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a. Abstract 
Columbia River fishery managers have implemented mark-selective fisheries in both the commercial and recreational sectors to preserve declining and listed salmonid populations while providing harvest on healthy stocks.  In these fisheries, the marked fish (hatchery-origin) may be retained while the unmarked portion (which would include listed wild stocks) must be released. The assumption is that the survival of the released fish is high enough that they will contribute to rebuilding weak populations.  Previous work introduced tangle nets as a selective gear for the commercial sector, and estimated the post-release survival of spring chinook salmon.  However, the 2002 fishery opened with this gear to target spring chinook resulted in a high by-catch of steelhead, with unknown effects to the population. We propose to estimate the survival of steelhead captured and released from a tangle net that would be suitable for harvesting spring chinook salmon. Our previous work evaluating post-release survival of spring chinook salmon released from tangle nets indicated about 95% survival, but did not evaluate the effects on spawning success.  We propose to estimate the effect of capture and release from a tangle net on the condition and spawning success of spring chinook salmon and steelhead in the Kalama and Cowlitz river systems.  Finally, there have been numerous studies estimating hooking mortality from recreational fisheries, and these have shown that the rates vary by location and gear type. The survival of spring chinook, coho and fall chinook captured and released in a mark selective recreational fishery is required for accurate fishery management, run size estimation, and recovery efforts on the Columbia River.  We propose to estimate these survival rates using a series of mark-recapture experiments over the next three years.  

b. Technical and/or scientific background
Harvest of hatchery fish is important to sport, commercial and tribal fishermen but has been limited because of declining runs and the listing of at least 12 Evolutionarily Significant Units (ESUs) under the Endangered Species Act (ESA).  The intermingling of strong unlisted stocks with weak stocks has resulted in the development of mark-selective fisheries in the mainstem Columbia River.  The goal of these fisheries is to provide fishing opportunity while maintaining protection of listed stocks.  The premise of mark-selective fisheries is that the released fish (both non-target stocks, and non-target species) survive to contribute to rebuilding their populations, but this assumption is largely untested. It is already clear that there are many fishing gears and methods that can be adapted to mark-selective fisheries (REFERENCES), but the validity of these fisheries as a conservation tool requires further examination. 

Our proposal addresses three specific aspects of mark-selective fisheries that are required for evaluating this tool for stock recovery. First, we will estimate the survival of steelhead captured and released from a tangle net suitable for harvesting spring chinook salmon. Second, we will estimate the effect of capture and release from a tangle net on the condition and spawning success of spring chinook salmon and steelhead. Third, we will estimate the long-term survival of spring chinook, fall chinook and coho salmon captured and released from a mark-selective recreational fishery.         

In 2001, the Bonneville Power Administration partnered with WDFW and ODFW to evaluate tangle nets for a commercial mark-selective fishery of spring chinook on the Columbia River (Vander Haegen, Yi, and Ashbrook 2002). Experienced gill netters simultaneously fished tangle nets (3.5” and 4.5” mesh size) and conventional gill nets (8” mesh size) on the Columbia River to evaluate their effectiveness for live release of non-target stocks of spring chinook salmon. Live fish were tagged and released for recovery in sport fisheries, commercial fisheries, at hatchery racks and traps, and during spawning ground surveys. Control fish that had not been captured in the test gears were tagged and released from an adult trap in Bonneville Dam, just upstream of the fishing area. The 4.5” tangle net was as effective for capturing spring chinook salmon as the conventional gill net, but the 3.5” net caught significantly fewer spring chinook salmon than the 8” gill net. Fish were generally captured in good condition. The immediate survival (from capture to release from the boat) of adult spring chinook salmon captured in the 8” gill net was 99%, compared to 96% from the 3.5” tangle net, and 97% from the 4.5” tangle net. However, spring chinook salmon released from the tangle nets were recovered at about 91% of the rate of controls, while spring chinook salmon released from the conventional gill net were recovered at about 50% of the rate of the controls. These tests showed that using conventional gear with short soaks and careful fish handling is not enough to ensure the survival of released spring chinook salmon. However, switching to the 4.5” or 3.5” tangle net, coupled with short soaks and appropriate fish handling is a viable selective harvest gear for the commercial gill net fleet fishing for spring chinook salmon on the Lower Columbia River because the post-release mortality on non-target stocks can be greatly reduced compared to a conventional gill net, without sacrificing catch efficiency.

Based partly on these results, a commercial tangle net fishery using nets up to 5.5” was opened in spring 2002, and 12,000 marked spring chinook were harvested. However, 21,000 wild and hatchery steelhead were also encountered, and most were gilled in the 5.5” nets. The mortality of these released fish is unknown, but is important because wild steelhead are listed under the Endangered Species Act, and require protection by fishery managers. Many steelhead could be avoided by scheduling the spring chinook commercial fishery later in the season, but this would interfere with the sport fishery. Two other options remain, and will be evaluated in this study. First, if steelhead tolerate capture and release well, then the impact of this fishery on their recovery may be minimal. Second, there are some indications from previous studies that steelhead tend to be encountered in the top portion of the net, and could be avoided by using a large- meshed section of net near the surface they could pass through unimpeded. 

While tangle nets were shown to reduce post-release mortality of spring chinook salmon, it is still important to understand how the stress related to this capture method may affect reproduction and gamete quality of the released fish. The stress response can be maladaptive to reproductive fitness (Shreck 2000), so while spring chinook salmon survived capture and release, their ability to reproduce may have been impaired, countering the potential conservation benefits of increased survival. Successful spawning is dependent on many variables; physiological health is important. Farrell et al. (2000) found that regardless of seine, troll or gill net, all coho salmon arrived onboard in a state of severe metabolic exhaustion.  Farrell et al. (2001) found successful physiological recovery in coho salmon with the use of a newly designed Fraser (recovery) box in combination with soak time and careful fish handling. Another cause of physiological stress may be superficial injuries. With many fish being released during the 2002 fisheries, technicians at the Columbia River dams brought to our attention that many fish appeared to have fungus and skin loss as a result of capture in tangle nets (Figure 1).  These types of injuries have been previously unreported, and it is not yet known whether they are caused by capture in the tangle net, nor what their long-term effect would be.

We propose to evaluate the reproductive consequences of capture and release for steelhead and spring chinook salmon at two hatcheries on the Columbia River. Neidig et al. (2000) found the best indicators to assess spawn quality in snook included percent fertilization, percent hatch, and percent survival to first feeding.  In 2001, Ashbrook and Vander Haegen developed methods to assess percent fertilization, percent hatch, and percent survival to first feeding in coho at the Forks Creek Hatchery in Willapa Bay. While these methods rely on fish returning to hatcheries, they will give an indication of potential reproductive effects on wild fish. Injuries related to capture and release will be assessed, and their effect on spawning observed.
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Figure 1: Adult chinook salmon (May, 2002) observed at the Smolt Monitoring Facility with fungus and skin loss that could result from capture in tangle net gear.

In the Columbia River, a variety of sport gears are used to harvest salmonids in mark-selective fisheries.  As in the commercial sector, the premise of successful recovery for weak stocks is adequate survival of the released fish. Recreational fishery mortality has been estimated in many studies but the mortality rates have shown considerable variability.  Difficulty in isolating factors and the fact that the studies themselves also cause some level of mortality make definitive studies unlikely (Bendock and Alexandersdottir, 1993; Gjernes et al., 1993; Muoneke and Childress, 1994; Schisler and Bergersen, 1996).  As a result, fish managers have agreed to assume a 10% mortality rate for fish caught and released in Columbia River recreational fisheries and recommend that this figure be updated on a regional basis.  One very popular Columbia River recreational fishing area is just below the Bonneville Dam.  We propose to estimate long-term mortality of fish released during recreational mark-selective fisheries in this area. Not only will this study provide a more realistic mortality estimate, it will also provide an opportunity to educate anglers on fish handling—another suggestion outlined in the Mainstem Harvest Methods report to further reduce mortality associated with recreational selective fisheries. 

c. Rationale and significance to Regional Programs
Salmon harvest on the Columbia River has important economic, social, and cultural benefits.  Strong stocks that can sustain harvest are intermingled with weak stocks that must be protected.  Traditional fisheries (i.e. those that are not mark-selective) may meet the harvest objectives, but are no longer acceptable because they cannot protect weak stocks. Mark-selective fisheries may be a viable alternative to fishery closures, but the premise that the released fish survive must be tested before managers and fishers can be assured that they are adequately protecting the weak stocks.  We propose to estimate the post-release survival of steelhead that are captured during a selective tangle net fishery, and of coho, fall and spring chinook that are captured during a selective sport fishery. We will also evaluate the spawning success of steelhead and spring chinook captured and released from tangle nets. Finally, we will evaluate the potential for avoiding steelhead using drop-nets during the spring chinook fishery. This proposal builds on our previous work to answer important questions about the effects of mark-selective fisheries on released fish (non-target stocks and non-target species). A compelling aspect of our research is the availability of uncaptured controls that are rarely used in other estimates of incidental mortality related to fishing.

This proposal meets all of the criteria for consideration for funding within the Mainstem and Systemwide Provincial Review.  It works towards Goals 1 (Avoid jeopardy and assist in meeting recovery standards for Columbia Basin salmon, steelhead, bull trout, sturgeon and other aquatic species that are affected by the FCRPS) and Goal 3 (Assure tribal fishing rights and provide non-tribal fishing opportunities) of the All-H strategy in the five-year ESA implementation plan for the FCRPS Biological Opinions. Our proposal will evaluate whether mark-selective fisheries are a legitimate means of providing fishing opportunities, either tribal or non-tribal while meeting recovery standards for weak stocks.

This proposal incorporates the fundamental principles identified for selected projects.   Our objectives have been identified in the Mainstem Harvest Methods Summary as highest priority needs toward RPA 107 (“assess or improve estimates of incidental mortalities in fisheries (selective or non-selective) significantly affecting ESUs addressed in RPA. Specific examples include below Bonneville sport-fishery…”), RPA 164, 167 (“assess the effects of capture and release on the spawning success of listed species. This goes along with release mortality and is similar in the overall impact to a listed stock” and “perform additional mortality rate studies in conjunction with the development of selective fisheries”), RPA 166, 167, 165 (“Assess or improve estimates of incidental mortalities in fisheries significantly affecting listed ESUs”), and RPA 168 (“Investigate weed-line or drop-net modifications to either tangle net or conventional set gill net to test the efficacy of avoiding steelhead which tend to migrate in the upper water column.” and “Test the development and implementation of selective gears and fishing methods in lower Columbia River sport and commercial fisheries.) 

The Bonneville Power Administration, the Northwest Power Planning Council, Washington Department of Fish and Wildlife, Oregon Department of Fish and Wildlife, Fisheries and Oceans Canada and individual commercial and recreational fishers on the Columbia River have all invested considerable time and money developing, implementing and evaluating mark-selective fisheries.  However, the information necessary to validate this tool for protecting weak stocks is not available.  This proposal builds on the previous investments by all of these parties using objective scientific experiments with control groups for each estimate.

Our project complements a proposal submitted by the Oregon Department of Fish and Wildlife to continue evaluating specific gears suitable for mark-selective commercial fisheries, and relies on integration with basin-wide sampling programs for tag recovery.  Our willingness to cooperate with other researchers will ensure that our project will be shaped to maximize benefits from other proposals we are not yet aware of. The results of our work on evaluating post-release survival of spring chinook in 2001 have been posted on our website, we shared the results with commercial fishers and fishery managers as they became available.  We will continue this practice with the upcoming research.

Our proposal meets all of the Programmatic Criteria.  As described above, our objectives are consistent with the Program as described in the Harvest Methods Program Summary and, rather than being in conflict with NMFS or USFWS FCRPS Opinions or the Action Agencies’ Implementation Plan, they have been identified as high priority actions. It is consistent with Federal trust and treaty responsibilities as it seeks to provide fishing opportunities while protecting weak stocks.  It has scientific merit, including statistical support.  The project is implementable – we are working with WDFW’s Columbia River policy staff to ensure coordination with other agencies, and our own experience with these types of research projects will ensure success in data collection and analysis. We believe the effort is appropriate to obtaining the data we propose, and that the costs fairly reflect the work. Our proposal meets all of the General Qualification Criteria – it follows the instructions for proposals, it includes appropriate cost-sharing, it does not duplicate other efforts that we are aware of, and it builds on the previous investments in developing mark-selective fisheries. This proposal meets the Specific Qualification Criteria for anadromous fish: it meets several of the anadromous fish priority actions in Tables 1 and 2 as described above.

d. Relationships to other projects 
This proposal builds on information collected in studies funded by the Bonneville Power Administration in 2001 and 2002 (Projects 00004684 (2001) and 23036 (2002) “Evaluate Live Capture Selective Harvest Methods”) to investigate the impacts of mark-selective fisheries on steelhead, a non-target species of concern that was captured in large numbers during the 2002 commercial tangle net fishery for spring chinook. We further develop our understanding of the effects of a commercial mark-selective fishery by evaluating the post-release spawning success of steelhead and spring chinook captured in tangle nets compared to uncaptured fish.  Finally, we are turning to the recreational mark-selective fisheries to evaluate their contributions to conservation. 

This proposal complements the proposal submitted by Patrick Frazier (ODFW), to optimize tangle net size and fishing methods for harvest of spring chinook and post-release survival of non-target species and stocks. Rather than combine our proposals as we have in previous years, we chose to separate our research about the conservation benefits of selective fisheries from Frazier’s work on the harvest benefits and implementation.  Separating the proposals simplifies implementation and ensures that each component is properly addressed.  Cooperation continues between our agencies, and we will ensure that ODFW and the other managing agencies are well-informed about our results.

Evaluating steelhead spawning success in the Kalama River (part of our Objective 3) relies on work by Todd Pearson’s (WDFW) staff outlined in his proposal.  During DNA collection, he will note whether the fish are jaw tagged, and will be able to estimate the production of smolts for tagged and untagged adults.  These observations are important for validating our hatchery-based experiments, and for evaluating the effects of capture on naturally spawning fish.

We propose to use radio telemetry to evaluate the post-release survival of steelhead captured in tangle nets. We will rely heavily on the matrix of receivers owned and maintained by the University of Idaho for our data collection. Chris Peery of the University of Idaho has extensive experience with this system and will ensure our efforts are properly coordinated with other projects, particularly with his Adult Passage Project conducted by the University of Idaho, funded by the U.S. Army Corps of Engineers.

e. Project history (for ongoing projects) 

(a) 00004684 (2001) and 23036 (2002)

(b) The results of our previous work were used to open a commercial mark-selective fishery for spring chinook using tangle nets in 2002. With this fishery, the commercial industry enjoyed a substantially greater harvest than they would have been allowed with non-selective methods because the impacts to listed fish were lowered. 

(c) Project report for work completed in 2001: Vander Haegen, G.E., K.W. Yi, C.E. Ashbrook, E.W. White, and L.L. LeClair.  2002.  Evaluate Live Capture Selective Harvest Methods.  WDFW Report #FPT-02-01.  35 p.  (available on line at http://www.wa.gov/wdfw/fish/commercial/selective/livecapture.htm).  Data collection for 2002 is continuing and has not yet been reported.

(d) Evaluations of selective fishing began in 2001, and has been 2 years underway.

(e) Major Results: 

Experienced gill netters simultaneously fished tangle nets (3.5” and 4.5” mesh size) and conventional gill nets (8” mesh size) on the Columbia River to evaluate their effectiveness for live release of non-target stocks of spring chinook salmon. Live fish were tagged and released for recovery in sport fisheries, commercial fisheries, at hatchery racks and traps, and during spawning ground surveys. Control fish that had not been captured in the test gears were tagged and released from an adult trap in Bonneville Dam, just upstream of the fishing area. 

Each time we had paired sets with the 3.5” tangle net and the 8” gill net, the 8” gill net caught more fish than the 3.5” tangle net (Figure ) and overall was significantly more effective than the 3.5” tangle net (Wilcoxon signed rank test; T=0, t=0, P<0.05). However, there was no significant difference between the number of fish caught in the 4.5” tangle net and the 8” gill net (Wilcoxon sign test, T=10, t=5, P>0.05)(Figure 1).
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Figure 1: Relative catch of adult spring chinook salmon per hour (CPH) for the 3.5” net compared to the 8” gill net (bars to the left of the vertical line) and for the 4.5” tangle net compared to the 8” gill net (bars to the right of the vertical line). Values at 1 indicate equal catch efficiency, while those below 1 indicate the 8” gill net was more effective than the tangle net, and those above 1 indicate the tangle net was more effective than the 8” gill net. Paired sets were pooled by day across skippers.

Fish were generally captured in good condition. The immediate survival (from capture to release from the boat) of adult spring chinook salmon captured in the 8” gill net was 99%, compared to 96% from the 3.5” tangle net, and 97% from the 4.5” tangle net. However, spring chinook salmon released from the tangle nets were recovered at about 91% of the rate of controls, while spring chinook salmon released from the conventional gill net were recovered at about 50% of the rate of the controls (Table 1). 

Table 1: Recovery of tags from hatcheries, fisheries and spawning grounds.

	Group
	Number Tagged
	Number Recovered
	Percent Recovered
	95% Confidence Interval

	Bonneville Controls
	1,206
	149
	12.4%
	10.7%-14.7%

	Gill Net (8” mesh)
	814
	50
	6.1%
	4.6% - 8.0%

	Tangle Nets (3.5” and 4.5”mesh)
	528
	60
	11.4%
	8.9%-14.2%

	Total
	2,548
	259
	10.2%
	


These tests showed that using conventional gear with short soaks and careful fish handling is not enough to ensure the survival of released spring chinook salmon. However, switching to the 4.5” or 3.5” tangle net, coupled with short soaks and appropriate fish handling is a viable selective harvest gear for the commercial gill net fleet fishing for spring chinook salmon on the Lower Columbia River because the post-release mortality on non-target stocks can be greatly reduced compared to a conventional gill net, without sacrificing catch efficiency.

We fished a 5” gill net in tandem with the 8” gill net on four occasions on the lower Columbia River near Camas, Washington to evaluate its potential for selective harvest of spring chinook salmon.  During this short test, the immediate mortality of adult spring chinook salmon rose to 10%, compared to 0% in the 8” gill net during the same period.  This increased mortality was likely caused by an increase in capture by mouth clamping in the 5” gill net rather than by tangling or by the body as in the 8” gill net. 

In fall, 2001, we evaluated the feasibility of using the tangle net to capture marked coho salmon while releasing unmarked coho salmon near the mouth of the Columbia River. A variety of tangle net configurations were used and showed that this fishing method warrants further consideration if the mark rate is high. Immediate mortality of unmarked coho salmon was 17% but because 84% of the coho salmon were marked, relatively few unmarked coho salmon were killed.

(f) Past costs: WDFW was awarded $186,000 in 2001 and $268,000 in 2002.

f. Proposal objectives, tasks and methods
The goal of this project is to continue evaluating effects of mark-selective fisheries on the post-release survival of target and non-target (bycatch) species so that managers can provide harvest opportunities while continuing to protect weak stocks. Each piece of information collected is in comparison to a control group of fish to provide quantitative estimates and a scientific basis for fish management decisions. WDFW has developed a website for commercial selective fisheries. This website will be expanded to include the recreational sector so that the results of the experiments will be accessible to the public.  We will also publish the results in a scientific journal so they are easily accessible to other scientists.  

Objective 1:  
Using a series of mark-recapture experiments, and using fish trapped in the adult collection facility in Bonneville Dam as controls, estimate the survival of adult winter steelhead captured and released from two sizes of tangle nets suitable for targeting spring chinook salmon. Estimate the catch efficiency of steelhead in each net type. Estimate the net depth range in which 90% of the steelhead are captured.

Hypotheses: The percentage of tags recovered from adult winter steelhead captured and released from tangle nets will not be significantly different than the percentage of tags recovered from adult winter steelhead captured at Bonneville Dam.

Approach:  Post-release survival will be evaluated on the mainstem Columbia River in spring, 2003, 2004, and 2005.  Winter steelhead will be captured in tangle nets and at Bonneville Dam (control) and fitted with radio tags.  Radio-tagged winter steelhead will be monitored as they migrate upstream using a network of fixed-site receivers at dams and mouths of tributaries, by mobile tracking using boats and trucks, and from tags returned from fish recaptured in fisheries and at hatcheries.  Estimating the depth of capture in the net may provide a method for avoiding steelhead; observations on the Fraser River in British Columbia showed that steelhead were typically captured in the first 17 feet, and using a very large meshed net for this portion allowed the steelhead to pass through unharmed. While we may be able to successfully release steelhead, avoiding their capture is a better strategy for stock recovery. Data collection will occur from February 2003 to June 2005, and reporting will be complete by December 2005.  

Assumptions:


1. Use of anesthetic at the adult collection facility in Bonneville Dam will not significantly affect the post-release survival of winter steelhead.

2. Tag loss will be equal among the three groups.

3. Mortality as a result of tagging will be equal among the three groups.

4. Lost or missed tags will be equal among the three groups.

5. Tag recovery patterns will not be biased by the capture method.

6. Tag recovery rates represent long-term survival.

Tasks and Methods

Task 1.a:  Capture, describe, tag, and release adult winter steelhead in the mainstem Columbia River.

Adult winter steelhead returning to the Columbia River will be captured within 13 miles downstream of Bonneville Dam in February and March (the expected time when the commercial fishery would be opened) 2003, 2004, and 2005 using gears suitable for capturing spring chinook salmon. Two local fishers will be contracted to fish a net that has 75 fathoms of 4.5” tangle net shackled to 75 fathoms of 5.5” tangle net for about 20 days each. Depending on the management decisions to use different net sizes in the spring chinook fishery, the mesh size may be modified. The fishers will provide boats, and we will supply the nets and other associated gear. Two project employees will be on board during each fishing trip to characterize the catch, and to handle and tag fish. The project employees will work with the fishers to select appropriate fishing times and locations. Before we begin collecting data, all observers and fishers will be trained in fish handling and data collection methods.  

Each set will be timed from the moment the last cork of the net is put in the water to the time the first cork is removed.  The exact location (using GPS), the air and water temperatures and times will be noted for each set.  As the net is brought in, each fish will be removed carefully from the net. Salmonids will be placed quickly into a holding tank, and other fish will be counted by species and released overboard. Spring chinook will be revived if necessary and released overboard.  For each steelhead, we will note the net type it was captured in, estimate the depth from the top of the net at which it was captured, the length, sex, and condition at capture and at release, will be noted. A fish will be ranked according to its condition; condition 1 if it is lively and not bleeding, condition 2 if it is lively but bleeding, condition 3 if it is lethargic but not bleeding, condition 4 if it is lethargic and bleeding, and condition 5 if it shows no visible signs of life.  Fish in conditions 1 or 2 at capture will be tagged and released overboard immediately.  Fish in conditions 3 through 5 will be held in the holding tank or recovery boxes designed to facilitate recovery until they either recover to condition 1 or 2 or they die.  The condition at release will be noted for each fish.  Marks and other visible injuries will also be noted for each fish.  All dead fish will be donated to local food banks.

At least 200 steelhead from each mesh size (4.5 or 5.5 inch), 400 fish total, will be gastrically outfitted with a radio transmitter and released directly to the river to stimulate actual fishery methods.  Tagged fish will then be monitored during their upstream migration to evaluate post-release survival.  In addition, we expect up to a 40% recovery of tags from fisheries, hatcheries, spawning ground surveys, etc., to assist in determining the fates of fish following their release.  Indications from fishermen and biologists are that we will be able to capture at least 200 fish per gear type.  

Task 1.b:  Capture, tag and release adult winter steelhead using the adult collection facility in the Washington shore fish ladder at Bonneville Dam.

Task 1.a will provide a comparison of survival between the two gear types, but will not indicate the survival compared to fish that are not captured.  Using the trap at the Adult Fish Facility at Bonneville Dam, we propose to collect and outfit with transmitters 200 adult steelhead to serve as a control comparison to fish captured in the tangle nets.  This way, we can compare the survival of fish from each net type to a baseline survival of winter steelhead passing Bonneville Dam.  These fish pass through all the same predatory pressures as the fish caught in the gears as well as similar fishing pressures, but had not been captured in our test gears. Because the fish have also passed through one additional popular sport fishing area and had successfully located the fish ladder, they may have an advantage compared to the spring chinook salmon released from the test gear that would be reflected as a higher post-release survival rate. Tagging operations conducted by personnel from the University of Idaho at Bonneville Dam will be similar to those used as part of the Adult Passage Project conducted since 1996. Fish to be tagged will be diverted to an anesthetic tank. Once anesthetized, the fish will be checked for marks and injuries, their lengths will be measured, and a transmitter will be inserted into the stomach through the mouth. The fish will then be released back into the ladder. Fish will be captured and tagged at the trap two to three times weekly during the same time the nets are fished.

Task 1.c:  Track adult winter steelhead as they move in the mainstem Columbia River and up tributaries, on spawning grounds, at hatcheries and in fisheries. Retrieve tags from hatcheries, spawning ground surveys and fisheries.

Radio-tagged fish will be monitored as they migrate upstream through the Columbia River and into its tributaries using a network of radio receivers installed throughout the basin at Bonneville Dam and upstream locations.  Five additional receivers will be required to monitor tributaries downstream from Bonneville Dam not currently covered by the University of Idaho studies.  Receivers log the date, time, and the individual channel and code for each tagged fish as they pass.  Telemetry data are downloaded periodically to portable computers and sent electronically to be loaded to the primary database maintained by NMFS personnel in Seattle, WA.  Telemetry records are then screened for obvious errors and sent to the University of Idaho for processing.  Data processing consists of inspecting records, using a semi-automated software package to identify and code fish behavior.  Coded telemetry records and recapture information are then analyzed to evaluate system-wide passage and survival rates.  Most of the subsequent tag recoveries in fisheries, on spawning grounds, and at hatcheries will rely on existing tag recovery and fish survey efforts.  Each tag carries a $25 reward offer, increasing the likelihood of its return.  Project employees will principally be involved in collecting data from the receivers, notifying regional programs where tags may be recovered and tracking tag recoveries from these programs.  

Task 1.d:  Summarize and analyze tag data.

Our experiment will provide an estimate of the number of fish passing through Bonneville and to Columbia River tributaries from each capture type.  A comparison of the ratios of fish detected at Bonneville Dam to the fish detected at tributaries will indicate differences in survival between the gear types.  Additional recoveries at hatcheries, in fisheries, on spawning grounds and at upstream dams will provide more detailed information about the characteristics at capture that may influence survival.  We will also be able to evaluate the immediate survival of steelhead captured incidentally during a spring chinook tangle net fishery, and to evaluate whether the use of a panel of large-meshed net would be appropriate for avoiding steelhead in this fishery.

Objective 2:  
At Cowlitz and Kalama hatcheries, compare the egg-to-fry survival of females captured and released from tangle nets fertilized with males captured and released from tangle nets to the egg-to-fry survival of fish not captured in the gears for spring chinook salmon and winter steelhead.  On the Kalama River, compare the number of offspring produced per adult.

Hypotheses: (1) The egg-to-fry survival of winter steelhead and spring chinook salmon released from tangle nets will not be greater than 10% different than that of fish not captured in the gears. (2) The number of smolts produced per adult will not be significantly different between captured in the tangle nets and uncaptured fish.

Approach:  Post-release spawning success will be evaluated in the Cowlitz and Kalama rivers in spring 2003, 2004, and 2005.  Winter steelhead and spring chinook will be captured, tagged and released from tangle nets at the mouths of the rivers and recovered at the hatcheries. Tagged males will be spawned with tagged females and compared to similar crosses with untagged fish to evaluate the effects on spawning success. Data collection for this objective will occur from March 2003 to October 2005, and reporting will be complete by December 2005.  

Assumptions:


1. Fish spawned for each group of crosses represent their populations.

2. Egg-to-fry survival rates represent post-release spawning success.

Tasks and Methods

Task 2.a:  Capture, describe, tag and release adult winter steelhead and spring chinook at the mouth of the Cowlitz and Kalama rivers.

Adult winter steelhead and spring chinook salmon will be captured below the mouths of the Cowlitz and Kalama rivers in February and March 2003, 2004, and 2005.  Two local fishers will be contracted to fish a net constructed of 4.5” tangle net. The fishers will provide boats, and we will supply the nets and other associated gear. Two project employees will be on board during each fishing trip to characterize the catch, and to handle and tag fish.  The project employees will work with the fishers to select appropriate fishing times and locations.  Before we begin collecting data, all observers and fishers will be trained in fish handling and data collection.  

Each set will be timed from the moment the last cork of the net is put in the water to the time the first cork is removed.  The exact location (using GPS), the air and water temperatures and times will be noted for each set.  As the net is brought in, each steelhead and spring chinook will be removed carefully from the net and placed quickly into a holding tank, and kept separate by net type where they were captured.  The species, length, sex and condition at capture and at release will be noted.  A fish will be ranked condition 1 if it is lively and not bleeding, condition 2 if it is lively but bleeding, condition 3 if it is lethargic but not bleeding, condition 4 if it is lethargic and bleeding, and condition 5 if it show no visible signs of life.  Fish that are in condition 1 or 2 at capture will be tagged and released overboard immediately.  Fish in conditions 3 through 5 will be held in the holding tank or recovery boxes designed to facilitate recovery until they either recover to condition 1 or 2 or they die.  The condition at release will be noted for each fish.  Marks and other visible injuries will also be noted for each fish.  All dead fish will be donated to local food banks.

Each fish will be tagged with a numbered jaw tag that is also color-coded to the river mouth where it was captured.  The tag number will provide individual information about each fish. At least 500 fish must be tagged at each river to ensure enough tags are recovered at the hatcheries to compare the overall spawning success.  These estimates are based on the expected rate of tag recoveries. Indications from fishermen and biologists suggest that we will be able to capture at least 500 fish. 

Task 2.1 will provide only a comparison between the two gear types, but will not indicate the survival compared to a fish that was not captured at all.  Adult winter steelhead and spring chinook returning to the hatchery without tags will serve as our control fish. 

Task 2.b:  Compare the condition and spawning success of steelhead captured in tangle nets with steelhead not capture in tangle nets and of spring chinook captured in tangle nets with spring chinook not captured in tangle nets that are recovered at Cowlitz and Kalama hatcheries.  

During regular pond censuses, tagged fish (those captured in tangle nets) will be sorted from untagged fish (controls) returning to the Cowlitz and Kalama hatcheries. We will evaluate the percentage of recovered tagged fish that have fungus compared to recovered untagged fish. About 50 tagged males will be spawned with 50 tagged females from the same capture location for each species at each hatchery.  Similarly, 50 untagged males will be spawned with 50 untagged females for a controlled comparison to the tagged fish.  Crosses will be made in a 2x2 factorial mating design so that two males fertilize the eggs from each female, and each male fertilizes the eggs of two females.  All crosses will be kept separate. We could make crosses between tagged and untagged fish, however, the effect we are looking for may be small, and our best chance of observing it is to maximize the effect by crossing tagged males and females.  If rearing space is limited, subsamples of each cross will be collected into smaller rearing containers.  The percentage of eggs surviving to fry (to the time they are ponded) will be measured by counting the original number of eggs and compared to the final number of fry for each individual cross.  The replicated crosses for each location will be compared to the controls using a t-test with a Bonferroni correction for dependence caused by using the same fish. If we use 50 pairs of fish we will have and 80% probability of detecting a 10% difference (S.D. = .25) in egg-to-fry survival.

Task 2.c:  Compare spawning success of tagged and untagged spring chinook salmon in Kalama River.  

The Kalama River is a mid-sized tributary that enters the Lower Columbia at river kilometer 118, roughly midway between Bonneville Dam and the mouth of the Columbia.  It has a total length of about 72 km, flowing in a westerly direction from its headwaters on the southwest flanks of Mount St. Helens to its mouth about 1.5 km north of the town of Kalama.  There is a total barrier to anadromous migration at RKm 59 (Upper Kalama Falls) and a partial barrier (Lower Kalama Falls) at the site of the Kalama Falls Hatchery at RKm 17.  Since 1997, a plastic mesh curtain has been installed at the lip of the partial barrier falls during the summer months (when steelhead and some spring chinook could successfully jump to the falls) to make the barrier effectively complete.  This forces all upstream migrants to use the fishway adjacent to the falls that terminates in a fish trap at Kalama Falls Hatchery.  

During the upstream migration, WDFW staff will be collecting DNA samples from adult spring chinook salmon entering the trap as part of a proposal submitted by Todd Pearsons.  They will also collect DNA samples from outmigrating smolts, and estimate the production per adult.  As part of this work, they will record the presence or absence of jaw tags, and will analyze our fish as a subset of their data to compare the production per adult between captured and uncaptured fish.  This work will complement and validate our experiments at the hatchery and will essentially track spawning effects throughout the period we might expect to see an effect in naturally spawning fish. Our role will be to assist with data collection and to summarize and report on the results. Pearson’s proposal does not include collecting DNA samples on migrating steelhead, but WDFW staff will be tending the trap during the adult and smolt migrations, and can collect DNA samples to duplicate this work for winter steelhead.

Task 2.d:  Summarize and analyze data.

Our experiment will provide an estimate of the egg-to-fry survival for the progeny of adult spring chinook and steelhead captured in the tangle nets. If we observe no difference here, it would indicate that problems with spawning following capture and release from the tangle net are likely small if they exist. The observations of naturally spawning tagged fish on the Kalama River will be compared to the untagged fish spawning naturally in the same areas and will indicate whether capture and release would impair a fish’s ability to spawn naturally.  These observations of natural spawning will complement our in-hatchery estimates of egg-to-fry survival.

Objective 3:  
Estimate the long-term survival of spring chinook, fall chinook and coho salmon captured and released during recreational fisheries. 

Hypothesis: The percentage of tags recovered from fish captured and released during sport fisheries for spring chinook, fall chinook and coho salmon will not be significantly different than the percentage of tags recovered from control fish captured in Bonneville Dam.

Approach:  Post-release survival will be evaluated on the mainstem Columbia River in spring, 2001.  Tags adult spring chinook, fall chinook, and coho will be recovered from Bonneville Dam through the tributaries and as much of their remaining migration route as possible.  Data collection will occur in spring (for spring chinook) and fall (for coho and fall chinook) 2003, 2004, and 2005 and reporting will be complete by December 2005.  

Assumptions:


1. The use of anesthetic at the dam trap will not significantly affect the post-release survival of salmonids.

2. Tag loss will be equal among these groups.

3. Mortality as a result of tagging fish will be equal among these groups.

4. Changes in migration patterns will be equally affected by each capture method, such that tag recovery patterns will not be biased by the capture method.

5. Tag recovery rates represent long-term survival.

Tasks and Methods

Task 3.a:  Capture, describe, tag, and release spring chinook, fall chinook and coho salmon in the mainstem Columbia River below Bonneville Dam.

Adult spring chinook, fall chinook and coho salmon returning to the Columbia River will be captured within 10 miles downstream of Bonneville Dam during the run peaks in 2003, 2004, and 2005.  Sport fishers will fish using their accustomed gear and methods, so that our results will represent a true sport fishery, rather than a particular gear or fishing method. Regulations will be instituted requiring sport fishers to allow samplers to tag the unmarked fish, and special fisheries may be opened that require all fish to be tagged and released. Project employees on shore and in boats will communicate via radios when fish are on line, and will approach the fisher to collect data and tag the fish. For each fish captured, the gear, the location (using a GPS unit), the time, the date, the angler’s name and the hook location will be noted. If possible the time from hooking will also be recorded. The angler will be asked to release the fish from the gear and transfer it to a sanctuary dip net (a dip net which holds water) for tagging by the project employees.  Each fish will be tagged with a numbered, colored jaw tag and released. The condition at release will be noted for each fish.  Marks and other visible injuries will also be noted for each fish. Fish will not be placed into recovery boxes, as these are not used during recreational fisheries.  We will tag from 800-1000 fish of each species during the appropriate sport fisheries.

Task 3.b:  Capture, tag and release spring chinook, fall chinook and coho salmon using the trap in the Washington shore fish ladder at Bonneville Dam.

Task 3.a will not indicate the survival compared to a fish that was not captured at all.  Bonneville Dam has a trap where adults migrating upstream are regularly captured.  We will tag 800-1000 of these fish with jaw tags to serve as controls for the fish captured in the sport gears.  This way, we can compare the survival of fish from the sport fishery to a baseline survival of winter steelhead passing through Bonneville Dam.  The standard procedures for trapping salmonids will be followed, and this includes anesthetizing the fish.  Each fish will be measured, the sex, marks, visible injuries and other characteristics noted, and then given a tag.  Fish will be captured and tagged at the trap during the same time the sport fishery occurs.  As noted in task 3.1, we will tag from 800-1000 fish of each species at the trap.

Task 3.c:  Retrieve tags on spawning grounds, at hatcheries and in fisheries. 

Tag recovery on spawning grounds, in fisheries, and at hatcheries will provide information on the long-term survival of these fish.  Not all areas where a fish can return will be surveyed but based on the recovery of tags from commercial tangle net studies in 2001 and 2002, we expect 10% tag recovery.  Spawning ground surveys occur in Columbia River tributaries in Oregon, Idaho, and Washington states.  Fisheries occur in these states as well.  We expect to hear from Oregon, Idaho, and Washington state fish and wildlife employees, from hatchery workers in these states, and from anglers when tags are recovered.  We will advertise these tags and ask that information on tagged fish be called into WDFW through newspapers, agency press releases, and posters at hatcheries and popular fishing areas.  We will also offer a toll-free number to encourage people to report the date the tag was recovered, the location the fish was caught in, the tag color and number, and the general fish condition.  

Task 3.d:  Summarize and analyze tag data.

Our experiment will provide an estimate of the number of fish passing through Bonneville and Dalles dams from each capture type.  A comparison of the ratios of fish detected on spawning grounds, in fisheries, and at hatcheries will indicate survival differences between sport gear and control fish.

g. Facilities and equipment
We will contract experienced commercial fishermen to fish tangle nets for us.  They will provide the vessel, but we will provide all sampling equipment and staff to collect data, and to tag and handle fish.  We will purchase radio transmitters and jaw tags.  While a large matrix of radio recievers is available above Bonneville Dam, there are few on tributaries below the dam where our fish may return. We will purchase receivers for the radio transmitters and place them at the mouths of Columbia River tributaries where we expect to see the most fish.  WDFW will provide vehicles for our staff at the established per mile rate.  The University of Idaho will provide boats for tracking radio-tagged fish.  WDFW and University of Idaho will provide adequate office space and most computers necessary for the project.
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