near 1.000 (Tuohy et al., 2020; Cox and Sippel, 2020; Table 5); however, 
there is perhaps no evidence as simple and persuasive as that from these 
three unpaired mark-recapture and net pen holding studies conducted at 
two separate fish trap sites across three seasons in the lower Columbia 
River. With the inability to control for well-known confounding mor-
tality factors, post-release survival was 1.000 for spring-run and 
summer-run Chinook salmon in 2019; for coho salmon, post-release 
survival was estimated at 1.000 and 0.965 in 2020 and 2021, respec-
tively. Given these estimates of post-release survival and the collective 
evidence from other prior studies of passively operated fish traps 
(Table 5), it is evident that the fishing practice may allow for selective 
harvesting of targeted fish stocks while minimizing bycatch mortality of 
ESA-listed adult salmonids in Pacific Northwest fisheries. Furthermore, 
the results demonstrate that passively operated fish traps may provide 
increased opportunities for low-impact salmonid population monitoring 
and serve as a zero-mortality control group to fill data gaps for other 
poorly understood commercial or recreational fishing gears used within 
the Columbia River and elsewhere throughout the region. Ultimately, 
findings of these studies may be applied to improve management of 
Pacific Northwest salmon fisheries, inform the implementation of 
alternative gear fisheries, and protect the diversity and abundance of 
ESA-listed wild salmonids for recovery. 
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Glossary 

CRITFC: Columbia River Inter-Tribal Fish Commission 
ESA: Endangered Species Act. 
GSI: Genetic stock identification methods for genetic assignment. 
HELLSC: Hells Canyon spring-run. 
KLICKR: Klickitat River spring-run. 
PBT: Parentage based tagging methods for genetic assignment. 
SFSALM: South Fork Salmon River spring-run. 
TAC: U.S. v. Oregon Technical Advisory Committee. 
UCOLSF: Upper Columbia River summer-/fall-run. 
UPSALM: Upper Salmon River spring-run. 
WCASSP: West Cascade spring-run. 
WILLAM: Willamette River spring-run. 
YOUNGS: Columbia Rogue. 
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